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Lors de Ju rébion du « Crgrés géologique Mtértationnl à Vienne en 
4 

tenir dixième 
ession dans ce Pays, Ces nn Mexique que di Vait revenir cet honneur 

du avait of ot ment mvité le 
La Xe session accepta l'invi ation de ki Sud pour la session Suivante et 

décerna à Ja Be lique le droit d'inviter Je « vngrés pour sa XIe session, Le 
29 mai 1910 M, J GC ANDERSSON, Secrétaire général de la Xe session me 
écrivit pour mn liormer que Ja Belgique se Touvant pour diverses raisons 
dans l'impossibilité d'inviter Je Congrès, lo vuit prié de S'assurer S'il n's 

Cût pas un autre DANS qui désirät le roc Voir; et, sur cos entrefaites, il me 
demande si Je € tnuda était one re disposé à offrir l'hospit dité au € ongrès 
défis part dev tte lettre au très honoravle sir Wibib int RER, premier re d'État et à l'hon, W M. Temps 
MAN, ministre des Mines, lesquels représentaient Je BoUVernement à eutte 

Ministre, à l'hon, Cas, Morrny, secré 

époque à Ottawa, et ces messieurs me Promirent un Appui génére «x de la 
Part du g Uvernement, Je consultai également Sir Tomas NHat GHNESSY, 

brésident du éhenmin de fer Canadien du Pacifique, et feu M, Cas, M, Hays, 
président du chemin de fer Grand-1 sonc-Pacifique, qui ont offert Je concours 
des chemins de fer; l'hon, FRaxk Co HRANE, Ministre des Mines de l'en. 
tario et M, W, G. Mise, géologue Provincial, qui me Promirent l'appui 
de cette Province et M Franx D. Apaus, professeur de géologie ct doyen 
de la faculté gs *clences appliquées à l'université MeGill de Moncréal, ot 
président du Canadian Mining Institute, qui se déclara aussi en faveur de 

l'invitation, Le 2 juillet 1910 je cablai à M. ANDERSSON que le Canada se 
Proposait d'inviter Je ( ‘ongrès pour se Xe session, Le 11 juillet, Sir Je HARD 
Cariwrienr, Ministre des Mines intérimaire, envoyait une invitation officielle 

AU nom du £ouVernement eg idien, et Je département des affaires étrangères 
transmettait à la Grinde-Bretagne une invitation qui de t être officielle. 

ment présentée au Cons às par l'envoyé eXtraordinaire britannique à Ntock- 

holm; de Mon côté j'addressais une invitation « ficielle au nom de la Come 

mission géologique, et Je juillet XL, F, A. Apaus faisait Parvenir une in- 

vitation de la part du Canadian Mining Institute, Mais sur cos entr, 

faites, 28 juillet, Je Congrès était invité par [a Belgique à se reunir dans 
ce pays, 

Lorsque nous fûmes informés que la Belgique se Proposait de recevoir 
le Congrès, les choses étaient tellement avancées Qu'il était devenu impossible 
pour le Canada de retirer son invitation laquelle avait été faite de bonne 
foi. Auxsi Jos délégués belges au Congrès de Stockholm, en présence des 

démarches faites par Je Canada, eurent l'amabilité de changer leur invitation v 
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et de la faire pour le Ne au Beu du Xe Congrès, et c'est le Canadn qui 

fut choisi comme lieu de ré inion pour le Xfle Congrès 

Sous les auxpices du gouvernement canadien, une ne em) de géologues 

et ingénieurs des mines représentant les institutions scientifiques qui avaient 

invité le Congrès, et les services des mines des diverses provinces fut tenue à 
écembre PHO A cette assemblée le Comité exécutif fut 

ion du Congrès, On trouvera plus loin, 

Toronto le 2 

nommé et chargé de la pré} 

ration du Congrès, le compte-rendu des tra la pré, 

vaux de ce comité, Les membres du Comité exécutif ont droit aux remeret 

au chapitre conxaer 

aux devoirs 

nt ils s'en 

ments du Congrès pour le temps et le soin qu'ils ont consue 
inportunts qui leur incombraient, et pour la façon remarquable 
sont aequittés, On pourrait mentionner particulièrement M. FE, D, Ana, 
le président, M, G.( 

comité des finances et du comité 
LaixpsEY, qui à agi comme président à la fois du 

es ressourees honillères, dont l'expérience 

dans les affaires a été d'un service inestimable pour le Comité, et le secrétaire 

M: SranLey LEckY. 

Nous avons le plaisir de reconnaitre les services rendus au Congrès par 
son Altesse Royale, Fiëzp-MansnaLL, LE Due pe CoNnNatGnr, Gouverneur 
général qui pter la présidence honoraire; pur le très 

honorable Sir Cas, Frizeareier administrateur du Canada qui, en l'absence 
de son Excellence le Gouverneur géneral, accepta gracieusement de le re- 

présenter à l'ouverture de la session à Toronto: au gouvernement fédéral 

bien voulu en acc 

et aux gouvernements provineiaux: aux compagnies de chemin de fer; 

aux diverses sociétés minières; aux membres du Canadian Mining Institute; 

et aux chambres de commerce et fonctionnaires municipaux des endroits 
visités par le Congrès, 

Le très honorable Sir Roger L. BoRDEN, premier ministre et les autres 
représentants du gouvernement ont fait tout en leur pouvoir pour assurer 
le succès du Congrès, non seulement au moyen de leurs généreuses contri- 

bucions aux dépenses de l'entreprise et l'intérêt qu'ils y ont porté, mais 

dis de publication de la monographie aussi en prenant la responsabilité des f! 

coûteuse des Ressources houillères mondiales, et en autorisant la Commission 

géologique à préposer à la préparation du Congrès tous ceux de ses fonction 

naires dont on pourrait avoir besoin, pour diriger les exeursions et prendre 

part aux travaux de la session. C'est la Commission géologique qui a publié 

les Ressources houillères mondiales: elle a rédigé et publié également tous 

les livrets-guides sauf les numéros 6 et 7, de même que le Compte-Rendu, 

ce qui a économisé au Congrès de très fortes dépenses. 

Les exeursions comportaient le parcours de Sydney, Nouvelle-Ecosse 

à Victoria, Colombie britannique, et de la ligne frontière internationale à 

Mount St, Elias et Dawson, territoire du Yukon, en tout, au delà de 25,000 

milles d'exeursions à diriger officiellement entre le 13 juillet et le 5 octobre: 

par conséquent la préparation des livrets-guides et des détails des excursions 

a demandé beaucoup de temps de la part des fonctionnaires de la Commission. 

I à fallu exécuter beaucoup de nouveaux travaux d'exploration pour combler 

certaines lacunes dans les connaissances existantes sur la géologie du pays. 



ne ms 

PRÉFACE 
vit 

De ce fait los travaux réguliers de la Comiiission ONE trouvés aeeulés 
de plusieurs années et le € ‘ongrès doit tenir compte hot seulement nu LoOuVerne 

it AUX Investigations du € ‘ongrès » livrets muiles réprésentent près de 1,700 Pages compe hunt CNVIroN 130 enrtés 

Men ais aux parties du Pass où le besoin de travaux géologiques se sentir, de la pre nee 

spéeiles et de nombreuses illustrations, Pros ue tous les membres du were 

l 
l 

Ï 
one de la Commission furent chargés de devoirs Hiportants relatifs au 
Congrès L'on ne peut pus entionner chaque individu Pour su part de 
mérite dans le succès d l'entreprise, mais los ROIS QUE suivent sornent peut- 
être dignes d'une Mention spéciale en ce AU concerne les excursions M 
GA Vouxe, qui s'est occupé de l'exeursion Maritime, dos livretsssioos et 
de la session à Toront MC, Casse, ei gd de la publicarion iretss 
guides, M, A, Dci \, chargé de lu Préparation des cartes join: M 
We MeIxxEx membre du Comité exécutif ct de tous les comités blica- 
Uon, ainsi que ses aides M. D. B. Dowrina CE leu MONO Lu H chargés 
de la publication des Ressonrees houilléres mondiales: et MW. HL € ‘0 à qui ét + confiée la publication des articles Sclentfiques pour Le Compte 
Rendu. Le RouvVernement fédéral a mis également à la disposition du Con- 
grès lu collaboration de la division des Mines, dont le directeur M, Eva, 
HAANEL à fourni des publications spéciales ot envoyé plusieurs Membres de 

AREA 

on personnel à titre de guides où secrétaires de certaine excursions Le gouv nement d'Ontario a non seulement contribué très largement 
aux fonds du Congrès, : is par l'entremise du &éologue provincial M. 
WG Mince et de SON rsonnel, lui a épargné beaucoup de travail et de 
frais. Deux des livrets, tes ont Été préparés ot inprimés sous leur direee 
tion et, de plus, ils ont organisé et dirigé Jos Prineipales excursions dans 
l'Ontario et Participé aux travaux d'autres excursions. Les KouVernements de Québec et de la ‘lombie britannique ont tous 
les deux accordé de généreuses allocations a grès, contribué aux travaux 
par l'entremise de leurs services provinciaux mines, et offert l'hospitalité 
aux Membres étrangers, La Nouvelle-Ecosse ä aussi apporté son concours 
financier et fait AUX eXcursionistes dos Provinces maritimes une généreuse ot 
cordiale réception. 

Ce sont les excursions QUE ont constitué ln partie Ju blus importante du 
Congrès et leur succès devait dépendre de l'intérêt mis et de la coopération 
apportée par les Compagnies de chemin de fer, Grâce à l'honorable FRaxk 
COCHRANE, ministre des chemins de fer et canaux et aux administrateurs 
des compagnies ( ‘anadian Northern, Ca lian Pacific, Grand Trunk, Grand Trunk Pacific et des chemins de fer de l'État, le service a éte parfait à tous 
les points de vue, Afin de permettre aux membres d'employer aussi avantage 
usement que possible le temps consacré aux excursions, les horaires, par- 
ticulièrement pour les excursions dans l'ouest, étaient minutieux et come 
pliqués. Il est vraiment très remarquable qu'avec les énormes distances 
à parcourir et pendant un si long espace de temps, au milieu de Ja saison des v ses la plus active, on ait pu remplir un pareil Programme de trains 
Spéclaux sans le moindre accroc et Sans avoir rien à changer aux horaires, et 
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feution. Le Congrès est également cela suppose une admirable habileté d'e 

redevable au ehemin de fer Canadian Northern d'une généreuse contri- 
bution en espèces sonnantes. L'on doit des remerciments au Canadian 
Pacific Railway, pour ce qui a été l'évènement le plus saillant du Congrès 

t-à-dire l'exeursion à la baie Yakutat, au fjord Russell et aux Alpes St.- 

Elias. Comme il n'y a pas de ligne de navigation régulière dans cette région, 
il eut été impossible d'y pénétrer si ln compagnie Canadian Pacifie n'eut 
pas retiré du service régulier, pendant sa saison la plus active, l'un des 

c'e 

nouveaux et magnifiques paquebots de sa flott côtière du Pacifique, pour 
le mettre obligeamment à la disposition du Congrès, C'est ainsi qu'il a 
été donné aux exeursionistes de contempler le plus merveilleux panorama de 
montagnes au monde et peut-être le phénomène gla e le plus extra- 
ordinaire. 

Le CPR, SK, Princess Maquinna en faisant ce voyage n'était que le 
deuxième vaisseau à pénétrer dans le fjord Russell; le premier ayant été 

sseau explorateur dé l'expédition Harriman. 

I ne faut pas publier les services rendus par l'honorable M. GEORGE 

BLacKk, commissaire du Territoire du Yukea: c’est principalement grâc 
ses efforts que l'on a pu jouir de toutes les commodités du vorage et d'une 
magnifique réception lors de l'excursion vers l'avant-poste sous-aretiq + de 
la civilisation. 

Le président et le Conseil des gouverneurs de l'université de Toronto ont 

largement contribué au succès du Congrès en lui acecrdant l'usage des édifices 

de l’université, dont les salles spacieuses, out avantageusement servi de 
bureaux et de lieux de réunion. D'autre part, les résidences et salles 
manger permettaient aux men es de vivre en commun sur les lieux mêmes 
du Congrès, de façon à se trouver constamment en contact et pouvoir ainsi 
échanger leurs idées. 

Nous devons les plus sincères remerciments au British Foreign Office 

et au service consulaire britannique dans toutes les parties du monde pour 

avoir si complaisamment participé aux rechercies sur les ressources houil- 

lères mondiales, et aussi pour nous avoir aidés dans l'envoi des invitations 

au délégués étrangers doni la competence et la distinction ont relevé l'éclat 

de cette réunion. 

Un mot de remerciment enfin aux membres et délégués éminents qui 
sont venus au Congrès en si grand nombre et de pays si éloignés, pour leur 
courtoisie, leur patience et leur bonne humeur soit durant les assemblées 

ou au cours des excursions, Ils ont concouru autant que possible à faciliter 
le travail, trè 

mésaventures, et, de façon générale, se sont montrés de joyeux camarades 
avee qui c'était un véritable avantage de se rencontre socier, et à 

qui l'on éprouvait toujours un plaisir à rendre service. C'est à eux qu'il 

sera un 
souvenir inoubliable au Canada parmi tous ceux qui ont eu le plaisir de les 

complaisamment fermé les veux sur certaines lacunes ou 

ets 

faut attribuer le succès remarquable du Congrès, et leur visite k 

rencontrer. 
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RECETTES ET DÉPENSES, 
Les comptes du Congrès sont à l'heure actuelle soldés; on trouvera dans le border eau ci-après un état de, 

Dépenses, 
Organisation: honoraires, frais de Frais de voyage. . 
Circulaires, 

Allocation pour la préps 
icit sur les frais des 

Dépenses de la session.… 
Diver: 

bureau, cte 

ion des livrets-guides 
cursions. .…. , 

posé en banque... 

Recettes. Gouvernement du Canada 
Gouvernement d'Ontario.…. 
Gouvernement de Québec, , 
Gouvernement de la Colombie britannique, 5,000 00 Gouvernement de L Nouvelle Ecosse... _ 1,661 02 Chemin de fer Canadian Northern. 

5,000 00 Coniagas Mines Company, Limited 
ÿ 1.000 00 Mond Nickel C ompany, Limited. . 

500 00 Canadian Copper Company... À 500 00 Hollinger Gold Mines, Limited PTE 500 00 Canadian Collieries CCE 
350 00 Autres sociétés minières LeRoi Xo. Union Natural G Seneca_ Superior; Cobalt Lake; Provincial tural Gas; each, $50., o 
250 00 P. Burns, Calgar 
1 Cotisations du Congrès 

Vente des livrets-guides. : Intérêt des dépôts en banque. 

$58,653 62 Comme il à été dit précédemment, les gros frais Paratifs des excursions, cte,, ont été s par les gouvernements du ( et d'Ontario. Les réceptions organisées par des groupes loc excursions ont également contribué à à diminuer les dépe temps que les généreuses allocations reçue des € eursions à des prix be 
leur eussent coûté des voy. 
par les e 

d'imprimerie, les pré- 
‘anada 

aux durant les 
nses et, en même 

au Congrès d' rganiser aucoup inférieurs pour les congressistes à ce ages réguliers, ainsi que le montre le deficit Il De cette façon et grâce aux billets de demi-place accordés par les compagnies de chemin de fer, les y isiteurs ont été à même de voir le Pays non seulement beaucoup plus rapidement et agréablement, mais beaucoup moins de frais que dans les conditions ordinaire Pas sans importance dans un pays comme le ( les voyages si coûteux, 

s, Ont permis 

que 

aissé CUrSIONS, 

à 
', ce qui n'est 

‘anada où la vie est si chère et 
Tout à été mis en oeuvre 

d'un an après la date de 1 
de ces efforts, 

bour que le Compte-re ndu soit distribué moins a réunion et le present trav: ailest la preuve du succès 

(Signé) R. W. Brock, 
Secrétaire général et trésorier, 

virtuellement tous 
s recettes et dépenses, 
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PRÉPARATION DU CONGREÉS. 
HISTORIQUE DU CONGRÈS, 

Au cours de l'assemblée annuelle de la “American Aociation for the 
Advancement of Science”, tenue à Buffalo au mc, u août 1878, une com- 
mission a été nommée pour Préparer la Convocation d'un Congrès géologique 
international à l'Exposition de Paris en 1878, Cette idée semble avoir pris 
n ance À ce moment Ià à ln suite de l'inspection Par des géologues, de cartes 
et coupes géologiques provenant de diverses parties d'Amérique et d'Europe, 
exposées cette même année à l'Exposition Internationale de Philadelphie, 
La première session du Congrès géologique international s'est done tenue à 
Paris en 1878, 1] Y à eu depuis cette époque des sessions à tous Les trois ou 
Quatre ans dans bien des Pays différents, Le tableau ci-joint est un relevé 
des sessions qui ont eu lieu jusqu'à ce jour. 

RELEVÉ DES SESSIONS, 

Membres Pays 
Session Année 

ré 
Repré- Inscrits. Présents. sent lème IN7S France 

310 
2ème INKI Italie, 
ème ISS5 Allemagne 

ISSS Angleterre 
ISO États-Unis 
IS04 Suisse, 
ISOT Russie 
1900 France 
1903 Autriche 
1906 Mexique 
1910 Suèdu 

12ème. 1913 Canada 

OBJET ET TRAVAUX pt CONGRES, 
L'objet du Congrès géologique international est, en peu de mots, de 

favoriser l'avancement des Connaissances relatives à la terre, tant au point 
de vue de la science géologique pure, que de son application aux arts et 
industries, Par l'association et la coopération des géologues les plus dis- 
tingués de toutes les nations, 

Les méthodes les plus importantes qu'il met en œuvre Pour arriver À 3 
1 
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ses fins comportent des assemblées, publications, commissions internationales, 
excursions et prix à décerner. 

Sessions.—Les sessions sont eonvoquées tous les trois où quatre ans 
dans des pays différents, claque session devant durer de sept à dix jours. 
A ces assemblées les principaux pays, sociétés et universités sont repré- 
sentés par des délégués nom à cette fin; on y lit des travaux traitant de 
questions d'intérêt général et l'on diseute des sujets importants au point de 
vue géologique. . 

Publications.—Les délibérations du Congrès sont publiées le plus tôt 
possible après que la session s'est terminée, Elles contiennent les discussions 
et les communications les plus importantes, ainsi qu'un rapport général sur 
l'état financier et les travaux du Congrès. 

Commissions internationales. Des commissions sont organisées pour 
traiter des questions qui exigent une collaboration internationale, telles que: 
travaux de recherche d'intérêt général où international, étalonnage des 

alonnage teintes et signes employés dans la confection des cartes géologiques, 
de la nomenclature géologique et étude des projets de cartes géologiques 
générales, 

Excursions. —Les excursions sont devenues tune partie importante des 
sessions et toutes les facilités possibles sont mises à la portée des membres 
dans le pays où se tient l'assemblée pour leur permettre d'étudier sa struc- 

ture géologique et ses ressources minérales à peu de frais et sous la direction 
de guides compétents. 

On distribue pour les excursions des livrets-guides, qui ne servent 
pas seulement à guider l'excursionisté mais donnent généralement un bon 

aperçu de 1 géologie du pays où se tient le Congrès, 
PrixLe Congrès pourvoit à la distribution de prix pour travaux 

spéciaux accomplis dans le domaine de la géologie. Le prix SPENDIAROFF 
fondé par M. SPEXDIAROFF de St-Pétersbourg, Russie, en mémoire de son 
fils, est décerné à chaque session pour le travail le plus important publié sur 
la tectonique depuis la session précédente, Il a été accordé au cours de 
différentes sessions des prix spéciaux. 

ORGANISATION ET ADMINISTRATION DE CONGRÈS. 

Conseil. Le Congrès est administré par un Conseil constitué comme 
suit: 

€) Membres du Comité d'organisation de cette session du Congrès, 

(b) Présidents en fonction de sociétés géologiques. 

te) Directeurs des grands services géologiques. 

(4) Membres du Bureau (vice-présidents et autres officiers élus par les 
membres à leur première réunion). 

{e) Membres du Congrès que le Conseil peut ajouter à la liste, 

Bureau.—A la première assemblée de la session le Conséil soumet à 
l'approbation des membres une liste de noms pour constituer le “Bureau”, 
qui sera chargé de préparer les ordres du jour rour les séances, 
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Le Secrétaire général et les officiers d'une session, qui composent le 
Bureau, sont responsables de l'administration générale des affaires du Con- 
grès jusqu'à ce que leurs successeurs aient 6té nommés à la session suivante. ! 

Comite d'Organisation—Un Comité d'organisation ou Comité exécutif, 
ou bien les deux, sont nommés par le gouvernement ou les institutions dont 
l'invitation pour la session suivante aura été accepté, afin de faire les pré- 
paratifs pour la session. 

PRÉPARATIONS DE LA DOUZIÈME SESSION. 

Le Congrès international géologique siégeant à Vienne en 1903 a 
été invité à tenir sa prochaine session au Canada; cette invitation a été 
réiterée à Stockholm en 1910, et cette demande etait appuyée par le Gouverne- 
ment canadien, la province d’Ontario, le Canadian Mining Institute et la 
Société Royale du € nada. L'invitation de se réunir au Canada en 1913 

été acceptée 

Sur les instar + du directeur de la Commission géologique, agissant 
au nom du gouvernement, une assemblée des géologues et ingénieurs des 
mines représentant les institutions qui avaient invité le Congrès à se réunir 
au Canada s'est tenue à Toronto, le 2 decembre, 1910. Etaient présents 
à cette assemblée: MM. EF. D. Apaus, M. B. Baker, J. A. Baxcrorr, 
R. W. Briäsrock, R. W. Brock, A. A. COLE, A. P. COLEMAX, E. DELtEUx, 
JAMES" MeEvoy, H. Morrimer-Laus, W. S Lecry, G. GS. LiINDsEY, 
0. E. LeRoy, FE. Lorixé, R. G. MeCoxxezz, J. MeLeisn, W. MeXEit 
W. G. Mizzer, JC. Murray, W. À. Parks, 0. N, Scott, JB. TYRRELL 
et T. L. Walker. 

Cette assemblée a élu un Comité exécutif choisi parmi les géologues* 
résidant dans la partie centrale du Canada, afin de procéder à l'organisation 
de la douzième session. 

Le Comité exécutif s'est tout de suite mis à l'œie pour préparer 
la session et des le printemps de 1911 à envoyé une circulaire préliminaire 
avec une liste d'excursions projetées. 

Puis parurent à différents intervalles aux mois de mai, mars, mai et 
juin respectivement la premiè leuxième, troisième et quatrième circulaire, 
dans lesquelles on donnait suscessivement des informations plus étendues 
au fur et à mesure que se complétaient les préparatifs pour la session. 

Ces cireulaires furent imprimées en français et en anglais et envoyées 
à plus de 16,000 géologues de toutes les parties du monde, d'après une liste 
compilée principalement sur les rôles d'inseription de sociétés géologiques! 

ICompte-rendu, Paris, IS7S, p. 274. 

2 Compte-rendu, Xe Session, Stockholm, 1910: Fase, 1, p. 9 
3 Pour les noms du Comité exéeutif voir, p. 11 
4 Nous publions à titre de renseignent, page 247 une liste de ces sociétés, dont la com- 

pilation comportait une somme considérable de correspondance et qui doit être à peu près 
complète. Relativement à la préparation de ces listes, comme pour ee qui concerne les 
informations recucillies au sujet des Ressources Houillères Mondiales, le Comité exécutif 
doit tout particulièrement reconnaître les bons services rendus par les divers bureaux du 
British Consular Service, 
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et aussi d'après la liste ayant servi pour les congrès précédents et dive 

autres sources, 

Première cireulaire.—Cette cireulaire donnait les sujets de discussion 

choisis et un programme général des projets d’excursion. 

Deuxième circulaire.—La deuxième cireulaire renfermait les noms des 

officiers; les principaux règlements qui devaient régir le Congrès, les matières 

à discuter, avec les noms de ceux qui s'étaient engagés à présenter des travaux, 

des détails sur les itinéraires des excursions (avec quatre cartes), et les dé- 

penses à encourir de même que d’autres informations relatives au voyage 

jusqu’à Toronto et au logement dans cette ville, 

Troisième circulaire—La troisième circulaire donnait avec plus de 

details les mêmes informations que la deuxième. Elle contenait également 

des renseignements au sujet des privilèges sur les chemins de fer accordés 

aux membres du Congrès pendant leur séjour au Canada ainsi qu’une liste 

des transatlantiques voyageant au Canada et des agents de toutes les com- 

pagnies maritimes faisant le service au Canada. 

Quatrième cireulaire.—La quatrième circulaire qui n'a été distribué 

qu'aux membres du Congrès ou sur demande spéciale, renfermait le 1: - 
gramme de la session qui devait se tenir à Toronto, des notices relatives aux 
commissions internationales, et aux propositions devant être soumises 

la session, de même que les noms des personnes qui s'étaient engagées à 

fournir des travaux. = 

Le Comité exécutif à tenu dix-huit assemblées avant la session: une 

en 1910, trois en 1911, sept en 1912 et sept en 1913. 

Il a été décidé en janvier 1912, que le poste de secrétaire exigeait tout le 

travail d'un homme; et le 23 janvier M. W.S. Lecky fut nommé Secrétaire 
du Comité exécutif, avec un engagement de deux ans. Depuis cette époque 
M. Lecky a consacré tout son temps à remplir ses fonctions, agissant vir- 

tuellement en qualité de directeur sous les ordres du Comité, et l'on ne peut 
que reconnaître très hautement son zèle dans l’accomplissement de ses de- 

voirs. 

Vers la fin de 1912, un grand Comité d’orgsisation a été choisi par le 

Comité exécutif afin de s'occuper des préparatifs généraux. Les principales 

onctions de ce Comité plus nombreux consistaient dans la formation de 

comités locaux au principaux endroits à visiter au cours des excursions, et 

dans l'obtention de fonds pour subvenir aux dépenses du Congrès. 

Les bureaux principaux furent écablis aux bureaux de la Commission 

géologique au Musée commémoratif Victoria à Ottawa, jusqu'au 2 août, 
alors qu'ils furent transférés à l'Université de Toronto où la session a eu lieu. 
Pour l'avantage des membres arrivant à Montréal, on a tenu un bureau- 

succursale à la  MeGill Student’s Uaion,” Montréal du 10 juillet au 6 août, 

veille de l'ouverture de la s on à Toronto. On a également ouvert un 

bureau provisoire à l'hôtel Empress, Victoria, Colombie Britannique, le 
26 août, quand les deux excursions transcontinentales s'y sont rencontrées. 

1 Pour les noms du Comité d'orguusation voir p. 10. 
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Ee travail du Comité, au fur et à mesure qu'il devenait plus compliqué a été de temps à autre réparti entre plusieurs sous-comités auxquels on a adjoint dans certains cas des membres ne faisant pas partie du Comité exé- eutif. Les plus importants de ces comités étaient. les suivants: 
Comité des Ressources Houillères: G. G. S. LinbsEY, président; W. MecINxes, secrétaire; F. D, Apays, R. W. Brock, D. B. DowLiNG, CHARLES FERGIE, James McEvox et J. B. PORTER. Ce comité était chargée de pré- Parer une monographie sur The Coal Resources of the World, sous la présidence de M. G. G.$S. LiNpsey. 
En mai 1911, une circulaire fut préparée par le Comité demandant des informations et établissant la forme suivant laquelle la classification des houilles et le relevé des réserves devraient être présentés, ainsi que les formules pour la mise en tableaux. La cireulair vec les formules accompagnée d'une lettre spécifiant la longueur approximative que devait avoir chacun des rapports, fut envoyée par le Secrétaire général, M. Brock aux divers services géologiques et bureaux des mines de toutes les parties du monde, et, dans certains cas, à des spécialistes particuliers. Les personnes invitées à envoyer des rapports y prétèrent très obligeamment : mais, dans bien des cas, il failait une certaine somme de travail sur le terrain pour obtenir les renseignements néc saires, et par suite, les informations complètes que comportaient les rapports ne furent obtenus qu’à la suite de longs et per- sistants efforts. Le dernier rapport est arrivé en mai 1913. 
La Commission s’est ensuite occupée de nommer des rédacteurs. 
Dans la préface de cette Monographie il a été dit par inadvertance que la “préparation” de ce travail a ait été confiée à la Commission géologique du Canada; st la “rédaction” qu'il aurait fallu dire. Le 7 mars 1912, le (mité des ressources houillères avait recommandé que MM. W. McIx et D. B. DowuixG fussent nommés rédacteu cette nomination fut confirmée par le Comité exécutif à son assemblée du 8 mars. Plus tard M. W. W. Leacu fut adjoint à ces messieurs. Un certain nombre d'autres membres prirent également part à ce travail, particulièrement pour ce qui concernait la mise en tableaux, la lecture des épreuves, les cartes et les illustrations, 
Le Comité eut ensuite à prendre une décision au sujet de la publication, et l’on s'aperçut qu'il était très difficile de s'entendre avec un éditeur pour l'exécution d'un ouvrage aussi volumineux et aussi coûteux en si peu Ge temps. Le 12 octobre 1912, lors de sa neuvième séance, le Comité exécutif autorisa le Comité des ressources houillères à s'occuper directement de la publication de la monographie sans l'intervention du Comité des publi- cations. 
A la suite de pourparlers avec diverses maisons de publication, la Com- mission confia ce travail à la maison Morang & Company, Limited, 145 rue Wellington Ouest, Toronto, ce qu'elle ne püt faire que grâce à la g'n- érosité du gouvernement canadien qui se rendit garant envers la compagnie de publication en cas de perte, 
C'est particulièrement aux démareles de son président et de M, Brock, 
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directeur de la Commission gé ‘que que ce comité doit d'avoit pu arriver 

à conclure ces arrangements. 
Les volumes ont été imprimés par la Murray Printing Company, 

Limited, de Toronto. Le contrat de publication a été signé le 27 décembre 

1912, et l'ouvrage est paru au milieu de juillet, 1913. 

2. Comité des Excursions: R. W. Brock, O.E, LEkoy. Ce comité était 
chargé de l'organisation des excursions, dont les itinéraires avaient été 

fixées par le Comité exécutif. Le comité des excursions régla de concert avec 

les chefs et guides, le détail des itinéraires, et les arrangements ainsi réglés 

ont été acceptés presque sans changements par les compagnies de chemin de 

fer. 

3. Comité des Finances: G. G. S. Linpsey, président; F. D. Apaus, 

R. W. Brock, W. G. MizLer, J. B. TYRRELL, Ce comité, formé au com- 
mencement de 1911, s'est chargée de la question importante des finances 

du Congrès. Cette charge comportait une lourde responsabilité et c'est au 

travail ardu de son président qu'il faut attribuer en grande partie le résultat 

que l'on peut voir duns la liste des contributions et les bordereaux du Congrès 
dans la préface. Le Comité des finances a été aidée par un groupe de soixante- 

dix conseillers honoraires. 

4. Comité des Publications: A. E. BarLow, président; R. W. Brocxk, 

C. CaAMsELL, A. P. CoLemax, W. H. Cozuixs, T. C. DENIS, A. DickisoN, 
O0. E. LeRoyx, W. Melxxes, W. G. Mir, G. A. YouxG. Ce comité, 
formé au commencement de 1911, à dirigé la publication des diverses cir- 

cu aires et décidé quelle serait la forme et le contenu des livrets-guides. La 
redaction des livrets-guides, qui ont été publiés par la Commission géo- 

logique a été commencée par M. MGeIxxes et continuée par M. CHARLES 

CamsELL qui a dû faire la majeure partie de l'ouvrage. Les cartes accom- 

pagnant les livrets-guides ont été faites sous la direction de M. A. DIcKISON, 

dessinateur à la Commission géologique, dont l'habilité et le zèle dans l’- 

accomplissement de ce travail ont rendu possible l'exécution de la série de 

140 cartes dans le peu de temps dont il pouvait disposer. 

5. Comité des Voyages: G. G. S. LiNpsey, président; O. E, LERoy, 

R. W. Brocxk. Ce comité s'est chargé de faire tous les arrangements né- 

res pour les voyages, et a obtenu pour les membres le privilège de 

yager à demiplace qui leur avait été promis. 

6. Comité de Rédaction: R. W. Brocx, W. H. Cozuixs, W. McIxxEs. 

Ce comité a été formé vers la fin de l'année 1912 pour s'occuper d'editer les 

études et propositions présentées durant la session. A la fin de la se 

la rédaction du compte-rendu a été confiée à MM. MeInxeEs et CoLLt 

7. Comité des Sujets de Discussion: A. E. BARLOW, A. P. COLEMAN, 
W. A. Parks. Ces messieurs étaient chargés de recommander les sujets 

à discuter au cours de la session. 

Comité local de Toronto: A. P. CoLEMAN, président; W. A. Parks, 
secrétaire; A. G. Burrows, le président FALCONER, W. F. FERRIER, P. E. 
Hopkixs, R. E. Hore, H. L. Kerr, C. W. Knieur, G. G. S. Lixpsey, J. 
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7 McEvoy, À A 

W. G. Mur, A. L,. PARSONS, 
dB, Tyrre 

R, T. L. WaLker, A. B. Wizcmorr. l'Université salles de réunion pour 
s dans le voisinage de 

au cours de pris les arrangements nécessaires pour l’- 
assemblée d'ouverture, la conférence Populaire, le banquet, la séance spéciale 
de l'Université, et, en un mot, s'est chargé de toutes les démarehes locales 
préliminaires Pour la session à Toronto. Comité des dames à Toronto: Miss HELENA COLEMAN, présidente, 
Mme. J, B. TYRRELL, vice-présidente, Mme. W, A. Parks, secrétaire, Ce comité s'est occupé de recevoir et loger les dames du Congrès, en 
leur procurant et meublant des chambres convenables à l'Université et en 
les recevant à un luncheon dans les salons du Speaker aux édifices du Par- 
lement, 

Ce comité s'est également efforcé de rendre le séjour agréable à tous les 
membres du Congrès, en offrant le thé tous les après-midi dans le carré de 
l'Université, 

I y avait en outre d’autres sous-comités s'occupant de patronage, 
invitations officielles, chefs de diseussion et publicité, 

Finances. —Les dépenses oc ‘asionnées Par la session ont été défrayées 
à même le fonds général. C'est le Bouvernement canadien qui a le plus 
contribué à ce fonds, mais il Y a eu également des subventions accordées 
par plusieurs des Provinces, des Compagnies minières et des particuliers. 
Bien que les membres aient dû Payer leur pension à l'Université de Toronto 
et au cours des excursions, l'on pourra voir par les bordereaux qu'il y a eu 
deficit dans ces deux cas, Particulièrement au compte des excursions. 

Délégations. —Les Principaux Bouvernements du monde, sociétés in- 
téressées à Ja géologie et aux mines, universités et colléges ont été invités à 
envoyer des délégués à la session et en réponse à ces invitations 362 in- 
Stitutions se sont fait représenter par 307 délégué Inscription. —981 membres d'etaient fai, inscrire et 467 ét ient présents 
à la session de Toronto, 

SESSION, 

La session du Congrès s'est tenue à l'Université de Toronto du 7 août 
au 14 août, Les édifices de l'université mis généreusement à la disposition 
du Congrès constituaient un local Magnifique Pour ia session. Les salles 
de conférences Couvenaient très bien aux réunions des div s sections, et 
e Comité exécutif fut À même de mettre les dortoirs à la disposition des 
membres, ce qui leur permettait de se loger à bon marché et à proximité des 
salles de réunions 

Il a été remis au Comité 84 communications scientifiques pour être 
présentées à la se ion, Dei nombre 64 sont publiées dans une autre 
Partie de e voluine, 

Excursions, —Des excursions allant du bord de l'Atlantique à l’est, 
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au Pacifique à l'ouest furent organisées afin de permettre aux members de 

se fumiliariser avec les problèmes géologiques qui se présentent au Canada, 

du moins sous leurs aspects généraux, et de se rendre compte par eux-mêmes 

quelles sont les ressources naturelles, minérales ou autres, de ce pays. On 

trouvera plus loin dans cet ouvrage les comptes-rendus de ces excursions. 

RÈGLEMENTS GÉ RAUX CONCERNANT LA XIIE SESSION. 

Les règlements suivant avaient été adoptés avant l'ouverture de la 

session : 

Inscription —W\ n'est exigé aucun titre professionnel pour devenir 

membre. Les membres ont le droit de prendre part au emblées et dis- 

eussions à Toronto, et de recevoir après la session un exemplaire du Comple- 

Rendu. Les membres ayant le droit de participer aux excursions sont 

indiqués sous la rubrique “ Excursions.” 

Les livrets-guides ne seront pas vendus aux membres autrement qu’en 

séries complètes, au prix de $2.50 par série. Chaque membre r'aura droit 

qu'à une seule série. Pour toute personne autre que les membres le prix 

est de 87.50. 

Monographie sur les ressources houillères.—La monographie sur les 

Coal Resources of the World sera publiée sous forme de trois volumes in- 

quarto avec varton-atlas. Le prix pour le publie en sera de 825 00 l'ouvrage 

complet. Aux membres, chaque série se vendra 820.00 pourvu que la 

commande soit donnée à l'éditeur ou au Secrétaire avant le 16 août 1913.! 

Mémoires et Propositions 

(a) Les titres des mémoires, notes et propositions à être lus doivent 

être envoyés au Secrétaire général le plus tôt possible. 

(b) Les auteurs sont priés d'indiquer si leurs contributions seront 

illustrées au moyen de vues stéréoscopiques où accompagnées de spécimens 

ou cartes. 

(e) Le temps accordé pour la présentation de chaque mémoire est 

limité à vingt minutes, à moins que le Comité n'accorde un supplément de 

temps. 

(d) Les mémoires et propositions doivent être remis aux mains du 

Secrétaire général pour le Ter mai si l’on désire qu'ils soient imprimé à temps 

pour être distribués avant la réunion. Il sera impossible de fournir de 

épreuves d'imprhnerie aux auteurs et, par -onséquent, les manuscrits 

doivent être dactylographiés et l'on doit s'attacher avec le plus grand 

soin à l'exactitude de tous les détails, comme ponctuation, emploi des 

lettres majuscules, italiques, ete. 

(e) La langie officielle du Congrès est le français, mais les communications 

et mémoires peuvent être présentés en français, en anglais ou en allemand. 

(t) Les auteurs sont priés de fournir en même temps que leurs mémoires, 

10n aurait dû spécifier dans les circulaires qui ont été distribuées que le prix du volume 

du Compte-Rendu comprenait le port; mais que pour la monographie et les livrets 

guides les prix étaient nets, et qu'il fallait payer le port en plus. 
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des résumés, de préférence en anglais ou en français. Les résumés ne doivent 
pas dépasser cinq pour cent de la teneur du travail lui même, 

(&) L'Exécutif ne se charge pas des traductions. 

(h) L'acceptation d'une contribution et sa publication avant la réunion 
n'impliquent pas qu'elle sera publiée dans le Compte-Rendu. 

Ercursions.- 

@) n'y a pas de restriction dans la participation au Congrès geo- 
legique international, mais les excursions seront limitées aux membres du 
Congrès qui sont géologues, ingénieurs des mines, géographes et aux autres 
personnes qui se livrent à l'étude ou à l'application d'une branche quelconque 
de la géologie. 

€) Des dispositions seront prises, si c'est possible, pour permettre aux 
femmes des membres du Congrès de participer aux excursions. Ce privilège 
ne peut pas s'étendre en général aux autres parents ou amis des membres. 

(e) Si l'on désire faire des arrangements préliminaires, on doit en faire 
la demande par écrit sur le formulaire fourni à cette fin, et accompagner 
cette demande du dépôt spécifié. Si un membre se trouve dans l'impossibi- 
lité de prendre part à une excursion, son dépôt lui sera remis à condition 
que le Secrétaire reçoive avis de l'annulation de l'inseription le où avant 
le 15 juin; si l'exeursion est contremandée, le dépôt pourra être remis après 
cette date. Le paiement intégral pour chaque excursion doit se faire 
d'avance aussitôt que possible après l'arriv u Canada, 

Paiements Les paiements doivent être faits par mandats-poste ou 
par traite sur la Royal Bank of Canada. Les chèques ne sont pas acceptée, 

COMPTES, 

Au moment d'aller sous presse le bordereau final n'est pas encore prêt, 
mais l'état donné dans la préface est matériellement exact. 

Les comptes ont été apurés tous les trois mois et des bordereaux ont 
été présentés à la suite de chaque vérification. 

En raison des fortes contributions versées par le gouvernement fédéra 
et les gouvernements provinciaux et par des particuliers qui ont fourni 
leur temps ou leur matériel, cet état de compte ne donne qu'un faible aperçu 
des dépenses totales du Douzième Co grès en Canada. 

En outre des nombreuses dépenses qui ont été épargnées au Congrès, 
un bureau à été mis durant deux ans, gratuitement à la disposition du bureau 
d'organisation à Ottawa avec l'usage du téléphone. Les délibérations 
Compte-Re:lu) sont publiées par la Commission géologique du Canada 
sans frais pour le Comité, 

La correspondance dans les limites du Canada s'est échangée frane de 
port. Les livret-guides ont été imprimés et préparés par la Commission 
géologique et le Bureau des Mines d'Ontario, et ces services ont fait aussi 
tous les arrangements nécessaires pour les excursions; l’article de ce premier 
compte figurant dans l'état des dépenses ne couvre que des frais de peu 
l'importance pour les travaux que la Commission géologique ne pouvait 
pas entreprendre elle-même, 
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Les bureaux du siège principal de la Session à Toronto ont été fournis 

gratuitement par l'université de Toronto et ceux de Montréal, avant la 

Session, par l’université MeGill. 
outre, le Comité doit des remerciements aux maisons de commerce 

suivantes qu ont gracieusement mis à sa disposition les articles ci-dessous 

mentionnés: 
“Office Specialty Manufacturing Company, Limited, Toronto:” 

ameublement de bureau pour la session à Toronto, 
“United Typewriter Company, Limited, Toronto:" 

pour la session à Toronto et pour les excursions, 

“American Bank Note Company, Ottawa: cartes d'invitation et de 

remerciements gravées sur acier, 

“Canadian Fairbanks-Morse Company, Limited, Ottawa et Toronto:" 
coffre-forts pour les bureaux d'Ottawa et de Toronto. 

Le Comité désire exprimer sa profonde reconnaissance pour toutes ces 

contributions et autres de même nature, ainsi que pour tous les versements 

en argent faits par les gouvernements, les compagnies minières et les parti- 

euliers dont les noms sont mentionnés à l'état inclus dans la préface, 

machines à écrire, 

COMITÉ D'ORGANISATION. 

J. A. Autaw, Edmonton; Henry M. Ami, Ottawa; M. B. Baker, Kingsto 

Baxcrorr, Toronto; D. D. CAIRNES, Ottawa; CHARLES CAMSELL, Ottawa; ARTHU ë 

CoL£, Cobalt: Eucexe Coste, Calgary; D. B. Down, Ottawa; J. A. DRESSER, 

Sault Ste, Mari x, Montreal; R. D. Fazcoxer, Toronto; E. R. FakiIBaULT, 

Otta RRIE onto: W, L. Goopwix, Kingston; R. P. D. Granam, Mont- 

real; AnBé R. Guimoxr, Quebec; EUGENE HaanEL, Ottawa; E. Havcock, Wolfville; 

Rour. R. Heozey, Vancouver; Ernie D. INGALL, Ottawa; R. A. A. JouxsTox, Ottawa; 

Joscrn Keëce, Ottawa; E. M. Kixpie, Ottawa; C. W. KiGur, Toronto; H, Monri- 

mer-Laus, Montreal: LAWRENCE M. LauBe, Ottawa; Wiziam W, LEacH, Ottawa; 

GE. MarrHew, St. John; Ricuarb G, MeCoxxELL, Ottawa; JAMES McEvoy, Toronto; 

Joux McLeisn, Ottawa; W. Nicor, Kingston: J, B. Porter, Montreal; W. FLEET 

RosErTsos, Victoria; FReDERIC H. SExTON, Halifax T. SriRuixG, Edmonton; T, L. 

WaLkEr, Toronto; Rosërr C. WaiLace, Winnipeg; JAMES WHirE, Ottaw A. 

Wumorr, Toronto: GEORGE À. YouxG, Ottawa; and the members of the Executive 

Committee. 
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Vice-Présidents d'honneur: 

Le Très Honorable R. L. Bonpex, Premier Ministre du Canada. 
L'Honorable Louis CoDERRE, Secrétaire d'État, Ministre des 
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L'Honorable W. H. Héansr, Ministre des Terres, Forêts et 
Mines d'Ontario. 

L'Honorable CHarLes DEVLIN, Ministre de la Colonisation, des 
Mines et Péêcheries de Québec, 

L'Honorable Sir Ricuaro McBripr, Premier Ministre et Ministre 
des Mines de la Colombie Britannique. 

L'Honorable E. H. Anrmsrrox, Commissaire du Travail et des 
Mines de la Nouvelle-Ecosse, 

Président: F, D. Ana. 

Secrétaire général: R. W. Brock. 

Membres: A. E. BarLow, A. P. CoLExax, Tuéo. C. Dexis, O. E 
LeRoy, G.G.S L W. Melxxes, W. G. Mizrer, W. A. 
Parks, J. B. TyrRE 



BUREAU. 

Ancien Président: KE. Ter, 

Président: F, D. ADAM 

Secrétaire général: RW. Bnock 

Vice-Présidents 

Allemagne: G. STEINMANN, R Beck, À. Benurar, F. FRECH, P, J. Kausen, 

A, Pexen, À Rorurserz, HW, STILLE 

Argentine: W. Keibes. 
Australie: EC, PLAYroRD 

Autriche-Hongrie: Ve. LôcaY dE Lôcz, Joe NzAveczxy, R. Zunen 

Belgique: A. RENIER 

Bulgarie: L. VANKOW 

Canada: €. Cassis, D. B. Dowtixé, GE. MATTHEW 

Chili: E. Main 
Chine: P. Wox 

Danemark: ©, B. Bôcertp, V. MAD#EN 

Égupte: WF. HUME 
Espagne: A, MAX Y BERTRAN DE Lis 

États Unis d'Amérique: JC Bnasxen, A. H. Brooks, TC, CHAMBERLIN, 

AW. B. Caux, W. Cross, R, A. Dazx, d, Douüras, A. Haaue, JF 

Keur, A. C, Lawsox, CO K. Lerrn, W Lixpanes, €. SCHUCNERT, G 

0, surru, D. Wire 

Frances €, Bannois, A. Bior, L. GENTIL, A Lacnoix, E. DE MaRGEnIE, 

PM, Tenmien, P. Weiss, 
Grèce: TT, SKOUPHO 
Îles Britanniques: GA. COLE, A HANKER, sir T. H. Housanp, J. Honxe, 

Sir H. A, Mibus, A: NTHAHAN 

Andes LL. FERMOR 
Indo-Chine: d. DEVRAT 
Ltalies LL. Bazbacot, €. DE STEFANI 

Japon: K. INOUYE, S. Kozt. 
Madagascar: A. LACROIX. 

Mexique: TV. FLORES, E. ORDOSEZ 

Norvège: O, HOLTEDAHL. 

Pays Bas: F. MOLENGRAAFF 

Hussies F. LOEWINSON-LESSING, J. SebERHOLM, TH. TRCHERNYSCHEW, 

W. VERNADSKY 
Soudan: GW, GRABHAM 

Suède: H. BÂCKeTROM, He SIOGREN 

Terre-Neuve: JP. HOWLEY 
Tunisie: P.WEISS 

Présidents des séances scientifiques: M: BACKSFROM, L. Baspacer, TC. CHAMBERLIN 

K, Ixocve, W. LixGREx, L. Lex Dt Lôez, E. DE MARGERE, Sir H, 

Mens, J. J. NenenmoLM, G, O. Suiri, CG, NTEINMANN, A. NTRAHAN, 

PM Teuvien, Ti, TSCHERNYSOHEN 



DÉLÉGATION: 

Allemagne, 
Deutsche Reicharegierung: G STEINMANS (Lelior), À, Bénorar, HE Boexe, F. Furet, PJ Kuvsen, L. Mison, W, Pau LOKE, À, Pexcxk, HW, Nriue, TEOW Wourr Deutsche Geologische Hschaft, Berlin: P. 4 Knvxoyr 
Deutsche Mineralogische Ç sellachaft, Jenn: A. Benorar, 
Freiberger Geologische Gesellschaft, Froiberg: R, Beck. 
Geographische Gesellschaft Greifswald, Greifswald: L. Mireu. 
Geologisches Institut der Kôniglich Preussischen Technischen Hochseiule, Aachen: A Daxxesuenc 
Geologisch-Palacontologisches Institut der Rheinischen Friedrich-Wilhelins-t niversitit Bonn: N, Tiimanx 
Geologische Vereinigung, Marburg: G, Srkixmans. 

schaft zur Beférderung der gesamten Naturwissenschaften, Marburg: K, Axonée Grossherzoglich Badische Technisel Hochschule Fridericiana, Karlsruhe: W., PauLeke, Grosherzoglieh und Herzoglich Süchsische Gesamtuniversität, Jena: O, Wicexexs Herzoglieh Braunsehweigisehe Technisehe Hochschule Carolo-W ilhelmina, Braunschweig : E. Nrotey, 
Hôhere Handelsschule, Elberfeld : f Iunorr. 
Kaixerliche Leopoldinisch-Carolinisehe Deutsche Akademie der Naturforscher, Halle a N.: A SCHENCRK, 
Küniglich Bayerische Akademie der Wissenschaften, München : A. Rorurzerz Kôniglich Bayerische Ludwig-Maximilians-Universitiit München: À, Rornpz Kôniglich Preussische Akademie der Wisenschaften, Berlin A. PExCK Kôniglieh Preussische Albertus-Unise rsitit, Kénigsberg. À. Bencrar Kôniglich Preussische Bergakademie, Berlin: PJ. Kavsen 
Kôniglich Preussische Geologische Lan sanstalt, Berlin: PJ. Knvsow Kôniglich Preussisches Ministeriumn für Handel und Gewerbe, Berlin PJ. Kuvson, T,F W. Worr 
Kôniglich Preussisches Ministerium des Kultus und des ôffentlichen Unterrichtes, Berlin: F, Frecu. 
Küniglich Preuxsische Rheinische Friedrich-Wilhelms- Universität, Bonn: G, Sretxuanx Küniglich Preussische Sehlesische F ich-Wilhelms- Universität, Breslau: F. Frecn. Koniglich Preussische Universität Greifswald, Greifswald: L. Minor. Koniglich_ Preussische Vereinigte_ Friedrichs-Universität Halle-Wittenberg, Halle a. SN H.E. Boëke, 
Koniglieh Sächsische Bergakademie, Freiberg: R Beck. 
Koniglich Sächsische Geologische Landesanstalt, Leipzig: HW, Srizre, R. Beck Koniglieh Sichsische Landesuniversitüt, Leipzig: H, W STILLE Koniglich Süchsische Staatsregierung: HW, Srize, R. Beck. Mineralogisch-Petrographisches Institut und Museum, Berlin: M. BEeLowsky Naturforschende Gesellschaft zu Halle, Halle a. S.: HE BoEkE Naturhistorischer Verein der Preussischen Rheinlande und Westfalens, Bonn: N, Tizsrayn Naturwissenschaftlicher Verein, Karlsruhe: W, PauLeks 
Niederrheinischer Geologischer Verein, Bonn: G. Srkixaasx, 
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Oberrheinischer Geologischer Vercin, Karlsruhe: B. WEIGAND. 

Berlin: F. Frécu, HF. OsBonx, C. SCHUCHERT. 

: A, NCHENCK. Palacontologische Gesellschaft, 

Süchsisch-Thüringischer Verein für Erdkunde, Halle a 

Hkchaît für Vaterländisehe Kultur: R. LACHMANS, 
Schlesische C 

Senat der Freien Stadt Hamburg: G. GÜRICH. 

Naturforschende Gesellschaft, Frankfurt a. M: G. STEINMANN 

Senckenbergische 

Verband zur wissenschaftlichen Untersuehung der Deutschen Kalisalzagerstätten,  Stuss- 

furt: H. W, STILLE. 

+ 

Vereinigte Friedrichs Universität Halle-Wittenberg, Halle a 1 H. E. BOËKE 

Westfülische Be regewerkschaftskasse, Bochum: P KUKRUK. 

Argentine. 

Direccion G neral de Minas. Geologia € Hidrologia, Buenos Aires: H, KEIDEL 

Gouvernement de la République Argent ne: H. KEIDEL. 
1 

aturelle, Buenos Aires: H. KEIDEL. 
Musée national d'Histoire na 

10 Aires, Buenos Aires: H, NEIDEL 
Université nationale de Buer 

Australie. 

C. PLAY FORD 

KiTsON. 
Commonwealth of Australia, Melbourne: 

es and Forests ot Victoria, Melbourne: AE 

Geological Survey of Victoria, M Ibourne: A. E. Kirsox. 

Royal Society of Victoria, Melbourne: À. E. Krrsox 

Government of the 

Department of Min 

Autriche-Hongrie. 

(a) Autriche. 

démie agronomique de Dublany: E. Rome 

idémie impériale des Sciences de Cracovie, Cracovie: Le SAMINOUNA 

k, Deutsche Franz-Joseph-Tc chnische Hochsehule, Brünn: J, OPPENHEIMER 

R. Zuurn. 

k. Geographische Gesc Hsehaft, W E. Tirize. 

K. k. Ostc ische Geologische Reic hsanstalt, Wien: E. TIETZE. 

K. k. Osterreichische Reiehisre gierung: E. TieTzE 

Kopernik,” Lemberg: E, Router. 

k. Franzens-Universität Lemberg 

Société Polonaise des Naturalistes 

Université Jagellone de Cracovie, Cracovie: E. RoMER 

(b) Hongrie. 

Académie Hongroise des Sciences, Budapest: L. Lôezy pe Lôcz. 

Gouvemement royal de Hongrie: J. DE SZ DECZKY 
Hongrois, Budapest: L. Lôczx ve Lôcz. 

Scuaranzik, M. HALTENBERGER l 

Lôczx pe Lôcz. 

Institut géologique du Royaume 

arhoni Féldtani Târsulat, Budapest: F. 

re roval Hongrois de F'Agriculture, Budapest: L 

Cultes et de l'instruction publique, sudapest : 

Ministère royal Hongrois des 
1. Léczy tt 

Lôcz. 

Société Hongroise de Géographi 6, Budapest: L. L6e2Y DE Lez. 

ences physiques et nat urelles, Budapest: JDE NZÂDECZKY 

olozsvür, Kolozsvär: 

& Joseph,” Budu Pesti EF 
Société royale Hongroise de 

royale Hongroise François-Joseph de K 

Université royale Hongroise des Sciences techniques 

SCHAFARZIK. 

J. DE NZÂDECZRY 
Univer 

hadei tint di: 



DECZKY 

DECZRY 

st: 

DÉLÉGATIONS, 

Belgique. 
Académie royale des Sciences, des Lettres et des Beaux Arts de Belgique, Bruxelles: M. MounLox, M. Loues 
Association des Ingénieurs sortis de l'École de Liège, Liège: A. RExiER, P, Zoupe 
Commission géologique de Belgique, Bruxelles: A, Rester 
Gouvernement royal de Belgique: À, RENIER. 
Ministère de l'Industrie et du ail, Bruxelles: À, RexteR, 
Société Belge de Géologie, d déontologie et d'Hydrologie, Bruxelles: À. RENIER. 
ociété géologique de Pi igcun 1 L. DE BrGcExos, P. Zoupe, 
Société royale de € s caphie « Vavirs: C. SPRUYT. 
Société royale Zoologi : 16 61 A sig de Belgique, Bruxelles: M, MocnLox. 
Scriété scientifique de Bruxelles, Brueli A. RExIER. 
4 ondes Ingénieurs s + à ls spéciales de l'Université de Louvain: C, Seruys Université de Gand, Gand: J, Conxer, 

Canada. 
Aeadia University, Wolfville: E. Havcock 
Cunadian Institute, Toronto: F. Auxounr, J M. Crank, G. KENNEDY, D. R. Keys, J. Parrensox, W, B, TispaLz, J. B. Titres, J. BW ILLIAMS, 
Canadian Mining Insti , Montreal: AE, BanLow, E. T. Conkiss, D. A, DuxLar, W. F, Ferrier, H. Haurraix, H, Monrimer-Lau, G. GS. Lixpsey, J. McEvoy, W. G. Mur, E. V, Neszaxps, W. J. Scrros. 
Commission of Conservation, Ottawa: JL Wire 
Dalhousie University, Halifax: D. S. Me ixrosu, 
Department of Colonization, Mines and Fisheries of the Province of Quebec, Quebec FC, DENIS, HI VALIQUETTE. 
Department of Mines of the Province of British Columbia, Victoria: W. EF, Rout RTSON, Faculté des Sciences appliquées de l'Université Laval, Montréal: À. Martin, Geological Survey, Department of Mines, Ottawa: ER, Farisaurr, O, E. La Roy, WA MeINxes. 
Government of the Province of British Columbia, Victoria: W, EF, RonEkrsox. 
Government of the Province of Ontario, Toronto: T. W Ginsox, W.G. Mizzer 
McGill University, Montreal: E, D Abaus, J. À. Baxcrorr 
MeMaster University, Toronto: W, H MeXamx. 
Mines Branch, Department of Mines, Ottawa: IH. Frécuerre, E, Haaxez, J. Mc Lisa HS. De SchMib, À. W, G. WiLsox 
Natural History Society of New Brunswick, St. John: G. F, Marrnew, W, JW ILSON, Nova Scotian Institute of Science, Halifax: D. S. Mclxrosu, 
Ontario Agricultural College, Guelph: A. J, Gazsrarr. 
Ottawa Field Naturalists' Club, Ottawa: M. EF. Coxxon. 
Queens University, Kingston: W. T. MacCLEMENT, W. L. Goobwix. Royal Society of Canada, Ottawa: H M. Aa, L M. Lau, J. Wurre, 
Séoul of Mining, Kingston: M, B Baker, W. L. Goopwix, LE, Hype, W, Nicoz. St Francis Xavier's College, Antigonish: H, MePnensox, 
University of Alberta, Edmonton: H, M. Ton. 
Uuiversité Laval, Mont CP. CnoquerTE, A. Mario, Université Laval, Québec: C. R, Guimonr. 
University of Manitoba, Winnipeg: R. C. WazLace. 
University of Ottawa, Ottawa: J, MeGuine. 
University of Toronto, Toronto: À. P. CoLEMAX, A. MacLEax, WG. Mircen, W, A. Parks, À L. Pansoxs, T. L. WaLkER. 
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Chili. 

Deutscher Wissenschaftlicher Vercin, Santiago: E. Maire. 

Gouvernement du Chili: E. Mat: 

Sociedad Nacional de Mineria, Santiago: E. MatER. 

Chine. 

Gouvernement de la République de Chine: P. WoxG. 

Danemark. 

Commission géologique de Groenland, Copenhague: 0, B. RüGGrLD. 

Dansk Geologisk Forening, Copenhague: 0. B. BücaiLp. 

Gouvernement royal du Danemark: 0. B. BôucrLp. 

Institut royal polytechnique, Copenhague: O, B. Bôcc 

Service géologique du Danemark, Copenhague: V. Man 

Université de Copenhague, Copenhague: 0, B. BôGaizp. 

Egypte. 

Institut Egyptien, Cairo: WF, HeuE. 

Espagne. 

gne: À. Mais » BEnTRas DE Lis, E. DUPUY DE LÔME. 

à, Madrid: A, Maux v Berrrax DE Lis, E. DUPUY DE LÔME 

E. Dupuy DE LÔME. 

Gouvernement royal de l'E 

Instituto geologico de E 

Real Sociedad gcografiea, Madrid: A. Manix Y BErTkax DE Lis, 

États-Unis d'Amérique. 
F 

1 Sences of Philadelphia, Philadelphia: Miss F. BascoM, KA; 
Academy of Nat 

PExRose, ET. WRERRY. 

an Academy of Arts and Keiences, Boston: À. C, LANE 

an Association for the Advancement of Science, Washington: G. EF. Kay 

Geographieal Society of New York, New York DoMixIAN 

Institute of Mining Engineers, New Y 1 FE. Baix, J. C. Braxxer, H. M 

+, C. R. CorNixG, J DoueLas, G. F. KUXZ. 
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logisches Institut, Neuhauserstrasse 51, München, 

Grossherzoglich Hessische Geologische Landesanstalt, Darmstadt, Hessen, 

Ge, Dr. G., Professor, Martinstrasse 38, Darmstadt. 

*Guore, Dr. FriEpricn Vox, Martiusstrasse 1, München. 

*Gürnien, Dr. Georc, Professor, Lübeckertor 22, Hamburg.—Delegierter des Senates der 

Freien Stadt Hamburg 

Gutehoffnungshütte, Aktienverein für Bergbau und Hüttenbetrieb, Oberhausen, Rhein- 

land 
Haum, Dr. Henmaxx, Arzt, Lortzingstrasse 4, Osnabrüek. 

*Haniez, Dr. C. A. VenusbergwegS, Bonn a. Rhein, 

Heimsnopr, Dr. Friepricn, Sûdstrasse SO, Leipzig-Co. 

Heise, Frrrz, Professor, Bergschuldirektor, Hernerstrasse 45, Bochum i. W. 

Hourmaxs, Kôniglicher Bergassessor, Direktor der Gewerkschaft Sehwarzhurger Salinen, 

Stadtilm, Thüringen. 

Imorr, Fennixasp, Diplom. Handelslehrer, Elberfeld.—Delegierter der Hôheren Han- 

delssehule, Elberfeld. 

Kacsnowex, Dr, FRiEbricH WILHELM, Professor, Käniglicher Landesgeologe, Invaliden- 

strasse #4, Berlin 4. 

“Kavser, Dr. E., Geheimer Regierungsrat, Professor der Geologie, Universität, Marburg 

i. Hessen. 

Keiuack, Dr. Koxkap, Geheimer Bergrat, Professor, Bingerstrasse 59, Berlin-Wilmers- 

dorf. 

KLockMaANX, Dr. Frisbrien, Geheimrat, Professor an der Kôünigliche Technische Hoch- 

schule, Aachen. 

KoëNiGsBERGER, Dr. Jonaxx, Professor an der Universität, Hebelstrasse 33, Freiburg 

i. Breisgau 

Käüniglich Preussische Geologische Landesanstalt, Invalidenstrasse 44, Berlin N. 4. 
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Kôniglich Preussisehes Oberbergant, Brestau 
KRanMAXX, Max, Professor, Beratender 1 

praktische Geologie und der Bergwirtseh NW. 40, 
Kuause, Dr. Pau Gusrar, Professor, Kgl. Landesgeologe und Dezent an der Forstakne demie zu Eberswalde, Invalidenstrasse #4, Berlin X, 4, *Kauson, Dr, Jona 

ingenieur, Herausgeber der Zeitschrift für aflichen Mittéilungen, Neues Tor 1, Berlin 

Parz, Professor, Abteilungsdirigent der Kôniglich Preussischen Gcologischen_ Landesanstalt, Dozent für Erzlagerstättentehre an der Küniglichen Bergukademie, Invalidenstrasse #, Berlin NX, 4.—Delegierter der Deutsehen Reich: regicrung, des Kôniglich P: “ussischen Ministeriums für Handel und Gewerbe, Berli der Kôniglieh Preussischen Geologischen Landesanstalt, Berlin, der Deutsehen gischen Gesellschaft, Berlin, und der Küniglich Preussischen Bergakader Berlin *Kuker, PAUL, Kôniglicher Bergassessor à. D. Bergstrasse 135, Bochum i. W,—Del gierter der Westfiülischen Berggewerksehaftskusse, Bochum *LacuMaxx, Dr Ricuanb, Privatdozent, Sehubbrücke 3S 39, Brodau. -Delegicrter der Sehlesischen Gesellschaft für Vaterländische Kultur, Breslau. Lersies, Dr. R., Gehcimer Oberbergrat, Grossherzoglich Hessische Goologische Landes- anstalt, D; dt. 
Lorz, Dr, Heixuicn, Bezir 
*Lück, Dr, Ht FPE 
Macco, A. Bergassessor a. D. Privatdozent, Levboldstrasse 29, Côln-\ arienburg, “Marius, Dr. S, Asistent sum mineralogisch-petrographischen lostitut der Uriversität Bonn, Bonn a. Rhein. 
Mers Her, Dr, GorrrRiED, Professor, Moehlstrasse 
Micuaëz, Dr, Ricnar, Prof 

Ber, 

*Mircu, Dr, Lubwic, 
Greifswald.—De 
Universität Gr 

sgcologe a. D., Berlinerst russe 57, Charlottenburg. 
enburgerstrasse Leipzig. 

München, 
sor, Kôniglicher Landesgeologe, Dozent an der Ki lemie,_ Bleil treustrasse 14, Charlottenburg, glichen 

lrofessor der Mineralogie und Petrographie, Schützenstrasse 12, “gierter der Deutsel Réichsregierung, der Küniglich Preussischen wald, und der Geographisehen Gesellschaft Groifswald, Miner logisch-Petrographisches Institut und Museum, Invalidenstrasse 43, Berlin N, 4. *Mrrson CH, HeINz Enton, Dipl.-Bergingenieur, Assistent am Gvologiseh-mineralo- gischen Institut der Technischen Hochsehule, Parkstrasse 9 Karlsruhe, Baden McLer, HErmaxx, Dipl.-Ingenieur, Lotharstrasse 26, Essen-Ruhr. OkBBEkE, Dr, Kokap, Gehcimer Ho! at, Professor der Geologie und Mineralogie an der Koniglich Baverischen Technisehon Hochschule, München, 
*PacLeE, Dr. WiLHeLM, Professor, Bachstrasse 28, Karlsruhe, Baden, —Delegierter der Deutschen Reichsregierung, der Grossherzoglich Badischen Technischen Hochsehule Fridericiana, Karlsruhe, und des Naturwissenschaftlichen Vereines, Karlsruhe, PENCK, Dr, ALskecur, Professor, Geheimer Regierungsrat, Direktor des Institutes für Mecreskunde, Georgenstrasse 34, Berlin N W7.—Delegicrter der Deutschen Reichs- regierung und der Küniglich Preussischen Akademie der Wissenseh iften, Berlin. Pi 2SCH, Dr. Kurr, Geologe der Kgl hsischen Ge strasse 35, Leipzig. 
Puiexixéer, Dr, Fezix, Professor an der Kôniglich W ürttembergisehen Landwirtschaft- lichen Hochschule, Hohenheim bei Stuttgart, 

æischen Landesuntersuchung 

Powrecks, Dr. Joskr Feux, Professor der Geologie und Palaeontologie, Universität Tübingen, Württemberg, 
*RATHGEN, Fräulein AxxA Matra Ettsanera, Argelinderstrasse 11, Bonn a. Rhein, “luebEL, ADoLPn JoHANxES, Gaussstrasse Braunsehwei 
Rosexutscn, Dr, Hamny, ordentlicher F 

Universität Heidelberg, Kaïserst russe 
*Rorupi 

Delegierter der Kôriglich Baverisehen Ludwig-Maximi und der Kôniglich Bayerisehen Akademie der Wissense! 

sor der Mineralogie und Geologe an der 5, Heidelberg, Baden. 

iselastrasse 6, München. — 
1s- Universität, München, 

iften, München, 

+ Dr. Atürsr, Professor an der Universität, G 
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r, Geheimer Bergrat, Professor an der Kôniglich Preussischen Bergaka- 
nstrasse 44, Berlin X. 4. 

*Scuexck, Dr, Avor, Professor, Schillerstrasse 7, Halle S.—Delegierter der Kaiser- 
licher Leopoldiniseh-Carolinischen Deutsehen Akademie der Naturforscher und des 
Sächsiseh-Thüringischen Vereines für Erdkunde, Halle ns, 

ScHiLixG, W LM, Hüttendirektor, Gutehoffnungshütte, Oberhausen, Rheinland. 
“HNass, Enxsr, Kôüniglich Preussischer Bergassessor, Hochstrasse 11/15, Aachen, 

*ScucLze, HEINticu Karz, Markscheider und Ingenieur, Gcorgstrasse 18, Hannover. 
Scorri, HANS-HERMAXX vox, Kôniglicher Bergassessor, Maria-Theresin- Allée 47, Aachen. 
Seourz, Dr. WiLrkiEb VON, Universitätsprofessor, Westendstrasse 22, Jena 
SELIGMAXX, Dr. Gusrav, Kommerzienrat, Neustadt 5, Koblenz a. Rhein. 
Seminar für G: Kolonialinstitut, Hamburg. 

Max, Professor, Dozent an der Technischen Hochschule Aachen, Bachstrasse 
hen. 

; GEORG, Calvinstrasse 3, Berlin NW. 

Dr, Gustav, Prof eheimer_ Bergrat, Poppelsdorfer Allée 
n.—Leiter der Delegation der Deutsch Reichsregierung, Delegierter der 

Kôniglich_ Preussischen  Rheinischen_ Fricdrich-Wilhelms-Universität, Bonn, des 
Niederrheinischen Geologischen  Vereines, Bonn, der Geologischen Vereinigung, 
Marburg, und der Senckenbergisehen Naturforschenden Gesellschaft, Frankfurt a. 
Main. 

*NTILLE, 

, Bonn 

+ HW, Professor an der Universität Leipzig, Direktor der Kôniglich Säch- 
à Geologischen Landesanstalt, Stallbaumstrasse 10, Leipzig.—Delegi r der 
chen Reichsregierung, der Kôniglich Sächsischen Staatsregerung, der Kôniglich 

chsischen Geologischen Landesanstalt, Leipzig, der Kôniglich Süchsischen Univer- 
sität Leipzig, und des Ve: a wissenschaftlichen Untersuchung der Deutschen 
Kalisalzlagerstätten, Stassfurt. 

*Srouey, Dr. E 
der Herzo 
Braunschweig, 

Deut 
: 

, Professor an der Technischen Hochschule, Braunschweig.— Delegierter 
h Braunschweigischen Techuischen  Hochschule Carolo-Wilhelmina, 

Srurzer, Dr. O., Professor, Bergakademie, Freiberg, S 

», Dr. HEINRICH HERMANN ERbMaxx, Geologisches I 
hbrücke 38/39, Breslau, 

*Timaxx, Dr. Norserr, Privatdozent für Geologie und Palacontologie an der Unix 
it, Bennauerstrasse 39, Bonn a. Rhein.—Delegicrter des Naturhistorischen 

ines der Preussischen Rheinlande und Westfalens, Bonn, und des Gcologisch- 
Palacontologischen Museums der Universität, Bonn. 

Tonxat, Dr. Friepricu, Kgl. Preuss., Bezirksgoologe, Invalidenstrasse 44, Berlin Ne di 
UurtG, Dr. Cane, Professor der Geographie, Wilhelmstrasse 14, Tübingen, Württemberg. 
Verein Deutscher 

achsen, 
TaëGE 

Nc 
stitut der Universität, 

enhüttenleute, Breite Strass { , Düsseldorf, 
Verein für die bergbaulichen Interessen im Oberbergamtsbezirk Dortmund, Essen-Rubr. 
VoawErG, Oscar, Hauptmann a, D,, Warmbrunn. 

WaurHer, Dr. JonaxxEs, Professor der Gcologie und Palacontologie, Domstrasse 5, Halle 
a. Saal 

Weuek, Dr. M. Professor, Technische Hochschule, München. 

Max, Buchhändle,. Kônigstrasse 3, Leipzig. 

, Dr. Bruxo, l'rofessor, Schiessrain 7, Strassburg i. Elsass.—Delewerter des 
Oberrheinisehen Geologischen Vereines, Stuttgart. 

WEisE, EnxsT, Professor, Plauen im Vogtland, Sachsen, 

WE , FRiEbricu Mortrz, Oberlehrer, Delitzscher Strasse 71, Leipzig-Eutritzsch. 
*Werrer, Dr. Orro A., Privatdozent für Geologie, Beringstrasse 4, Bonn a, Rhein. 

Werrer, Dr. E. A., Jacobistrasse 56, Freiburg i. Baden, 

Wiekexs, Dr. Orro, Professor, Ruprechtsauer Allée 2 
der Grossherzoglichen und Herzoglichen 

rassburg i. Elsass.— Delegierter 
esamtuniversität, Jena. 
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Worr, Lupwic, Bergrat, Berginspektion des Rammelsberges, Goslar a. Harz, *“Wocrr, Dr, Tu, F. W. Professor, Kôniglicher Landesgeologe, Frohnau b. Berlin. — 
Deleg'erter der Deutschen Re ichsregierung und des Kôüniglich Preussisehen Minis 
teriums für Handel und Gewerbe, Berlin Wyséconskr, Dr 
Mi 

ZaiMMEnMAxXx, Dr. RNST, Geheimer Bergrat, Professor, Kôniglicher Landesgeologe, 
Invalidenstrasse 44, Berlin N. 4 

wissenschaftlicher Assistent und stellvertretender Direkior des gisch-Geologischen Institutes, Lübeckerior 22, Hamburg 5, 

Argentine. 
*BACRLEND, HG, Géologue-pétrographe, Direction des Mines, Maipé 1241, Buenos Aires, 
Direccion General de Minas, Geologia & Hidrologia, Maipu 1241, Buenos Aires Henri EXRIQUE Matrix, Ingénieur civil des Mines, Maipé 1241, Buenos Aires, *Keipez, Dr. Haxs, Directeur du Servi aéologique dé li République Argentine, Maipü 1241, Buenos Aires, — Di égué du uvernement de Ja République Agentine: de 

Direccion General de Minas, Geologia à Hidrologia, Buenos Aires: du Musée 
National d'Histoire Naturelle, Buenos Aires, et de l'Université Nationule de Buenos Aires, 

Mônuxe, Dr, Wacrue , Calle 
Museo Nacional de Historia Natural, Buenos Aires Soskaz, Dr. José M, Avey lo 2341, Buenos Aires, 

25 de Mayo 293, Buenos Aires 

Australie. 
FaRgUHaRsox, RosErr ALEXANDER, Petrologist, Mines Department of Western Australia, Perth 

Gcologieal Survey of Victoria, ” 
Hexricore, Cuanres E , mania Gold Mine, Limited, 1 consfield Marriaxp, AxXbrew Gin, Government Gcologist, Director of the Geological Survey 

Geological Survey Office, Perth, Weste à Australia, 

asury Buildings, Melbourne, Victoria 

*PLaYroRD, Epw RD COPLEY, Surveyor, Spe Territory. Delegate of the 
Melbourne, 

Magistrate, Pine Creek, Darwin, Northern rovernment of the Commonwealth of Australia, 

Autriche-Hongrie. 
(a) Autriche. 

Biblothek der k, k. Bühmischen Franz-Joseph Tec hnischen Hochsehule, Brünn Daxes, Dr, J. V. Professor an der Tschechisehen Universität, Kremencova 6, Prag, Bôhmen, 
Diexer, Dr, Can, Professor der Palacontologie an der Universität, Wien. Geologisehes Institut der Universität Graz, Graz. GRaNIGG, Dr. Bar 

Hochsehule, 1 
Grub, Dr ALFRED, Professor an der Universität Prag, Blaues Haus, Bubentseh bei Prag, 

Bühmen, 
Hiawarson, C., Linzerstrasse 156, Wien XIII 5, Internationaler Verein der Bobringenieure und Bobrtechniker, Potzleinsdorferstrasse 22, 

Wien XVIIL 3, 
Lozixskt, Dr. VALERY DE, Bibliothèque de l'Université, rue Mochnacki 5, Lemberg, NiEDzWiEDzKI, Dr. Juuiex ancien Professeur de Minéralogie et de Géologie, École 

Polytechnique, Lemberg, 
*OPPENHEIMER, Dr, JosEF, Technische Hochsehule, Brünn.—Delegierter der RSR 

Deutschen Franz-Joseph Technischen Hochsehule, Brünn. 

IELEMY, Professor der Mineralogie und Petrographie, Montanistische ben. 

a 
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Penser, Dr. JanosLav, Kustos am Museum des Kônigreichs Bühmen, Väclavské nâm., 

Prag 11, Bôhmen 

Pernasenecr, Dr. WiluezM, k. k. Goologische Reichsanstalt, Rasumoffskygusse 

Wien II 

Reouen, Dr, Kant, Professor der Geologie und Palacontologie, k. k. Deutsche Tech- 

nische Hochsehule, Prag, Bôhmen 

*Rouer, Dr. Evexivsz, Professeur à l'Université de Lemberg, rue Dlugos , Lem- 

berg.— Délégué de l'Académie : gronomique de Dublany, de l'Université Jagellone 

de Cracovie, et de la Société Polonaise des Naturalistes ‘Kopernik." Lemberg, 

Ryua, Dr. Fraxz, 0. 6, Professor an der k. k. Montani hen Hochsehule, Vorstand des 

Institutes für Geologie und Lagerstättenlehre, PHibram, Bülhimen. 

Scuarrer, Dr. Fuaxz X. Kustosidjunkt und Abteilungsleiter des k, k. Naturhistorischen 

Hofmuseums, Privatdozent an der Universität, Burgring 7, Wien LE. 

Srecer, R., Professor der Geographie an deck. k, Universität, Goethestrasse 43, Graz. 

SLavik, Dr. FRaxTi&EK, Professeur de Minéralogie, Université Tchèque, Praha-Ziäkov, 

Bohème 

Szasvocna, Dr. LanisLas, Profesceur à l'Université, Musée géologique de l'Université, 

Cracovie, —Délégué de l'Académie impériale des Sciences de Cracovie, Cracovie. 

Tissevre, Dr. Wawrzyxtec K., Professeur de Géologie et de Paléontologie, Université 

de Lemberg, Lemberg. 

“Tierz, Dr. Emi Enxsr Avüusr, Ober t, Hofrat, Direktor der k. k. Geolo- 

gischen Reichsanstalt, Rasumofiskygasse 23, Wien I11/ Delegierter der k. k. 

Osterreichischen Reichsregierung, Wien, der k. k. Geologischen Reïchsanstalt, Wien, 

und der k. k. Geographisehen Gesellschaft, Wien. 

Zentralverband der Bergbaubetriebsleiter Osterreichs, Brüx, Bühmen. 

*Zvuer, Dr. R, Professeur de Géologie à l'Université, Lemberg (Pologne Autrichienne) 

= Délégué de l'Université royale de Lember, 

(b) Hongrie. 

HacrexuenGer, Dr. Micnaëz, IL Toldy Ferenz utza 4, Budapest. — Délégué de Magyar- 

honi Féldtani ? 

Léczy pe Léez, Dr. Lasos, Ingénieur diplomé, Directeur de l'Institut réologique du Roy- 

aume Hongrois, Stefania utza 14, Budapest.—Délégué du Ministère r val Hongrois 

des Cultes et de l'Instruetion publique, Bu st: du Ministère royal Hongrois de 

l'Agriculture, Budapest: de l'Institut géolo du Royaume Hongrois, Budapest; 

de l'Académie Hongroise des Sciences, Budapest: et de li Société Hongroise de 

Géographie, Budapest. 
Senarauzik, Dr. Fraxçors, Professeur de Minéralogie et 

royale Hongroise des Seiences techniques, Budapest 1. 

royale Hongroise des Sciences techniques, ‘Joseph, Budapest, et de May 
Fôldtani Târsu Budapest 

#*SZÂDECZKY pecsxE, Dr. Jures, Professeur à l'Université royale Hongroise, 

Kolozsv: gué du Gouvernement royal Hongrois, de l'Université royale 

Hongroise François-Joseph de Kolozsvär, et de la So iété royale Hongroise des 

Sciences physiques et naturelles, Budapest. 

Belgique. 

Association des Ingénieurs sortis de l'École de Liége, 16 Quai de l'Université, Liège. 

Bopaur, Maurice, Ingénieur des Mines, rue Veydt 25, Bruxelles. 

+Buacexoms, Dr. Louis EtaèxE pe, Consul honoraire de l'Éjquateur à Liège, rue Courtois 

10, Liège.—Délégué de la Société géologique de Belgique, Liège 

Caumrer, REXÉ, Ingénieur des Mines, rue Léon Bernus 38, Charleroi. 

Conxer, JuLes, Professeur de Géologie, École des Mines, Boulevard Dolez 86, Mons.— 

Délégué de l'Université de Gand, Gand. 

DonLovor, Dr. HexRy pe, Professeur, Universi# Catholique, rue de Bériot 42, Louvain 

*Dauamas, Dr. J., rue Gachard 117, Bruxelles 
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FOURMARIER, Parr Frépérie, Ingénieur nu Corps des Mir Sec général de la Société géologique de, Relyj que, Répétiteur de Géologie à 

l'Université de Liège, Avenue de 1€ Ibservatoire 140, Lié Le, KRUSEMAN, HExRy, Ingénieur et Géologue, rue Africaine 28, Bruxelles, Laboratoire de Géologie de l'Université de 

Ingénieur géologue, 

’lace de l'Université 7, Liège, LEGnaxp, Louis C. A, Ingénieur des Mines, Ingéni Mativa 12, Liège, 
LEMOXNIER, ALFRED, Ingénieur, rue Prince Albert 3, Lenicne, Mavrice, Professeur de Géologie 17, Bruxelles, 
Lonësr, Ma Ingénieur, Profes: eur de Géologi l'Académie royale des Sciences, des Lettres MoukLox, Micue 

“ur des Arts et Manufactures, Quai 

, Bruxelles, 
l'Univer le Bruxelles, rue du Prince Royal 

‘Université de Liège, Liège Délégué de et des Beaux Arts, Bruxelles, teur honoraire du Service kéologique et Membre de l'Académie 
royale des S, de Belgique, rue Belliard 107, Bruxell —Délégué de } \éidémie 
royale des s , des Lettres et des Beaux Arts de Belg que, Bruxelles, et de Ja 
Société royale zoologique et malacologique de Belgique, Bruxelles, *MOREL, JEAN, Ingénieur civil des Mines, La Héronnière, Be itsfort près Bruxelles, PAQUET, G. T., Chaussée de Forest 74, Bruxelles. *RENIER, ARMAND, Ingénieur au C rps des Mines, Chef du Service géologique de Belgique, 
Chargé de Cours à l'Université de Liège, avenue de l'Armée 97, Bruxelles Délégué 
du Gouvernement Belge; de lu Commission géologique de Belgique; du Ministère 
de l'Industrie et du Travail de Belgique, Bruxelles; de l'Association des Ingénieurs 
. de l'École de Liège: de la Société scientifique de Bruxelles, Louvain: et 
de la Société Belge de Géologie, de P. léontologie et d'Hydrologie, Bruxelles, SCHMITz, Gaspur, SJ, Professeur de rue des Récollets 11, Louvain 

géologique de Belgique, Palais du Cinquantenaire, Bruxelles, *SpRuyr, CanLo, Ingénieur des Arts Manufactures et des Mines, Ingénieur électricien, 
avenue du Commeree 96, À Délégué de la Société re le de Géographie 
d'Anvers, Anvers, et de l'Union des Ingénieurs sortis des oles_ spéciales de 
‘Uni ité de Louvain. 

éologie et Directeur du Cabinet de Géologie, 
Servic 

“Zoubr, Pare L. G. Ingénieur civil des Mines, Boulevard de elles. —Délégué de la S cité géologique de Belgique, L Ingénieurs sortis de ] École de Liège, 

Brésil. 
Craxpaiz, Roperie, Bru Vesta do Rio Branco, Museu Paulista, Sûo Paulo. 

nde Ceinture 109, Brux- 
ge, et de l'Association des 

Bulgarie. 
Boxreuew, Dr. Geotui, Professeur de Pétrographie et de Minéralogie, Unive rsité de Sofia, 

Tehepino 4, Sofia, 
Vaxkow, Dr. Lazar, Professeur de Géologie, Université de Sofia, Sofia 

Canada. 
*ADaMs, Dr, FRaxk D., Dean of the Faculty of Applied Science and Logan Professor 

OÙ Geology, MeGill Univer ity, Montreal -Delegate of the Royal Society of London, 
England, and of MeGill Univ rsity, Montreal, ‘ADaMs, Mrs, 

\LLAN, Dr. J, A. Professor 9 Geology, University of Mberta, Edmonton, Alberta. LMBERY, CHAR. S CLAYTON, 121 Devonshire Road, Walk rville, Ontario. AMI, Y M, 453 La 
a, Ottawa 

ANREP, ALEPH VON, Peat Engineer, Mines Branch, Department of Mines, Ottawa 

iier Avenue Est, Ottawa. —Delegate of the Royal Society 
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*AnsoLpt, Frank. K. C, President of the Canadian Institute, 103 Bay Street, Toronto. 

Delegate of the Canadian Institute 

eAuruey, JW. 15n Manning Arcade, 24 King Street West, Toronto. 

AuvrnauMenr, Freperick, R,, Mining Eng , Renfrew, Ontario. 

Busey, Dr. Lonuxe W., Emeritus Professor of Geology, University of New Brunswick, 
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ns LA Senipr, Dr. Cu, ordentlieher Professor der Minert 

Basel, Münsterplatz 67, Basci 
Lies Phi 

Indes N 

Terre Neuve 
Inde 
Indo-C 

ologieat Survey of Newfoundland, St. John's. — REC 
Japon 
Madugas 
Mandehi 
Mexique 

Collège Protestant Syrien, Bey- Norvège 
Nouvelle. 

*Howcey, Jaues P, Director of th 

te of the Government of Newfoundland, St. John's Del 

Turquie. 

“Day, Aurue Eu, Professeur de Sciences Naturelles, 

routh, Syrie Délégué du Collège Protestant Syrien, 
Pays-Bas 

Union Sud-Africaine. 
nee ie 
’ortugal 

Ha, Auruvr L., Mines Departmen Gvological Survey Office, Pretoria, Transvaal. Rhodésia, 

Dr, Evwaus Tnomas, Geological Survey of South Africa, Room 7, New Lu Roumani 

Transvaal—Delegate of the Geological Survey of. South Russie… 

y of South Afric: Johannesbu:g. Soudan B 
Suède 
Suisse 

*MELLOR, 
Courts, Johannesourg, 
Afriea, Pretoria, and of the Geologic al Soriel 

ercening Estaces, Limited, Vereening, Tr 

iberg Minerals Development Company 

asvual. 
NETTLETON, STANLEY, V 

*Scnocn, Evwanp REXGERS, Manager of the Ro: 

Limited, Rooiberg, via Warmbaths, Transvaal 

Uruguay. 

Tunisie 
Turquie... 
Union Sud 
Uruguay... 

Musco de Historia Natural, Montevideo, 
Total: 

* Dans 
bar le mêm 



MEMBRES 

RÉSUMÉ 

Membres PAYS d 

rique Orientale Allemande 1 Mrique Occidentale du Sud 2 Allemagne 
! Argentine 
ts Australie 
5 Autriche-Hongrie 

D.) Belgique 
22 Brésil 
2 Bulgarie 
2 Canada 

251 Chili 
2 Chine 
5 Côte d'Or 
1 Danemark 
3 Egypte 
2 Espagne 
7 te Unis d° Amérique ) DURS 
D 

Guyane Anglaise 
[l Îles Britanniques 

73 Ile de la Trinité 
Les Hawaï : 

1 Iles Philippines 
I Indes Néerlandaises 
n Inde 
2 Indo-Chine,.. 
2 Italie. 

29 Japon 4 
9 Madagascar 

Mandehourie 
M 

Pays-Bas 
Pérou 
Portugal. 
Rhodési 
Rouman 
Russie... ; 
Soudan Britannique 
Suède 
Suisse... 

» Neuve... 
Tunisie 
Turquie 
Union Sud- 
Uruguay 

frieaine,. : 4 

Total: 49 pays. 

* Dans certains Cas, deux ou bar le même délégué, reduisant ainsi ce total 

Membres 
Présents 

1H 

D EE) 

Délésne 
tions 

3 

Délégués 

“307 

plusieurs institutions de difré: reuts pays sont represe 

Pau 

ntees 
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PROGRAMME DU CONGRÈS. 
DOUZIEME SESSION, TORONTO, 7-14 AOÛT 191 

Mercredi 6 Août, 

8h. du soir. Réunion des mernt res du Congrè 
ronto, sur l'invitation du 
lume de voyage), 
Ministre des 
venue 

à l'Université de To 
Comité local de Toronto vos 

L'honcrable Win H 
Terres, Forêts ot Mines, souhaits 

LAIX Congressistes 
et du Comité leu, 

Hrauxr, 

li bien- 

d'Ontario 
au nom dela province 

Jeudi 7 Août, 

SÉANCES SCIENTI IQUES, 
9h. du matin. Séunce du Conseil (Salle N° 16, édifice No 23.) 10h. du matin. 

Midi. 

Réunion des Con.nissions internation les 
Ouverture générale du Congrès, e des facultés (édifice N° 30) Son Excellence Je Ti Honc Sir Cnanze Frrzbarmier, PC. GONG. Juge i de la Cour Suprême du ( anada. Admunistrats l'absence de Son Altesse royale le pere py « KO PORT: HR, GCNRE, LE; MA 4 Ps Gouverneur géné al du decupe le fauteuil de | 

de bienvenue, 
4 présidence et dans une 

déclare ouverte ] ' & session du Congr 
La bienvenue au Canada est souhaitée aux : du Congrès par l'honorable Gronce W. fonctions de Premier Ministre, 

canadien: par 

PERLEY, fais 
au nom du Gouvernen l'honorable W, H. HEansr, Mini des Terres, Forèts et Mines, au nom de la province d Ontario; par M. le Maire Hockex, au nom de la ville 

1Dans cette réunion co istituante, le Membres du Comité de 
Membre: 

Conseil se compose des 
fondation, 

s du Comité d'organ 

adicint en plus les 
Membres du Bureau du Congrès, Membres du Congrès que le Conseil appellera à siéger dans son sein 
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PHOGHAMME DE CONGHEs 

lorontes et par M. de Président HR A Farcontn 

au mem de l'Université de Toronto 

M, Tarte, Ancien président. pronor ve ensuite 

un discours de crreonstunes 

M Bacnernou, délégué du Gouvernement royal de 

Suède et représentant les officiers du Xe Congrès, dépose 

ses lonetions 

M. Buocn, aus lieu et place du Secrétaire général 

du Xe Congrès, annonce la composition du Barean du 

Congrès et la soumet à l'approbation de l'assemblée 

M. Abaus, Président du Xfie Congrès, occupe le 

fauteuil de la Présidence et prononce une allocution 

M. Bnock, Secrétaire général, fait connaitre les 

mesures préparatoires prises par le Comité exéeutif 

La monographie, The Coal Resources of 4 Vorld, 

est présentée au Congrès par le Secrétaire généra 

3h. du soir. Séunce générale. Sujet No, 1. Les ressources houillères 

mondiales, (Salle des facultés, “difice N°30) 

DIVERTISSEMENTS. 

Le Comité des dames de Toronto offre un thé dans le 1-6h, du soir. 

carré de FUnivessité. (Édifice N° 234). 

Sh, du soir. M. Euvaneeëz pe MaRGERIE, Ancien président de la 

Société géologique de Fran ait une conférence populaire 

sur la Carte géologique du monde, 

Vendredi 8 Août. 

EXCURSIONS. | 

B3.  Grimsby et Hamilton. (Principalement paléontologique.) 

B 10, Madoe.  (Préeambrien.) 

SÉANCES SCIENTIFIQUES. 

édifice N° 23.) 

la Commission du Prix Spendiaroff, 

9h. du matin. Séance du Conseil. (Salle K, 

9,30h, du matin. Réunion de 

(Salle 67, édifice N° 23. 

Réunion de la Commission pour la création d'une 

Revue internationale de géologie, paléontologie et 

pétrographie 

Réunion de la Commission de la ‘Palæontologia 

Universalis." (Salle 65, édifice N° 23.) 

1La description des excursions se trouve au chapitre “ Excursions du Congrès." 



FROGHAMME DU CoNGhÈx 

Réunion de In eo ipternationale pour l'étude de homme fossile 6 D, édifice N Réunion de a Contais on pour Li es ation d'ur, lexique de Stratigraphie, (Salle 27, édities N° 24 Réunion de lai € oinbssion internationnle des glu er Salle 59, édifice N° 23.) 
101. du matin, ance générale, ( Onumeations diverses Éditice 43.) 

LH Kobe, Cher dax Aer, die Vorb lung und die gegens. 1 Heriehungen der verichioden. nc htonischen Struktur. à on on drgentinischen Géhirgen 
2. G #. MoLExnaars Folded mountain chains, overthruat shects an bock-fautted Mounltains in the East Ludion Archi pelage, 
4 LE, Genre, La géologie du Maroc 

2.30h. du soir, Séance de la Section 1, Sujet N°2, Différentiation dans les Magnas ignés, (Salle S, édifice N° 23.) 1. R, A, Dazy, Silk and laccoliths ilustrating petro- genesis, 

2. ALFRED Hauken. Fractionat ccustallisation the prime fector in the differentiation of rock magmas. 3. Jose P. Ipnixs, Some examples of magmatic differentiation and their bearing on the problem of petro- graphieal provinces. 
4 HExuy WASHINGTON, The voleanie cycles in Sardinia, 
5. Millau H, Houss, Variations in Composition of pelitie sédiments in rdlation to magmatie differentiation. 2.30h. du soir. Séance de la Section 3. Sujet N°6. Périodes inter- glaciaires, (Salle 11, édifice N° 93.) 
LG W, Lavera, Thu énter-Gilacial problem in the British Islands. 
2. A. D, COLEMAN, An étimate of post-Glacial and tnter-Glacial time in North America. 
8 GE, Wicur, Rec nt date of the attenuated glacial border in P nsylranie 
4 WaRREx Upnan, Th Sangamon inter-Glacial stage in Minnesota and westward, 
5. W, Wozrr, Glazial und Inte rglazial in Norde deutschland. 

6. WILLIAM C, ALDEN, Lurly Pleistoce ne glaciation in the Rocky mountains of Glacier National Park, Montana. 



PROGRAMME DU CONGRÈS. 

DIVERTISSEMENTS. 

9.30h. du matin La ville de Toronto met des automobiles à la dis- 

et 2.20h. du soir. position des congressistes pour visiter les différents 

points intéressants de la ville. 

1.30h. du soir. Le Comité des dames de Toronto offre un “Juneh”” 

aux dames congressistes dans les “salons de l’orateur,” 

aile ouest des édifices du Parlement. (Édifice N° 28.) 

4-6h. du soir. Le Comité des dames de Toronto offre un thé dans le 

carré de l'Université. (Édifice N° 23.) 

Samedi 9 Août. 

EXCURSIONS. 

B 5. Moraines au nc.d de Toronto. (Pléistoccne.) 

B 5. Lacs Muskoka. (Excursion de fin de semaine permettant aux 

membres du Congrès de passer la journée du dimanche 

sur les lacs.) 

SÉANCES SCIENTIFIQUES. 

9h. du matin. Séance du Conseil. (Salle 16, édifice N° 23.) 

10h. du matin. Séance générale. Sujet N°7. “Les caractéristiques 

physiques des mers paléozoïques et les particularités de 

leur faune, considérées au point de vue de la portée du 

retour des mers dans l'établissement des __ systèmes 

géologiques. (Édifice N° 35.) 

1. T. C. CuamBerLix, The shelf-seas of the Paleozoic 

and their relations to diastrophism and time divisions. 

2. Gusray NTEINMANXN, Die paläozoischen Meere in 

Südamerika. 

3. CHARLES SCHUCHERT, The delimitation of the geo- 

logic periods, illustrated by the paleogeography of North 

America. 

4. F. Frecu, The Palæozoies of the Bagdad railway. 

5. OLar HozrepauL, On the Oid Red Sandstone series 

of northwestern Spitzbergen. 

10.45h. du matin. Séance de la section spéciale. Tectonique. (Salle 8. 

édifice N° 23.) 

1. Tu. DauLazou, The angle of shear. 

9, E. Howe, Landslides and the sinking of ground 

above mines. 

3, D. McDoxazp, Ereavation deformations. 

4. E. O0. Hover, Note on landslides. 



PROGRAMME DU CONGRÈS. 
71 

2h. du soir. Réunion de la Commission de la carte géologique d'Europe et du monde, (Salle 57, édifice N° 23.) 
2.30h. du soir. Séance de la Section 1, Communications diverses. Géologie économique _et chimique. (Salle 8, édifice No. 23.) 

SAMOJLOFF, Ergebnisse der geologischen Unter- suchungen über die Phosphoritlagerstätten Russlands. 2. CuaRLes N, Goup, The occurrence of petroleum and natural gas in the Mid-continent field. 3. J. DE Sz , Vatural gas in Transylvania. 4. GEORGE The geological occurrence of Precious stones on the American continent, 
5. R. OC. Warracr, A Physico-chemieal contribution to the study of dolomitization. 
6. M. F, Coxxor, Some notes on rock analysis. 2.39h. du soir. Séance de la Section 2, Sujet N°7 (ruite). (Salle 37, édifice N° 93, 
1 E. O. Uiric, The Ordovician-Silurian boundary. 2 TC. Cnauserrx and R. T. CHAMBERLIN, Periodicity of Paleozoic orogenic morements. 

DIVERTISSEMEN 

4h, du soir. M. ct Mme, Davin A, DuxLAP reçoivent les membres du Congrès et donnent en leur honneur un “‘garden- party.” à leur villa de Rosedale, 93 Highlands Avenue. 9.30h. du matin La ville de Toronto met des automobiles à la dispo- et 2.30h. du soir. sition des congressistes pour visiter les différents points intéressants de In ville. 

Lundi 11 Août. 

EXCURSIONS, 

B 9, Orillia (principalement pléistocène). 

SÉANCES SCIENTIFIQUES. 

9h, du matin. Séance du Conseil. (Salle 16, édifice N° 23.) 
10h. du matin, Séance générale. Édifice N° 35.) 

Propositions et rapports des Commissions inter- nationales. Après réglement de ces questions, un séance spéciale a lieu dans le but de donner lecture des con- tributions. 

nn 



PROGRAMME DU CONGR ÈS, 

1. Bainey Wizus, The forty-first parallel survey 0f 

Argentina. 

2, L. Micu, Über die Plastizität des Steinsalzes und 

ihre Abhängigheit von der Temperatur. 

3. P. QuENSsEL, On a new area 0f nepheline rocks in 

Sweden. 

2.30h. du soir. Séance de la Section 1. Sujet N° 3 L'influence 

de la profondeur sur la nature des gisements meiallifères 

et contributions diverses. (Salle 8, édifice N° 23.) 

1. J. F. Kewe, The influence of depth on the character 

of metalliferous deposits. 

2. P. J. Kruscn, Primäre und sekundäre Erze unter 

besonderer Berücksichtigung der “Gel” und der Schwer- 

metallreichen Erze. 

3. W. H. Eumoxs, The mineral composition of primary 

ore as a factor determining the vertical range of metals de- 

posited by secondary processes. 

4. L. L. FErmor, On the formation in depth of oxidized 

ores and of secondary limestones. 

5. Pauz R. FANNING, À contribution to the metallogeny 

of the Philippine Islands. 

6. Mazcozm MACLAREN, The persistence of ore in 

depth. 

2.30h. du soir. Séance de la Section 2. Communications diverses. 

1. Pauz Berrraxp, Étude du stipe de l'Asteropteris 

noveboracensis. 

2. Pierre Pruvost, La faune continentale du terrain 

houilier du nord de la France; son utilisation strati- 

graphique. 

3. E. T. Mecor, On the mode of deposition of the 

auriferous conglomerate of the W'itwatersrand. 

4. À. E. Day, The age of the Nubian sandstone. 

5. CHarces R. Keyes, Certain features of eolic grad- 

tion. 

6. J. T. B. Ives, Geological cartography. 

2h. du soir. Séance spéciale (suite). (Édifice N° 35.) 

1. M. S. Maso and Warrex D. Surrn, The relations 

of seismic disturbances in the Philippines to geologie struc- 

ture. 

2. H. Kewez, Über den Anteil der quartären Klima- 

schwankungen und der Gestaltung der Oberfläche des 

Gebirges im Trockengebiet der  mittleren und nôrdlichen 

argentinischen Anden. 

3. W. Pauzcre, Über tektonische experimente. 
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4. W. E. Prarr, Petroleum on Tayabas province, Philippines. 
5. SHiMMaïsu ICHIKAwWA, 

of Japanese quartz. 
6. S. A. PapavasiLiot, L' 

Bondoc Peninsula, 

Studies on the etched Jigures 

émeri de Naxos. 

! 
DIVERTISSEMENTS, 

9.30h. du matin 1 « ville de Toronto met des automobile et 2.30h. du soir, sition des congressiste 
Points intéressants de 

à la dispo- 
pour visiter les différents 

la ville, 
4-6h. du soir, Le Comité des dames de Toronto offre carré de l’université. (Édifice N° 24;) 
5h. du soir. Dr, W. F. HuME, Directeur du Service l'Egypte, fait une conférence 

des oasis, cataractes et monta 
accompagnée de proje 

un thé dans le 

géologique de 
sur la nature du désert, 

&nes sauvages de l'Egypte, 'ctions lumineuses originales. 

par M. le Maire et le 
Toronto, e 

9h. du soir. Réception à l'hôtel de ville, 
Conseil municipal de la ville de n l'honneur du Congrès. 

Mardi 12 Août. 

EXCURSIONS, 

B 1. Niagara. 
B2. Vallée du Don et Sc arboro Heights. B 4. Rivière Crédit. (Silurien.) 

( Pléistocène.) 

Mercredi 13 Août. 

EXCURSIONS, 

B 7. Strectsville. (principalement paléontologique.) B8. Depôts d'argile près de Toronto. (industriels.) 

SÉANCES SCIENTIFIQU 
9h. du matin. Séance du Conseil. (Salle 16, édifice N° 23.) 

Séance générale. Sujet No, 4. tance des sédiments précambri 
1. J. J. SEDERHOLM, 

unconformities. 
2. GRENVILLE À 

of composite gneisses 

10h. du matin. 
L'origine et l'impor- 
(Édifice N° 35.) 

Different types of Pre -Cambrian 

.J, Cour, Llustrations of the formation 
| 

and amphibolites in north st Ireland. 
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3. Joux Horxr, The Pre-Cambrian sedimentaries 

between the Moine thrust and the eastern border of the Scottish 

Highlands. 

1. J. J. SenernozM, On regional granitization (or 

anatexis). 

5. W. NS. Bavzey, The Pre-Cambrian sedimentary 

rocks in the highlands of New Jersey. 

5. G. EF, MattHew, Cambrian and Pre-Cambrian in 

the maritime provinces of Canada. 

7. C. K. Lerru, The relations ef the plane of uncon- 

formity at the base of the Cambrian to terrestrial deposition 

in late Pre-Cambrian time. 

10h. du matin, Section 3 Séance spéciale pour la lecture des 

articles non encore parvenus les jours précédents. 

1. N. O. Hozsr, Le commencement et la fin de la période 

glaciaire. 

2. W. vox Lozxski, Über erdgeschichtliche Kälte- 

perioden. 

3. H. L. Famcmio, New York state under the Lab- 

radorean ice-sheet. 

4. WaRRex Urnam, Fields of outflow of the North 

American ice-sheet. 

5. J. B. Tyrrez, The Patrician glacier south of 

Hudson bay. 

2.30h. du soir. Séance générale. Sujet N° 5. Les subdivisions, la 

corrélation et la terminologie du précambrien. 

1, A. STRaHAN, The subdivisions and correlation of 

the Pre-Cambrian rocks of the British Isles. 

2. Axprew C. Lawson, À standard scale for the 

Pre-Cambrian rocks of North America. 

3. J. J. SEDERHOLM, Some proposais concerning the 

tcrminology of the Pre-Cambrian. 

4. Sir T. H. HozLanD, The Archœæan and Purana 

groups of peninsular India. 

5. E. VreneNBuRG, Note on the nomenclature and 

classification of the Pre-Cambrian systems of India. 

6. A. P. Coueman, The Sudbury series and its bearing 

on Pre-Cambrian classification. 

7. C, K. Lerrm, Pre-Cambrian correlation from a 

Lake Superior standpoint. 

8. W. H. Couuixs. À classification of the Pre-Cambrian 

formations in the region east of Lake Superior. 

9. J. Deprar, The geology of Indo-China and 

Honan. 
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10. A. Lacroix, Les roches alcalines de Madagascar comparées à celles des montagnes montérégiennes. 11. A. Lacroix, Les ressources minéralogiques de Madagascar. 

DIVERTISSEMENTS. 

9h. du matin La ville de Toronto met des automobiles à la dispo- et 2.30h. du soir. sition des congressistes pour visiter les différents points d'intérêt de la ville, 
12.30h. du soir. Rassemblement des membres devant l'édifice N° 23 Pour un groupe photographique. 
4-6h. du soir. Le Comité des dames de Toronto offre un thé dans le carré de l'université. (Édifice N° 23.) 
8.30h. du soir, Un banquet est offert, au nom du Canada, aux délégués et membres du Congrès, à l'Arsenal University Avenue. 

Jeudi 14 Août. 

EXCURSIONS, 

Dans la soirée, départ des excursions, C1 C2, et C6 de la gare Union, par le chemin de fer Canadien du Pacifique. 

SÉANCES SCIENTIFIQUES, 

9h. du matin. Séance du Conseil, (Salle 16, édifice N° 23.) 
10h. du matin. ance générale pour affaires diverses et clôture de la XIIe Session. (Édifice N° 

DIVERTISSEMEN TS. 

4h. du soir, emblée sp de l'Université de Toronto, au cours de laquelle de: ades honorifiques sont conférés à un certain nombre de membres du Congrès, 
4.30h. du soir, Un “garden party” est donné, en l'honneur du Congrès, par les gouverneurs de l'université de Toronto, dans le carré de l’université. (Édifice N°23 
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SÉANCES DU CONSEIL, 
PREMIÈRE SÉANCE, 

7 août, 

La première séance du Conseil s'est ouverte à 10 heures du matin dans la Chambre du Sénat de l'Université. Les membres dont les noms sui- vent étaient présents: 
MM. F. D. Anaws, HELGE BicksrRüm, Lure BaLpacct, R. W,. P. CoLEMAX, T, C. Dex’s, D, B. DowLixé, J, W. UE. FERRER, Fritz FRE :H, W. 1 GOODWIN, ARXoLD HaGve, ICOCK, W, F, Huue, P. Kauscu, Jaues McEvoy, W, G. Maire, G. A. F, MOLENGRaArF, W, A. Parks, G. O, SMITH, Gustav S IANN, H, W, Sriee, P, M. TERMIER, E, A, Tiërze, Tu. TSCHERN Y- SCHEW, T, L. Walker, R. C. WALLacE, 
M. Abaus, Président du Comité exécutif, souhaite en français la bien- venue aux membres, Après avoir demandé la permission d'employer la langue anglaise, il fait un bref résumé de l'objet de la séance et prie M. Brock, Secrétaire général, de lire les noms des délégués. Sur motion de M, Sur appuyé par M. TermreR, la liste est considérée comme lue, 
M. le Secrétaire général, en l'absence de M. J. G. Axbenson Secrétaire général du XIe Congrès, Sourret à l'approbation du Conseil le projet suivant Pour la composition du Bure pour le XIIe Congrès :— 

BUREAU, 

Ancien président: Hofrat EuiL Tierze. Président: Dr. EF, D. ADaus, 
Secrétaire général et Trésorier: 
Vice-présidents: 

R. W. Brock. 

Allemagne: RicHarp BECK, ALFRED BERGEAT, Frrrz FREcH, J, P. KeuscH, ALBRecur PENCK, Atavsr RorupLerz, Gusrav STEIN- MAN, H. W. Srilee, 
Argentine: Has KEIDEL. 
Australie: E. C, PLAYroRD, 
Autriche-Hongrie: Laos Lôczy pe Lôcz, JuLes SZÂDECzkY pu SZÂDECSNE, E, À, Tierzr, R. Zu8Er. Belgique: ArmanxD RENIER. 

| 
Bulgarie: Lazar VANKOW, 
Canada: CHaRLes CaMsELL, D. B. Dowixe, G. F. MarrHew. 
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Chili: ERNsT MAIER. 

Danemark: 0.8. BüGciLp, Vicror MADsEN. 

Égypte: WF. HUME. 
Espagne: AGUSTIN MARIN Y BERTRAN DE Lis. 

États-Unis d'Amérique: A. H. Brooks, J, CO. BRANNER, T, C, Cham 
BERLIN, W. B. CLark, WHirmaN Cross, R. A. DaLy, JAMES 
DoucLas, ARNozD HaGtr, JF. Kemp, A. OC Lawson, CC. K 

Lerru, WALDEMAR LINDGREN, CHARLES SCHUCHERT, G, 0, SMITH, 

Davin WHITE, 

France: CHARLES BaRRoïs, A: BIGOT, EMMANUEL DE MARGERIE, 

P. M. TERMIER. 
Grande-Bretagne: G. 2 J. COLE, ALFRED HaRkeER, Sir T. H, Hor- 

LAND, Joux HoRx:, Sir HENRY MIERS, AUBREY STRAHAN. 

Grèce: TT. G. SKOUPHOS. 

Guinée-Britannique: J. B. HARRISON. 

Inde: 1 L. FERMOR, 
Ando-Chine: J. DEPRAT. 

Italie: Luicr BaLpACCt, CARLO DE STEFANL. 

Japon: KINOSUKE INOUYE, S'HKUSURE Kôzu. 

Madagascar: ALFRED LACROIX. 
Mexique: TEoDoRo FLORES, EZEQUIEL ORDOKEZ. 

Norvège: OLAF HozrepanL, 

Pays-Bas: QG. A. EF. Mo ENGRAAFF. 

Empire Russe: (a) Russie: F, LOEWINSON-LESSING. 
Tu. TSCHERNYSCHEW, W, VERNADSKY. 

©) Finlande: 3,3, SEDERHOLM. 

Soudan: GW, GRABHAM. 

Suëde: HELGE BXCKSTRÜM, H. S, A, NJÜGREN, 

Terre-Neuve: J. P. HOWLEY. 

Tunisie: PAUL WEISS. 

La liste est approuvée. 

Le Secrétaire général lit le programme du jour et propose la formation 

d'un comité pour établir des programmes quotidiens. Cette proposition est 

approuvée et le comité suivant est nommé: MM. BÂcksrRüm, Brock, 

HUME, STEINMANN et TERMIER. 

Le Secrétaire général lit la liste qui suit des présidents des diverses 

assemblées scientifiques: 
Sujet No. ï. Les ressources houillères mondiales: TH. TSCHERNY- 

SCHEW. 
Sujet No. 2. Différenciation dans les magmas ignés: HELGE Bick- 

STRÜM. 

Sujet No. 3. L'influence de la profondeur sur la nature des gisements 

métallifères : O. SMITH. 
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79 Sujet No, 4. I 

PM. Tenvien 
Sujet No, 5 Les subdivisions, ] Précambrien : AUBREY NTRAHAN, Sujet No, 6, Dans que Pue par des périodes 
Sujet No, 7, 1 

les particularités de 
du retour des me 
NTEINMANX. 

d'origine et l'importance des sédiments précambriens 

4 corrélation et la terminologie du 
Île mesure l'époque glaciaire at-elle été interglaciaires? TC: CHAMBERLIN, 4S Caractéristiques physiques des me 

Interrom- 

leurs faunes consid 
rs Paléozoiques et 

rs, dans l'6 
érées au Point de vue de la portée tablissement «| es sYstèmes &éologiques: Gustav Assemblées diverses: Lt IG Balpacen, KiNostkE Ixor YE, WaLpe- 

MAR LINDGREN, Lasos Lôczy pr Lécz umanver DE MARGERIE, Sir Heu 
Miëns, J. J, SEDERHOLM, 

M. Surrn de mande que le nom de WaLbEmar Lispu REN soit substitué 
au sin comme président de la section No, 34 et ln liste, ainsi modifiée, est 
approuvée, 

M. TsCHERNYsCHEw Pense que conformément à la tradition M. le 
Président du Cor, aurait dû occuper la présidence jusqu'à 

4 
au président et qu'en l'absence de M. DE revenait à M. Tire, le seul ancien prés lent présent, 

ILest alors décidé que M, Tierze devra prendre office nent la parole 
en qualité d'ancien président avant M. BXcksrRüM, délégué suédois, 
l'ouverture officielle, 

grès précédent nomination forme 
tEER, la présidence 

lle du nouve [( 

Le Président présente 1 l'adoption de l'inv 
comme sujet Principal pour le BATHER demandant que la d année pour évite 
Pour 1916. 

La discussion de ces € séance est levée, 

4 proposition de M. Sonore gation des r tendant à ales en acide phospl 
S, 

‘essources mondi 
prochain Congrè, 

ate du proch 
r tout conflit avec ] 

iorique et la proposition de AL. ain Congrès soit avancée d'une a date du Congrès Zoologique déjà fixée 
luestions est remise à la séance Suivante. La 

ICONDE SÉANCE. 
8 août. 

La séance est ouverte à 9 heures du Matin sous la présidence de 
ME D. AAMS, le Secrétaire général, M. R. W. Brocx, 
Secrétaire, agissant comrae Membres pré nts: MM. F.p. Aa 

Brock, G, 
+ R. Fakiaurr, L. 

0, B. Bücuizp, R. W. 
H. Bi KSTRÜM, L, BaLpacur, J. W. Evaxs, E 

. CoLe, T. C. DEx 
+ FERmor. GG, W. 

, J. DEprar, 
GRABHAM, C!, H. : H. Keinez, UE: Keusca, G. STE“ A. STRana N\, TSCHERXYSCHEw et R. C.W ALLACE, 



PHOCES-VÉRBAUX. 

Le procès-verbal de la dernière séance est lu et adopté. 

M. TacHERNYaCHEw est ajouté à la Commission de la Publication d'un 

Lexique de Stratigraphie. 

Le nom de L. E. GENTIL est ajouté à la liste du Bureau au nombre des 

Vice-présidents qui représentent la France, 

rcex mondiales en acid 

rochuin Congrès est alors La proposition de M, SAMOILOFF, que les rex 

phosphorique constituent le sujet principal du 

mise à l'étude. 

M. CoLe est d'avis que le sujet pourrait être étendu de façon à inclure 

tous les minéraux utilisés en agriculture, 

M. Tenue fait remarquer combien il serait à désirer qu'une enquête 

soit faite au sujet du pétrole. 

Le Président rappelle au Censeil que le pays qui recevra le prochain 

doit s'attendre à être consulté pour le choix du sujet de l'enquête 
Congri 

as préfèrera probubie- 
Si le prochain Congrès doit être tenu en Belgique, ce pa 

ment le sujet du cuivre à celui des phosphate, 

M. Kausen signale la difficulté d'obten’: des compagni 

exacts relativement au euivre, spécialement aux réserves cupriques. Il 

faudrait envoyer des géologues dans chaque eus, ce qui serait difficilement 

pratieable et il pense que le pétrole serait un sujet pré érable. 

M. TSCHERNYSCHEW est en faveur du sujet des phosphates qui con- 

stituent pour l'agriculture un sujet de la plus haute importance. Le pétrole 

est un sujet complexe et difficile à traiter: dans le eus de la Russie, le sujet 

serait très compliqué. 

Le Président réitère qu'il n'est que juste que le pays où le Congrès doit 

se tenir ait son mot à dire dans la question; la Suède était intéressée dans le 

fer et a préparé une monographie du fer; le Canada a de grands gisements 

de charbon et a préparé une monographie des ressources houillères. La 

question pourrait, à son avis, être remise à la prochaine séance. 

M. Cou est d'avis que les phosphates doivent plaire à la Belgique qui 

est un pays agricole. Nous avons plus besoin de pain que d'automobiles. 

Dans le cas des phosphates, le travail ne serait pas être laissé aux soins 

des compagnies, mais, au contraire, confié aux géologues. 

Comme l'heure est arrivée où les membres doivent se rendre aux comités, 

et qu'il reste encore quelques affaires courantes à expédier, le Président 

ajourne la discussion à une autre séance. 

es des chiffres 

Le Sccréiaire général soumet le programme du jour. 

autre conférence publique et conseille, puisque 

M. Hume possède une collection unique de plaques du désert, qu'on lui de- 

mande de fournir au publie de Toronto une ocea ion de les voir. 

au Secrétaire géneral avec la recommandation 

conférence de M. HUE, si c'est postible. 

M. Evaxs propose une 

La question est renvoyée à 

de trouver le temps propice pour une 
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SÉANCES DU CONSEIL 

TROISIÈME, SÉANCE. 

9 août, 

La séance est ouverte à 9 heures du matin sous lu présidence de M. F. D, Avass, le Secrétaire général, M, R, W, Bnocx, agissant comme secré. taire, 

Membres présents: MM. EF, D. \oams, El. Bicksrnôm, L Bazbacer, A. Bicor, R. W, Bnocx, W B, Cranx, G, À, J. Cour, A, P, CoLEmax, W. Cross, JL, Dernar, C. pr NTEFANI, JA, Dnessen, JW. Evaxs, E, R. Fauimautr, WE. Feruen, T. Flonks, K. Frécn, LE, GENTIL, CH, Hirencocr, WF, House, K INOCYE, H, Keipez, JF. Keur, JP. Krvsont, R. LacnManx, F, LOEWINSON-LEssiNe, E. Maiën, G, A, F, Morex RAAFF, FL. RansoME, À, RentER, \ Rorueserz, DJ. NÉDERHOLM, HN, À. NIÜGREN, GO, Nurrn, G STEINMANN, HW, NriLLé, AS NTRAHAN, JS. DE SzkbEczRY, P. Tenmisn, E, Tiers, Tu. Tsenennysone JB. Tynnez, W. VEnNapsky, RC, WaLLace. 
Le procés verbal de ln dernière séance est lu et adopté, 

M STEINMANX présente le rapport de lu Commission sur le Prix Spendi- aroff proposant de donner le prix à EMILE AnGaxo pour son mémoire, Les nappes de recouvrement des Alpes occidentales, 1911, et soumettant les con ditions suivantes pour le prochain prix: 
“Le meilleur travail pétrographique apportant de nouvelles lumières sur les problèmes généraux de la science,” Le rapport est adopté, 

Le Président demande au Conseil de constituer la commission chargée de décerner le prochain prix et les membres suivants sont apjielés à faire partie de cette commission: MAL. Abaus, BÂcksrRüM, BEckE, BrücGer Cross, Hanken, KatriNskY, Lacroix, LOEWINSON-LEssING, Mi H, MOLENGRAAFF, TEALL. 

M. RENIER remet au Conseil la cordiale invitation du Gouvernement de la Belgique et des géologues belges de tenir la treizième session du Congrès en Belgique et à l'appui de cette invitation, il fait ressortir les détails inté- ressants de géologie qu'on peut étudier en Belgique, 

INVITATION, 

Conformément aux instructions de Monsieur le Ministre de l'Industrie et du Travail et en confirmation de la correspondance échangée entre M. le Président Abass et ML le Directeur Général des Mines, Président de la Commission G Sologique de Belgique, L. EJARDIN, j'ai le grand honneur de vous apporter l'invitation sormelle et officielle de tenir en Belgique la XIIIe Session du Con- grès Géologique International. Cette invitation déjà présentée à 



PHOCFS-VERBAUX, 

deux reprises n'avait pu être prise en considération, Mais les 
géologues belges, assurés qu'ils sont de appui du Gouvernement, 

espérent fermement que le Conseil voudra bien cette fois transe 

mettre leur invitation à l'assemblée générale du Congrès en Fappuy- 

ant d'au avis favorable 

M So propose, appuyé par M, NrRanas, que l'invitation de la Bel- 
pique soit acceptée 

M. Kéibes it une invitation de M, Exruque Hénwirre, Directeur 

énéral des Mines, de la Géologie et de F'Hydrologie pour que la quatorsième 

réunion du Congrès soit tenu dans lu République Argentine et indique les 

avantages scientifiques d'une réunion du Congrès en cet endroit, avee les 

intéressantes excursions que l'Argentine peut offrir aux géologues de toutes 

spécialités, 

M Masën appuie l'invitation et annonce que le Gouvernement du Chili 

n'en avait pas eu connaissance, est pour cette raison seulement qu'il n'y 

avait pus participé, DE sait pertinemment que le Gouvernement du Chili 

ferait de son mieux pour induire le futur Congrès à ne pas s'arrêter seulement 

à la frontière Argentine-CE nais à traverser le Chili, qui présente tant 

d'interêt géologique et minéralogique, Il espère être en mesure de sou- 

mettre aux membres avant le Congrès belge une invitation officielle du 

gouvernement du ‘ 

Le Président marquer que le Conseil peut seulement recommander 
cette invitation au, ins du prochain Congrès, 

M. Evaxs rapj 'e qu'à une session antérieure l'Espagne a adressé 
une invitation au Con ès et beaucoup de personnes trouveraient la géologie 

de l'Espagne très intéressante, IT désire savoir où en est l'invitation de 

l'Espagne. 

M. NTEINMANX s<'informe si, au ens où le Congrès se tiendrait en Argen- 

tine, il vaudrait mieux le tenir au printemps ou en automne, 

M. KeibeL répond qu'il vaudrait mieux le tenir en septembre 

Le Président présente une invitation de F'Exposition Panama-Pacifique 

de tenir une session à l'Exposition de San Francisco en 1915, 

Sur motion de M, SMrrH appuyée par M. Cross, l'invitation est déclinée, 

Le Conseil met alors à l'étude la proposition de M. Burner qui se base 
sur le fait que les réunions du Congrès, en raison de la remise de lu dernière 

session reculée d'une année, tombent maintenant tous les trois ans en même 

temps que celle du Congrès zoologique international et demande que 

la date des sessions soit changée à l'avenir pour ne pas venir en conflit avee 

les réunions zoologiques. 

M. Furou fait remarquer l'inconvénient sérieux qui résulte de la ré- 

union dans la même année des Congrès zoologique et géologique quand 

une question aussi importante que celle de la nomenclature doit être réglée. 

Les nomenclatures zoologique et paléontologique sont intimement liées et 
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Question de 
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Qu'il soit bien Convenu que cela ne Mstitue pus 
Le Président énonce 

QUE s'agit de lixer, 
Lu motion de 

que c'est l'année seuleme ne du prochain Congrès 
M. Rexien est adoptée 

M. le Secrétaire gêne 
levée, 

L'soumet ll Programme du jour et lu “Étnee est 

QUATRIÈME SÉANCE 

Il août, 
La séance est ouverte 

FE. D. Adams: M, R. 1 
tüire, 

à 9 heures du m ati sous la pré V. Brock, N crétaire 
sidence du A 

gohéral MSN comme socpés 
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NTEINMANN, H, W. 

Tenien, E, Tibr2E, Tu, W4 VEnxapsky, T. L. Waiken, 
adopté, 

Le procès- 
du 9 août est lu et 

Le Président donne 
l'Espagne renouvel 
que le quatorziè 

lecture d'une Communication dos représentants de ant l'invitation Présentée au Congrès de Stockholm pour me Congrès se tienne en Espagne. 

INVITATION, 

Monsieur le Président du XIe 
La représentation de l'E International 

Congrès Géologique International : 
Spé&gne au XIe Congrès ( a l'honneur de ra ogique 

rès réuni à Stock 
Preler qu'au Cong 



PROCES-VERBAUX. 

holm notre pays fit l'invitation de célébrer à Madrid le Congrès sui- 

ant célui de Bruxelles, 

La représentation de l'Espagne renouvelle son invitation et 

prie le Conseil de lui faire l'honneur de la prendre en considération 

dans ses déliberations. 
Recevez, Monsieur le Président, nos salutations les plus dis- 

tinguées. 
(Signé) AGUSsTIN MaRix. 

E. Dupuy pE LÔME. 

Le président annonce que le délégué de la République Chinoise, M. 

Parkix Woxc, est arrivé et propose qu'il soit ajouté au Bureau comme 

Vice-président pour la Chine, Approuvé, 

M. be MARGERIE propose que la Commission de li Carte géologique 

soit acerue en y adjoignant des directeurs de services géologiques où des 

géologues éminents en dehors de l'Europe, particulièrement ceux d'Asie et 

d'Afrique qui n'ont pas encore de representants dans li Commission. Une 

carte continentale comme celle de l'Amérique du Nord serait plus utile que 

des cartes en feuilles séparées. IE propose done d'adjoindre à la Com- 

mission comme collaborateurs: J. DEprar, O0, A. Dergy, L. L. FERMOR, 

L. E. Gex, H, Hugerr, W. EF. HUME, K. INOUYE, A, Lacroix, E. MAIER, 

P. MarsHaLz, E. T. MELLOR, G. A. F. MOLENGRAAFF TEINMANXN. 

M. STEINMANX propose d'ajouter le nom de M. DE MARGERIE, 

M. Evaxs propose d'ajouter le nom de M. À. E. Krrsox, Directeur du 

Service géologique de la Côte d'Or. 

M. Keusen appelle l'attention du Conseil sur la très ancienne organi- 

sation de la Commission de la Carte, qui date du premier Congrès et émet 

catégoriquement l'opinion que la Commission devrait faire elle-même les 

additions qu'elle juge opportunes, ainsi que cela s'est fait au Congrès de Stock- 

holm. Au nom du président de la Commission, on avait invité les colla- 

borateurs projetés à assister à la séance, ainsi que les autres personnes dont 

les avis auraient pu être utiles à la Commission. En raison des dépenses 

considérables qu'entraînerait la proposition de M. bE MARGERIE et du temps 

déjà consacré par la Deutsche Geologische Reichsanstalt au projet agréé 

par le Congrès précédent, M. Krusex demande que la question ne soit pas 

décidée maintenant mais laissée en suspens jusqu’ à la prochaine session 

du Congrès. 

M. HoRxE conseille que la proposition de M. DE MARGERIE soit ren- 

voyée à la Commission pour sa séance ultérieure dans la journée, 

En réponse à une demande de M. Coe, M. ErtseH annonce que des 

avis de la séance ont été envoyés aux membres. 

M. TSCHERNYSCHEW qui vient d'arriver, émet, à la demande du Prési- 

dent. l'opinion que le Conseil n'a pas le droit de faire des additions au nombre 

des membres de la Commission à moins que la Commission ne le propose 
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M. Kavsen fait valoir des argume accro Commission: le but de la proposition pourrait être atteint en in MaRGERIE et autres intéressés à assister à la séance et en lé Participer à | 

nts adverses à |’ K€ ment de Ja 
ant M.pe 

S invitant à a discussion. 
Le sujet est done renvoyé à la Commission et le assister à la séance de 1 a Commission à onze sentera dans la commission M. 

intéressés sont invités à 
heures, M Srnanax repré- TEALL, comme fondé de pouvoir, 

M. Kuësen lit Je rapport de la Commission sur les Gisements de Fer du Monde. M RexIER Propose d'ajouter à la liste des coll ML DeLmEr de Belgique qui à fait une M. CoLEmax dem 
son avis, b 

sur une Enquête économique 

aborateurs le nom de 
* du sujet, 

les frais du travail. 
‘au et de fortes dépens ue chaque Pays paiera les frais de élevé, car il “4 git seulement d'un à obtenues, 

Sur motion de M. Krusen appuyé par M. Süc adopté. 

étude complète 
ande qui paicra 

icoUp dé travail de bure M. Kuvson répond « 
qui ne seront pas trè 
statistiques dé 

I aura, à 
es d'impression, 

son propre travail 
remaniement des 

REN, le rapport ext 

Le Secrétaire gé ral lit le 
Congrès géologique intern 
qui recommandait une 
Fracture de la Croûte terrestre 

“Le Comité exécutif regret qui lui ont 
sidé 

rapport du Comité « 
ational relatif à Ja 

Enquête intern 

“utif du Douzième 
Proposition de M, Hoggs ationale sur le sujet du Régime de 

€ que, par suite des obli 
la préparation de la sér 

ingées pour Je Douzième Congrès inter- national et de Ja publication de | a Monographie des Bouillè mondiales, il lui a été impossible d'e préparation additionelle d'une Monographie rel de la croûte terrestre recommandée par le Onzier logique international. Le Comité à done respectueusement que cette 
écutif du Troizième Congrè 

gations incombé en vertu de 
ie con- able d'exeursions arr, 

tessources 
ntreprendre Ja 

lative aux fractures 
ne Congrès géo- 

l'honneur de dem 
transmise 

S international,” 

tâche soit au Comité ex- 

La proposition de ME: SAMOJLOFF, ressources mondiales en acide pho 
relative à une enquête sur les sphorique qui avait été retnise à plus tard 

lors de la séance du 8 août, afin de Permettre au Conseil d'entendre de la 
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M. TERMIER propose comme sujet de diseussion les ressourees du monde 

en pétrole. Une monographie des différentes régions à pétrole serait, après 

le fer et la houille, de la plus haute importance. 

M. CoLe pense que la Belgique doit avoir le choix du sujet, fait ressortir 

les difficultés au point de vue géologique et pratique d'entreprendre une 

investigation sur les ressources de pétrole propre à présenter une valeur 

durable. Ce ne serait pas une investigation géologique dans le même sens 

que Je fer et la houille; ilest pour sa part en faveur du pétrole comme sujet 

et, comme il l'a dit à la séance du S août, le sujet des phosphates devrait 

être étendu de façon à comprendre les nitrates et les sources de potasse. 

M. Rexier admet la difficulté de traiter la question du erivre; mais 

elle n'est pas plus sérieuse que celle des dépêt: de phosphates. énonce 

l'opinion des géologues belges que l'enquête & ‘rait avoir trait #7 cuivre en 

raison de son importance nationale pour leur région. 

M. Surru déclare que la question en jeu est celle des résultats à obtenir. 

Les États-Unis, il y a cinq ans, ont eu l'expérience que les meilleurs résultats 

iient été atteints quant à la houille et au fer et ensuite viennent les roches 

phosphatiques qui, en qualité de dépôts stratifiés, pourraient être traités 

d'une façon assez analogue à la houille. Les résultats quant aux métaux 

ont été peu satisfaisants, car il s'agissait de quantités moindres, la production 

est à peu près proportionnelle à la masse: plus la masse est considérable, 

plus juste est l'évaluation. Le cuivre ne peut pas être traité avec autant de 

succès que le fer et la houille. L'expérience du passé montre qu'un recense- 

ment des ressources en phosphate pourraît s'exécuter fi silement. Le pétrole 

viendrait ensuite en ligne d'importance, 

M. Kavsou, fait remarquer que les sels de potassium appartiennent en 

Allemagne au gouvernement qui ne permettra jamais de ire le caleul de ses 

ressources. Les ressources de cuivre sont difficiles à traiter et les calculs 

n'indiqueraient, dans les meilleurs conditions possibles, que l'approvisionne- 

ment pour les quatre où cinq années à venir. A son avis. le pétrole est 

meilleur sujet à choisir. 

M. KEIDEL croit préférable, attendu que le prochain Congrès a lieu en 

Belgique, de laisser la Belgique faire son choix parmi les sujets désignés 
l il L 

comme convenables par M. Surtn.  Bien que la Belgique ne soit pas un 

pays où il existe beaucoup de bassins pétrolifères, l'Argentine offre du pétrole 

en grande quantité et, si la prochaine session du Congrès accepte définitive- 

ment l'invitation de l'Argentine, il se pourrait qu'une monographie des res- 

sources en pétrole pât être celle qui conviendrait le mieux. Avec les phos- 

phates on arrive à la fin du type actuel de monographies tendant à donner 

une évaluation des ressources: avec le pétrole et lex monographies sub- 

kéquentes il faudrait de préférence, faire surtout la description des differentes 

formes de gisements. 

M. VERNADSKY insiste sur les résultats importants que pourrait donner 

au point de vue de lu géologie et de la minéralogie une investigation des 

phosphates (page 154.) 

M. Mozexéraare exprime l'opinion que le secret serait beaucoup plus 
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étroitement gardé au sujet des ressources du pétrole que d'aucunes autres, en raison de la concurrence très serrée entre les grandes compagnies. 

M. TscnenxyscHEw juge que le prix des monographies est trop élevé pour les géologues. Chaque pays devrait être appelé à payer sa part du travail ou s'engager à acheter un nombre spécifié d'exemplaires de la mono- graphie complète, de façon que le rapport puisse être publié in extenso. Il regrette que le rapport de la Russie auquel avaient été consacrées trois années de travail n'ait pas été publié irtégralement. Cela n'est pas satis- faisant et si cette pratique devait être suivie à l'avenir, la Russie refuserait de collaborer aux monographies futures. 

La suite de la discussion a été remise à la séance suivante. 
Les détails du Programme de la journée sont annoncés, 
La séance est levée, 

CINQUIÈME SÉANCE. 

13 

La séance est ouverte à 9 heures du matin sous la présidence de M. FD"ADaMs, MR: BRock, Secrétaire général, agissant comme secré- taire, 

Membres présents: MM. F. D. Abaus, H. Bicksrrüm L. BaLpacct, A. Picor, 0, B. Bücuinp, R. W. Brock, Gi. A. J. 
W. Cuoss, J. Deprar, €. DE TEFANI, J. W. 
L. L. Fenuor, T. FLones, F. FRecu, LE, GENnL. Sir T. H. HoLLaxp, WF. HUE. K. IxouYE, H. KEIDEL, J, F. K JP. KRUsCH, À. LacRoIx, E. Maïër, E. bE MarGERE, G, À. F. MOLENGRAAFF, À, Maix, À. RENIER, A. Roïneze1z, J. J, SEbERnOLM, T. Skot PHos, QG. 0, EINMANN, W. STILLE, LE N74DECZKkY, P. M. Termier, E. Tir LE, TH. CHEW, J, B. TYRRELL, W,. VERNADSKY. 

Le procès-verbal de la séance du 11 août est lu et adopté, 

A la demande du Président la diseussion de la proposition de SAMo- LOFF relative à une enquête sur les ressources en acide phosphorique, laissée en suspens à l'assemblée du 11 août. est reprise, 
M RENIER parlant en son pom et en celui de ses collègues belges dit qu'il y a trois propositions dont il faut occuper simultanément: les phos- phates, le pétrole, et la proposition du gouvernement belge—qui, à son avis mérite d'être prise la première en considération et présente _ pour les géologues belges la plus haute importance-les ressources mondiales en cuivre, 
On s'est opposé à la proposition belge en raison des difficultés que soulève l'évaluation des ressources mondiales en cuivre. Ces difficultés, à son avis, se retrouvent au mme degrè dans tous les autres sujets présentés ou pro- 
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posés. Il est prêt à accepter toutes les propositions raisonnables. La 

Belgique préfére le cuivre mais se met à la disposition du Congrès. 

Sur motion de M. Kausen, appuyé par M. Huue, il est résolu que le 

Conseil ne devrait pas décider du sujet mais laisser ce soin au Comité 

d'organisation du prochain Congrès. 

M. RENIER remercie le Conseil de cette preuve de confiance. Les 

géologues belges feront de leur mieux pour mener le travail à bonne fin, avec 

l'assistance des membres du Congrès: il fait appel spécialement à la coopé- 

ration de M. Surra dont l'expérience est excessivement précieuse, 

M. FRECH présente Les rapports de la Commission de la Palæontologia 

Universalis (page 132) et de la Commission de la Publication d'un Lexique 
de Stratigraphie (page 132). Il explique que ces Commissions ont été 

obligées d'attendre la décision du Congrès zoologique au sujet des règles de 

nomenclature, parceque urs travaux reposaient sur cette décision, À 

publication de ces travaux nécessite des fonds. Son Excellence, le professeur 

TSCHERNYSCHEW a généreusement promis de l'assistance de la part de 

l'Académie des Sciences de St-Pétersbourg, et M. FRrEc demande que les 

autres corps scientifiques prêtent le même concours. 

M. RENIER signale à l'attention le Congrès botanique de Bruxelles. 

La Commission aurait à un précieux collaborateur dans la personne du 

docteur YOUNXGMAN, paléobotaniste. 

M. FREcH propose de changer le nom de Palæontologia à celui de Palæo- 

zoologia, attendu que la botanique constitue na sujet distinet. Il propose, 

appuyé par M. Keauson, que les rapports soient approuvés et soumis à 

l'assemblée générale. Les rapports sont approuvés. 

M. Keuscou lit les rapports de la Commission de la Carte géologique 

internationale et la nouvelle Carte mondiale (page 141). 

M. DE MARGERIE propose d'ajouter à la Commission le nom de M. 

FiscHER comme représentant de l'Algérie: M. Evaxs propose le nom de 

M. Krrsox pour la Côte d'Or; et M. DE NTEFANI, le nom du docteur PARONA 

pour l'Afrique Italienne. 

M. HOME est d'avis que la Commission devrait s'adresser officiellement 

aux gouvernements qui n'ont pas encore souscrit, plutôt que de confier cette 

tâche à ses membres, parceque la demande <erait ainsi plus efficace, Il 

desire connaître les noms des gouvernements qui ne se sont pas encore in- 

serits sur la liste des souscripteurs. 

M. KeuscH annonce que la Commission s'est adressée directement aux 

gouvernements, Il ne peut pas dire quels gouvernements ont répondu, 

parce qu'il a été absent depuis deux mois et que des réponses ont pu parvenir 

dans l'intervalle. 
AI. FRECH suggère que la Commission obtienne le droit de solliciter la 

coopération d’autres pays. 

Sur motion de M. KruscH, appuyé p:1 M. FRECH, le rapport de la Com- 

mission est approuvé et devra être soun.. 4 ‘assemblée générale, 
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Sur la demande de M, Rein, agissant au nom de M. le docteur Ranor, président de la Commission, M. DE MARGERIE, présente le rapport de lu Commission internationale des Glaciers (Page 144). Comme elle est d'un caractère général et de teneur en grande partie historique, il suggère que ce rapport soit approuvé sans être lu et qu'il soit présenté dans cet état à l'assemblée générale où se fera la lecture. Cette proposition est approuvée, 

Le programme du jour est annoncé, 
M. HUME est nommé président de la séance spéciale de la Section 3 qui se réunit à 10 heures, 
La séance est levée, 

SINIÈME SÉANCE. 

14 août. 

La séance est ouverte à 9.10 heures du matin sous la présidence de M. F, D. Apaus, le Secrétaire général, M. R. W. Broc K, agissant comme secrétaire, 
Membres présents: MAL FE. D. Abaus, H. BÂcksTRüM, À Biéor, 0, B. BüGciLp, R. W. Brock, À. H. Brooks, J. M, CLARKE, G. À. J. COLE, J. Derrar, C. DE STEFANI, J. W. Evans, E. R, FariBauLr, W. F. FerkiER, T. FLorEs, GW, GRaBHaM, Sir TH. Hozzaxp. W, FE. HUuE, K. INOUYE, H. KeibeL, J, P. Kruson, A. C. Lawsox, G. GS, LiNpsEey, F. LOEWINSON- LESSING, E. MaiEr, E. DE MarGEtE, WG. MILLER, À. ManiN, A. RENIER, J.J. SEDERHOLA, TG, SKOUPHOS, (, 0, SMITH, À, STRAHAN, G. NTEINMANN, P. M. TEeruier, Tu. TSCHERNYSCHEW, W. VERNaDSRY, TL. L. Warken, R. CO, Wazzace, D. Ware. 
Le procès-verbal de l'assemblée du 13 août est lu et adopté, 

M. DE SrEFANI propose d'envoyer un télégramme de félicitation au docteur CAPELLINI, un des plus anciens et des plus distingués géologues vivants, qui nt d'atteindre sa quatre-Vingt-quatrième année. 
La proposition est approuvée et le secrétaire est autorisé à envoyer le télégramme. 

Le Président lit des lettres de MM. BECKER et HaLer de la Commission du Degré géothermique (page 149). 
M. SrRanax explique qu'il a été prié par M. BECKER, obligé de s'ab- senter, de s'occuper de ce Comité, mais qu'il lui à été impossible de réunir un nombre de membres suffisant pour tenir une séance, Il considère les re- commandations que contient la lettre de M. HaLer comme très utiles: si l'on veut que la Commission réussisse À accomplir quelque chose il faut absolument poser des questions bien nettes et ne pas se contenter d'envoyer aux collaborateurs des lettres leur demandant des renseignements généraux sur le sujet. M. HALET conseille qu'une circulaire imprimée soit envoyée pour définir exactement la nature des renseignements désirés et cette pro- 
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position est certainement bonne. Si la Commission doit entreprendre une 

tigation sur la radioactivité comme le propose M. BECKER il x 

ssaire d'ajouter à la liste des noms de spécialistes dans cette partie. Il 

reconimande que la proposition de M. HaLer soit adoptée mais que la portée 

de l'investigation ne soit pas élargie actuellement au point de comprendre 

la radioactivité. 
M. Venxapsky pense que l'étude de la radioactivité est très importante 

et qu'on devrait s'en occuper. 
Sur motion de M, BâcksrRôM la recommandation de M. Hazer et la 

proposition de M. BECKER relatives à l'adjonction au travail de la Commis- 

sion d'une enquête sur la radioactivité soit laissée à la décision de la Com- 

mission elle-même et le rapport est approuvé. 

Le Président lit ensuite la proposition de M. SEDERHOLM (page 157) 

relative à la coopération des gouvernements qui ont des étendues contiguës 

de roches précambriennes dans la corrélation de ces formations, 

M. CoLE approuve la proposition qu'il juge très avantageuse. Il 

croit que l'idée a déjà été mise en pratique entre le Canada et les États-Unis. 

M. Surru dit qu'une entente de ce genre a été effectuée; mais il n'est 

pas prêt à affirmer qu'elle a été menée à bonne fin. 
M. CoLE pense que cette proposition devrait indiquer la ligne de 

conduite à suivre. 
M. Lawsox propose que la résolution soit modifiée de façon à impliquer 

une demande aux chefs de services géologiques d'agir en la matière 

M. KruscH conseille que la proposition de M. SEDERHOLM soit char 

en substituant le terme de services géologiques à celui de gouvernements, 

La proposition de M. SEDLRHOLM, avec substitution des mots * 

vices géologiques” à “gouvernements” est alors approuvée dans cet état 

ser- 

pour être soumise à l'assemblée générale, 

Le Secrétaire général propose la nomination d’une commission eom- 

prenant le Secrétaire général du Comité exécutif du prochain Congrès et 

deux anciens Secrétaires généraux choisis par ce dernier pour décider de la 

forme de la monographie que le Congrès doit préparer; du nombre de pages 

attribuées à chaque pays et des dates auxquelles les manuserits do vent être 

remis: cette Commission ayant aussi le pouvoir de faire des règlements 

relatifs à la livraison par les collaborateurs des illustrations et des cartes sous 

une forme qui convienne aux procédés de reproduction (page 157). 

M. Brock explique que, dans le eas de li Monographie des Ressources 

Houillères, avant d'envoyer des demandes de collaboration un estimé ap- 

proximatif des réserves probables de chaque pay avoit d'abord été fait et 

sur cette base, une répartition de l'espace disponible pour les dive:+ rapports 

avait été exécutée, en tenant compte des additions qu'il faudrait faire dans 

les cas où les matériaux seraient particulièrement nouveaux et inédits. On 

a obtenu ainsi un nombre approximatif de pages pour chaque pays, de façon 

à composer une monographie bien équilibrée en deux volumes. On à en- 
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süite demandé aux divers Pays de préparer leur rapports conformément à l'espace qu'il leur était attribué, 
Les rapports ont été demandés le 1er janvier 1912, d'éditer, de disposer et de résumer avee soin, En dé 

afin de laisser Le temps 
mbre 1912, la Come ait pas encore reçu la moitié des Manuserits et afin de pouvoir être sûr que le rapport « 

mission ne 

ait publié, il a fallu Passer un contrat pour le travail Sans Même savoir ce qu'il contiendrait 
Plus tard, comme les rapports sonmis étaient généralement plus longs que l'on avait demandé et comme on hésitait à les condenser, le contrat à été modifié de façon à s'appliquer À trois volumes, ce qui naturellement augmentait le prix. Au milieu d'avril, après l'expiration du délai fixé par le contrat pour la liv "son des derniers manuscrits, quelques rapports n'étaient pas encore Parvenus et il a fallu câbler plusieurs fois avant de les avoir tous: nous étions arrivés presqu'au milieu de mai avant d'av ‘r reçu le rapport complet d'un Pays en particulier, Bien qu'on n'eût 4 fait dé démarche en vue d'un es ice plus considérable que celui qui sait at- tribué, le rapport qui nous était soumis 6 it assez long pour oceuper au moins un volume tout entier et il comprenait aussi soixante ou soixante-dix cartes, dont la plupart devaient être r dessinées pour pouvoir être reprodvites, Malgré tout cela on a donné à ce rapport plus d'espace qu'on n'en avait accordé à tous les autres Pays, Sauf un seul. Pour arriver à cela il a fallu sacrifier dans une grande mesure les résumés de chapitres, et les auteurs n'ont pas eu assez de temps pour traiter ce sujet comme il convenait C'était un sacrifice mais In monographie à été publiée à temps. Ceux qui ont la direction d'une enquête de ce genre n'aiment pas à rogner les rapports: ils ne peuvent pas le faire aussi bien que le ferait le pays lui-même, mais le prix de la Monographie doit rester dans les bornes et li monographie doit être prête à temps pour le Congrès. Il n'est pas équi- table de leur demander d'endosser la responsabilité de mettre de côté des rapports et cependant, cela peut être nécessaire dans l'intérêt du Congrès et du reste du monde, M. Bock pense que la responsabilité devr, comber à une petite commission inte 

it in- 
iationale et non au pays qui dirige l'enquête, 

M2 RENIER approuve cordialement la Proposition, Il juge la question de la plus haute importance; pour arriver à un résultat satisfaisant il importe de profiter de l'expérience du passé et d'établir des r les fixes. Le docteur Evaxs Propose que le Comité détermine aussi si quelque #roupement en particulier remplit les conditions requises La proposition est adoptée pour être soumise à l'assemblée générale, 

M. Brock Propose qu'un petit comité international, Composé de pas plus de huit personnes avant eu une éxpérience_ réelle dans les comités exécutifs des diverses sessions du Congrès, soit nominé et chargé d'étudier la preparation d'une constitution permanente et de soumettr. . si c'est possible, une proposition à ce sujet à Ja session prochaine du Congrès (page 157). A l'appui de cette proposition, M, Brock fait remarquer que le Congrès 

nn. 



92 PROCES-VERBAUX, 

géologique international existe depuis 1878 et que depuis cette époque son 
caractère s'est grandement modifié. n'a pas de constitution, ni de règles 

de direction permanentes. I n'a pas d'inseription stable. Les membres y 

adherent chacun pour une seule session, 

L'utilité générale du Congrès à été pleinement démontrée et ilest temps 

maintenant d'étudier une constitution permanente, 

M. REXIER appuie la proposition. Bien que les Congrès précédents se 
soient réunis jusqu'à présent sans accident imprévu, il pense que, dans le 
cours des évènements, une nation pourraît peut-être se trouver dans l'im- 
possibilité de préparer sa session. Il espère que la proposition de M. Brock 
sera adoptée et que le comité belge jouira pour la treizième session de 
l'assistance de ce Comité, 

M. NTEINMANN juge qu'une commission permanente de cette nature 
est une nécessité et qu'il serait aussi nécessaire de mettre quelques moyens 
à «a disposition, ce qui pourrait se faire facilement en relevant simplement 
l'honoraire usuel de cinq dollars. 

M. RENIER conseille que les deux propositions restent séparées et qu'on 
vote d'abord sur le principe posé dans la proposition de M. Brock. Avant 
d'étudier la proposition de M, STEINMANN il préférerait attendre une ou deux 
sessions pour que l'on puisse acquérir quelqu'idée du champ d'action d'un 
comité de ce genre, 

Après quelques idées émises par MAL. STEINMANN, Lawsox et Bock, 
relativement a la souscription annuelle, M. REXNIER insiste encore sur la 

nécessité d'attendre que l'on ait recueilli quelqu’ expérience au sujet des 
besoins financiers, 

M. Kauson pense que les attributions d'une commission de ce genre 
devrait être strictement limitées. Cette question devrait être étudiée au 

cours des quatre années À venir et au prochain Congrès en Belgique, après 

expérience acquise, on pourrait voir comment il fonctionnera. 

M. BäcksrRôM fait remarquer que le comité proposé est simplement 

destiné à étudier ce qu'il serait À propos de faire et À soumettre ses idées 
au prochain Congrès. 

M. Lawsox conseille que l'on demande au comité nommé de faire ses 
propositions et de les soumettre à la prochaine session. 

M. REXIER pense que tout devrait être prêt pour le quatorzième Congrès 

afin d'éviter autant que possible toute cause de froissement, 

La proposition de M. Brock est alors adoptée #t la nomination du 

comité est laissée aux mains du Président du Congrès actuel, le douzième 

Congrès (page 158). 

M. WaLkEr propose que des télégrammes de félicitations soient envoyés 

à un certain nombre de géologues âgés et distingués qui n'ont pas pu être 

présents. 

Après quelque discussion on émet l'idée d'ajouter le nom du docteur 

EpouarD SUESs à celui de M. CaPeLLiNt à qui le Secrétaire général a déjà 

été autorisé d'envoyer un télegramme de ce genre. 

La séance est levée, 
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SÉANCES GÉNÉRALES, 

SÉAN D'OUVERTURE. 

7 août, 

Le Congrès est ouvert à midi, dans la salle des facultés de l'Université 
de Toronto, en présence d'une brillante assemblée dé représentants du 
Gouvernement Canadien, des provinces, de la ville de Toronto et de groupes 
scientifiques, de même que d'un grand nombre de membres et délégués 
éminents, 

Un peu avant midi, le Président et les membres du Comité exécutif, 
accompagnés des représentants des koUVernements fédéral et provinciaux, 
et les diverses sociétés et établissements scientifiques se réunissent dans 
l'antichambre pour escorter jusqu'à l'estrade son Excellence Sir CHARLES 
Frrzvarrior, P nn GCM.G,, administrateur en l'absence de Son Altesse 
royale le bte be Conxat GHT, gouverneur général qu Canada, et celui-ci 
ouvre la séance, 

Son Excellence, avant de souhaiter Ja bienvenue aux congressistes, 
donne lecture du cablogramme suivant, reçu de Son Altesse royale: “Please Convey to members of Geological Congress Warmest wishes for success of Congress, Regret that, oWing to iv enforced absence from Canada, Lam unable to open it personally.." Il est également porteur d'un message de la part du Premier Ministre 
du Canada, Je priant tout Particulièrement d'exprimer son profond regret 
d'être retenu par des affaires publiques de haute importance, Et Son Es 
cellence prononce l'allocution suivante: 

Ladies and gentlemen : 

When 1 was first charged with the Verv pleasant duty of coming here 
to bid vou welcome on behalf of the people and the Rovernment of Canada, 
MY natural impulse was to address vou in the language which E had been 
taught at MY mother's knce. Having, however, this morning discovered 
by the aid of one of the Many well-informed newspapers that are published 
in Toronto, that there are no less than tWenty-three different languages 
spoken by the members of this Congress, L eame to the conclusion that it 
Was necessary that I should reconstruct myself and, instead of speaking to 
You in English, address vou in the official language of the Congress, le beau 
parler de France. 

There is this additional reason why I should Speak in French. French 93 
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is one of the official larguages, as you know, of this country. It ix also the 

language that was sponen by those hardy pioneers, those priests, Warriors 

and traders who first sailed up the St. Lawrence, explored the Great Lakes, 

discovered_ the Mississippi and laid xo brond and deep the foundations of 

this Canadian nation. And, may E add, it ix a great tribute to the wixdom 

and to the liberality of our rule that it is made possible for so many thousandx 

of Canadian subjects to do grace to the name of our Sovereign in the language 

that wus spoken by CARTIER and by CHAMPLAIN. Vous me croirez sans peine 

quand je vous dirai que l'honneur et lu satisfaction que j'éprouve à voux 

soubaiter la plus cordiale bienvenue sur notre terre canadienne me fait oublier 

ln témérité qu'il y a pour un profane de s'associer, même sous forme de res- 

pectueux hommage, à des travaux scientifiques d'une nature si élevée, que 

seuls d'éminents spécialistes peuvent les aborder. 

Pourtant ce bonheur est ‘roublé par le regret que nous éprouvons tous 

bien vivement, de ne pas voir en cette place Son Altese royale le DUC DE 

CoxxatvenT, gouverneur général du Canada. Vous auriez aciniré 

sa présence cette suprême dignité, cette sagacité, cette grâce exquise et vrai- 

ment enveloppante dont il laisse l'empréinte dans ses moindres démurehes. 

C'est en son auguste nom et au nom du Gouvernement de la Puissance 

du Canada que je vous remercie de l'honneur insigne que vous fuites à 

l'Université de Toronto d'y tenir votre douzième Congrès géologique inter- 

national, Le mouvement scientifique qui se poursuit avee une intensité 

remarquul le dans cette ville, trouvera dans votre présence de nouveaux et 

très précieux encouragements, et la soutiendra dans sa lutte de généreuse 

émulation avec les autres universités canadiennes et américaines, 

Veuillez être vous-mêmes, messieurs les délégués, les interprètes de 

nôtre plus sincère reconnaissance auprès des nombreuses puissances et In- 

stitutions scientifiques que vous représentez ici officiellement. 

L'honneur que vous nous faites est d'autant plus apprécié que sur les 

onze sessions précédentes deux seules furent tenues en Amérique: la première 

à Washington en 1, la seconde à Mexico en 1906. Il est vrai qu'elles 

eurent dans la suite logique de vos travaux une importante capitale. Le 

premier constata avec éclat et non sans admiration les richesses géologiques 

du sol américain et fit airsi la connexion des deux mondes: le second traçu 

en lignes claires et vigoureuses l'esquisse de la carte géologique de ce con- 

tinent. 

La session que vous inaugurez aujourd'hui avec de si fermes espérances 

va compléter ces travaux préliminaires en établissant la monographie des 

gisements carkonifères du monde. Elle sera en même temps un chapitre 

additionnel a l'œuvre du Congrès de Stoekkoln brillamment inauguré 

par Sa Majesté le roi de Suède, Vous y avez étanli la monographie des 

minerais de fer, Et comment ne pas vous féliciter d'y avoir trouvé l'active 

et intelligente collaboration de Son Altexse royale le prince Léritier de 

Suède. 

Vos travaux se poursuivent avee une telle are # et de si rigoureuses 

méthodes que déjà la magnifique carte géologiqu de l'Europe est sur ll 
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gisements carbonifères de la Saskatchewan, de l'Alberta et de la Colombie 

Britannique, ainsi que les dépôts de cuivre de Phænix et de cuivre aurifè 
de Rossdand et du sud de la Colombie Britannique. 

de m'exeuxe, messieurs, de retenir si longtemps votre ottention, Ki, 
pourtant, il m'était permis d'ajouter à ma respectueuse sympathie un vœu 
pour votre avenir, je n'aurais qu'à vous souhaiter de rester fidèles à votre 
devises" Mente et malleo." 

Pour fixer la valeur d'une statue sortie d'un des rares ateliers où le génie 

«pris demeure, nous ne considérons pus seulement les coups de ciseau qui 

l'ont taillée et polie, nous voulons + trouver ln marque de l'esprit qui l'a 

conçue et l'a vivifiée dans toutes sex parties 

ans doute, le passage du marteau révèl 

se tait sur la sublimité de la pensée qui, pénétrant dans le marbre, lui a donné 

* l'habileté du métier, mais il 

la vie, une vie si supérieure à celle qui nous entoure que nous parlons de 
prodiges, de miracles et que nous appelons l'artiste un véritable créateur 

C'est l'esprit seul qui retrouve et reconnait l'esprit, Vous êtes tellement 

ternelle de l'art que vous l'avez mise pénétrés de la nécessité de cette règl 
comme une enseigne, bien en évidence, au-devant de vos travaux d'urt 
géologique. 

L'instrument qui vous conduit au-devant des plus graves problèmes 
que recèle la terre n'est jamais seul à fonctionner, S'il fonctionnait seul, 
n'aurait que la valeur de ce coup de marteau qui échappe de la main d'un 
On où et qui au hasard défigure la statue où achève un de ses traits, C'est 
votre esprit, c'est votre génie qui guide la pioche et lui permet de r'véler 
un ordre, une harmonie géologique que d'autres siècles n'ont même pus 
soupçonnés, Vos travaux d'approche, vos anxieux sondages vous mettent 
en face de traces, de signes plus où moins évidents d'un plan primitif que 
vous cherchez. Ce plan n'est autre chose que la Raison qui a présidé à la 
construction du monde. Votre raison S'aceroche avec hardiesse à cette 
Raison et la force à se révéler, quitte à soumettre les résultats obtenus à 
l'épreuve du futur observateur. 

C'est la Voie que nous a montrée le grand CLAUDE BERNARD 

“Le fait suggère l'idée, l'idée dirige l'expérience, l'expérience 

juge l'idée.” 

Ce méme esprit, se souvenant des lourds travaux de l'instrument et de 

antit contre toute présomption. IL vous 

‘approximations successives du système de 

ge 

ses propres hésitations, vous gar 

dit que vos lois ne sont que des 

la nature" Ce sentiment de prudence et de réserve ne vous décor 

cependant pas, parce que vous avez la conviction que ces approximations 

“traduisent dans le langage de l'homme les pensées du Créateur”! et vous 
conduisent peu à peu vers le dernier mot de la science humaine, la Vérité. 

Je termine en vous souhaitant la plus cordiale des bienvenues sur cetti 
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Un L'honorable W H Hein Ministre dus Torres Forêts et Mines dh 

l'Ontario, prend etauite la parole 
Ladies and gentilé et 

On behalf of the ROVernent ane th people of the Provines of Ontaris 

ip, 
brations ane much con 

Dérit me to extend to Vou out heartiost Welcome an Warinest gr 
AU the present time Ve bear much about peace cel CNE means for the Préservation of th Peace oÙ the world an these pe 
Very good: but to MA ind there jx nothing Derhaps, that makes 0 much 
for the march of Progress, for pence al for the Ju Cterment of man 
Me Meetings such ax this Where we mnke He tanees and lorm friend 
ships that will last ax long ns life itself, and lenrn by mingling With our fellow 
en from the different Matlons and countries of the world that a Man is 
an, ho matter what his Natlonality, no matter What his creer] may be, and 
Bo Matter to what LETAITE MAX own allegianee, Many of You are making vour first Visit to the Province of Ontario ane 
We trust that vou will find he "Matters Worthy of considération and study, 
Weure “omewhat proud of the Progress that we have already made in Mining; 
We are proud of our Position as x Silver-producing und nicke lprodueing 
COURS Within the Just ten Vears the mineral production has increased by 
100 per cent, And vet, in addition to that, we have tillions upon millions 
of acres that have never been mapped by geologiats, Millions of acres never 
CV Visited by the explorer or Prospector, We fou] these are matters that 
will be of interest to Vou and we trust that vour visit among us Will be one of 
Profit and pleasure, 

Ltrust that this « ongress a prove to be y Pleasant and à Vers profit 
able kathering, And in conclusion, let me Say that the Provinee is vours, 
its fre mi, its Uzenships and the SoVernment of the Provinée and its 
People are vours to command." 

ML le Commissaire Cyn MCE parlant au nom de M. le maire HockEx 
de Toronto S'eXprime ainsi 

Ladies and gentlemen 

Ehave Very much pleasure on behalf of the Mavor and Corporation of 
the City of Toronto to give vou a he ut Welcome to our « itv. The City of Toronto and the Provines of € ntario are honoured in having 
SU MANX great men of science meet here. You have honoured the University 
of Toronto, of w hieh « ‘Uzens and our Province are so proud, by holding 
Your triennial Congress Hour city, We give vou à hearts welcome to the city, we give You the freedom of 
the cit, and hope that, when You go baëk to vour OWn homes, vou will carry 
pleasing Memories of pleasant ‘days <pent in the Universits of Toronto and 
inthe City of Toronto 

SE 
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MR. A. FaLcoNER, président de l'Université de Toronto dit: 

Your Excelleney, Mr, President, ladies and gentlemen: 

You have had a welcome extended to vou by the Ad iatrator ot à! 
Dominion on behalf of the Government of Canada. You hav had a come, 
also, given to vou on behalf of the provi # by the Honourar te Mr, Hrarsr, 
and the city has just spoken through Mr. ‘ontroller Cure 24 ae exe 
tended to you the opportunities and the privileges of this beautiful town. 
This is the tribute that has been paid to vour science by the world without. 
Now, Lthink it is in place that tribute should be given to vou by the world 
within, if Emay be allowed that expression. Your séience is indeed one of 
ancient prestige, Thousands of vears ago the old Hebrew prophet spoke ir 
praise of what was the science of his day, when he sang of the discoveries 
of Wisdom and of the results of wisdom in these words: “There is a mine 
for silver and a place for gold, where they refine it. Iron is taken out of 
the earth and brass is molten out of the stone." An ancient and honourable 
science, then, vours is, Mr. Chairman. 

You come now to the universities, and at this time J speak not merely 
in the name of the University of Toronto, but of all the universities of the 
Dominion of Canada. You come to the heart and home where science is 
nurtured in her infaney, where she is strengthened in her maturity and where 
she is comforted in the persons of her sons, when they return from their 
occupations to refresh their minds in the strenuous game of this zealous pur- 
suit of truth, that goes on so often unhceded by the world outside. You 
come from many nations, as has already been stated. Probablx every country 
of the civilized world is here represented. You have brought with vou the 
richest equipment that the universities of vour own lands could give vou. 
You have brought with vou the experience of many vears, and vou have 
brought with vou the sceing eve, as His Exeellenex intimated in the quotation 
of his speech a few moments ago, the sceing eve that is able to see and criticise 
your experience. 

In vour inovements to and fro through this Dominion in company with 
our Canadian geologists vou will see things in our land that they have not 
seen, You will be able to explain things to them about which they have been 
baffled. LE hope and believe also that our goologists—for, Mr. Chairman, 
Ethink Lam right in assuming that vou believe that our geologists are also 

it distinetion-_ [believe that our gcologists will be able to show men of 4 

vou something, that they have made discoveries in this land that we own. 
that we love, that we are trying to understand: and that from their dis- 
coveries and from their experience you will be able to carry back to vour 
own homes some new knowledge that will be applied by vou when vou return, 
and EY your suecessors hereafter. And, therefore, as the result of this scien- 
tifie gathering we may hope that we shall all profit vou from abroud and we 
at home—snd that science will again justify herself even in the material 
returns that Will be the outeome of these gatherings. But also LE welcome 
you as representatives of science pure and simple, not merely applied. The 
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ment du travail qu'ils se sont imposé pour préparer ce Congrès. Mais 

nous remercions aussi les sutorités de ce pays, le Gouvernement du Canada, 

le Gouvernement de li province d'Ontario, les représentants de la ville 

hospitalière + Toronto et de l'Université, de l'appui qu'ils ont donné à 

l'organisation de nos travaux, et en même temps nous exprimons le plus pro- 

fond respect pour l'Auguste Protecteur du Congrès, Son Altesse royale le 

pue pE ConxatGirr, dont le nom a contribué beaucoup à la splendeur de 

cette réunion, 

Permettez-moi, mesdames et messieurs, d'ajouter à ces remerciements 

un mot, qui ne me semble pas inutile en la présente circonstance, Si nous 

nous sommes réunis ici, nous n'avons pas seulement le désir de connaître 

les progrès de nos collaborateurs en science, les progrès ne représentent 

qu'une partie du développement étonnant général que le Canada a pris dans 

les derniers temps, et il me semble qu'il nous faut rendre hommage à ce 

développement en exprimant nos meilleurs souhaits pour l'avenir de ce 

grand pays. 

L'adresse suivante est lue de la part de la SOCIÉTÉ ROYALE DU CANADA: 

Mr. President and Members of the International Geological Congress: 

In welcoming the International Geological Congress to this country the 

Royal Society of Canada is highly appreciative of the honour the presence 

of so distinguished a body of scientists bestows on the people of this Dominion. 
The acceptance of an invitation to hold this XTTth session of the Congress 

here is a significant recogaition by the members of the Congress of the prom- 

inent position the Dominion of Canada has taken not only in the commercial 

world but also in the realm of science, 
The many and varied geologieal problems presented by Canada's broad 

expanse from the Atlantie to the Pacific will prove a fruitful source of study 

during the excursions, and will provide abundant material for future thought. 

The vast mineral deposits of the country will receive that close and particular 

attention that their great extent and richness call for. 

The Royal Society has, in the past, ineluded in its membership geologists 

of world-wide reputation whose names are familiar to all. At present it is 

keeping pace with the rapid growth and development of the country, and is 

successfully carrying on the work entrusted to it. The Royal Society is 

wholly cognizant of the many important and varied results that will acerue 

from the present session of the Congress, and assures the members of à hearty 

and hospitable reception throughout the length and breadth of the Dominion. 

In the name, therefore, of the Royal Society of Canada we bid you 

welcome in the knowledge that vour sesssion in Toronto and the excursions 

through the various provinces will prove of the greatest interest, and be pro- 

ductive of important results, 
JAMES White, F.R.S.C. 

LAWRENCE M. LaME 

HExRY M. Aur, F.RS.C. 
Delegates. 
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ticulièrement attrayant, par le fait que les recherches géologiques s'étendent 

sur une si vaste échelle en notre pays, embrassant l'étude d'un territoire 

immense. 

Mesdumes et messieurs, vous êtes tous, cordialement bienvenus au 

aintenant, mesdames et messieurs, je prierai le Secrétaire général 

du Congrès de communiquer certains renseignements et faire connaître les 

mesures prises pour le fonctionnement de la session. 

LE SECRÉTAIRE GÉNÉRAL: 

Mr. President, ladies and gentiemen: 

Itisa very great honour, à matter of national pride in a voung country 

such as ours, to have in its midst a Congress of world-renowned scientists from 

all quarters of the globe. For the first france Canada is the centre of à real 

world éongre:s. Et perhaps may cause the dream of some {us enthusiastie 

Canadians, of Canada becoming the centre of the British Empire, to be 

extended to embrace the world for at the present moment we are, of course, 

the centre of the geological world. 

As the President has just mentioned, when, in 1910, the Eleventh Con- 

gress decided to hold its Twelfth Session ia Canada we were delighted with 

the opportunity of entertaining so distinguished a gathering, but this delight 

was tempered by the realization of the diffieulty in a voung country of ade- 

quately arranging for such a large and important gathering. particularly 

following the wonderfully successful meeting organized by the distinguished 

representative from the Eleventh Congress, Mr. BÂcksrrôM and his col- 

leagues, whieh set a standard that it would be difficult for anyone, and im- 

possible for us, to reach. The excursions are recognized to be the most 

effective instruments for the aceomplishment of the objects of the Congress, 

as through them the delegates from the four corners of the earth are in per- 

sonal contact, unfettered by formality: and under the inspiration of the 

phenomena presented in the field they freely exchange views with each other 

and give one another the benefit of their personal experience and knowledge. 

In à country of such great and varied geologieal interest as Canada, and so 

comparatively unknown to outside geologists, we felt that, if excursions 

were successfully arranged, the Congress would be in some measure repaid 
for its choice of Canada as its meeting-place.  Consequently our efforts 

have been largely expended on preparations for the excursions. [need not 

point out that this has been no light undertaking. The excursions planned 

before, durirg and after the Congress cover a distance in the neighbourhood 

of 20,000 miles, and afford delegates an opportunity to see typieal examples 

of the most accessible features of geologieal interest and obtain à clear idea 

of the geology and natural resources of the northern half of the North Ameri- 

can continent. The excursions in eastern and central Canada have been 

already completed, or will be during the session. After the session western 

Canada wall be visited, and Lam sure vou will find these w + °ern excursions 
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SECONDE SÉANCE. 

Séance consacrée à la discussion sur Topique N°1, Les 

ressources houillères mondiales.” 

* août. 

La séance est ouverte à 3 h. de l'après-midi sous la présidence de M. Ti. 

TSCHERNYSONEW, MM T, OC, DENIS ét CHARLES CAMSELL agissant comme 

secrétaires, 

Le président rappelle la décision prise par le XE° Congrès à Stockholm 
à l'effet de faire préparer sous sa direction une estimation des ressources 

Cetravailest maintenant terminé et forme un ouvrage houilières mondiales, 

I prie M. Brock de donner un en trois volumes accompagnés d'un atlas. 

aperçu de l'ouvrage. 

M. Brocr dépose entre les mains du Congrès la monographie complète, 
et profite de l'occasion pour remercier tous les collaborateurs de ces volumes. 

Il regrette que, dans certains eus, afin de ne pas en faire un ouvrage trop 

volumineux et en raison du fait que certains rapports sont arrivés très en 

retard, il ait fallu condenser une partie des matières et éliminer un bon 

nombre des cartes. Et M. Brock continue ainsi: 

This monograph, Which is intended to form à companion work to the 

Lron Ore Resources of the World published under the auspices of the Eleventh 

Congress, consists of three quarto volumes of 1,360 pages in all, illustrated 
by upwards of 175 maps and figures and accompanied by a 6S-page atlas 

of geologieally coloured maps. 

The work is edited by Messrs. MeIsxESs, DowLiNG and Leacn of the 

Geological Survey. 

Eu the main body of the monograph there are reports on 64 countries, 

varving in length from over 100 pages for some of the countries with important 

reserves of coul to a few pages in the cases of those with less important re- 

serves, The greater number of the reports are in English, ten are in French 

and Six in German. In the Summary of the Reports, which appears in the 

first volume, all the reports are summarized in English by the editors. 

Mr. Bock, the General Secretary of the Congress, contributes the pre- 

face of the book, in which is explained the conditions under which the publi- 

cation was undertaken. Attention is called to the very cordial support 

given by Geological Surveys and other Similar departments of government 

throughout the world. Through official sourees such as these the greater 

part of the information has been gained, although eertain very valuable 
contributions are from the pens of specialists unconnected officially with the 

fields about which they write, but who were considered to have had unequalled 

opportunities for the study of these fields. An instance of a contribt 
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of the individual countries are classified in a more particular way, tlius 
Canada is shown to have actual reserves, in million tons 

Nova Scotia Class B 50 
Albert: Class A 65 Class B 3 E,00N 
British Columbia Class A7 Class B 60 

or totals of À 6755 Band C 29.161: D 384968 million tons, and to have 
in addition probable reserves of A DANS: Band © 254500: D 563 IN2 million 
tons, 

The production of C3 
hood of twelve million tons annually and though the output may be expected 

ia at the present time is only in the neighhour- 

to increase rapidiy, the figures given above show that actual exhaustion of 
the supply lies very far in the future, 

Following the Antroduction is a Summary of the Re ports by the editors. 
En this a resumé in English of eaci of the extended reports in the volumes is 

of count- 
given, together witha brief compiled statement regarding a numbe 
ries, ineluding among others Greenland, from which comprehensive reports 
were not received. Lists are given also of the countries from wWaich state- 
ments Were received that they have no known coul resources, 

The main part of the volumes, comprising 1266 pages, is taken up by 
ut countries of the World which 

the extended reports received from the diffe 
have coul resources in one form or another. À glance over the index is 
süfficient to show how rare it is to find in any quarter of the globe à country 
without fossil fuel of some kind. Volume Leontains reports from the Islands 
Of Oceania, ineluding besides the Australasian islands, the Philippines, Nether- 
lnds India and the Antaretie continent, whieh is dealt with by the well- 
known authority, Dr, Davib: also reports from Asia. Under Van is à Very 
full report on China by Dr. Nour Drake, supplemented by one covering 
portions of China in detail and illustrated by 16 figures of different coul 
fields, by KiINOSURE INOUYE of the Hnperial Japanese Survey. The reports 
on Chin: duable contributions to our knowledge of the coal re- 
serves Of the world, Since each of them contains much information not hither- 
to published. The Japanese report contains information acquired by 

are very 

various officers of the Japanese Geological Survey corps: articles by IxouyE 
on Corea, Manehuria and Japan, all ülustrated by figures and containing 
much new information: a very well written paper by HE. Hayoex, Director 
of the Indian Geological Survey, on British India and neighbouring countries, 
and reports on the Malay States, Siam, Persia and French Indo-( ‘hina. 

Volume IE contains reports concerning Africa, North, South and Central 
America, the West Indies and part of Europe. Under Africa there is a re- 
port on the States of the South African Union, furnished by the Department 
of Mines, which contains good deseriptions of their coal-bearing Karroo 
system, which lies upon a glacial conglomerate: also reports from eight 

Rhodesia and the Belgian Congo. 
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deseribin, à distriet with which he is particularly familiar, Very full tables 

of reserves accompany the German report. Summarized, they give for Ger- 

many ü total aetual reserve of 94,865,000,000 tons of stein-coal and 

£,314,300,000 tons of brown coal, with, in addition, a large probable reserve, 

The interesting report on Hungary is by Prof. Dr. Lôczx pe Lécez 

and Dr. Causes DE Parr, and that for Austrin by Dr, PETRASCHECK of 

the Austrian Geological Survey. Each of these reports is illustrated by maps, 

that of Austria being accompanied in the atlas by a very valuable set of colour- 

ed maps which were specially prepared for the work by Dr, PETRASCHECK. 

Bosnia and Herzegovina, Servia and Roumania are represented by papers 

contributed, in each case, by men who are in a position to speak with authority 

for each country. 

Sweden, which has considerable resources in bituminous coal, is deseribed 

by Dr. Epwarp Enpuaxx. Norway's possibie coal reserves, which are 
confined to some of the northern islands, are dealt with by Dr. Haxs REUsen, 
and the interesting fields of Spitzhergen are the subject of an additional, 

special paper by Bertiz HüGnou, who estimates for that island a probable 

reserve Of bitu inous coal of S,750,000,000 tons. 

The volume eloses with a paper, in Englisë, on the coal fields of Russia, 
including Russia in Asia, Dr, Tu, TSCHERNYSCHEW, Director of the Russian 

Geological Survey, Who in an introduction summarizes the Russian report, 

estimates for the Empire a probable reserve of coal of all grades of 233,007,- 
000,000 tons of which 18,001,000,000 tons are of anthracitie cols. 

For the purposes of the report the Russian dominions are divided into 

thirteen distriets, Whieh are described separately, each by an author who 

has had special opportunities for studying the particular field he deseribes. 

The collection of the information for this report,-and the same is true ol 

many reports contained in the volumes, —entailed à large amount of field 

work undertaken for the special purposes of the investigation, so that the 

120 pages devoted to Russia are all of intense interest, 

The reports contained in the volumes are illustrated by upwards of 
155 maps and figures and by many tabulated statements. 

The Atlas, which presents a very bright and attractive appearance, 

contains 68 pages of maps, most of them in colours. tt opens with a map 
of the world in hemispheres, geologically coloured to show the distribution 

of Tertiary, Mesozoie and Palæozoic coals throughout the world. Especiallx 

noteworthy among the plates are, perhaps, the coloured maps of China 

Corea, Manchuria and Japan, those of Austria and of France, the eight maps 

of the coal fields of Canada and those of Servia, Roumania and Sweden 

The Atlas closes with a geologically coloured map of the island of Spitz- 

bergen 

M. J. M. Gonbox parie longuement de la elassification de ia houille, 

M. H. M. Capezz, soulevant un point d'ordre, déclare que malgre 
tout l'intérêt que présente la classification de la houille, cette question n 

aucun rapport avec la présente discussion. 
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Valenciennes 6,800 
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Pour l'ensemble des bassins, les réserves certaines et probables situé 

à une protondeur inférieure à 1,200 mètres s'élévent à SS04,000,000 tonnes 

La produetion de la France ayant été de 30,220,501 tonnes en TOI, ces 
d'alimenter l'extraction actuelle pendant 224 uns 

it 

réserves permettraient 
Méme en admettant ane certaine progression de l'extraction, il ne pu 

pus douteux que ces réserves suffiront pendant plus de cent ans 

M. PJ. Kietson, à qui la parole est donnée ensuite, exprime des regrets 

de la part de M, Büken de n'avoir pu assister au Congrès, et présente au 

nom de celui-ci la communication sumante sur le sujet 

EixIGE BEMERKRENGEN ZU DER DISKESSION CHER DIE KouLENV OR: 

pt WeLt 

1, Hinsiehtlieh der Methode der Vorratsermittlung 

Der von der Kongresleitung vorgesehlagenen Ermittlungsmethe 

der Einteilung in die Gruppen und und deren Unterteilung in actual 

probable und possible reserves kann als durehaus zweckmiässig nur zugestinint 

werden. 

Die in dem Kongressvorsehlag gewünsehte Angabe, des Vorrates cine 

jen cintelnen Flôtes ist jedoch eh dut éhrbar 

te) bei durebhaltenden parait un 24. B, Westfalen, wenn sie 
wie oft, in sehr grosser Anzahl vorlia st, in solchen Fallen verbietel 

sich eine derartige Angabe schon aus Gründen der reinen Uebersiehtiehkeit. 

Ci bei nicht durch das ganze Beeken durchhaltenden Flozen (besonders 

bei Flôzen limnischen Charakters), wenn sie ebenfalls in grôsserer Anzahl 

vorhanden sind, einem rasehen Wechisel in der Mächtigkeit unterworfen und 

vielfach selbst in kürzerer Entfernung nicht identifisierbur sind (4, B. Suarbe- 

zirk, Nicdersehlesiseher Bezirk). An solehen Füllen kann nur der Vorrat 
Elüzgruppen (Formationsstufen) angegeben werden, wobei in den 

Fällen zu b der durchschnittliche Kobleninhalt der betreffenden Stufe zu 

gunzer 

grunde gelegt werden muss 

Die sturke Betonung des rein zahlenmässigen Wertes der Flosmaächtiqkhet 

in dem Kongressvorsehlag (CE und 2 Fuss) hat ihre Berechtigung für dic 

Ziele der Kongressleitung, die eine môglichst weitgehende Einheithiehkeit 

in den Vorratsermittlungen der einzelnen Länder anstreben muss: für 

eingehendere Bearbeitungen hat sie jedoch insofern einige Bedenken, als 

die Mäüchtigkeit für die Bouu ürdigkeit zwar sehr wichtig, aber nicht in jedem 

Falle ausschlaggebend, ist. Bei der deutschen Vorrats ist daher in allg 

meinen nur eine Vorratsgruppe unterschieden, dafür aber auch nur der Vorra 
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[LE der unter den ju Utigen Verhitltnissen fotos hich boüriliqur Visas citbeset t 

Worden, Die Ernurt Uhgen der ‘4 rés ni Vorratsne Ben Hiss nbo 
das pruktiseh Endaiel aller solcher { ntersuehungen soin Die Hu dy 
Keit ist von Vielen Faktoren nl Mu, Von denen di Flozmachtigkei nur 
CM cihzelner ist, der zu dem noch bei een bestinnnten Ntande der Horg 
bautec] In jedem Koblentu #irk verschieden gross BE oder soin kann 
sieh also nicht in den Füllen cine den festen Grenye M VO nindestens 1 
oder mindestens 2 Fusxs des Kongressyvors blages anpussen [ENT Für <pater ühubiehe Arboiten dürfte es se mn E bei ünlichon Von 
rabsermittlungen epleblen, von Vornheren Vorzuschreiben, dus nicht 
NUE Zablenangaben bo die Grôsse der Fit ben der betreffene n Mineral. 
Vorkomimen zu mac n,sondern ausserdonn Kactine unit Profils où boizngge. 
ben sil, aus dében neben der jewoilig bekannten Verbroit ing der Minor 
Vvorkommen vor uen die bei des Berechnuni bn dchsichtiqten sn nicht 
berücksichtiot Lei der Gr onerorbre tunis au erkennen sin Solern ver 
sebieden Vorratsklissen Untersehioden Werden, sollte (ie Vorgesehlagen 
kartographiselu Fe legung der Bercehinungettion ébaueh auf die cinge OTEN 
Vorratsklnssen érstrecken. Wie ie Erfahrung Mnmer Wieder bostiitiget 
Werden die an sie dringenl wire henswerten Vorgloions DU älteren None 
BEsbereehnungen und Sehätzungen Unmoglieh oder zum Mindesten doch 
ssetordentlieh rs hwert und y raubend, wenn früber cine solep karto- 
&ruphisehe Fextlogung unterblichen jst Ferner dürite del ME bei späteren dértrtigen grosso Vorratserinitt. 
lungen die Boigub Wenstens des Wichtigsten Zallenmateriat ALURNOITE 
sh ichen fé urteilung der betreffenden Lage Btittenbezirk dringend 
emipleblen, Ein Btübrliehere une in elnzelnen begrindete Durlegungr 
hierüber, die aus Mangel an Zoit vor dem Kongross nicht mehr Li ndigt 
Merde Konnte, sol] in dem Compte Rendu des XIE Int Geol, Kongrosses 
folgen. Hier SION nur cinige Punkte autelübrt, über die nn E. kurz 
Auslübrungen une Zablentafelhn in solehen Untersu hungen dringenel win- 
schenswert ere inen 

Mabistik der Free 404 der Einsclbezirhe nach Meng UE Wort Gun 
Erzcugungs- und tunlichst ane) an Verbranchsont Mask der po derung 
des gunien Landes cnschliesslioh der Eine nn Lusfuhr (alles nach Monge 
und Wert) sowie des lerbrauchs des Landes, sowoi,] absolut wie auf den 
Kopt der Jr volkerung, tunliebst auch lrennung des Verbrauches nach den 
Wiehtigsten Verbrauchergrappen, Mie 2. B. Industrie, Nc hiflfahrt, Haushal- 
tung us. w, Ferner Statistische Angabon über die Belegschaft und die 
Lühne in den cinzelnen Bergbaubezirken US Hierboi würden aWeck- 
Mässig die Zahle nwerte nicht für die bolitischen Einheiten cines Landes, 
sondern, wenn irgend môglich, für die natürlichen Lagerstättenbezirps. die 
Ja hüufig sich über Mmebrore politische Einheiten erstrecken, gogeben. Diese 
Zahlenwerte sollen die Entwieklungstendenz, wWenigstens der letzten Jahrgohne 
te erkennen lussen. Erwünseht sind ferner kurze Angaben über die Bedeu- 
tung der betre ffenden Lag rstättenbezirke: ob diese also nur für den Lokale 
oder auch für den Lan deskonsum in Frage kommen oder gar Weite 



112 PROCES-VERBAUX. 

markt eine wesentliche Rolle spielen Falls in einzelnen Ländern Fracht- 

fragen, Zollverhältnisse oder Besteu ssmassnahmen von wesentlichem 

Einflusse auf die Entwicklung der becreffenden Lagerstättenbezirke sind, 

wären auch hierüber kurze Ausführungen wünsehenswert. Die bei 

füllung dieser Wünsche für die Bearbeiter der cinzelnen Länder sich erge- 

bende Mehrarbeit dürfte nicht sehr bedeutend sein, zumal wenn diese Punkte 

im cinzelnen schon von vornherein in den Vorsehlägen der betreffenden 

Kongressleitung angegeben werden. Für die Leser, besonders aber für die 

ausländischen Leser, bedeutet die Beigabe solcher wirtschaftlichen ben 

einen sehr grossen Vorteil, da letzteren erfahrungsgemiäss dus wirtschaftlieh- 

statistische Material in dem meisten Fällen nur sehr schwer zugänglich ist. 

Bei der nach einheitlichen Gesichtspunkten erfolgenden Bearbeitung in 

den Kongresswerken, die ja nur in den allen gebildeten geläufigen Kongress- 

sprachen erscheinen, fällt auch das sonst oft stürende Moment der Nicht- 

kenntnis der betreffenden Landessprache fort. Aueh die durch diesem 

Mehraufwand an Arbeit und den grüsseren Umfang der Publikationen ent- 

stehenden grüsseren Herstellungskosten dürften dureh den alsdann sich 

ergebenden grüsseren Kreis der Abnehmer reichlich aufgewogen werden. 

LL. Hinsichtlich der Kohlenklassifizierung. 

Voll und ganz muss man m, E. auch der Absieht der Kongressleitung 

gustimmen bei dem grossen Unternehmen einer Weltkohleninventur die 

Gruppierung der Kobhlenvorräte tunlichst nach einheitlieh festgelegten Koh- 

lenarten vornehmen zu wollen. Es fragt sich nur, ob dus für diesen Zweck 

vorgeschlagene neue Klassifikationssehema für alle Fälle gecignet ist. 

Der Kongressvorschlag basiert  aussehliesslieh auf rein chemischer 

Einteilung; nun ist aber die Substanz, die wir als Kohle bezeichnen, ein 

derartig kompliziertes Gemenge in sich auch noch wabhrscheinlich komp- 

liziertest aufgebauter Kohlenwasserstoffe. Wir wissen doch heute überhaupt 

noch nicht, wie die €, H, N, O und S Atome zu Molekülen in der Kohle 

zusammengruppiert sind, wir wissen auch noch gar nicht, in welchen Formen 

und nach welchen Gesetzen eine Umlagerung und Neugruppierung der einzel- 

nen Atome bei der chemischen Analyse, be der Verkokung, überhaupt bei 

den Manipulationen, die wir bei der Untersuchung und Verwendung der Kohle 

mit dieser vornehmen, stattfinden. Die Elementaranalyse sagt uns ja 

nur, dass in Summa in der Gesamtheit der verschiedenartigst zusammen- 

gesetzten einzelnen Kohlenwasserstoffe so und soviel Prozeut CHEN, 0 und 

S enthalten sind—-aber nichts weiter.  Nun künnen aber zwei Kohlen, die 

nach der Elementaranalvse gleiche oder sehr ähnliche Zusammensetzung 

aufweisen, sehr verschiedene technische Eigenschaften haben; umgekehrt 

künnen Kohlen gleiche Eigenschaften bei sehr verschiedener _chemischer 

Zusammensetzung zeigen.… Deutet dieser Umstand schon darauf hin, dass 

ein ausschliesslich nach ehemisehen Gesichtspunkten aufgestelltes Klassi 

fikationsschema nicht das Ideal ist, so ergeben weitere Ueberlegungen, dass 

eine alle Interessen befriedigende Klassifizierung auch die rein wissensehaft- 
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lich-geologischen Interessen wie dicjenigen der Praxis berücksichtigen müsste; sie müsste auch in eine Form gebracht werden, die bei aller wissen- schaftlichen Gründlichkeit doch auch für die Kohlenverbraucher leicht ver- Ständlich wäre,  Ob dus in Vorschlag gebrachte Klassifikationsschema für nichtdeutsehe Kohlen 2Weckmiässig ist, entzieht sich meiner Beurteilung; für deutsche Kohlen vermag ich jedoch in ihm keinen besonderen Fortschritt zu erkennen. Diese Anscl auung wird übrigens, was ich nicht unerwähnt lassen müchte, auch von be leutenden Kohlenchemikern geteilt. Da mir nach allem das zu erstrebende Ziel heute noch unerreichbar fern erscheint, môüchte ich es für 2weckmiässiger halten, statt eine neue, nicht voll befriedigende Neueinteilung éinführen zu wollen vorläufig noch bei den bisherigen Bezeichnungen und Gruppierungen zu bleiben, die in den einzelnen Ländern, zwar in sehr verschiedenem Masse, im ( ‘rossen und Ganzen jedoch den Bedürfnissen der Praxis entsprechen.  Wichtiger als oi neue Klassifikation scheint mir bei dem jetzigen Stande zu sein, dass Einzelunter- suchungen angestellt werden, dass also Bausteine gesammelt werden, von denen ein jeder sein Teil beitragen wird, uns der Erkenntnis näher zu bringen: Beusteine, die in ihrer Gesumtheit und'in hoffentlieh nicht zu ferner Zukunft alsdann den Bau einer Brücke ermôglichen, auf der Wissenschaft und Praxis gemeinsam das Ziel erreichen künnen und damit die heute noch un- überwindbar erscheinende Kluft überwinden. Es dinfte sich m. E, empfeh- len, zunächst die Fragen Zusammenzustellen, von denen eine Lüsung Wenig- Stens von Teilproblemen zu erwarten ist und dadureh die Arbeiten in bestimm- te Bahnen zu lenken, und diesbezügliche Untersuchungen in den einzelnen Läündern anzuregen. Zur Erläuterung nur wenige 1zelbeispiele: Es Märe m, E. näüher zu untersuchen, ob zwischen der clemischen Zusammen- Setzung und den etwaigen botanischen Versehiedenheiten des Ausgangs- Materials der heutigen Koble und zWischen den verschiedenartigen geolo- gischen Bedingungen, unter denen die Koblebildung eingesetzt hat. CHumus- bildungen, Sapropelbildungen u, s. W.) wWeitgehendere genctische Zusammen- häünge bestehen: an würde vielleicht woiter kommen, wenn man neben der heute_ meist üblichen Durchsehnittsprobe aus dem ganzen Flézprofil bei “Streifenkohlen”" auch noch sorgfültige Analysen getrennt für die Glanz- und die Mattkohlenstreifen vornehmen würde und gleichzcitig das zahlen- mässige Verhältnis der Beteiligang an dem Flüzaufhau ermittelte und zu den technischen Eigensehaften der Flôze in Verbindung zu bringen suchte. Man müsste m, E. in den verschiedenen Kohlenrevicren einmal genauere Bcobachtungen anstellen, ob ausser den vorerwähnten Momenten nicht auch etwa die Petrographisehe Beschaffenhoit der einzelnen Nebengesteins- schichten oder andere Faktoren von wesentlichem Einfluss auf die Heraus- bildung des Kohlencharakters gewesen sind. Haben wir doch mehrfach in derselben eng begrenzten Formationsstufe Kolhentlüze, die durchaus ver- schiedenes technisches Verbalten zvigen. 
Bei der Beschäftigung mit der Kohlenvorratsermittiung und der dabei sich ergebenden Probleme sind die grossen Schwierigkoiten einer alle Gesichts- punkte befriedigenden Kohlenklassifiz ‘Tung ja offenbar geworden: ich 8 
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müchte jedoch glauben, duss diese am schnellsten überwunden werden konnen, 
wenn die zunäcbst erférderlichen Untersuchungen in den einzelnen Ländern 
nach einheitlichen systematischen Plane in die Wege geleitet würden. 

M. A. E. Kirsox fait au sujet de la houille brune de Victoria les re- 
marques suivante 

The brown coal deposits of Victoria, Australia, are of great proportions 
and of wide distribution through the southern half of the State, principally 
in the basins of the Moe, Latrobe and Morwell rivers (central Gippsland), 
the Alberton and Welshpool districts (southern Gippsland), the north- 
western side of Port Phillip, near Melbourne, and in the basins of the 
Werribee, Moorarboo!l, Upper Barwon and Gellibrand rivers (western and 
southwestern central Victoria). 

They oceur associated with Cainozoie gravels, sands, clays and, rarely, 
limestones, principally of the older and middle Cainozoie periods.  Though 
in the Port Phillip area they are interbedded with marine deposits, probably 
Oligocene, they appear to be mainly of estuarine and lacustrine origin. 
The principal deposits may be regarded as occupying an area of at least 
2,000 square miles. 

At Maryvale, near Morwell, in the Latrobe valley, a bore sunk to a 
total depth of 1,110 feet showed an aggregate of 808 feet of brown coal, 
associated With elays and sands. This occurrence is the greatest known 
deposit of brown coal in the world. It co: S ven beds, with thick- 
nesses in descending order of 29, 25, 49, 228, 265, 166 and 44 feet, the third 
and two succeeding beds (542 feet thick) being separated by two bands of 

clay, 6 feet in thickness 

Other deposits, varying from 20 to 193 feet, oceur in several places, as 
shown on the map which I present. Some of the large deposits have natural 
outerops; others oceur under beds varying from 40 to 360 feet in thickness. 

A large portion of the wide volcanic plain west of Melbourne is in all 

probability underlain, though perhaps not connectedly, by large deposits 

of brown coal, for near its northern margin, at Bacchus Marsh, two beds 24 

and 20 feet thick are reported to have been found in Raïlway Department 
bores, while 20 miles to the southeast, near the shore of Port Phillip, the 
deposits are from 33 to 134 feet in thickness. 

Most of the Victorian brown coal is of high quality, admittedly superior 

to that of Germany, where the industry is of such great importance. The 

superiority is in the lower amount of moisture and ash and the higher amount 

of carbonaceous matter. 

In its raw and briquetted states the Morwell brown coal has calorifie 

values of 8,228 to 9,540 B.T.U., respectively, while the calorific values of 
most of them are hign 

The material is capable of being made into good briquettes Without the 

aid of any binding matter, and it is eminently suitable for use in gas pro- 

ducers. For a useful comparative, general, analytical and economie de- 

seription of some of the Victorian brown coals,, reference should be made 
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published in the Proceedings of the August-September, 1908, which js 

AS.M., 

late Jas. Srmuinc and of the author of the paper, 
La séance est levée, 
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KEY Map SHOWIXG Posiriox or Borr-Hozes, Vicrorts, AUSTRALIA. Bores northuest of Port Phillip 
Bore No. Remarks. 
B._ Brown coal s’ at 221’, 

at 202’, 14/ at 242, 
2° at 291", 

"at . 3. Brown coal 74/ 0° at 348". Brown coul 29° 0°’ at 363 4ar at 393", 13° at 435, 50° nt 4487, Brown coal 33° 0° nt 51°. 
& 

Boring at Lal-Jal revealed 128 brown coal at 60’, and S'at 188’, 
Boring at Denns Marsh. Thickness un- ‘értain, probably 10° to 12’, 

Bores in Buln-Buln County 

Bore No. Remarks. 1. Average thickness 35/ 4t 60° from surface, 
2 Thickness from 1° to 67’, 3. Thickness from 100’ to 150! at 40" 10 60° from surface. 4 Thickness from 40° 16 170" at 20 10 40° from surface, 3. Thiekness 2’ 6° at 120° from surface, 6. Thickness 139747 at 71, and 22’ at 1,400". 

7. even beds Of brown coal agrée gating SOS" 
N. 21’ SON, 
9, from “irface, 10, Kate at 40° to 195’ from 
1. , snd 6’ at 391 12. 47 at SON, 167 at 30", 10° at 405, 
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i ROISIÈME SÉANCE. 

nee consacrée à la discussion sur communications diverses. 

$ août. 

La séance est ouverte à 10 h. du matin sous la présidence de M. EF. D. 

Apays, MM. T. C. Dexis et J. A. BANCROF agissant comme secrétaires. 

Les travaux suivants sont présentés: 

H. Keibez, Über das Alter, die Verbreitung und die gegenseitigen Bezie- 

hung der verschiedenen tektonischen Structuren in den ar- 

gentinischen Gebirgen (page 67 D). 

Une discussion s'engage au sujet de ce travail et MM. STEINMANX et 

Abas y prennent part.! 

G. A. F, MOoLENGRAAFF, Folded mountain chains, overthrust sheets 

and block-faulted mountains in the East Indicn archi- 

pelago (page 689). 

Le sujet de cette communication est discuté par MM. WELTER, VAUGHAN 

MANN. 
L. E, GExrTiz, La géologie du Maroc (page 703). 

M. H. F. Rep fait quelques observations sur le sujet de cette étude, 

La s ice est levée, 

QUATRIÈME SÉANCE. 

Séance consacrée à la discussion sur le sujet No. 7, Les caracté 
tiques physiques des mers paléozoiques et les particularités de leur 

faune considérées au point de vue de la portée du retour des mers 

dans l'établissement des systèmes géologiques. 

9 août. 

La séance est ouverte à 10 h. du matin sous la présidence de M, G. 

STEINMANX, MM. GoLDpMax et HARTNAGEL faisant fonction de secrétaires. 

Il est convenu que toute discussion ne sera permise qu'après lecture de 

tous les ouvrages, 

Les communications suivantes sont présentées: 

T. C. CHamBERLiX, The shelf-seas of the Paleozoie and their relation to 
diastrophism and time divisions (page 539). 

MANN, Die paläozoischen Meere in Südamerika. 
lecti 

de h 1On trouvera un résumé de la discussion aux pages qui suivent le travail dont il 
est question. d’ex 
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CHUCHERT, The délimitation OÙ the geologie periods ilustrated by the paleogeography of North America (page 555). *. FRECH, The Palaozoies of the Bagdad railway. 9. HoLrEpauL, On the OÙ Red Sandstone series of northwestern Spitz- 
bergen (page 707). 

Après la lecture de l'or vrage de M, Hozrepans, ln séance est interrompue 
pour le lunch et reprise à 2.30 h. à titre de séance de section 2, et les articles Suivants sont lus: 

E. O, Uzricn, The Ordovician-Siluriqn boundary (page 593 RAT CHAMBERLIN, Periodicity of Pateuznie Orogenie movements. Jans la discussion qui suit on entend MAL J. M. CLARKE, Ni EINMANN, 
2e 40EL, HS, Wircraus, WiELaxD et Turion, La séance est ley à 5.05 de l'après-midi, 

CINQUIÈME SÉANCE. 

Séance consacrée à la réception de propositions « rapports des commissions internationales, 

11 août. 

La séance est ouverte à 10.15 h, du Matin sous la présidence de M 
LP 5 à Abaus, le Secrétaire général, M. R. W. BRoCk, faisant fonction de 
secrétaire, 

Le rapport de la Commission du Prix Spendiaroff ( page 127) est lu et 
approuvé, 

Le rapport de la Commission sur les ressources mondiales en minerais 
de fer (page 128) est lu et approuvé. 

Le rapport du Comité exécutif du Douzième Congrès géologique 
international, sur la Proposition de Dr, Honns relative à une coopération 
internationale pour l'étude des systèmes de fracture de l'écorce terrestre 
(age 152) est alors lu et approuvé, 

Les rapports du Conscil acceptant l'invitation de Ja Belgique de tenir 
la XIIe Session du Congrès géologique international et fixant l'année 
1917 comme la date du Congrès sont lus et approuvés, Le Président Lt les communications de la République Argentine et de 
l'Espagne invitant le Congrès pour une des sessions suivantes (page 158). La séance est levée 

Apres l'expédition des affaires du jour, les membres présents se forment 
en section spéciale sous le présidence de M. SEDERHOLM pour entendre Ja 
lecture des études qui n'ont pas pu être atteintes aux séances antérieures, M. L. Miccu fait une démonstration de ln plasticité du sel gemme à 
de hautes températures (page 891) et fournit aux membres présents l'occasion 
d'exécuter eux mêmes des expériences. Pour commémorer Foccasion, une 
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Plaque est remise au Président portant l'inseription suivante faite en cristaux 1 
courbés de sel gemme:- 

Congrès géologique international, 1913, 

NaCl. 
M. P. D. Quexsez lit une communication sur A new area of nepheline 

rocks in Sweden Une discussion s'engage à laquelle prennent part MM. 

KEMP, SEDERHOLM, CONNOR et ApaMs et où ilest fait allusion à la 

similitude entre les roches décrites par M, QUENSEL et les roches de syénite 

sant le Congrès. qu'on a vues au cours de l'Exeursion A 

Après la diseussion, la séance de section spéciale fut ajournée à l'après- 
midi 

SINIÈME SÉANCE, 

Séance consacrée à la discussion sur le sujet No, 4, L'origine 
et l'importance des sediments precambriens. 

13 août. 

La séance s'ouvre à 10 h. du matin sous la présidence de M. P. M. 
Termier, MM. W. H. Cocuxs et M. E. WiLsoN agissant comme secré- 
taires, 

Les communications suivantes sont présentées: 

G. A. J. CoLe, Illustrations of the formation of composite gneisses and 

amphibolites in northwest Ireland, illustré de projections 
lumineuses (page 311). 

M. Apays au nom de l'assemblée félicite l'auteur de la façon claire dont 
il a établi l'analogie des gneiss de l'Irelande avec ceux du Cana 

J. J. SeperHoLM, Different types of Pre-Cambrian unconformities (page 
313). 

Joux HoRxE, The Pre-Cambrian sedimentaries between the Moine thrust 
and the eastern border of the Scottish Highlands. 

Le Président déclare qu'il est absolument de l'avis de M. HoRxe. 
J. J. SEDERHOLM, Regional granitization (or anateris), illustré de pro- 

jections lumineuses (page 319). 

Dans la discussion qui suit on entend MM. Lawsox, COLE et SEDER- 
HOLM. 

W.S. Bavzev, The Pre-Cambrian sedimentary rocks in the highlands of 

Veuw Jersey (page pe 

C, K. Lerru, Relations of the plane of unconformity at the base of the 

Cambrian to terrestrial deposition in late Pre-Cambrian 

time (page 335). 

ion est discutée par MM. LANE, SEDERHOLM et HoRxE et la La qu 
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PTIÈME SÉANCE. 

ance consacr à la dise 
ions, | 4 correlation et la te 

ussion sur le sujet No. 
rminologie du pre. 

div 5: Les sube 
nbrien. 

13 août. 
La séance s'ouvre à 2.340 h. de l'après-midi, sous la présidence de M, A, 

STRAHAN, M. J, A. BaNcrorr faisant fonction de secrétaire, Le Comunications suivantes sont lues: A. NTRAHAN, The subdivisions 
rocks of the British L A. C. Lawsox, 4 

and correlation the P sles (page 339), Slandard seale Jor the America (page 349). CMD HoitaxD, The 

re-Cambrian 

Pre-Cambris, rocks of North 

Archœan and p India (page 375). 
J.J. SEDERHOLM 

Urana groups 0f beninsular 
; Some proposals ec 

Cambrian (page 381). A. P. CoLEmax, The 

mcerning the te rminology of the Pre 
Sudbury series and its bearing on P fication (page 387). 

re-Cambrian 
in résumé de son travail, W. H. Couuixs, A classification of the P east of Lake 

En l'absence de 
CK. Lerrn, Pre 

re-Cambrian rocl. e Superior (page je M. Couuixs, on lit seulement le titre -Cambrian corre lation fro 
(page 409). 

J. DEprar, The geology of Indo- En l'absence de M. Deprar, | est donné. 

‘the region 

de son ouvrage, mn the Lake Superior Slandpoint 

China and Honan. 
e titre seulement de sa Communication 

A. Lacroix, Les roches alcalines de Madagascar ce montagnes Mmontérégiennes, et 
Minéralogiques de 

M. Lacroix 

Mmparées à celles des 
Les ressoure 

En l'absence de 
deux articles, 

Le sujet général, | 
du précambrien, donne 
part MM. Lane, Lawsox, Lerru, SEDERHOLM, HoRxe, CHAMBERLIX, FERMor et Sir Thomas H Le président r sume | 
l'importance des opinions é 

Wadagascar. 
+ On se contente de donner le titre de ses 

es subdivisions, la corrélation et la terminologie lieu à une discussion animée à laquelle prennent COLEMAx, BarLow, COLE, 
ILLAND, 

a discussion et fait ressortir en que lques mots 
est lévée, 

mises, et la séance 



PROCES-VERBAUX. 

HUITIÈME SÉANCE, 

Séance de clôture, 

14 août, 

ice est ouverte À 10 h. du matin, sous la présidence de M, EF, D. 
Abas, le Secrétaire général, M. R. W. Brock, faisant fonction de see tai 

in ouvrant la séance, M, Abaus fait remarquer qu est la dernière 
réunion du Congrès. Il remercie les membres de leur assiduité et de leur 
intéréi. 

M. F. Frecu lit ensuite les rapports des Commissions sur la Palivon- 
tologia Universalis (page 132) et sur la publication d'un lexique de strati- 
graphie (page 1321. Ces rapports sont approuvés, 

ME, pe ManGeiE lit ensuite le ropport de la Commission internation- 
ale des glaciers (page 144) lequel est a orouvé. 

Au sujet de la Commission sur le degré géothermique, M. Apass lit 
une lettre de MG. F, BECKER lui faisant parvenir une communication de la 
part de M Hazer à l'effet que lan Commission n'avait pas de rapport 
formel à faire, mais qu'un rapport sera deposé à la treizième session. 

Le Secrétaire général lit la proposition de M. 
les services géologiques à une coopération plus active dans l'étude des 
zones contiguës du précambrien (page 157). Approuvé. 

IL lit ensuite les propositions suivantes déja approuvées par le Conseil 
en sa séance du 14 août, et toutes les deux sont acceptées: 

(1) Proposition à l'effet de nommer une commission se composant du 
Secrétaire général du Comité exécutif du prochain Cong et de deux 
anciens secrétaires généraux désignés par celui-ci, pour fixer le format de 
la monographie qui devra être publiée par le Congrès, le nombre de pages 
réservés à chaque pays et les dates auxquelles les manuserits devront être 

SEDERHOLM invitant 

remis. Cette commission doit aussi avoir le droit de juger si les cartes et 
illustrations fournies par les auteurs des articles s adaptent bien à la repro- 
duction (page 157.) 

(2) Proposition qu'un petit comité international soit nommé, composé 
de pas plus de huit personnes ayant pris une part active aux travaux des 
Comités exéeutifs des sessions précédentes du Congrès, pour étudier la 
question d'établir une constitution et des règlements permanents, et pour 
soumettre, si c'est possible, une proposition à cet effet à la prochaine session 
du Congrès (page 157.) 

Le président lit le rapport de la Commission de la carte géologique 
internationale (page 141) lequel est approuvé. 

M. G. O. SurrH propose le vote de remerciements suivant, lequel est 
adopté à l'unanimité. 

RESOLUTION OF THANKS. 

“The Twelfth International Geological Congress desires to express its 
deep sense of gratitude to all who have contributed in any way to the success 

lors 

laiss 

avec 



SÉANCES GÉNÉRALES, 
121 of the Congress andtothe It desires to thank Fiel NAUGHT for graciouxly 

Of Canada for its ve 
financial assistance, 

comfort and pleusure of the delegates sn ld Marshal, His Roval Highness the extending his Patronage : 
TY gencrous Support, 

Emembers, 
DUKE 06 Cox. to thank the Government not only in tontributing but in placing at the service of the ( ‘ongress 

its officinls and, generally, in aiding the Congress by ever 
to thank the Governments of Ontario, Quebec, Bri Scotia for similar Support; to thank the ( University of Toronto for placing equipment and buildings of the sires to eXpecially ment 

ings, and Mr.( "HRISTIE, 
So Much to the comfort 
to thank the colleges that have opened their for the use of the Congress: and to thank and non-professions 
their labours, 
Cursions of the 

substantiul 
So Many of 

Y possible menns: 
sh Columbia and Nova "Overnors and President oûthe a the disposal of the € ‘ongress the Splendid university; and in this ‘onnection, it de ion Mr, GRanau ( "AMPHELL, Superintendent of Build- who by their excellent arrangements have and convenience of the 

contribute 
members of the Congress: 

l dining halls 
l profesional 

residences ane 
all persons officia l, throughout the length and breadth of C ontributions and hospitality have made the Congress such hoteworthy and Memor. tory of the ( ‘ongress. 

anada, who by 
session tn exe 

able events in the his- The notable success of the has been made 
Twelfth International Geological Congress 

possible by the wise endeavours and inde atigable industry 
of its Exceutive « ‘ommittce, This Congress therefore eXtends its Congratu- 
lations and eXpresses its gratitude to the members of the ( ‘ommittee, who by 

their éflicieney have so Well represented their nation and our science, 
Congratulations are due the officers of the Congress, P, 
General Sec Y BRrock, the one so honourab}y: universitios and the other so ably leading the the gcologists of “hich have contribu Of Canada's kreat natural resor the membe. 

Special 
resident Apays and 

representing Canadian Dominion Geological Survey, tel so fectively to the presentation irees and interesting géologie phenomens to 
rs Of this Congress.” Le Président trè, 

plus grands éloges de ] 
M. Rexter ox 

voulu accepte 

S ému à la suite de 
active coopér. 

rime tous s 
r l'invitation de Il CE pays et espère que ce 

de tous les membres, 

te vote de remerciements fait les ation des membres et délégués étrangers, es remerciements au Congrè a Belgique à tenir s ette session 

S d'avoir bien # treizième session dans à venir pourra Compter sur la Coopération EL termine en souhaitant de retrouver tous los membres 
présents à Bruxelles en 1917. Le Secrétaire général, M. Brock, dit combien il regrette que son travail 
l'ait empêché de connaître un plus grand nombre de membres, I] 
les remercie d'avoir si bien contribué par leur présence au Magnifique succès 
du Congrè 

ant de leur indulgence et de leur patience 
“omplissement de certains 

€ a pu quelquefois 
laisser à désirer, 

asion de faire Plus ample lors du prochain Congrès, 

et se montre reconnaiss, lorsque 1 
détails du Programm Il espère avoir l'occ. 

Connaissance 
avec chacun des members 

La séance est levée, 



SÉANCES DE SECTIONS. 

Section 1, Géologie précambrienne et économique, Pétrologie, 
Minéralogie, etc. 

»tEMIÈRE SÉANCE. 

Sujet No. 2: Différenciation dans les magmas ignés. 

8 août. 

La séance s'ouvre à 2,40 h. de l'après-midi, sous la présidence de M. H, 

BÂcksrrôM, M. P. D. QUENSEL agissant comme secrétaire. 
Le président annonce que les discussions ne seront permises qu'après 

la lecture de toutes les communications. 

Les articles suivants sont lus: 

R. A. Day, Sills and laccoliths illustrating petrogenesis (page 189). 

A. Hanker, Fractional crystallization the prime factor in the differentiation 
of rock magmas (page 205). 

J. P. IpbixGs, Some examples of magmatie differentiation and their bearing 
on the problem of petrographical provinces (page 209). 

“VasHiNGTON, The voleanice cycles in Sardinia (page 229). 

Hosss, Variations in composition of pelitic sediments in relation 

to magmatic differentiation (page 241). 

ae discussion s'engage sur les opinions émises dans ces articles au sujet 

de la différenciation magmatique, et l'on entend les members suivants: 

A. C, LANE, F. Loewixsox-LessixG, W. Cross, J. W. Evans, L. PiRssox, 

G. F. BECKER, J. P, IpnixGs, Tn, DauLBLoM, À. BERGEAT, N. L. BOWEX, 
B. Hogsox, W. SN. BayLey et H. BicksrRôM. 

Lu séance est levée, 

DEUXIÈME SÉANCE. 

Communications diverses: Géologie économique et chimique. 

9 août. 

La séance s'ouvre à 2,45 h. de l'après-midi sous la présidence de M. H. 
Miërs, MM. H. BackLuUxp et À. A. COLE agissant comme <ecrétaires, 

Les communications suivantes sont présentées: 

J. SaMogLorr, Ergebnisse der geologischen  Untersuchungen über die 
Phosphoritlagerstätten Russlands (page 843). 

C. N. Gouzp, The occurrence of petroleum and natural gas in the Mid- 

continent field (page 861). 

122 

par! 



NÉANCES DE NE: TION, 
123 

| Une discussion suit, à laquelle prennent Part MM, v'Ixviuuns | CabMAN et l'auteur de l'article 
J. DE NzÂpEczkY, Vatural gas in Transylvanie | 
GE KUNz, The geologicut 

continent, 
Le sujet de cette étude est discuté 
L. Mivcu, Cher die 

page 860) 
ocCurrence of precious stones on th American 

par MAL, Canmax et Hotuax, Plastisität des Stein sulzex 
von der Temperatur (page SOL). 

M. Micen a donne une dé 
gemme à la séance gén 

und ihre Abhängigkeit 

Monstration pratique de la plasticité du sel ale du 11 août, 
La séance est leve 

TROISIÈME 
Sujet No, 3: L'influence de la 

É 

profondeur sur la nature des gisements 

"ANCE 

métallifères, 

11 août, 

La séance est ouverte à 2,30 h. sous la présidence de M. G. MR. P. D. Guanau agissant comme secrétaire, 
Le président annonce qu'il a été decidé de n'accorde pour la lecture de chaque étude afin que l’on ait tout le la discussion, 

0. SurTH, 

r que dix minutes 
temps voulu pour 

Les communications suiv antes sont présentées: — JF, Kewe, The influen ce of depth on the character 
posits (page ). 

MM. Tauer, Becker, RANSOME, 
part à la discussion qui suit, 

W. H. Eumoxs, 

of metalliferous de- 

LINDGREX, Lawsos et LANE prennent 

The mineral composition 
determining the vertical range of » 
processes (page 261) 

La question est discutée par MM. Ke 
CHELL et LAWsOoN et sur proposition de 
est remise jusqu'après la lecture del 

L. L. Feruon, 

Of primary ore as a factor 
metals de positei by secondary 

MP, REab, UbbEx, H, V. Wix- 
M. Kausou, la suite 

‘article de M. Kavson. 
The formation in depth of oxidized ores and secondary limestone (page 27 

de la discussion 

71). 
L PAIGE fait quelques remarques sur le 
. J. Knruscn, Primäre und sehkundäre 

sichtigung der Gel" 
(page 2 

Une diseussion suit à laquelle prennent part MM. HV, Wixcneur, LaNE, LINDGREX, Krrsox, BakER, Maiër, Emmoxs et l'a P. R. Faxxixe, 4 contribution to the 
Islands (page 287). 

Cette conférence donne lieu 
la séance est levée. 

A 
sujet, P 

unter besonderer Ber. ck= 
und der schwermetallreichen E 

iteur de l'article, 
metallogeny of th Philippine 

à une courte discussion générale après quoi 



PROCEMVERDAUX, 

Section 2, Paléontologie et Stratigraphie. 

PREMIÈRE SÉANCE, 

Communications diverses 

Il août. 

La séance s'ouvre à 2,30 h, de l'après-midi, sous la présidence de M, I, 
Bazpacer, M, JA MaxCRorr agissant comme secrétaire, 

Les communications suivantes sont présentées 

Pau Putvosr, La faune continentale du terrain houiller du nord de 

la France; son utilisation stratigraphique (page 925). 

ET, Meston, On the mode of deposition of the auriferous conglomerate 
of the Witiwatersrand (page S95). 

M. CoLe fait remarquer que les idées développées par M. MELLon 
sont d'autant plus intéressantes que l'on attribue maintenant une origine 

terrestre au Old Red Sandstone”" de l'Angleterre, 

COR. KEYESs, Certain features of eolie gradation page MD. 

JT. B, IVES, Geological cartography. Wustré moyen de cartes 

du type dout il est question dans 

Après lu conférence de M LIVES, la séance est levée, 

Section 3, Géologie glaciaire et Physiographie. 

PREMIÈRE SÉANCE, 

Sujet No. 6: Dans quelle mesure l'époque glaciaire at-elle 

été interrompue par des périodes interglaciaires? 

N août, 

La séance est ouverte à 2,30 h. de l'après-midi, sous la présidence de 

M. TC CuauBErLix, * MM EF. W. DeWozr, W. A. Jonxsrox et 

M. EL GoLpMax en qualité de secrétaires. A la demande du président il 

est convenu qu'on limitera à 20 minutes le temps accordé pour la lecture 

de chaque article et que la diseussion ne sera permis qu'après cette lecture 
complète, 

Les communications suivantes sont présentées: 

GW, LamrzuGn, The Enterglacial problem in the British Esles (page 

127). 

Vu l'absence de l'auteur l'article est lu par M. STRAHAN. 

A. P. CoLEMAx, An estimate of post-Gilacial and inter-Glacial time in 
North America (page 435). 

M. CoLEMaAx donne seulement un résumé de son ouvrage. 
G.F. Wricur, Recent date of the attenuated glacial border in Pennsyleanix 

(page 451). 



SÉANCES DE NECTION» 125 
Wauex Uritas, The Sangamon inter lacinl slage in Minnesota ant westward (page 455) 
AE A CÙ Glasial und Interglazial in Nord utschland (page 467 Le titre 18e seulement est lu et M, WoLre fait sur le sujet une Courte conférences ilustrée de Projeetions lumineuses WC ALDEN, Early Pleistocenc glaciation in th lock mountains of Glacier National Park, Montana (page 470) En l'abser de l'auteur on lit seulement le titre de l'arti le et le prési. dent en donne un résumé, 
Ces CoBunications donnent lieu à une discussion générale à laquelle 

brennent part MM Kt MMEL, Fukcn, Coeurs Kay, Banen, Ls VERETT, GE Won TE EM WoLrr, Uri, Tabou, LEébs et TC Cents, La séance est levée à 9,45 h 

SECONDE SÉANCE 
Sujet No. 6: Dans mn Mesure l'époque glaciaire at-elle été Itérrompue par des périodes iterglaciaries (suite) 

13 août, 
La séance est ouverte à 10h, du matin sous la présidence de ML F, Hume: MM W. He MeX ans ot A. L. Pansons Ait comme secrétaires, Les communications SUIVantes sont présentées N.0, Host, Le commencement ea Jin de la période glaciaire puge ANS), En l'absence de l'auteur, M, TE W.Wozre don lecture d'un résumé de cette étude en allemand, 
H. 1. Faune, Now Vork state under th Labradoreun ice-shect. Le titre de l'ouvrage seulement est lu et M Fanon prononce sur ce sujet un discours illustré d'une série nombreuse de cartes faisant voir lex phases successives inte oues dans le développement de la topographie de l'état de New-York durant | époque glaciaire Ce discours donne lieu à une discussion à laquelle prennent pert MM. HV, Wiseuei, G, FE. Waicrr ot l'auteur de l'article, Waktex Ua, Fields of outflou of the North American ice-shect page 515), 
M Evaxs fait quelques observations Sur cet article: il est d'avis que M, Urna attribue à la nappe de glace Une marche trop rapide, JB. TyRRELL, The Patrician glacier south Hudson bay (page La conférence est suivie de quelques remarques de la part de X LEVERETT et Faneuiup. 
La séance est levée à midi 



PROC VERBAUX, 

Section Speciale, 

PREMIÈRE SÉANCE. 

Tectonique. 

9 août. 

La séance est ouverte à 10.45 h. du matin sous la présidence de M. E. 
DE MARGERIE, M. T. C, DE agissant comme secrétaire, 

Les communications suivantes sont présenté 
L. E. DauLeLom, The angle of shear (page 773). 
On lit seulement le titre de l'ouvrage et l'auteur fait un bref discours 

sur ce sujet. 
Erxesr HowE, Landslides and the sinking of ground above mines (page 

715) 
D. McDoxaL», Ercavation deformations (page 779). 
En l'absence de M. MeDoxaLp on lit seulesaent le titre de l'ouvrage et 

M. BEckER en donne un aperçu. 
E. O. Hovey, N'ote on landslides (page 793). 
La séance est levée, 

SECONDE SÉANCE. 

Séance consacrée à la lecture des études qui n'ont pas pu être présentées 
aux séances antérieures, (continuation de 1 a séance du matin). 

11 août. 

La séance est ouverte à 2.20 h. de l'après-midi sous la présidence de 
M.J.J. SepernoL, M. P. D. Quex agissant comme secrétaire, 

Les communications suivantes sont présentées :— 
Baizey Wiluis, Physiography of the Cordillera de los Andes (page 733). 
H. Keibez, Über den Anteil der quartären Klimaschwankungen und 

der Gestaltung der Obe rfläche des Gebirges im Trockengebiet 
der müttleren und nôrdlichen argentinischen Anden (page 757). 

Ces deux ouvrages donnent lieu à une discussion à 1 iquelle prennent part 
MM. Quex STEINMANX, Evaxs, KEIDEL, PAULCRE, WiLuis et FAxXNINXG. 

MS. Maso et W, D. Surrn, The relation of seismie disturbances in the 
Philippines to geologie structure (page 807). 

L'article est présenté par M. FANNING qui en donne un bref apercu. 
WE, Prarr, Petroleum on Bondoc peninsula, Tayabas province, Plilip- 

bines (page 901). 
Cette con munication est également présentée par M. FANXNIXG et on 

en lit seulement le titre. 
W. PAULCKE, Über tektonische Experimente (page 835). 
M. CaDELL fait quelques observations sur ce sujet. 
La séance est levée. 
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COMMISSIONS DU CONGRES. 

COMMISSION Du PRIX SPENDIAROFF. 
Le Prix international Spendiaroff a été institué en 1897 quand M. 

SPENDIAROFF de St-Pétersbourg à offert en mémoire de son fils M. LEONIDE 
SPENDIAROFS une somme de 4,000 roubles qu'il a Placée au crédit du Congrès 
géologique international Pour instituer un Prix qui serait accordé à chaque 
session du Congrès, aux conditions que fixe A la session suivante Pour l'attribution du prix 

Art. 1.— L'attril, 
conclusions d'un jury. 
en vue 

rait le Conseil. * € 1900, les règlements Suivants ont été adoptées 
ution du prix par le Congrès doit être , élu, sur la Proposition du Conseil, du prix à décerner dans la sion suivante, de ce jury est déterminé, chaque fois, par le Art -S Ouvrages présentés pour le ec Secrétaire général du dernier Congrès, moins, L'envoi sera fait 

Art. 3.—Le droit de priorité pour obte traitant les sujets proposés Par le Congrès, Art. 4—$i log œuvres de cette catégorie ne sont Pas jugées dignes du 
le Congrès peut, sur la proposition du jury, choisir p publiés pendant les cinq années précédente, plus importants Par leur portée “entifique. En 1903, le ( ‘onse 

fondée sur les 
à chaque session 

Le nombre des membres Congrès. 
ncours doivent être envoyés au au nombre de deux exemplaires au au plus tard une année av ant la session suivante, nir le prix appartient aux œuvres 

pri 

armi les ouvr 
$ CeUX qui seront reconnus les 

il a établi un roulement dans l'ordre des sujets donnés, 
1. Pé rographie, 
2 ologie générale. 
3. ontologie, 
Depuis l'étab] ment du prix, il a été accordé 1900. XT, A. KaRPixsky (ar vote du Conscil). 1905.--1L M, €, BRÜGGER, Pour son ouvra, 19061, Tu. TSCHERNYSCHEW., Brachiopoden des Ural und des Timan. 1910,— M, J, M. CLARKE, pour son New York and Eastern North America. 

comme suit = 

£e pétrographique. 
pour son tra ail Die ob rkarbonischen 

travail Zarly Devonice History of 1913.— I, É 
ment des 

ÉMILE ARGAND, Pour son mémoire Alpes occidentales. 
Les nappes de recouvre- 



128 COMMISSIONS DU CONGRÈS. 

RAPPORT DE LA COMMISSION DU PRIX SPENDIAROFF, 

Présenté par G. STEINMANN, 
remplaçant le Président de la Commission, M. A. G. HücBo. 

La Commission représentée par quatre membres: MM. G. O. SuITH, 
G. NTEINMANN, P, M. TERMIER, Tu, TSCHERNYSCHEW, à la séance du 8 
août, 9h. 30m. du matin propose d'accorder le prix à M. ÉuiLE ArGaw», 
pour son mémoire: Les nappes de recouvrement des A lpes occidentales, 911. 

Ce ‘ail ne correspond pas exactement aux conditions du thème 
approuvé au Congrès de Stockholm: “Étude critique des bases de la théorie 
des grands charriages,” parcequ? il ne contient pas une critique de la théorie; 
c'est plutôt une application de la théorie sur une vaste région des Alpes 
occidentales, équivalant à une critique en ee sens, qu'elle montre, par une 
étude approfondie, que c'est la théorie des grands charriages, qui explique 
le mieux les phénomènes extrêmement compliqués, qui s'observent à travers 
la chaîne alpine jusqu'à la région des racines en état de metamorphisme 
régional. 

La majorité de la Commission était d'avis, que la synthèse magistrale 
des Alpes contenue dans le 3 volume de Das Antlite der Erde, par M. Evoc- 
ARD SUESS, digne de la plus haute considération, doit être considérée comme 
hors de concours au prix Spendiaroff. 

La Commission soumet à l'approbation le thème suivant pour le pro- 
chain concours: 

“Le meilleur travail pétrographique apportant de nouvelles lumières 
sur les problèmes généraux de la science.” 

Adopté à la séance du Conseil, le 9 août et à la séance générale, le 11 
août. 

MEMBRES DE LA COMMISSION DU PRIX SPENDIAROFF. 

(Elus à la séance générale du 11 août 1913.) ‘ 
M. Apaus, Président: MM. BicksrRüM, BECKE, BRÔGGER, Cross, 1 

Hanker, KaRpiNsky. Lacroix, F. LoewiINSON-LESsiNG, MiLcH, MoLEN- € 
GRAAFF, TEALL, 

fl 

d 
COMMISSION DES RESSOURCES MONDIALES EN MINERAIS 

DE FER. 
co 

Constituée au XI° Congrès, Stockholm, 1910. 

co RAPPORT DE LA COMMISSION DES RESSOURCES MONDIALES EN MINERAIS DE FER. 

par J. P. Kruscn, le 
en remplacement de F. BEYSCHLAG, Président de la Commission. ou 

Lors du XI° Congrès géologique international, dans les enquêtes faites sl 
ar les géologues des différents pays pour la préparation de l'ouvrage & & À 



COMMISSIONS pu CONGRÈS, 
The Lron Ore Resources  Ue suivie, World, aucune méthode Uniforme Quoiqu'au Point de vue des renseignements, Je 

Soit très Drécieux, il L'est_ possible de f es des différents pays. Nou seulement « et leur 

résultat de 
Aucune Comparai 

ressource. aire à 

t-il néce 
‘oncentration, 

Mais + que: le mode de gisement (| 

ssaire de connaître le tonn aussi faut-il “onsidérer d' 
! tutres facteurs, tels 

4 Structure), les frais d'exploitation, les possible 

ités du marehé et les frais de transport. Cost 
logique internation: al de 

alé qui aurait 
cette question q' 

Dourquoi le Stockholm à résolu de former Pour but d'étendre Jos après une méthode La Commission dey de l'industrie 
dans « 

une com 

ternation 

recherches Uniforme au Point de vue rait se Composer d'un géologue « 
Sidérurgique Dour chacun des si ‘ette industrie: l'Angleterre, I Suède et l'Alle 

économique, 
td'unre 

X pays los a France, les Ét Magne, 
Le représentant de Dans cette @ 

ats-Unis, 1 
l'Allemagne a été chargé des trav: 

Pour établir une ba tous les chiffre 
is qu'il ét 

urs déj 

tude, que 
nous 

NINET mgrès ét 

NOUS avons faite avons constaté que 
aient exacts, ma 
ait les facte 

L's'agissait de déte économiques, 

ise à notre 

système, 

donnés par | ait impossible d'arriver à une à nommés, 
© rincer une méthode Pour arriver à 

fin si on néglige 

On e Propos: ä ces facteurs 
ait d'adresser, CR premier lieu, une feuille d'en 

quête aux Collaborateurs de la Monographie Qui devaient donner les 

rePsCignements Décessaires à l'évaluation des gisements 
leur pays Cette feuille avant été établie, ce 

ants de " Concernant l'ex rent qu'il 6 duestionnaire, des questions, 
Même avec | 
qui sont in} 
férences 

Mmétallifères de 
PS considérable, rurgique dans le but de de ces données, Ces repré- de faire les études demandées avec exactitude à la majeure partie 

temps trop considérable. ot QU'À part cela, 
ion, il est impossible de saisir tous les facteurs 

Valuation des £isements, Le résultat 
représen(ants 4 conduit à l'établissement d'un 

D trois groupes : 
25 grou pe.- 

té soumise AUX réprésent 
leurs idé sentaunts déclaré 

dans le 

elle à 
Connaitre 

Qui pris un te l'industrie sidé 
actitud 

tait peu Pratique 47 pour répondre il faudrait un 
a plus grande préc 
Jortants dans l'é 

avee Jes 
des con- 
tableau 

divisé e 

$ Minerais de fer 
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GROUPE 1.—MINERAIS DE FER EXPLOITABI SANS DIFFICULTÉ 

Minerais de fer Minerais de fer i is de fer 

à teneur basse. à teneur moyenne. | à ur haute. 

Teneur en fer. 32% 32-4506 45-604 

Acide silicique—alumine 
—chaux. 10-150 15-20€c 20-20€c 

s. 0.7 O8 0.916 

Minerais 
Bessemer.! 0.036 0.04": 0.056 

Frais d'exploitation. 2.5-3M. B 6-10M 

Frais de transport. 0.5-1.5M. 3-6M. 

Phosphore I 

Déduction faite de 15€, il faut ajouter le double de la teneur en man- 

ganèse à la teneur en fer pour les minçrais contenant du manganèse, 

Dans les minerais de fer riches en manganèse, à mesure que la teneur 

en manganèse baisse, le phosphore baisse aussi, La teneur en titane jusqu'à 

3Cç ne change pas essentiellement la valeur d'un minerai de fer. 

GROUPE 2.—MINERAIS DE FER DONT L'EXPLOITATION DEPEND DE CER- 

TAINES CONDITIONS FACILES A RÉSOUDRE. 

Minerais de fer Minerais de fer Minerais de fer 

à teneur bass à teneur moyenne. à teneur haute. 

Teneur en fer, ë 25-45(c 

Acide silicique— 
10-151 15-254 

| 0.5 0.6-0.8(4 

Phosphore 
0.025 0.03-0.0400 0.04-0.05€c 

Frais d'exploitatio: | 3-4M 4-8M. S-12M. 

Frais de transport. .5-3M. | 3-5M. M. 

Tous les autres minerais de fer à composition moins riche et à frais 

d'exploitation et de transport plus élevés sont à placer dans le troisième 

groupe. En considérant, par exemple, la valeur d'un gisement, il faut 

toujours prendre comme base la valeur totale indiquée dans chaque tableau. 

Ainsi, un gisement dont les frais d'exploitation sont moins élevés figure dans 

le tableau come ayant plus de valeur qu'un autre où la teneur en fer serait 

plus élevée. 

1 Pour le calcul de la teneur en phosphore, on a pris comme base une teneur maximun 

de 2% pour la fonte Thomas et une teneur maximum de 0.08€5-0.1€% pour la fonte B4 

semer, vu que la teneur totale du phosphore dans les minerais reste dans les fontes sans 

perte appréciable. 
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Ces tableaux ont été établis par les experts de l'industrie Sidérurgique, Pour hâter les travaux, les membres du Comité ont fait des voyages en Autriche, en Hongrie, en Suède et en France. 1 leur incombe Maintenant d'examiner ces tableaux et de les prendre comme base à une nouvelle évalue ation des ressources en inerais de fer au point de vue économique, Il serait bon de confier ce travail aux collaborateurs à Ja Monographie, avec l'aide des représentants de l'industrie sidérurgique. Se sont offerts jusqu'à présent : 
MM. Louis, pour l'Angleterre: DE Lar MAY et NICOC, pour la France; ÜGREN ct PETERSSON, pour la Suède: Seprac ZEK, pour l'Autriche-Hongrie: KE, pour les its-Unis: et TscnEnxys HEW, pour la Russie, On se propose de demander Comme autres collaborateurs: MM. Rocers et MoLExGraarr, pour l'Afrique du Sud: BROWX, pour l'Australie du Sud: Marrcaxp, pour l'Australie Occidentale: Kossuar, pour l'Autriche: DELMER, pour la Be que: KATZER, pour la Bosnie et l'Herzégovine: DErgy, pour le Brésil: Vaxkow, Pour la Bulgarie: HAANEL, pour le Canada: Resp, pour lt Chine: CORXET, pour le Congo: Hrue. pour l'Egypte: Gramrau. pour l'Egypte et le Soudan: VibaL, pour l'Espagne; Trësrenr, pour la Finlande: NoriMEyER, pour la Grèce, Ja Turquie et la Perse; Evaxs, pour la Guyane Anglaise: Lôczy et Parr, pour 4 Hongrie: FErMoR, pour l'Inde Anglaise; MoLExGRaAr F, pour les Indes Néerlandaises: AICHINO, pour l'Itali 5 INOUYE, pour la Japon et la Corée: DOXDELINGER, pour le Luxembourg: Gx NTIL, pour le Maroc: ORDOSEZ, pour le Mexique: Vocr, pour la Norvège: Prrruax. pour la Nouvelle-Galles: Park, pour lu Nouvelle Zélande; Comes, pour le Portugal: KGERT, pour les Possessions Allemandes en Afrique: Evans, pour les Possessions Britanniques en Asie et en Afrique; Dr NSTAN, pour le Queensland: NTAPPENBECK, pour la République Argentine: MENXELL, pour la Rhodesia: Bocpaxoy ITCH, pour la Russie: Mizoikovr pour la Serbie: Senipr, pour la Suisse: TwLye- TREES, pour la Tasma: : Howzey, pour Terre-Neuve: Dauis, pour le Victoria. 

Ces travaux de réédition devront être éxécutés dans les deux années qui vont suivre, Les collaborateurs et Je XIIIe Congrès recevront les ré- sultats, Le travail, d'après l’idée du Xe Congrès, sera soumis au Congrès international de Bergbau, Hüttenwesen, angewandte  Mechanik und praktische Geologie pour le complèter. 
Adopté à la séance du Conseil, et à la séance générale, le 11 août. 
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COMMISSIONS DE LA PALEONTOLOGIA UNIVERSALIS ET DU 
LEXIQUE DE STRATIGRAPHIE. 

a Commission de la Palvontologia universalis a été consituée au 
VIII Congrès, Paris, 1900 et celle du lexique de stratigraphie au XI° 
Congrès, Stockholm, 1910.) 

PROCÈS-VERBAL DE LA SÉANCE DES COMMISSIONS RÉUNIES DE PALÉONTOLOGIE 
ET STRATIGRAPHIE, 

L Nomenclature paléozoologique. 

Suivant la proposition de M, F. Frecu, la Commission décide à l'un- 
animité comme suit: 

En conséquence de la révision des règles de la nomenclature zoologique, 
délibérée au Congrès international zoologique de Monaco, la Commission 
reprendra l'étude de la question, aussitôt que le Compte Rendu du dernier 
Congrès de Monaco sera publiés. 

2. Palwontologia universalis. 

La réédition des monographies classiques (par exemple, de ScnLorneIm 
et de SOWERBY) n'est pas encore réalisée, 

Selon une remarque de M. TH, TSCHERNYSCHEW, l'Académie des sciences 
impériale de St-Pétersbourg accordera probablement une subvention con- 
sidérable pour cetie œuvre très coûteuse. Le Congrès recommandera à la 
considération des académies et des sociétés scientifiques de tous les pays 
représentés de suivre cet exemple, 

3. Catalogus fossilium. 

M. F. FRecH annonce la publication d'un Cataloqus fos ilium, qui 
comprendra, à l'exemple du Vomenclator de BRowxX un catalogue critique 
de tous les genres et de toutes les espèces paléontologiques et dont chaque 
fascicule comprend une ou plusieurs familles distinctes. Les deux premiers 
fascieules sont déjà parus. La continuation de ect ouvrage étant assurée 
par l'éditeur W. JUXK, Berlin, sous la rédaction de F. Frecu, Breslau et 
W. Joxamaxs, Levden, le Congrès recommandera à ses membres une col- 
laboration active. Il sera allouée une certaine rémunération aux contribu- 
teurs, 

4. Lexique stratigraphique international. 

En conséquence de précieux travaux préliminaires de M. L. WaaGEx, 
li Commission décide comme suit: 

(a) Les noms stratigraphiques doivent être énumérés dans leur langue 
originale pour fixer le droit de priorité. 

(b) On propose cinq volumes, un par continent, rédigés dans la langue 
dominante, et l'emploi exclusif de caractères latins. 

Herr 

( 



COMMISSIONS DU CONGRÈS, 
133 (e) Une rémunération des coll (d) Chaque volume pa 

ment par des sous-Com mi; 

aborateurs est recommandée, trait en fascicules régi 
Ssions nationales, (6) Les manuxerits sont de) dacteur Dr, L. WAAGEN, Vienne 

(Œ) Vu l'importance de l'œuvre, le XIe Congrès national demandera des subventions aux £ouvernements et géologiques nationales ct promettra, le cas éché cules pour Je Prochain Congrès géolog (@) Le prix d'un Mark pa doit être réduit en proportion 

ionaux, rédigés définitives 

mandés pour le Ler janvier 1917 par le ré. ,, Rasumofïsks Lusse 23, 

géologique inter- 
AUX Commissions ant, la publicatio ique international. 

ar feuille de 16 page 
de la subvention, 

n des fasei- 

es est considéré trop élévé ot 

5. Élections. 
La Commission de 
Pour l'Allemagne: 

décédé; pour la Belg: 

Paléontologie a élu comme 
M. Pourecxs en 

ique: M. Dozo: pour | 

membres nouveaux : remplacement de M, KOkEx, e Canada: M, Broc K. 
Soumis au Congrès, ce 12 
Tu. TSCHERNYSCH ES, 
F. Frecn. 
C2 DE STEFANI. 

août 1913, 

R. LAcHMaxx, Secrétaire, 
Adopté à séance du Conseil, Je 13 août. août et à la séance générale, Le 14 

COMPOSITION DE LA COMMISSION DE LA PALÆONTOLOGIA UNIVERSALIS. Président: 
MF. Frecu, Breslau. 

Secrétaire: 
M. D. P. ŒuLerr Laval, J. ALMERA, Barcelo F. À. Ba R. W. Brock, Ottawa; C, Bu SHARDT, Mexico: CC Pise; P, Cnorr, Lisbonne: L. Doro, Bruxelles Paris; J. FRaïroxr, Liège: G. Ho, Stockholm: i R. LacHmaxx, Breslau: P. pe A. PavLov, Mosco, 

Haven: E 
ton; H.K 

R Londres: EE, BüsE, Mexico: 
+ Canavanr, 

: H Dovvuré 
J. Ki, Christ- Loriot-Le Fort, ( A PoupEcks, Gôttingen: ( + VAN DEN BRogcK, Bruxelles: + Wilcraus, New Haven: À 

tenève; 
= SCHUCHERT, Now (8 à À WaLcorr, Was hing- Se Woopwarp, Londres, 

RAPPORT DE LA COMMISSION DU LEXIQUE DE STRATIGRA PHIE, 
WAAGEX, Président de 1 tor R. W, Brock, M.A FRS CC Generalsekretär des 

Soumis par L, 
a Commission. 

XIL Internation alen Geologenkongresses Ottawà. 
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Die von dem XE Internationalen Geologenkongress zu Stockholm mit 
den Vorarbeiten für die Herausgabe eines Internationalen Stratigraphisehen 
Lexikons betraute Kommission erlaubt sich dem verehrlichen NI. Inter- 
nationalen Geologenkongress bezüglich dieses Werkes nachfolgendes Pro- 
gramm vorzulegen: 

Æureck und N'ütilichkeit eines internationalen stratigraphischen Lexikons 
braucht nicht erst dargelegt zu werden, da der Antrag zur Sehaflung eines 
solehen Werkes bereits von dem XL. Kongresse angenommen wurde. 

Was jedoch die Art der Publikation betrifft, so muss folgendes festgelegt 
werden: Das Lexikon ist in fünf Bänden berauszugeben: EF, Europa, 
IL. Amerika, IE, Asien, IV, Afrika, V, Australien, Polynesien und Antarktis, 

Die einzelnen stratigraphischen Numen erscheinen in alphabetischer 
Ordnung. Jeder Artikel muss ausser dem Schlagworte {stratigraphischen 
Namen) noch folgende Angaben enthalten: (a) Die Daten über seine erst- 
malige Aufstellung (Autor nebst genauer Literaturangabe), (b) Stellang des 
Schichtgliedes im Formationssystent und seine Umgrenzung, (e) eventuelle 
spätere Verschiebung oder Modifizierung des Begritfes mit Literaturnach- 
weis, (d) gegenwärtige allgemeine Verwendung des Begrilles, 

Alle Angaben sind môglichst konzis und objektiv zu halten, 
Sprache: Die einzelnen Artikel kônnen in deutscher, frs nzosischer, 

engliseher oder italienischer Sprache abgefasst werden. 
Organisation: Die vom XL Internationalen Geologenkongress in Stock- 

holm konstituierte Kommission übernimmt die Verpflichtung, die Mitar- 
beiter in der Weise zusammenzustellen, dass die Materie regional und sach- 
lich verteilt wird. Die Manuskripte sind sodann bis zu einem bestimmten 
Termine (z.B. für den ersten Band “Europa” bis zum ersten Januar 1913) 
von den Autoren dem Herausgeber und Redakteur Herrn Dr. L. Waac 
einzusenden, der die Drucklegung besorgt. Für jeden Erdteil, und somit 
für jeden Band, ist ein Subkomitee zu bilden, welches die Organisation und 
die Zusammenstellung der Mitarbeiter übernimmt. 

Modalität der Drucklegung: An die Herren Mitarbeiter werden Druck- 
sorten hinausgegeben werden, welche bei Abfassung der einzelnen Artikel 
zu verwenden sind, weil dureh die Gleichfürmigkeit derselben die Arbeit 
für den He: se eber sehr erleichtert wird. Das Buch soll in Lexikonoktay 
erscheinen u eh in der Ausstattung an das “Lexique pétrographique” 
von LoEwixs.  LESSING anschliessen. Da die Drucklegung éines solchen 
Buches ziemlich lange Zeit in Anspruch nimmt, so kônnte auch ein liefe- 
rungsweises Erscheinen vorgesehen werden, wobei jede Lieferung etwa sechs 
Druckbogen enthalten würde. 

Finanzierung des Unternehmens. Diesbezüglich wird der XIL Inter- 
nationale Geologenkongress in Toronto gebeten, diesem Unternehmen eine 
cinmalige Subvention zuzuwenden, wie dies bei der Palæontologia Universalis 
geschehen ist. Diese Subvention würde dazu dienen, die Auslagen für die 
nôtigen Vorbereitungen zur Herausgabe zu decken und den Satz des ganzen 
Werkes einleiten zu künnen. Die weiteren Kosten würden, wie aus Er- 
kundigungen bei Verlagshäusern hervorgeht, durch Subskriptionen aufge- 

tak 

bec 

as 

eus 

and 
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bracht werden kônnen, wenn der verehrl kongress dem Unternehmen auch 
Weiterhin seine moralische Unterstützung angedeihen lüsst. Dabei ist ein 
Verkaufspreis von 1 M. per Druckbogen in Aussicht genommen. Auf Grund einer Subvention würden dann sowohl die Subskriptions- cinladungen als auch dus Lexikon selbet die Insignien des "Geologorum 
conventus"! tragen, 

Wien, Berlin, Barcelona, Washington, Grenoble, London. Florenz, Lise 
sabon, Petersburg, Lund 

im März und April 1913, 

L Waacex, 
als Prüdident der Kommission, W. Braxca, J. ALMÉRA, C, D, Walcorr, W, KILIAN,0E: A; Bauer Guit Vorbehalt), ©. px NTEFANI, P, Chorrarr, À, KariNsky Onit Vorbehalt), A, HENNIG, als Mitglieder der Kommission. In Er inzung des Voranstehenden missen hier zunachst die Vorbehalte 

der beiden oben Unterzeichneten Herren FF, A BatHEn und À, Kakrixsky 
angefügt werden: 

F. A. Barien schrich Mir unter dem 21 Februur: “You propose to split the lexicon into five volumes according to a geo graphical arrangement. 1 venture to Suggest that the work would be far 
more useful if it were 4 ranged in simple alphabetieal order. My reasons 
for this are as follows: 

1 There are many terms that have an application, if not world-wide, at all events beyond the limits of a Single continent. These would either have to be repeated in Vers Volume or at least in more than one volume, or 
else the reader Would have to seareh through various volumes before finding 
the term of which he was in quest, 

2. There are certain terms eg, Bradfordian, which have been used in 
4 different sense in different continents, and one advantage of such a strati- graphical Jexicon Would be to Show that one of these uses has priority over the other, and that it alone should be a “epted, 3 Itisoften the case that a worker in MX position, who has to deal with 
Specimens and with literature from all parts of the world, comes across a iphical term unfatiliar to him and does not know exactly to which tof the world it especially refers: such a worker might then have to look through all the five volumes before he found the word of which he was in search. 

A these three difficulties Would be obviated by publishing the work in a single alphabetical series like any other lexicon.” “can understand that for purposes of Compilation, it may be well to take the various continents and Countries, but when the various entries have been collecte, it would be just as CasY to combine them into a single series as to combine them into five series. Indeed, in some respects it would be casier, since in this Way a certain amount of duplication would be avoided and ious inconsistencies would be more easily seen.” 
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“You say that the separate entries may be written in German, Frene h, 
English or Italian, Lan afraid that there will be some difficulty in this 
course, [tt may often be that a term will come in a different alphabetical 
position according to the language in which it is written, e, g.. Silur, Silurian, 
Silurien, Silurie, Siluriseb, or again Carbonie, Carboniferous and Carbon 
or Karbon. As regards the details given in Separate entries the language 
certainly does not matter vers much, because several of them could be 
expressed merely by numerals, or by the ordinary contractions. Moreover, 
in the case of stratigraphieal units of small geographieal extent, the names 
would naturally be given in the language of the country Where that unit is 
developed, even if not one of the four languages mentioned above,” 

“Among the details to be given, L fur vou Will find that headed ‘(C) 
Eventuelle spatere Verschiehung oder Modifisierung des Begriffes! will often 
oceupy a large amount of «pure, and E think that some limit will have to 
be imposed on this." 

Tam afraid that even at the price of one mark per printed sheet, 
the volume will be exceedingly expensive 

“So mueh for the letter addressed to Mr, Broc: K, which L return to vou 
paunl us Vou request, but with the reservations made in this present letter,” 

“Tgather further from your letter of February 19th that vou wish me 
to obtain workers who will compile the entries for the British Isles. I 
think that one person will probably do the work very much better than two 
or more, and L'hope that E may be able to get someone, but before proceeding 
it would be advisable to have some idea of the amount of the honorarium, 

Von Herrn A. KarriNskY erhielt ich dagegen unter dem 11 Mürz 
dJ.ein Schreiben mit folgenden Wünsehen und Einwänden: 

‘(a) Die russische, vorläufig kleine Kommission (A. KanpiNskY, Dr. 
TSCHERNYSCHEW, Prof. ANDRUSSOW, Prof, NATSCHAIEW, Dr. ARCHANGEL- 
sky, Prof, Borissiak und Prof, PawLow) glaubt, dass die stratigraphischen 
Namen in Sprache und Alphabet ihrer erstmaligen Aufs tellung oder ihrer 
allgemeinen Landesverwendung im Lexikon Platz finden sollen:” 

Beispiel 1. 
Carbonifère, «ystème (toutes les explications nécessaires). 
Steinkohlentormation—+, Carbonifère, syst. 
Sleinkohlensystem— +. Carbonifère, syst. 
Carbon—v, Carbonifère, syst, 

Karbon—v. Carbonifére, syst, 
Kamennougolinaja sistema--(Nach von der Akademie der Wis- 

senschaften in St. Petersburg und von The Royal Society of 
London angenommenen Transkription)— v. Carbonifère syst. 

Beispiel 2. 

A. FR. Scumipr (?Revision d. osthaltischen silur, Trilobiten 
nebst geogn. Uebersicht d. ostbaltischen Silurgebiete.  Abt. 
LE Mem, Acad. Se, St. Petersburg, XXX., Nr. 1, ISSL,S. 10.) 

Division inférieure des sédiments cambro-siluriens de la 
Baitique orientale appartenant au Cambrien. 
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Beispiel 3, 
Wesenberg'ache Schicht, Fun, Si HMIDT, IN5N, (Arch, f. Naturk. d, Liv, Esth, u. Kurlance, I, pe Mem, 4e, Se, St, Petersburg, NNX. Nr, 1, ISSI, N, 10). 

Ostbaltisehe unter. (oder co silurisehe Kalkschichten mit dünnen Mergellagern (€ hasmops Wese nbergensis Scum., Orthis lestudinaria Dar. T'entaculites anglicus Sarr. ete.) Unter Grenze: Jensche Schichten obere: Liekholms Schichten, mit welecher die Wesenbergsehion Schichten dem Caradoc in Eng- land und dem Trentonkalk in Amerika entsprechen. Beispiel 4, 
E, (Scuminr) Wesenbergsche Sehichten, 

“(b) Nach der Meinung éliniger russischer Geologen soll jeder Band (d.h, alle Bestimmungen der stratigraphischen Numen) in ciner einzigen 
bestimmten Sprache gedruckt werden, z.B, Europa-Band in franzüsiseher Sprache, Ameri Bänd in engliseh.  Nach anderen Geologen sollen alle 
Bände in einer ein gen Sprache verôffentlieht werden,” “(e) Die cinmalige Subvention des NI. Kongresses für die vorläufigen Arleiten ist w ünschenswert 

“CD Was Anderes betrifft, zichen Mir vor: (1) dass die Arbeit von Fachgenossen gratis sein miuss (wie bei Palaontologia Unive salis, geolog Karte von Europa). (2) dass die folgenden Subventionen für die Vorbe- reitungen des Lexikon-Materials von der Regierung oder der geolog. Anstalt jedes Landes zugewendet sein müssen. (3) dass die Veréffentlichung jeden Bandes auf Kosten des Kongresses, welchom das Manuskript dieses Bandes in ganz fertigem Zustande vorgelegt werden kann, stattfnden kann, (z.B. als Anhang z0m Compte Rendu, was für das Lewixsox'sehe Lexikon der Pariser Kongress Letan hat). Zwcite und folgende \uflagen konnen an Verlagshäuser übergeben werden (nach einer Resolution des iternationalen Kommission oder des Kongresses auf den Vorschlag der Kommission,) “(e) In Bezug auf die Subkomitee für jeden Band, welches Organisation und Zusammen lung der Mitarboiter übernimmt, glauben wir, das für Russland Wegen einer Grüsse and reichen russischen Literatur, cine besundere verantwWortliche Subkommission mit vielen Mitgliedern und zahlreichen Cr organisiert werden sol. Für das internationale Subkomitee des ersten Bandes kann man einen Reprüsentanten der russischen Sub kommission ernennen lerrn Prof, Axpressow Pre “®) Der bestimmte Termin (1. Januar 1915.) der Zusendung der Manuskripte, welcher Wenger als 14 Jahre für die vollständige Arbeit zieht ist nicht genügend. Es ist vielleicht vorsichtiger den Termin dieser Zusen- dung an den Herrn Hauptredakteur Dr. L. Waacex auf ein Halb;abr vor den folgenden Kongress zu bestimmen (also Januar 1916). “(g) Es ist w ünschenswert, ieden Band nicht in Licferungen sondern als ein Buch zu verôffentlichen." 
“(h) Ein Sul kriptions- oder Verkaufspreis von 1 M. per Druckbogen finden wir zu hoch.” 
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Den angefübhrten Vorbehalten von EF. A. Buinen, (England) und A. 
KanrixskY CRussland) müssen noch die folgenden mit gelusserten Wünsche 
hinzugefügt werden 

So spricht W Puaxes (Berlin) den Wunseh aus, ein Honorar für die 
Herren Mitarbeiter festzustellen, während mir von anderer Keite_ ich 
nenne nur die United States Geological Survey zwar die Mitarbeit in zu- 
vorkommendster Weise zugosagt wurde, wogegen ausdrücklich aufmerksam 
gemacht wird dass eine finanzielle Beihilfe bei der geplanten Form des 
Unternehinens nicht môglich wäre, 

Es obliegt nunmehr dem Unterzeichneten zu diesen Bemerkungen und 
Einwänden Stellung zu nehmen,  Leh wende mich zunüehst den Vorsehlägen 
FA. Barnen'x zu: 

Die Entscheidung darüber, ob dus geplante Lexikon in fünf, nach Leogra 
phisehen Gesichtspunkten getrennten Bänden, oder in durchlaufender al- 
phabetischer Reihe zu erscheinen habe, überlusse ich dem verebrl. XIL 
Internationalen Geologenkongress 

Die Verôffentlichung der cinzelnen Artikel in verschiedenen Sprachen 
dürfte nach dem Dafürhulten des Unterzeichneten keine grossen Schwierigkei- 
ten verursachen, du die alphabetisehe Verschiebung, welebe dadurch verur- 
sacht würde, nur gering würe, und da überdies jedes scratigraphiseche Name 
im Folge des entwickeiten Programmes grundsätzlich stets in der Sprache 
belandelt würde, in welcher er zuerst aufgestelit wurde, Duher stimmt der 
Gefertigte mit Herrn F, A. Barnier auch durin überein, dass stratigraphische 
Unikas in der Sprache zu geben scien, in welcher sie zuerst aufgestellt wurden, 
selbst wenn diese keine der vier in Aussicht genommenen sein sollte, Auî 
die Angabe der ‘“eventuellen späteren  Verschicbung oder Modifizicrung 
des Begriffes® glaubt der Unterzeichnete nicht verzichten zu sollen, da das 
Werk durch Weglassung dieser Angaben zu einem Torso w ürde, Es hat 
übrigens auch keines der anderen Komiteemitglieder diesen Wunsch auxge- 
sprochen, 

Was nun die Einwände des Herrn A. KaRPiNskY unlangt, so muss 
aunäehst festgestellt werden, dass sich der Unterzeichnete in dem Verlangen, 
“dass stratigraphisehe Namen in der Sprache und Alphabet ihrer erstmaligen 
Aufstellung oder ibrer allgemeinen Landesverwendung im Lexikon Platz 
finden_sollen"" vollkommen übereinstimme, Dagegen glaubt der Unter- 
zéichnete dem Verlangen KarPiNskY's das ganze Lexikon, oder wenigstens 
jeden einzelnen Band (N.B. bei geographischer Einteilung des Werkes) in 
einheitlic Sprache zu verôffentlichen aus mehreren Gründen entschiedenst 
entgegentieten zu sollen.  Zunächst werden die Sehwierigkeiten bei Her- 
ausgabe des Werkes dadureh dass ein grosser, unter Umständen auch der 
grüsste Teil der Artikel erst einer Uebersetzung unterzogen Werden müssen, 
bedeutend vermehrt, und in Folge dessen auch der Zeitpunkt des Er- 
seheinens stark hinausgerückt werden, abgeschen davon. dass viele Artikel 
dureh die Uebersetzung auch an Prägnanz verlieren wüsdlen,  Endlich 
würde durch das Erscheinen des Werkes in einer en jen Syrache die Ver- 
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breitung der Cregionalen Hefte" je Vorgesehen sind, (sehe unten) erheblich “ngeschrinkt werden, Dem Wunsehe KanriNxx y'a, dass die Beitrige 
der Fachgenoss 4 nicht honoriert werden sollen, kann sich der Ge ertigte aueh nicht ohne weiteres anschliesen, denn dadureh Würden eine ganze 
Reilie Wertvoller Kräfte, die in Folge enger matecieller Verhiltnisse auf den 
Bezug eines Honorares AngeWiesen sind, den: Un rnehmen verloren gohen, 
unit tatsichliel lragen auch sowoh] Barnen a Hein A sofort nach der Hôbe des zu KeWärtigenden Honorurs, bevor sie an die Zuisanmenstetung 
der Mitarboiter Ji antreten. Ein woitorer Grund für di Beibehaltung eines Honorurs Cnzutreten liegt jedoch für den Unterzcichneten auch durin, dass der Hérausgeber und Redakteur hicrdurel, doeh bis 44 einem LeWissen 
Grade die Mitarbeiter in di Hand bekommt, un dadureh vielloieht on Verehleppung in der Ablicferang der Manuskripte vorbeugen kann. Dix 
Veitere Anregung Katmixsky's die Regicrungen, resp, geologisehen Anatalt: [1] 
er einzeen Lünder zur Subventionicrung heranzuzichen, erseheint den Duterrcichneten sehr beachtenswert, une derselbe hat in dieser Bezichung Siehueh beroits versehiedentieh zu orienticren gesneht Sowobl die Auskunft 
des nel States Geological Su 14 aueh eine Nacbricht der ungarisehen Fac kollegen liess jedoeh crkopntion, due solche Subventionen nur unter Leon Bodingungen haben on dt ften, nümlieh dann, wenn der dus 
subventionierende Lan: trelternt lauch in einem separaten Hofte erscheinens würde, 1 DRE (CRE üterzéichnete sel ertauben in Er- Kinzung des an der Sous Î “umes dem verchrl, XIL lnter- nationslen Gcologenk ' ‘ \uregungen zu unterbreiten: 

Der verehr À 
“eologenkongross môge an die einen Stat: Vu Bou isiben herantroten und diesolben, resp, deren gi } thaësanstalten, zur Subven- Honierung des Internationa! raligraphischen Lexikons auffor- den. Dafür wird nach Vollendung iedes einzelnen Bandes (resp. nach Vollendung des tanzen Werkes) cine Ausgabe in regionalen Heften veranstaitet werden." 

Ob die Herausgabe der cinzelnen Bände den nur bei Keographiseher Aufteilung der Materie wäre dies überhaupt môglieh) durer den JeWeiligen Kongiess Stuttzufinden hat, über Will der Unterzcichnete keine Ent- scheidung füllen. Den Wünschen KauPixsky's bezüglich eines russischen Subkomitees, sowie bezüglich_ der Verlegung des Manuskriptschlusses auf den Januar 1916 tritt der Unterzeichnete bei, Was endlich der Preis von 1 M. per Druckbogen anlangt, der von Awei Seiten (Barnier und KakriNskY) als zu hoch beanständet wurde, so hängt die Hôhe desselben nur von der zu erreichenden Hôhe der Subvention ab, Zum Sclilusse sei noch erwähnt, dass ausser den Mitgliedern des Komitees sich vorläufig noch folgende Herren zur Mitarbeitersehaft bereit_erkläürt haben: W, Dierrieon (Stratigraphie W ürtembergs), E,Hexxrc (Mesozoikum, cventuell Neozoikum Norddeutsenlande), R. DouviLLÉ, P. Levorxe (Bassin de Paris), P. FazLor (Südfrankreieh}, Tr Ps HEUNYSCHEW, NIK. ANDRUS< 
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SOW, A, NETSCHAIEW, D. ARCHANGELSKY, A. BoRissiAKk, A. PawLOw und 
für Osterreich-Ungarn H. Verrers und FR. SCHAFARZIR. 

Endlich muss, weil von verschiedenen Seiten angeregt, hier noch die 

Frage aufgeworfen werden, ob in dem projektierten Internationalen Strati- 

graphischen Lexikon alle stratigraphischen Namnen ihren Platz zu finden 
haben, wie es von dem Unterzeichneten ursprünglich in Aussicht genommen 
wurde, oder ob nur die Lokalbezeichnungen aufzunehmen sind, während die 

allgemeineren Bezeichnungen, wie Oxford, Laramie, Silur, Aptien, ete. 

ete. wegbleiben. 

Indem ich das an der Spitze stehende Programm und die daran ge- 
schlossenen Anregungen dem verehrlichen XIL Internationalen Geologen- 

kongress zur Erwägung und Beschlusefassung unterbreite, 

zeichen ich 

in ausgezeichneter Hochachtung 

ergebenst 

L. WAAGEN. 
Wien, am 13 Mai 1913. 

Wien, den 4, Juli 1913. 

Herrn Direktor R. W, Brock, M.A., F.R.S.C.. 

Generalsekretär des XI. Internationalen Geologenkongresses, 

Ottawa, 

Sehr geebrter Herr Direktor! 

Him Nachtrage zu meinem Berichte an den verehrl. XIE Inter- 

nationalen  Geologenkongress vom 13. Mai d. J. über das ‘Inter- 

nationale Stratigraphisehe Lexikon” muss ich Thnen leider die Mitteilung 

machen, ses mir leider nicht môglich ist an der Tagung dieses Kongresses 

teilzunehmen.  Teh bitte Sie daher, mein Fernbleiben freundlichst bei der 

Kommission entschuldigen zu wollen, und den Ausdruck meéines Bedauerns 

vermitteln zu wollen, 

eh erlaube mir auf diesem Wege nochmals die Angelegenheit des 

Lexikons dem verehrl.  Kongresse wärmstens zu empfehlen, mit der Bitte 

besonders die materielle Keite dieses Unternehmens sichern zu wollen. 

Nach Kenntnisnahime des übersandten Exposées wurde von vielen KSeiten 

nochmals die Wichtigkeit eines Honorars für die Herren Mitarbeiter her- 

vorgehoben, mit dem Hinweise, dass die Mitarbeit—zum Unterschiede von 

der * Paliwontologia Universalis” oder der ‘Internationalen Geolog. Karte” 

—für den einzelnen bloss eine, unter Umständen ausserordentlieh mühsame 

Arbeit aber keine wissenschaftliche Forderung bedeutet, so dass eben dureh 

Gewährung eines Honorares erst ein gewisser Anreiz geboten werden müsste. 

Mit dem Ausdrucke ausgezeichneter Hochachtung 

ergebenster 

Dr. Luras WaaGEx. 

feu 

log 

leu 

mis 

hoh 

pou 
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COMPOSITION DE LA COMMISSION DU LEXIQUE DE STRATIGRAPHIE, 
Allemagne, W, Braxca, Grande Bretagne, F. A, Baruer. Autriche, L. WAAGEN, President. Ltalie, C. De Srerant. Espagne, J. Arena. Portugal et Suisse, P. Cuorrurr. États-Unis, €, D, War OTT, Russie, À, KarriNsky. France, W, Kiztax. Scandinavie, À, HExxiIG. 

COMMISSION DE LA CARTE €( ÉOLOGIQUE INTERNATIONALE DE L'EUROPE, 
(Constituée au Ile Congrès, Bologne, 1881 et au XIe Congrès, Stock- holm, 1910, cette commission est chargée de la publication d'une carte géo- logique du monde à une échelle convenable en outre de celle de l'Europe.) 

RAPPORT DE LA COMMISSION DE LA CARTE GÉOLOGIQUE INTERN ATIONALE DE 
L'EUROPE, 

Le travail pour compléter la première édition de la carte se poursuit depuis le XIe Congrès international à $ tockholm. A part les quarante feuilles déjà publiées à cette époque les feuilles G1,G 2,G 3, G 4 et G 5 ont été complétées depuis, tandis que les feuilles E 1,et F1, la légende en couleurs préparée par Messieurs TSCHERNYSCHEw MRazec et KaRz Sc HMIDT, et les titres de la carte seront prêts avant le ler septembre de cette année. 
De sorte que la première édition complète sera prête pour la distribution en septembre, 
La seconde édition est en marche, 
La nouvelle planche gravée de la base topographique, comprenant les feuilles C4, C3, D 4, D 5. est presque terminée, ainsi que la révision géo- logique des feuilles C4 ot B 4. 
Comme les gouvernements de plusieurs pays retardent de faire connaître leur décision à l'effet di ciper aux frais de Ja seconde édition, lt Come Mission, d'après les résolutions prises au XIe Congrès international à Stock- holm, prie les représentants de s'adresser à leur gouvernements respectifs pour obtenir les fonds requis, 

Berlin, le 14 juillet. 1915, 

F. Beyscnrac, 
P. AI. Tenmien, 
Ta TsenenxYscnew., 
E. Tierze. 

RESULUTIONS CONCERNANT LA « ARTE GÉOLOGIQUE INTE RNATIONALE Di L'EUROPE ET LA Not VELLE CARTE MONDIALE, 
L'on propose au XI Congrès géologique international au Canada de prendre les résolutions “üvantes concernant Ja réédition de la Carte 
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géologique internationale de l'Europe et celle de la Carte Géologique 

internationale du monde. 

(1) La commission prend connaissance de l'état actuel des travaux des 

rtes, de l'Europe et mondiale, revues dans le rapport de la direction des 

(2) Les représentants des différents pays sont priés de nouveau de 

faire les démarches nécessaires auprès des gouvernements concernant leur 

abonnement. 

(3) Les épreuves de la carte mondiale à l'échelle de 1:5,000,000 faites 

à Berlin sont acceptées, quant à la méthode de projection, à l'échelle et au 

dessin topographique. 

(4) Outre cette décision. le Comité s'est occupé de la proposition de 

M. pe MARGERIE concernant l'édition des cartes géologiques des continents. 

Quant à cette proposition, le Comité émet le vœu que les cartes géologiques 

des continents soient dressées à l'échelle uniforme de 1 : 5.000.000, 

chacune ayant un centre de projection distinet en prenant la carte géologique 

de l'Amérique du Nord comme modèle. On prend la décision que l'Europe 

et l'Asie seront considérées comme unité gfologique et géographique. 

(5) La direction des cartes sera chargée de l'exécution du travail de la 

carte mondiale. Elle est invitée à se mettre en rapport avec les auteurs les 

plus compétents des pays intéréssés des divers sontinents. 

(6) La Commission demande que les personnes suivantes fassent aussi 

partie du Comité: 

Afrique australe, E. T. MELLOR. Indo-Chine, J. DEPRAT. 

Ajrique occidentale, H. HUBERT. Indes néerlandaises, G 

Algerie, E. FICHEUR. MOLENGRAAFF. 

Allemagne, J. P. KRUSCH. Italie, NV,  NOVARESE 

Brésil, O. A. DERBY. Paro 

Chili, E, MAIER. Japon, K. INOUYE. 

Congo. J. CORNET. Madagascar, A. LACROIX. 

Côte d'Or, A. E. KiTsoN. Maroc, LE, GENTIL. 

Egupte, W. F. HUME. Nouvelle-Zélande, P. MARSHALL. 

France, E. dE MARGERIE Pérou et Bolivie, G. STEINMANX. 

Indes anglaises, L. L. FERMOR. Russie, €, BOGDANOVITCH. 

(7) La Commission a 16 droit d'admettre les représentants des services 

géologiques qui pourraient être établis jusqu'à l'ouverture du prochain 

Congrès, 
A. STRAHAN, 

G. O, SMITH, 

TIETZE, 

Tu. TSCHERXYSCHEW 

A. RENIER, 

KeUSCH, 
W. Bock. 

opté à in séance du Conseit, k 

14 août. 
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COMPOSITION ACTUELLE DE LA COMMISSION DE LA € ARTE GÉOLOGIQI E INTER- 
NATIONALE DE L'EUROPE ET LA NOUVELLE CARTE MONDIALE, 

I. Carte Géologique Internationale de l’Europe. 
Allemagne, J. Beyschlag, J. P. Ltalie, G. Careuuixt, Y, Novanese, KruscH (Dire cteurs-gérants). CF. ParoNa, 
France, P. M. Termier. Autriche-Hongrie, L. v Lôezy, E. 

TiETZE, 
Grande Bretagne, A. Grikir, À. Russie, €, Boëbaxovrren, A. Kar- STRAHAN. PINSKY, JL, SEDERHOLM (pour 

Finland). 

Membres additionels choisis pour représenter leur pays respectif 

Belgique, À. REexiER. Pays-Bas, (à nommer Danemark, V. Mabsex. Portugal, Ferreins Roarerre. Espagne, L. be Abaro, Suëde, JG. ANDERSSON États Balkanique, L. Mnazec. Suisse, KARL SCHMIPT, Norvège, H. Revson. 

Il. Carte Géologique Internationale du Monde. 
Australie, T. W. E. Davip. États Unis, GO, Sue, BW ILLIS. Canada, RW, Brock. Mexique, J. G, AëviLers États Sudamericains, H. KEIDEL. 

Membres additionels choisis pour représenter leurs pays 

Afrique australe, ET. MeLLor France, E. be Mancer Afrique occidentale, H. Hvsert Lude anglaise, L 
Algerie, E. Ficueur. Lndes  néerlancderis 

MOLENGRAArr Bolivie et Pérou, L. Mrazec. Lndo-Chine, JL. Dernai 
Brézil, O. A. Deney. Japon, K. Nouv: 
Congo, J. CoRxET. Madagascar, À. Lactoix Chili, E. Main. Maroc, 4, GENTIL, 
Côte d'Or, A. E. Krrsow, Nouvelle Zélande et Tu manie 

MARSHALL, Egypte, W. FE. He, 
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COMMISSION INTERNATIONALE DES GLACIERS. 

(Constituée au Vie Congrès Zurich, 1894). 

RAPPORT DE LA COMMISSION INTERNATIONALE DES GLACIERS. 

par M. Cuanzes Ragor, Président. 

Aujourd’hui, comme lors de notre dernière réunion à Stockholm, le 
régime dominant des glaciers est le recul. Mais cette décroissance ne revêt 
pas partout la même intensité. Si dans quelques régions, telles que l'Islande 
méridionale, elle est peu accentuée, dans d'autres, au contraire, comme 
certains districts de l'Alaska, la Norvège et les Alpes, elle acquiert une re- 
marquable ampleur. Ainsi, dans les massifs français situés immédiatement 
au sud du Pelvoux, où le phénomène glaciaire ne se manifeste que sous la 
forme modeste de petits glaciers de cirque, ce recul a abouti à une véritable 
déglaciation. Au cours de ces trente dernières années plusieurs appareils 
de cette région ont complètement fondu. 

Cette décrue, qui, en Norvège, dure depuis un siècle environ et dans 

les Alpes depuis 50 à 60 ans, a été, comme on le s interrompue de temps 

à autre, par des crues épisodiques de courte du et de faible ampleur. 

Durant les premières années de ce siècle une crue a commencé à se mani- 

fester en Norvège, laquelle a progressivement affecté les principaux massifs 

de ce pays. En cinq ans deux des glaciers issus du Jostedalsbrac ont avancé 

de 132 m.; un troisième de 101m. En 1910, la progression s'était ralentie; 

l'année suivante elle était devenue incertaine: en 1912 elle a pris complète- 

ment fin. 1 y a done tout lieu de voir dans le phénomène survenu en Nor- 
vège une variation positive secondaire. 

Dans les Alpes françaises, depuis 1906 la régression s'est, pour ainsi dire, 

arrêtée. Durant ces sept dernières années les glaciers du versant françai 

du Mont Blane ont même manifesté des tendances à entrer en crue. 

1906, 1907 et 1908 le glacier de Bionnassay à éprouvé une très légère poussés 

en avant, puis, après avoir de nouveau reculé pendant deux ans, a fait une 

progression de quelques mètres en 1911 et en 1912. À <on tour, en 1909, 

le glacier des Bossons à quelque pen avaneé, après quoi il S'est retiré en 1910, 

l'année suivante, s'allonger de 40 à 50 metres dans une partie de son front 

et demeurer stationnaire en 1912. Cette oscillation à ramené la partie lu 

plus avancée du front au point qu'elle occupait en 1904. Depuis 1909 

également, le glacier du Tout est en crue: ee mouvement, d'abord très 

faible, a atteint, de juillet 1910 à juillet 1911 une ampleur de 100 m., puis 

s'est atténué. A la suite d'une inspection effectuée 1 4 a quelques semaines, 

M. Pauz MouGix, conservateur des Eaux et Forêts, cha de la direction 

des observations glaciaires dans le masaf du Mont Blanc, nous annonce 

que tous les glaciers de cette région sont actuellement en crue En Dau- 

phiné, depuis 1907 est survenu un enneigement progressif très aceusé et 
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plusieurs glaciers manife stert des tendances à In Progression. Parcillement les petits glaciers des Pyrénées montrent un notable gonflement, La recurrence de SYmptômes de crue au Mont Blane trente-cinq ans environ après la dernière variation positive secondaire constitue, nous semble-t-il, une vérification intéressante de la loi de BRÜCKkNER. Tout récemment, grâce à M. Pacz Mouaix, un progrès d'une import- ance considérable à été réalisé dans la connaissance des variations glacinires aux siècles passés, De judicieuses recherches dans les archives ont livré à notre collègue une série de documents authentiques révélant le régime des glaciers de Chamonix depuis 1580 jusqu'au commencement VE siècle. Très prochainement, notre confrère fera connaître toutes ces pié accompagnées d'une remarquable léonographie dans un nouverun volume de la série glaciologique, publiée par lu Direction générale des Euux et Forêts: en attendant, M, Dasar, Directeur général de cette adininistration, a bien voulu m'antoriser à indiquer dès maintenant les lignes priteipales de cette découverte. 

Pour permettre de tirer des documents récoltés par M Movcrs toutes les conclusions utiles, il est bon de rappeler la topographie de l'extrémité inférieure du glacier des Bois, autrement dit de Ja Mer de Glace, Je plus fréquemment visité des appareils de Chamonix. En état de grand minimum, comme il l'est aujourd'hui, ce glacier se termine dans une £orge sur une barre rocheuse, à l'altitude de 1,3 . tandis qu'en crue il passe par dessus ce verrou et vient s'étaler Jusqu'à la côte 1,100 m. dans la vallée même, devant le village des Bois, 
En 1580, les glaciers de ( Eturonix, duoique déjà très gros, n'étaient pas encore en état de maximum: is mn descendaient pas complètement, en effet, dans la vallée: Cdescendunt fere usque ad dietam planitien,” dit un texte). Cet évènement se réalisa bientôt, Dans Les dernières années au XVI° siècle où dans les premiers du XVII survint une crue considérable, d'une caractère calamiteux pour les riverains, Des terres cultivées furent envahies et des habitations renversées. Des pièces authentiques datant de 1605 ot de 1610 mentionnent la destruction par le glacier des Bois des hameaux du Chastellard et di Bonnenuiet et Fabandon du village des Bois à cause des dits glassiors". En méme temps le glacier d'Argentière recouvrit sept maisons. 

En 1743, nouvelle crue qui également renverse quelques habitations, détruit des champs cultivés et menace le Village des Bois, En 1664, troisième poussée en avant qui dure jusque vers 1685, enfin, en 1716, quatrième crue. ais assez faible semble-t-i] Dans l'intervalle de ces quatre progressions, et postérieurement dernière, les glaciers ont reculé, mais relativement très peu. En suivant les recherches de M. Paz Moucix, la mer di glace ne se trouvait éloignée du village des Bois que de 400 metres ct, en TA et en 1742, elle S'étendait encore dans la plaine, au bas du verrou rocheux: durant cette période elle était done très #rosse, comparativement à son état actuel, Les é-ênements AU ONE SUIVI Sont connus: ee sont dans le dernier qu 
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du XVII siècle, une nouvelle erue qui atteint son apogée en 1818-1820, 
et qui, coupée de petites régressions, se prolonge sous une forme atténuée 
jusqu'au malien du XIX® siècle, puis la grande régression contemporaine, 
En passant, Signalons qu'au début ce reeul fut très lent: en 1874, alors que 
la Mer de Glace était en régression depuis plus de quinze ans, je l'ai vue dans 
la plaine, où elle se terminait par une magwfique grotte de glace, la grotte 
de l'Arveyron célèbre à cette époque déjà lointaine. 

De eette historique des variations glaciaires dans le massif du Mont 
Blane que M. Pauz Movcix vient d'établir avee un soin et une compétence 
qui lui méritent notre reconnaissance, «e dégagent deux faits très importants: 

Le premier, c'est au début du XVI siècle la destruction de hameaux 
et d'habitations par les glaciers. Les montagnards ne « mstruisent pas leurs 
demeures dans des sites exposés: c'est done preuve qu'en 1,600 environ, 
les glaciers de Chamonix ont acquis des dimensions que depuis plusieurs 
générations ils n'avaient jamais atteintes et qu'ils avaient été très réduits 
pendant une très longue période antérieurs 

Notre collègue, le Dr. J. Reksran a découvert dans les archives de 
Norvège mention de phénomènes analogues. Durant la premsése moitié 
du XVI siècle, des branches du Jestedalsbrae et du Svartisen ont 
renversé des habitations et envahi des terres cultivées. Enfin, en Islande, 
une extension de la glaciation semble Sêtre produite depuis le X siècle, 

Une vague d'englaciation à done touché plusieurs massifs d'Europe 
à une époque toute récente 

La seconde conclusion, laquelle vient à ppui de li première, c'est que 
depuis 1580 les glaciers de Chamonix, ou tout an moins celui des Bois ne 
paraissent pas avoir éprouvé un minimum aus aceusé que celui régnant 
aujourd'hui. 

Ces observations tendent à prouver que, comme nous avons tenté de 
le démontrer il a plusieurs années, il existe des variations glaciaires de deux 
classes, des variations primaires de durée plus où moins longue et de grande 
amplitude, et des variations secondaires survenant à l'intérieur des premières 

Ces oscillations sont la résultante de variations climateriques; aussi bien, 
me sembleraitil utile d'accompagner nos rapports annuels de notes brèves 
sur le régime elimaterique correspondant à la période embrassée par les ob- 
servations glaciaires. Tous les ans, dans l'Annuaire du Musée de Bergen 
(Bergens Muséums Aurbok), notre collègue, le Dr, REkstaD publie un ra 
port sur les glaciers de Norvège accompagné de notes indiquant la température 
moyenne de été et sa différence avec la normale, ainsi que lt somme des 
précipitations hivernales et leur écart par rapport à la moyenne. C'est 
Fun exemple qu'il me semblerait très utile de suivre, 

Depuis notre dernière réunion, la mort à fait de cruels vides dans nos 
rangs, FOREL nous a été enlevé l'an dernier, Par l'aménité de ses manière 
la sureté de son caractère, et la droiture de son esprit, notre ancien président 
avait conquis, je ne dirai pas seulement notre amitié, mais encore notre aftec- 
tion. Nous l'añmions comme un membre de notre propre famille et sa di 
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parition a été pour tous un deuil profondément ressenti. FoREL n'a-t-il pas été le créateur de cette grande famille que forme en quelque sorte la Commission Internationale des Glaciers et l'initiateur de nos études” Le premier, il comprit l'intérêt de l'observation des v iations glaciaires et à 
cette œuvre il s'appliqua pendant 32 ans avec un zèle admirable, suscitant partout des élèves et des continuateurs qui garderont le souvenir de <es enseignements. C'est à son initiative qu'est dû l'éclat acquis aujourd'hui 
par nos études, 

Tout récemment une fin prématurée nous à également privé d'un collaborateur de haute valeur, le professeur Razrit Tank. Quoique jeune, Tank avait conquis une place de premier rang par <es explorations des glaciers de l'Alaska avec le professeur LAWRENCE Maux. L'intéressante 
découverte que son collègue et lui ont faite de l'influence exercée par les tremblements de terre sur le régime des glaciers présente un intérêt de premier ordre, Si la mort nous à privé d'actif collaborateurs, de tous côtés 
de nouvelles activités naissent et viennent nous apporter de précieux concours, 
D'année en année, l'étude des glaciers suseite un nombre d'adhérente de 
plus en plus grand, 

Le Comité demande qu'il «ait continué. 

Adopté à la séance du Conseil du 13 août êr à la séance générale du 14 août 

COMPOSITION BE LA COMMISSION TXTERNATIONA LE DES GLACIERS 

A. Bureau de Commission. 

Président d'honneur: SA. e Rotaxb BoxNararte, Avenue de 
Jénax 16, Paris 

Président: M, CnanLes Rabor, rue Edouard Dét 
Seécrélaire: M. ERNEST MURE, Inspecteur des Forêts, Lausanne 

B. Membres ordinaires. 

Allemagne: Prof. Dr. Se FixsrEenw A LDER. Hochsehule, München. 
Argentine: Prof, Dr. Fr. Porr: recteur de l'Observatoire, La Plata Autriche: Prof, Dr. Ep. Brécrkxet, Unive rsität, Wien. 
Danemark: Dr, Patz Hawber, Koh nhavn 

s- Unis: Dr. HF. Rein, John Hopkins University, Baltimore, Md. France: SA, le Prince Ror AND BoxaraRTE, 10 Avenue d'Iéna, Paris; AL. CHARLES Ranor, 9 rue Edouard Détaille, Paris 
Gronde-Bretagne: M. D, W. Fresuri LD, D rie Gardens, Campden 

Hill, London, W. 

Ltalic: Prof, Oixro Mais LL, 39 Via San Gallo, Florenc 
Vorrige: M. P. A. OvEx, Asker près ( ‘bristiana. 
Russie: Le Général JDE SCHoKALSRY. Torgovaja 27, St-Pétersbourg. Suëde: Prof, Dr. AXEL HaMBERG, Université, Upsula. 



COMMISSIONS DU CONGRÈS, 

Suisse: Prof, Dr, F, A. Forez, Morges, Lausanne: M. Envesr Morer, 
Inspecteur des forêts, Lausanne. 

Terres polaires antarctiques! Prof. Dr. Eric von Dayéazskr, Uni- 
versité, München. 

Terres polaires arctiques: Prof. Baron DE GEER, Université, München. 

C Membres correspondents, 

Afrique: Dr. F. JaëGer, Privatdocent à l'Université, Heidelberg, 
Allemagne, 

Allemagne: Prof, Dr, A. PExCK, Universität, Berlin: Prof. Dr. A. 
BLÜMCKE, Maximilianstrasse S, Augsburg: Prof. Dr. Haxs Hess, Kaul- 
bachstras N ürnberg. 

Autriche: Prof, Dr, Haxs ANGErER, Klagenfurt. 
Danemark: Dr. K. JV, Nreexsrruer, Käbenhavn: Prof. Dr. Tir. 

ThorobbsEx, Kôbenhavn. 
États-Unis: M. GEonGE Vaux, 404 Girard Building, Philadelphia, 

Pas M CG. K. Ginger, US. Geol, Surv +, Washington, D.C, 
France: Prof, Dr. W. Kiliax, Université, Grenoble: M. J VALLOT, 

rue Cotta Nice; M. FR, ScnkabEr, rue Madame 75, Paris: M. G. 
FLESIN, Université, Grenoble; M. Patz Moucix, Inspecteur des forêts, 
Chambéry: M. CHaRLes Jacos, Université, Bordeaux. 

Grande-Bretagne: M. A. P. Harper, Greymouth, New Zealand; 
Major CG. Bruce, London W. 

[alice Le Général CarLo Porro, Santa Maria della Bicocer, Torino. 
Norvège: Dr, H. ReuscH, Directeur du Service géologique, Christiania. 
Russie: Prof, Dr. B. B. SaroscuNiKov, Tomsk Sibérie); M. Nicozas 

DE PoGGENPonL, St-Pétersbourg 
Suëde: Prof. Dr. A. G. Naruonsr, Académie royale des Sciences, 

Stockholm; Dr EF, W, SVENONICS, Service géologique, Stockholm, 
Suisse: Dr. J. Coaz, Eidg. Oberforstinspektor, Bern: Prof. Dr, A. 

Hein, Université, Zürich. 
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COMMISSION DU DEGRÉ GÉOTHERMIQUE, 

(Constituée au X° Congrès, Mexico, 1906), 

LETTRE DE M, BECKER, 

TokoNto, August 10th, 1913. 
The President and Members of the International Geological Congress Gentlemen : 
have the honour to transit herewith a letter from the secre the ‘Commission Spéciale pour étudier les variations du Degré mique”, in which are enumerated the somewhat discouraging dificulties with whieh he has had to contend. 
So far as the United States are concerned LE beg to state that. though little has been accomplished, a beginning has been made, The Geological Survey has recognized in principle the duty of investigat underground temperatures, and for a Year past designs and patterns of thermometrie apparatus have been under consideration and trial. The plans comprise electrical devices by which a complete record of especially important or typical wells can be taken in a few hours and maximum merecurial there Mmometers With special winding apparatus of a very portable description, by means Of which the chief data may be obtained from a great number of borings. 

It is hoped that next Vear a properly qualified goologist may be assigne to devote the entire seuson to temperature measurements in various portions of the United States, gathering the data for à geological section as well at each bore-iole, 

It is also planned to collect specimens for the determination of radio- activity at the same time, so that à COMprison à + made between the gradient due to various causes, and ar ments bave been made to secure authoritative measurements of the unount of radio-activity in each spécimen 

Onlx a small allotment could he 4 ‘ g the "4 vear for examination of the gradient, the Supervision ot 1h n placed in my hands. 
LE beg leave to suggest to the € ongress the desirabilits of comtining Fado-uetive surveys with those of the normal gootheraie vradiont, If the members of the Committe assent, L'suggest that the Committe be cor ued, with mstructions to report at the next meeting 4€ the Congress. 

Respeetfully submitted 

GronGe EF. Béckei 

Chairman 
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RSÉUMÉ DE LA LETTRE DE M. HALET, SECRÉTAIRE DE LA COMMISSI 

M. Hacer dit dans sa lettre qu'en raison de la publication tardive du 
Compte Rendu de la session de Stockholm et pour d'autres raisons, c'est 

seulement au prix de beaucoup de démarches, de temps et d'argent qu'il 

a finalement réussi à récueillir une liste complète des représentants des divers 

pays. I recommande qu'une cireulaire imprimés soit envoyée aux frais 

du Congrès à chaque membre de la Commission pour expliquer exactement 

à chacun ce que l'on attend de lui, ar il est impossible d'accomplir un travail 

de quelque valeur si l'on ne demande pas des renseignements très nettement 

indiqués. I croit qu'une cireulaire de ce genre pourrait être préparée par 
quelques uns des membres du Congrès à Toronto et envoyée sous les auspices 

du Congrès 

LISTE DES MEMBRES DE LA COMMISSION SPÉCIALE POUR ÉTUDIER LES 

VARIATIONS DU DEGRÉ GÉOTHERMIQUE. 

A. Membres de la Commission provisoire du Degré géothermique. 

(Voir page 172 du Compte Rendu du XIe Congrès géologique international.) 

Président: GK, Becker, États-Unis d'Amerique. 

Secrétaire: F, HaLer, Belgique. 
CO ALIMANISTEANO, Ingénieur en chef, Directeur du départment de 

l'Agriculture, de l'Industrie, du Commerce et des Domaines de la Roumanie, 

Bucarest. 

R. D'Axprimowr, Ingénieur géologue, Secrétaire de l'Association des 

Ingénieurs sortis de l'Ecole de Liège, Liège, 

H. vox Hôren, Professeur à l'École des Mines de Leoben 

L. A. Jaczewskr, Géologue au Comité géologique de Russie, St.-Péters- 

bourg 

E. LacranGe, Professeur à l'École Militaire, Bruxelles. 

L. pe Lauxay, Professeur à l'Ecole supérieure nationale des Mines, 

Paris. 
J. Lagerr, Inspecteur général des Mines, Liège, 

M. Louesr, Professeur, Liège, 
S. SrrassaurT, Professeur d'exploitation des mines à l'École provinciale 

du Hainaut, Mons. 

Tu, Tsousrwisenew, Directeur du Comité géologique de Ru 

St-Pétersbourg. (Décédé en 1914). 

B. Membres élus par les directeurs des services géologiques des divers pays. 

(Voir page 145 du Compte Rendu du Xe Congrès géologique international. 

Les Services géologiques de plusieurs pays (Espagne, France, Italie 

Japon, ete.) n'ont pas encore nommé leurs représentants). 
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Argentine HR ONTAPPENHECR, Chef de ln Section bydrogéologique 
du Ministère de l'Agriculture, Buenos Aires 

Australie occidentale: À. G, MarreaNb, Government Geo ogist, Perth 
Baden: J. KüNiesneénGrn, Professeur À l'Université de Freiburg 
Belgique: K. Haver, Ingenieur, Chef de Section au Nervice CG logique 

de Belgique, Bruxelles 
Canada: RW, Brocx, Directeur du Service Géologique du Canada: 

O. E. LeRoy, Géologue à la Commission G ologique de Canada 
États-Unis d'Amérique: GK. Becker Géologue au Service Géo- 

logique des États-Unis 4 Amerique 
Grande-Bretagne VO Nikanan, Directeur au Service Giéologique 

d'Anglete et du Pays de Galles, London; CH, LEEs, Professeur : 
physique à East London College, London, 

Hongrie: 1. Loczy pe Locz. Professeur. Directeur du Services Géo- 
logique de Hongrie, Budapest; TT. SzoNTaGN DE 116, Conseiller royal, 
Sous-Directeur du Service Gé logique de Hongrie, Budape 

frlande: NW, B. Wiuonr, Géologue au Service Géologique d'Irlande, 
Dublin. 

Merique: E, ORboSEz, Ingénieur des Mines, Mexico 
Norvège: OE. Somdrz, Professeur de physique à l'Université de 

Christianin. 
Nouvelle Zélande: J. M. Bus, Ancien Dir teur du Service Géologi- 

que, Wellington, 

Prussie: A. JENTzsen, Geh. Bergrat, Professeur, Berlin. 
Suède: HE. Jonaxssox, Ingénieur des Mines, Géologue au Service 

Géologique de Suède, Stockholm. 
Su H, Scnanpr, Professeur, Veytaux 
Tasmanie: 1 K. Wanp, Assistant Government Geologist, Launceston 

COMMISSION POUR L'ÉTUDE DE L'HOMME F SSILE. 

(Constituée au Xe Congrès, Stockholm, 1910) 

Commission char aminer li proposition relative à la constitution 
d'une commission internationale pour l'étude de l'homme fossile, 

Membres: MAL BouLe, WC, BrüaGer, K.( TORJANOVIC-NRAMBERGER 
À. Ruror, W.J. Sour as, F WAHNSCHAFFE 

Cette Commission n'a soumis aucun rapport au XIle Congrès, 
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RAPPORT DU COMITÉ ÉXECUTIF DU XIe CONGRÈS GÉOLOGI- 

QUE INTERNATIONAL SUR LA PROPOSITION DU DR. HOBBS 
RELATIVE A UNE COOPÉRATION INTERNATIONALE 

POUR L'ÉTUDE DES FRACTURES DE LA CROUTE 

TERRESTRE. 

“The Executive Committee regret that owing to the demands mude 

upon their time in connexion with the preparation of the extended series 
of excursions arranged for the XIIth International Geological Congress, 

and the publication of the monograph on the Coal Resources of the World, 

they have been unable to undertake the preparation of an additional mono- 

graph deaïing with the fractures of the earth's erust as suggested by the 

XIth Session of the International Geological Congress. The Committee 

would, therefore, respectfully request that this task be transmitted to the 

Executive Committee of the XIIIth International Congress.” 

Ce rapport a été reçu par le Conseil à sa séance du 11 août. 
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PROPOSITION DE M. J. SAMOJLOFF RELATIVE A UXE ENQUETE SUR LES RESSOURCES MONDIALES 
D’ACIDE PHOSPH( JRIQUE. 

Au Comité du XIle Congrès géologique international: 

J'u l'honneur de m'adresser au Comité du XIe Congrès ta propos: tion d'inscrire au programme du XIIIe Congrès prochain la question des ressources mondiales d'acide phosphorique. 
En présence de l'intensité de l'agriculture moderne et de son progrès inces- sant, la question de la fourniture des engrais minéraux au sol doit être considérée comme l’une des plus essentielles et des plus urgentes, 
Parmi les engrais minéraux, les engrais phosphatés, dont la matière première est fournie par les phosphates naturels, jouent un rôle exceptionel par leur importance, 
On peut admettre que la quantité d'acide phosphorique contenue dans les phosphates détermine, dans une certaine mesure, la quantité possible de substance vivante du monde. 
A côté des gisements de phosphates en Russie, dont les recherches sont exécutées sous ma direction depuis six ans, les dépôts mondiaux de ce fossile ont souvent attiré mon attention. 
L'évaluation précise et rigoureuse de ces dépôts ne peut être effectuée, cela va sans dire, qu’en se basant sur les travaux d'exploration collectifs d’une organisation internationale comme cela à été fait au Congrès de la Suède pour les quantités mondiales de minerai de fer et comme cela se passe pour la houiile au XIe Congrès au Canada. 
C'est en me basant sur ces faits que je me permets d'adresser au Comité la proposition d'inscrire à l’ordre du jour du XIIe Congrès la question: 
Sur l’organisation de travaux collectifs concernant l'évaluation des dépôts mondiaux d'acide phosphorique. 

(Signé) _J. SamosLorr, 
Professeur de Minéralogie à l'Institut agronomique supérieur, Moscou. 

La proposition de M. SamoyLorr à été prise en considération aux séances du Conseil des 8, 11 et 13 août, et le choix d'un sujet a été laissé aux géologues belges. 
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LerrRe pe M, Anmaxn RENIER RELATIVE à LA PROPOSITION de 
M. SamosLorr, 

Bruxelles, le 27 juin, 1913. 
A M. F. D. Apaws, Président de la ile Session du congrès géologique 

international, Toronto, 1913, Victoria Memorial Museum, Ottawa. 

Monsieur le Président : 

En possession de li quatrième circulaire du XIe Congrès géologique 
international, j'y lis, page 9: 

“Le Comité exéeutif à reçu de M. le professeur SAMOJLOFF de Moscou, 
Russie, la proposition de faire de la question des ressources phosphateuses 
mondiales, le sujet principal de discussion du XIe Congrès géc. gique 
international.” 

En ma qualité de délégué officiel du Gouvernement, chargé de confirmer 
au Congrès géologique l'invitation des géologues belges de tenir, en 1916, 
à Bruxelles, sa tressièine session, je crois devoir vous informer, sans plus 
tarder, que notre Comité d'initiative a déjà recherché le sujet d'enquête 
mondiale à proposer, et a arrêté son choix sur les réserves en minerais de 
cuivre, 

J'espère que, d’ailleurs, le Congrès voudra bien admettre en principe 
que le Comité organisateur d'une session a rang de priorité pour faire des 
propositions fermes relativement à la session qu'il organise, toute proposition 
faite au Congrès par des géologues où d'autres associations de géologues ne 
pouvent revétir er. principe que la forme de vœu, 

Veuillez agréer Monsieur le Président, l'assurance de ma considération 
très distinguée. 

(Signé) A, RENIER, 

Ingénieur des Mines, Chef du Service Géologique, Délégué 
au Congrès géologique international de Toronto. 

AVIS DE M. W. VERNADSKY REÇU À LA SÉANCE DU CONSEIL DU 11 AOÛT. 

M. W. VERNADSKY pense qu'on doit prendre en considération non seule- 
ment l'importance pratique de l'évaluation des quantités mondiales du 
cuivre, du pétrole où des phosphates, mais aussi l'importance scientifique 
des chiffres obtenus. L'importance pratique de toutes ces questions est 
très grande, mais en donnant la quantité mondiale des phosphates nous 
établissons un fait scientifique nouveau. En déterminant la quantité de la 
substance organique (matière vivante) dans les diffé rentes périodes géo- 
logiques, nous obtenons des données qui sont nécessaires pour la résolu- 
tion de certains problemes géologiques et minéralogiques importants. 



PROPOSITIONS PRÉSENTÉES AU CONGRES, 

I, PROPOSITION DE M. A. BATHER RELATIVE AU CHANGE- 
MENT DANS LA DA DE LA $ OX DU CONGRÈS 

GÉOLOGIQUE INTERNATIONAL. 

LoNbox, February 11th, 1913, 
To the Secretary, 

International Geological Congress: 

Dear Sir, Ia enelosing my subseription as & member of the Interna- 
tional Geological Congress L desire to draw the attention of the Council to 
the fact that, owing to the postponement of the last Congress to an interval 
of four Years instead of three, this Congress. to be held triennially, now falls 
in the same year as the International Zoological Congress. In 1910 these 
two Congresses were actually held at the same time of vei 

The Committee of Palæontologia Universalis, recognizing the great 
inconvenience which such an arrangement causes to pelæontologists, 
forwarded to the Council of the ( ‘ongress, when it met at Stockiolm, a request 
that this interference should be avoided in future. In the Compte Rendu 
of the XIth International Geological Congress Lam, however, unable to find 
any statement showing that this protest was so much as considered by the 
Council. 

In the present year, it is true, that, owing to the climatic conditions of 
the Riviera on the one hand and of Canada on the other, the two Congresses 
are not being held at precisely the same time of year. This, however, makes 
very little difference to the result so far as palæontologists are concerned, 
The Zoological Congress being held in Fe in one of the most expensive 
pleasure resorts of that continent and at height of the season, that is to 
say, the most expensive time of year, and the Geological Congress, on the 
other hand, being held on the other side of the Atlantic and involving, if one 
is to obtain any benefit from it, considerable expenditure in addition to the 
mere cost of the trans-Atlantie passage, it will be clear that any one who 
attends both Congresses will be called upon for a very heavy pecuniary 
expenditure, in addition to the considerable expenditure of time,  Palæ- 
ontologists, I need hardly point out, are not among the richer members of the 
community, even of the gcological community, and there cannot be many 
among them #ble to afford two international congresses in the same year, 

For my part, it was a source of great regret to me that L was unable to 
attend the Zoological Congress at Graz three years ago. This year, owing 
to the important questions that are coming up for discussion, I feel that it is 
my duty to attend the Zoological Congress at Monaco, and indeed EL am 
delegated by the Zoological Society of London to represent its views on these 
disputed questions. Unfortunately, I also have the honour to be a member 
of two important Committees of the International Geological Congress and 
1 deeply regret that I cannot afford to come to Canada in order to take part 
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in their deliberations, LE mention these personal matters as a mere illustra- tion of the difficult position in which many earnest workers besides myself bave been placed by the action of the Council of the Gcological Congress, 
Atthe last Congress, when a member raised in the general asserbly of tie Council the question of the interval between the Congresses, he was told that, since the invitation had already been made for 1913 by both Belgium and Canada, it was not within the power of the Congress to make any altera- tion. This year we all know that we are to receive an invitation from Belgium for 1916. Again, therefore, we shall be told that it is not within the power 

of the Congress to make ery alteration and so we shall go on for ever and ev This, LE humbly submit to the Council, is merely ridiculous. LE am aware that palæwontologists form a very small portion of the membership of the Congress, but it will scarcely be maintained that they constitute an unimportant section. It is, therefore, to be hoped that on this occasion their 
views as already expresse by the Committee of Paleontologia Universalis, will meet with some attention. 

have the honour to be, dear sir, 

Yours faithfully, 

F. A. BaTuEr, 
\ssistant-Keeper of Geology at the British Museum and Delegate of the Trustees of the British Museum 

LoNbox, June 28th, 1913. 
To the Kecretary, 

International Geological Congress: 

Dear Sir,— 1 am | in receipt of your letter of June 12th, and thank vou forgiving me the opportunity of revising or addingto myletter of February 1th. The letter as written with a view to ‘is being laid before the Council and though it is a little long and perhaps somewhat personal, I do not think that it would be advisable to alter it. My experience is that when one tries to be very brief, it only results in lengthening the subsequent discussion. 
The matter was not discussed at the Zoological Congress, which, 1 may point out, has adhered to its original intervals of meeting, whereas the Geological Congress has not done so. Obviously, therefore, the Geological Congress is the first body to approach. The Zoological Congress is to meet, 

at Buda Pest in 1916, 
L'have only to add that, as the time approaches, my regret at being 

unable to attend the Congress and the Committees of which Lam a member, becomes still more keen. 

Yours very truly, 

F. A. BaTHER. 

Par décision 4u Conseil du 9 août, confirmée par un vote à la séance générale du 11 août, la date de la prochaine session du Congrès est changée 
de 1916 à 1917. 



PROPOSITIONS PRÉSENTÉES AU CONGRÈS 157 

[PROPOSITION DE M J, J. SEDERHOLM INSISTANT SUR L'IMPORTANCE D'UNE COOPÉRATION INTERNATIONALE POUR ÉTABLIR LA CORRÉLATION DES ROCHES 
PRÉCAMBRIENNES, 

ToRoNro, August Hith, 1918. 
The International Geological Congress expreses the hope that the Rovernments of those countries which possess contiguous areas of Pre-Came brian rocks will promote the comparative study of such arous by ‘orming international committees that will include representatives of the logicul Surveys of all the countries concerned, for the purpose of correlating the auibrian formations in the different countries!" 

Adopté à la séance du Conseil du 14 août et à la séance du Congrès de li même date, les mots “gcologieal surveys "avant été substitués au mot “sovermments" de la proposition originale, 

IV PROPOSITION DE M. R. W. BROCK. RELATIVE A LA MONOGRAPHIE QUI DOIT ÊTRE PRÉPARÉE POUR 
LE CONGRES. 

Toroxro, August 13th, 1913. 
Leg to propose, in connexion with the next Congress, an International Commission consisting of the General Secretary of the XITIth Congress and two past general secretaries named by him, to decide upon the size of the monograph to be prepared for the Congress, the number of ages at the disposal of the respective countries and the last date at which manuscripts Will be received for publication in the monograph; the Commission té be empowered to rule also as to contributors furnishing their illustrations and maps in à form suitable for reproduction. 

gd.) R. W. Brocr,. 
Cette proposition est adoptée par le Conseil a sa sixième séance et par le Congrès en séance générale le 14 août. 

V. PROPOSITION DE M. R. W. BROCK RELATIVE À LA RÉDAC- 
TION D'UNE CONXSTITUTI NX POUR LE CONGRÈS 

INTERNATIONAL GÉOIL JGIQUE, 

TORONTO, August 13th, 1913. 
L beg to propose that à small International Committee be appointed consisting of not more than eight persons, who have had actual experience on the Executive Committees of various sessions of the Congress, to con- sider the question of a Permanent constitution and by-laws and to submit, if possible, a proposal thereon at the next session of the Congress. 

gd) R, W. Brock. 
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Cette proposition est approuvée par le Conseil à su sixième séance ct 

par le Congrès dans lu séance du 14 août, 

Le Président M. Abaus, est chargé de constituer le comité et désigne les 

personnes suivantes: 

Président: MR. W. Brocx,. 

Membres: MM, 4. G. ANDERSSON, 

C, Barrois, 

A. KanrixskY 
A. RENIER, 

G. O0, Sur, 

QG. STEINMANN, 

E. TiE 

VI. PROPOSITIONS RELATIVES AUX LIEUX DE RÉUNION DES 
PROCHAINS CONGRE 

INVITATION DE LA BELGIQUE, 

ToroNro 9 Aôut, 1913. 

Conformément aux instructions de M. le ministre de l'Industrie 

et du Travail et en confirmation de la correspondance échangée entre M. 

lé Président Apaus et M. le Directeur général des Mines, Président de la 
Commission géologique de Belgique L. DesaRDix, j'ai le grand honneur de 
vous apporter l'invitation formelle et officielle de tenir en Belgique la XII 
Session du Congrès géologique int ional. Cette invitation, dejà formulée 
à deux reprises, n'avait pu être prise en considération mais les géologues 
belges, assurés qu'ils sont de l'appui du Gouvernement, espèrent fermement 
que le Conseil voudra bien cette fois transmettre leur invitation à l'assemblée 
générale du Congrès en l'appuyant d'un avis favorable, 

(Signé) A. REXIER, 
Chef du Service géologique de Belgique; délégué 

du Gouvernement de Belgique. 

L'invitation de la Belgique est acceptée par le Conseil à sa séance du 

9 août, et la décision du Conseil est approuvée par le Congrès dans la séance 
du 14 août. 

INVITATION DE LA RÉPUBLIQUE ARGENTINE, 

Buexos AiRes, le 16 Juin 1913. 

A Monsieur le Président du XIe Congrès géologique international Fro- 

fesseur FRAXK Abaus, Montreal, Canada. 

M. le Président: 

Les recherches géologiques que fait la Direction générale des Mines, de 

la Géologie et de l'Hydrologie à ma charge, deviennent de jour en jour plus 
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importantes, ainsi que le démontrent, du reste, les résultats obtenus et 

l'intérêt qu'elles provoquent dans les milieux scientifiques, Nous tâchons de 
les connaître autant que possible soit par correspondance épistolaire, soit 
par la publication de rapports et concernant ce chapitre, nous croyons avoir 
contribué à l'explication de plusieurs problèmes ayant crait à la géologie 
du territoire de la République Argentine, laquelle, comme vous le Savez, 
M. le Président, offre une variété de tous points digne d'être soigneusement 
étudiée, 

Si nos services ne sont pas encore assez importants pour embrasser dans 
ces recherches la plupart des régions du territoire offrant un intérét plus 
marqué, la collaboration étrangère devient précieuse alors, et c'est pourquoi 
nous ne cessons de l'encourager, convaineus du bon résultat qu'elle pourrait 
obtenir. 

C'est un peu pourquoi, aussi, après avoir pris part aux Congrès 
internationaux de géologie, de la façon la plus complète permise, nous 
pensons Qu'il serait possible pour la République Argentine d'être à son tour 
choisie, étant donné ses conditions géologiques, pour la réunion d'un de ces 
congrès, 

Cette demande que je me permets de vous faire avec une certaine up- 
prébension, il est vrai, sera ratifiée par le délégué argentin au Congrès, le 
Dr. JUAN Keipez, Chef de la Section Géologique de cette Direction Générale 
et j'espère qu'elle sera prise en considération par l'honorable assemblée, 

Son anticipation répond en outre, aux préparatifs qu'il y aurait lieu de 
faire, étant donné qu'il s'agit d'un pays de l'hémisphère austral et que, par 
conséquent, il faudrait profiter de l'époque propice aux excursions à la Cor- 
dillère. Grâce au continnel progrès des moyens de transport, ces excursions 
se feraient dans d'assez bonnes conditions, détail sur lequel j'ose insister 
auprès de vous, M. le Président, afin que vous en fassiez part à l'assemblée, 

Comme principaux buts de ces excursions à la Cordillère, je vous in- 
diquerais les suivants 

Les sédiments mésozoïques du géoxynelinai andin, surtout dans les en- 
virops de l'Aconcagua: en outre, son intéressante tectonique et la morphologie 
des grandes hauteurs dans la région du elimat sec continuel. 

La Précordillère et les parties des chaînes pampé nes dans les provinces 
de San Juan et de Mendoza, intéressantes par leurs sédiments marins du 
paléozoïque inférieur (silurien et dévonien), les couches fossilifères du Gond- 
wana, leur tectonique d'âge paléozoïque, la morphologie des terrains bas et 
déserts et les chaînes pampéennes avoisinantes pour leurs schistes cristallins 
et leur morphologie. 

La chaîne de Cordoba et les chaînes pamp ‘ennes de la Rioja, intéres 
santes par les conditions très favorables qu'elles offrent à l'étude des roches 
cristallines du précambrien et da paléozoïque, des couches du Gondwana, 
et par leurs remarquables rapports géomorphologiques et leurs gisements 
(marbres à Cordoba, minerais d'exploitation à Famatina). 

La zone subandine du nord, les grandes vallées longitudinales et le 
versant oriental de la Puna de Atacama, intéressantes non seulement par 
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l'occasion qu'elles offrent pour l'étude du précambrien et du paléozoique 
marin, mas aussi et spécialement, par leur tectonique et les énormes aceumu- 
lations des bolsons 

A part tout cela, on pourrait visiter ln région du Rio Negro et la partie 
est du territoire du Neuc jén afin de voir les dépôts fossilifères m rins du 
jurassique supérieur, du erétacé inférieur, lex sédiments continentaux du 
crétacé supérieur, les terrasses et les plateaux septentrionaux de la Patagonie, 
Cette excursion permettrait aussi de visiter les chaînes pumpéennes de la 
province de Buenos Aires, lesquelles par la découverte de grands dépôts 
glaciaires du paléozoique supérieur et leur tectonique sont vraiment in- 
téressunte 

EE serait aussi possible d'organiser une excursion aux régions du nord 
li Patagonie, jusqu'aux grands lues de la Cordillére, qui 

offrent de si magnifiques panoramas: 

et du centre 

us, pour cela, il faudrait se rés gner à 
souffrir les ineommodités des voyages dans des régions où les moyens de 
transport sont défectueux 

Le Dr. KeibeL, notre délégué, pourra du reste vous donner toute sorte 
de détails au sujet de l'intérèt que la République Argentine offre au point 
de vue géologique. 

En exprimant de nouveau l'espoir que ectte proposition sera favorable- 
ment accuellie, je vous prie, M. le Président, de bien vouloir agréer 
de ma considération la plus distinguée 

assurance 

E, HeuxMrrre, 

Directeur général, 

L'invitation de la Républiqu: Argentine est lue devant le Conseil à sa 
séance du 9 août et reivoyée per être prise en considération à la prochaine 
session du Congrès en 1917. 

INVITATION LE L'ESPAGNE. 

Monsieur le Président du Xe Congrès géologique internationa! : 
Les délégués représentant l'Espagne au Xe Congrès géologique inter- 

national ont l'honneur de appeler au Congrès que, lors de la session de 
Stockholm, leur pays a invité les congressistes à tenir à Madrid la réunion 
qui suivra celle de Pruxelles, 

Les délégués espagnols renouvellent l'invitation de l'Espagne et prient 
le Conseil de la prendre en considération au cours de ses délibérations. 

Recevez, monsieur le Président, nos salutations les plus distinguées. 

(Signé) AvGusTiIN MARIN, 

E. Dupuy pe LôME. 
Tonoxro, le 11 août 1913. 

L'invitation de l'Espagne est lue à la séance du Conscil du 9 août ct 
renvoyée pour être prise en considération au XIIIe Congrès. 



PUBLICATIONS DISTRIBUÉES AUX MEMBRE 
DU CONGRES. 

Le Comité Exécutif, de même que plusieurs services du gouvernement 

et quelques villes, ont offert aux membres des publications ayant trait à 

la géologie du Canada où autres sujets intéressants, Ces publications ont 

été distribuées principalement par l'entremise d'un bureau d'information 

pal, dirigé pur M, Joux MebLeisu. Les plus importantes au siège prin 

étaient : 

Par le Comité Eréeulif: 

The Natural History of the Toronto Region, publié par le Canadian 
Instituie, Toronto (nombre d'exemplaires limité) 

Carte de poche du centre de Toronto et des dépendances de l'Université, 

The moraine systems of southiwestern Ontario, par Frank B. TaxLor. 
Numéro spécial du Canadian Mining Journal, publié à l'occasion du 

Congrès. 

Par le Ministère des Mines du Canada 

Division des Mines: Les publications de cette division, 
Commission Géologiue: Les pul 

une séries de vues du Muxe : commémoratif Victoria, 

tions de La Commission; 

Par le Ministère des Mines de la Colombie Britannique 

Les publications de ce ministère, 

Par le Ministère de l'Entérieur du Canada: 

The Selkirk range, par O. À, WueELER (nombre d'exemplaires limité) 

Mines d'Ontario: 

ns du bureau. 

Par le Bureau des 

Les public: 

Par le Bureau des Mines de Québec: 

Les publications de ce bureau. 

Par le Ministère des Mines de la Nouvrelle- 

Les publications de ce ministère, 

Par le Service Géolegique des Etats-Unis: 

Geological Atlus, Niagara Folio (nombre d'exemplaires limi 

Par la Commission du chemin de fer Tv skaming and Northern Ontario 

The min.ng industry in that part of Northern Ontario served by the 

T. & N. 0. l'y. par ARTHUR À. COLE. 
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Par la ville db Toronto 
Guide illustré de Toronto 

Par le Smithsoniun Pnstitute, aux montres de l'exeurson € Formation combrienn du district Rohan Peuk Colombie Britannique Morte, par Cuantes D, Wabcors 

Pur Gouternement de le Col mire Britannique, AUX membres visitant “olombie Britannique: 
Brochures et cartes Vant trait à cette provines 

Par le comité tout de Wontréat 
Guide officiel du Montréal, petite bre hure illustrée historique ot descriptive, par CH Gon LD, 

Par le comité ch Québec 

Historie Que, un album reproduisant des vues de Québec, et des environs, 

Par la ville d'Ottawa, aux membres visitant Ottawa: Guide d'Ottawa. 

Par la ville Calgary, aux membres visitant Calgary: Guide illustré de ulgury, 

Par la ville dé Victoria, aux membres visitant Victoria Guide illustré de Victoria, 

Par le bureuu publicité de W CRE DEY, AUX membres v isitunt Winnipeg: Manitoias Mincrats, par le Dr, R, CC, Wanacr. 
Par le Musée paléontologique royal l'Ontario: 

Guide du musée 

Par M, Pu, Nécris: 
La régression quate Fnatre, par Pu, NÉécnis. 



FÊTES PENDANT LE CONGRÈS. 
LA RÉCEPTION À MONTRÉAL 

Au mois d'août les exeur ionnistes du Congrès sur leur retour ont été 

Pobjet d'une réception Montréal Dans lavanteanidi une assemblé 
spéciale de l'université NeGill fut convoqués en honneur des congressistes 
et le diplôme de docteu à pnilosopnie à titre Lonoraire à été conféré aux 
six géologues distingués: Le professcur HE Bâckstiüm de Stockholm, le 
professeur H. BerGedr de Koenigsberg, le professeur Kerr de New York, 
M Aus.en Hauken de l'aniversité de Cambridge, et le profe seur À. Lactoix 
de Paris. Des discours de circonstance furent prononcés par les personnes 
qui présentaient les candidats et, en réponse, pur les candidats eux-mêmes 
chacun dans sa langue propre. 

A lu suite de cette intéressante eér mie ces messieurs furent invités 
à &n luneh de la part du comité local de Montréal 

LA RÉCEPTION À OTTAWA. 

I était convenu que les personnes ayant pris part aux excursions À 
avant la Session se réuniraient à Ottawa le. 

\ leur 

du comité local et accompagnés jusqu'à la Ferme expérimentale centrale 
où un lunch était préparé pur order du gouvernement, Parmi les fonction- 
naires présents à ce luncheon pour souhaiter la bienvenue aux congressistes 

était le très honorable R. EL. BOoRDEN, premier ministre du Canada, Le 
premier ministre souhaite la plus cordiale bienvenue en Canada aux con- 
gressistes et exprime sa haute apprée 

rrivée à Ottawa, les membres sont reçus par les représentants 

tion des objets et visées du Congrès. 

M le commissaire PARENT souhaite la bienvenue au nom de la ville d'Ottawa. 
Après les remerciements par M. Abaus, président du Congrès, de courtes 
allocutions sont prononcées par MM Srnanax d'Angleterre, TERMIER de 
France, SEDERHOLM de Finlande et Keup de New-York. 

Après le luneh on visite les collections géologiques et minéralogiques de 
la Commission géologique au Musée commémoratif Victoria et, dans le 

cours de l'après-midi, les excursionnistes prennent part au dévoilement de 
la plaque commémorative en souvenir de Sir William LoGax dont il est 
question autre part dans ce volume. 

Le thé est ensuite servi au Musée. 
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FÊTES PENDANT LE CONGRÈS. 

RECEPTION À TORONTO. 
Son honneur le maire et es conseillers municipaux de la ville de Toronto donnent une réception à l'hotel de ville dans la soirée du lundi 11 août, ct 

ces messieurs font la connaissance d'un bon nombre des principaux citoyens de Toronto. 

ASSEMBLÉE SPÉCIALE DE L'UNIV ERSITÉ DE TORONTO, 

le de l'uni- 

Dans l'apres-midi du jeudi 14 août, une assemblée spéci versité de Toronto est convoquée dans la salle des facultés. Le chancelier Sir Wilzrau Mereprru occupe le fauteuil et remet le diplôme de docteur en droit à titre honoraire, aux membres distingués du Congrès dont les noms suivent : 

Oberbergrat Professor Ricnarp BEck, de Freiberg, Se le professeur T, L, Wazker de l'université de Toronto. Le Professeur T. C. CHAMBERLIN, de l'université de Chicago, Chicago, Il... présenté par le Professeur À, P. COLEMAN de l'université de Toronto, 
MW. 0. Mie, géologue provincial de Toronto, Ont., présenté par le professeur A. T. DELURY de l'université de Toronto. MAJEUR SEDERHOLM, de Helsingfors, Finlande, présenté par le professeur B.E, Ferxow de l'université de Toronto. 
M. AUBRey STRAHAN, du Service géolc que de la Grande Bretagne, Londres, Angleterre, présenté par le président FaLcoNER de l'université de 

Xe, présenté par 

Toronto. 

M. P.M. TeRMIER. directeur du Service de la Carte géologique de la France, présenté par le professeur NAINT-ELME DE Cnam, de l'université de Toronto, 
Le professeur Tkopostes TSCHERNYSCHEW, de St. Petersbourg, Russie, présenté par le professeur WA. Parks, de l'université de Toronto. Après la cérémonie, les membres du Congrès et les invités assistent à un garden party donné par les gouverneurs de l'université de Toronto dans le carré de l'université, 

GARDEN PARTY DONNÉ PAR MONSIEUR ET MADAME DUNLAP, 

A l'occasion du Congrès, Monsieur et Madame Davin A. Duxzap donnent un garden party en leur demeure, 13 Highland Avenue, Rosedale, dans l'après-midi du samedi 9 août, 
Les invités sont reçus par ML. et Mad. DuxLar et se dispersent ensuite dans les magnifiques jardins et bocages, pour se promener au son de la musique des Highlanders ot jouir d'une heure ou deux de conversation en aimable Compagnie. Pour la commodité des personnes assistant aux séances scienti- fiques de l'après-midi un service d'automobiles avait été organisé entre l'université et les jardins de Roxedale. 
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LUNCHEON DONNÉ PAR LES DAMES DE TORONTO. 

Le comité des dames de Toronto reçoit les dames du Congrès à un luneh- eon dans les salons de 1 Jrateur, aux édifices du parlement provincial, le vendredi 6 août. Des discours sont prononcès par Mesd. FRaxk D. Apams, JB. TYRRELL et AUBREy STRAHAN. Après le lunch, on fait un groupe photographique des invités sur le grand escalier de l'édifice, 
Toutes les après-midi pendant le Congrès, ce comité a aussi servi le thé aux congressistes dans le carré de l'Université. 

LE BANQUET. 

Dans la soirée du mercredi 15 août un banquet fut offert aux membres et délégués par le Président et le Comité exécutif au nom du Canada. Le dîner fut servie à l'Arsenal, University Avenue, où l'on avait transformé une partie de l'édifice en salle à dîner champêtre au moyen d'une vaste mar- quise dissimulée par des plantes vivaces et de la verdure. Le président, M. ADAMS occupait le fauteuil et les autres sièges à la table principale étaient occupés par les délégués des différents Pays et les représentants du gouverne ment, tandis que les autres membres du Congrès accompagnés dans bien des cas de leurs épouses ou leurs filles, etaient placés à des tables plus petites disposées en avant, 
Après que l’on eut bu à la santé du Roi, le président propose un toast en l'honneur du Gouverneur général. L'Hon. M. CobERRE, ministre des Mines du Canada, répond au nom de Son Altesse royale, parti en Angleterre, et après avoir parlé de la grande popularité dont jouissent le due et la duchesse dans tout le Canada, dit combien Son Altesse royale eut été heureux de se trouver au milieu de tant de visiteurs distingués; puis il espère que le résultat du Congrès sera d'un grand avantake non seulemen: pour le Canada mais pour le monde entier, 
L'Hon. M. HEansr, ministre des Terres, Forêts et Mines, pour la pro- vince d'Ontario, répond au toast en l'honneur des Lieutenants-gouverneurs d'Ontario et de Québec, en l'absence du Lieutenant-gouverneur d'Ontario, sir JOHN GiBsox: il explique en queiques mots le système d'administration du Canada par une gouvernement fédéral et des gouvernements provin- ciaux; il fait res sortir l'immense étendue et les vastes ressources de l'Ontario et fait part au Congrès des meilleurs souhaits de la population de cette province. 
L'Hon. M. Devuix, minstre de la Coloni ion, des Mines et des Pêch- eries de Québec, en réponse au même toast, fait quelques remarques pré- liminaries en anglais et continue son discours en français: <'est un grand honneur pour le Canada, dit-i . qu'on ait choisi ce pays pour la réunion de la XII° Session du Congrès géologique. I fait valoir les éminentes qualités de sir FRANÇOIS LANGELIER, lieutenant-gouverneur de Qué 

as 

ec, un ami des 
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arts et des sciences, qui s'est vivement intéressé au Congrès et qui eut été enchanté de se trouver en contact avec autant d'hommes éminents venus de l'étranger. 
Le Président exprime ensuite au nom des géologues et du peuple cana: iens tout le plaisir qu'ils éprouvent d'avoir au milieu d'eux autant d'éminents visiteurs. Après une allusion au magnifique champ d'étude à Ja portée des géologues du Canada, aux vastes ressources minérales du pays, à sa crois- sance rapide et à son dé veloppement, il souhaite aux étrangers la plus cor- diale bienvenue. Parlant ensuite en français il dit combien il est heureux de voir un aussi grand nombre de représentants de la France et des pays de langue française, Puis, évoquant d'anciens souvenirs, il s'adresse aux membres allemands du Congrès dans leur langue propre, pour rappeler les jours heureux qu'il a passé autrefois À Heidelberg, et souhaite particulière- ment une cordiale bienvenue aux membres allemands du Congrès, En annonçant le toast aux membres et délégués de l'étranger, le Prési- dent fait en même temps allusion au travail remarquable accompli par le professeur W, G. MILLER et donne lecture d'une lettre d'un groupe d'Ontar- iens qui s'intéressent aux mines, exprimant leur intention de présenter à M. Miizer son portrait à l'huile en témoignage de leur haute estime. Il fait aussi mention de l'honneur qui lui sera conféré par l'université de Toronto dont il doit recevoir, à titre honoraire, le diplôme de docteur en droit. Le Président prie M 

occasion, rappelle toute l'activité déployée par celui-ci dans les travaux de Préparation qui ont si bien contribué au succès du Congrès, 

Lixpsey de Proposer le toast et par In même 

M. Laixpsey se lève et, après quelques saillies humouristiques, passe en revue les progrès remarquables de la géologie au siècle dernier et rend hommage au génie des géologues disparus et de ceux encore vivants, Il dit qu'en vue du peu de temps disponible, on n'entendra que quelques ré- ponses À ce toast, et fait l'éloge des travaux aecomplis par ceux qui vont répondre, 
La parole est à ML Nreixuax qui parle en allemand. I fé cite les organisateurs du Congrès du succès obtenu, I dit que l'Allemagne ap- précie pleinement les travaux remarquables faits par le Canada en vue de bréparer ce Congrès qui ne le cède en rien aux congrès précédents. Il remercie les Canadiens de leur aimable hospitalité et leur adresse le vieux cri: Gluck auf! Gluck auf! Gluck auf! 
M. TierzE de l'Autriche-Hongrie parlant aussi en allemand, remercie les géologues canadiens de leur hospitalité et les félicite sur l'heureuse issue du Congrès. Il regrette qu'en raison de la guerre des Balkans il y ait si peu de ses compatriotes qui ont pu s'absenter mais quant à ceux qui ont eu le privilège d'être présents, dit-il, on peut être sûr qu'ils conserveront tou- jours un agréable souvenir de leur visite. 
M. ARMAND REXIER représentant la Belgique où doit se tenir le prochain Congrès, s'étend longuement sur la belle réception que l'on a faite aux mem- bres dans ce pays et, au milieu d'un grand enthousiasme, demande aux convives de boire à la “ poudre des géologues.”" 
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M. CHaMBERLIX au nom du pays voisin félicite le 
réussite du Congrès. Parlant de l'histoire géologique du Canada il prédit Pour ce pays un brillant avenir. Le message mystérieux inspiré à l'humanité 
par la géologie paraît être, dit-il, un présage pour l'avenir, un présage des plus grandes destinées pour la race humaone et pour la race supérieure « 
tardera peut-être pas à se développer. I 
dont l'accomplissement se fera bientôt sentir, et l'orateur assigne au Canada 
l'un des premiers rôles dans ce glorieux avenir. 

M. TERMIER représentant la France, f 

‘anada sur la bonne 

qui ne 
nir répondra de ces destinées 

fait ressortir dans un langage 
poétique les charmes de la géologie, soeur du temps, une science digne d'un 
grand poète, une déesse dont les disciples fidèles sont restés 
modestes, bravant tous les dangers à son serv 
qui ont si bien travaillé pour faire de la 
succès, 

pauvres et 

Il remercie tous ceux 
Douzième Session un véritable 

M. AUBREY NTRAHAN se déclare très impressionné non pas autant par la 
vaste étendue du Canada que par les capacités que les géologues canadiens 
ont déployées dans l'accomplissement de leurs travaux. Après avoir donné un aperçu des rapports entre la géologie industrielle, la géologie appliquée et 
la géologie purement scientifique, il insiste sur les relations étroites qui 
devraient exister entre le savant et l'industriel exploitant. 
elusion, il exprime au nom de ses collègues des Îles Brit 
reconnaissance aux membres du Comité, et les félicit 
able qui à couronné leurs efforts. 

M. FErvor représentant l'Inde, débute par e 
Sahib, Mem sahib, aur sahib lagonko, Salam! 

Conime con- 

anniques toute sa 

e du succès remarqu- 

S paroles: * Président 
faisant part ainsi des salu- 

contrée du soleil. Il établit 
un contraste entre le développement minier de l'Inde, ce I 
si ancienne, et celui du Canada, tout 
moment: 

perdu. 

tations de millions de compatriotes de cette vaste 

as de eix sation 
l'avantage de ce dernier pour le 

mais il prévoit que son propre pays reprendra bientôt le temps 

Le professeur DE S1EFANI rappelle la liaison intime de l'Italie avec les 
débuts de l'historie du Canada: les noms de Colomb et de Cabot seront 
toujours chers aux deux Pays. I apporte de la vieille terre d'Italie ses 
compliments au Canada, pays de jeunesse, de force et de vigueur, destiné 
à un brillant avenir. 

M. INouYE, délégué du Japon, exprime tout le plaisir que lui et ses col- 
lègues ont éprouvé à se trouver au milieu de tant de géologucs distingués 
de toutes les parties du monde: il parle de l'agrément que leur ont procuré 
les excursions du Congrès et dit que ces agréables journées passées au Canada 
sont de celles qu'on n'oublie jamais. De telles réunions constituent un 
puissant facteur pour relier plus étroitement les amitiés internationuies. Il 
félicite le peuple canadien en lui disant: “Couryon spaijaba! Corryon 
spaijaba! 

M: TSCHERNYSCHEW remercie le Comité exécutif, la ville de Toronto et 
le Canada entier pour mable réception dont partout les membres ont été 
l'objet. De même que ses collègues de Russie, il s'est senti chez lui au 
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Canada; ils ont été frappés de la ress iblance des particularités géologi ques et topographiques de ce pays avec celles de la Russie. 
M. SOGREN qui re vrésente la Suède est très heureux que le Congrès ait eu l'avantage de se réunir au Canada; il est cnargé par le président du dernier Congrès, le baron de Geer de transmettre ses plus cordiales salu- tations et de dire combien il regrette de n'avoir pu se rendre au Canada Les géologues européens ont très bien apprécié l'avantage qui leur a été donné d'étudier en Canada le noyau le plus considérable au monde de ces roches archéennes mystérieuses dont toutes les autres dérivent; c’est en- courageant pour eux d’être témoin de la conquête scientifique du nouveau monde par la race anglo-saxonne, en collaboration avec les éléments nationaux les plus divers, formant un ensemble mixte, une ramification jeune et vigou- reuse de l'arbre européen. Les géologues suédois sont particulièrement heu- reux d'assister à une réunion au Canada, cette terre sur laquelle les Scan- dinaves, dans un passé-lontain, ont été les premiers hommes Llanes à mettre le pied, ce pays avec lequel le leur a été relié par un pont géologique dont les piliers sont le Spitzberg, le Groënland et les îles Arctiques du Canada. Le président propose ensuite la santé, des dames au nom desquelles M. McDErmip répond en termes bien choisis, : On a le plaisir d'entendre chanter à plusieurs reprises M. JAMES CAYLER BLACK entre les discours, et la fête se termine par le God save the King. 



À LA MEMOIRE DE SIR WILLIAM LOGAN. 
La pose de deux plaques dédiées à la mémoire de sir WiLLiamM Epmoxp LoGax, fondateur et premier directeur de la Commission géologique du Canada, a constitué un in ent notable en dehors du Programme du Congrès. Ces plaques sont en bronze et fondues d’après le même modèle La première a été placée au village de Percé dans la Péninsule de Gaspé, Québec. Pervé a été choisi comme l'emplacement le plus convenable parce que, en dehors du mesurage de la fameuse coupe de roche “arbonifères à Joggins sud, Nouvelle-Ecosse, la Gaspésie a été le théâtre des premiers tra- vaux géologiques de détail exécutés par LoGax en Canada. La seconde plaque a été posée sur un énorme caillou de gneiss “Ottawa” (Laurentien), auprès de l'entrée du musée commémoratif Victoria, à Ottawa. L'idée d’ériger à ce moment quelque souvenir convenable à la mémoire de LoGax a été suscitée par le Dr. JoHx M. CLarke d’Albany, qui, sur l'in- vitation spéciale du br. GEORGE M. Dawsox, avait été chargé de l'étude des formations géologiques de la Péninsule de Gaspé. Dès le début de ces examens, le Dr. CLARKE apprit apprécier le travail géologique de Logan Sur ce terrain vierge et À se fier à l'exactitude de la majeure partie de ses conclusions. La proposition courtoise et opportune du Dr. CLARKE qui était accompagnée d'une souscription très importante fut immédiatement adoptée par le comité exécutif, qui nomma un sous-comhé spécial composé de MM. A. E. BarLow, président, W. G. Mizzer, R. W. Brock et À. P. COLeMAx qui furent à même, grâce aux souscriptions généreuses des géo- logues canadiens, de mener à bonne fin le projet. 

Le dessin de la plaque fut confié au jeune sculpteur canadien, M. HExRI Hégerr de l'université MeGill, qui a parfaitement réussi À réaliser l'iaéal du comité; la tête qui ressort du bas relief est une création puissante et, frappante. La ressemblance vivante s'impose à tous ceux qui ont eu le plaisir et l'avantage de connaître sir WiLLiAM LOGAN. 
La cérémonie du dévoilement de la première plaque a eu lieu durant. te de l'Excursion A 1, au village de Percé dans l'après-midi du mercredi 16 juillet, en présence d’un grand assemblage de villageois heureux et in- téressés, et de représentants de beaucoup des plus grandes institutions géologiques du monde. 
Aucune cérémonie n'aurait pu avoir de cadre mieux choisi. D'un côté, se dressait la cime multicolore couronnée d'une croix du Mont Ste, Anne et de l’autre se dessinait le massif gigantesque de la Roche Percée, dont les falaises toutes coloriées renvoyaient sous les lueurs éblouissantes du soleil des teintes de rouge et de jaune rubanées de grandes côtes de blane et de gris-blet. Au centre où se dirigeaient tous les regards se trouvait la 
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plaque—encore drapée sous les plis de l'Union Jack—fixée à la paroi septen- trionale et polie d’un petit monticule rocheux, débris d'érosion, survivant du conflit des forces de la Nature. . 
Sur un des côtés, dans une position périlleuse, le long du flanc presque vertical du bloc rocheux se tenait Mademoiselle ‘ Dolly” Tuzo, la charmante 

Monument Logan à Ottawa. 

enfant du shérif, le bras tendu et le visage souriant, s’apprêtant à exécuter le signal qui lui serait donné de découvrir à l'assistance la vue de la plaque. Le Dr. BarLow, en sa qualité de président du comité. expliqua briève- ment l'origine et ie but du Souvenir LoGaN, puis le Dr. CLARKE prononça 
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un éloge éloquent de sir WiLLtAM LoGax et de son oeuvre particulièrement 

en ce qu’elle a trait à la péninsule de Gaspé. “Cette oeuvre,” a-t-il dit, 
‘‘a fait des falaises et des montagnes de Gaspé et de Percé le champ historique 

de la géologie canadienne. Rien ne peut rendre mieux, peut-être, l'attitude 
de tous ceux qui sont réunis ici aujourd’hui, que de répéter cette simple phrase 

qui embellit le blason de la province de Québec, ‘Je me souviens.” Le 
maire de Percé remercia avec beaucoup d'à-propos le Dr. CLARKE et les mem- 

bres du comité du Souvenir LoGax et accepta au nom du peuple de Percé la 
responsabilité de l'entretien de la plaque. La compagnie de pêche de Percé 

a gracieusement offert de transmettre au Directeur de la Commission 

géologique, en fidei-commis pour le peuple de Gaspé, le terrain sur lequel a 

été deposée la plaque. 
Le dévoilement de la plaque posée à Ottawa a eu lieu vendredi après- 

midi, le 1er août 1913, en présence de tous les géologues étrangers qui étaient 

arrivés au Canada à cette époque. M. James Wire, président du comité 
local présidait à la cérémonie. Une allocution a été prononcée par l’hon. 
T. W. CroTHERs, ministre du Travail qui, en l'absence du ministre des Mines, 

accepta au nom du gouvernement ce simple hommage au gévlogue canadien. 

Le Dr. Apaus et le Dr. BarLow parlèrent avec admiration de la grandeur 
et de l'importance pour le Canada de l'oeuve de ce pionnier de nos géologues. 

Sir WILLIAM mérit d’être appelé le premier et le plus grand des géologues 

canadiens. Aucun géologue avant ni après lui, n'a apprécié aussi intelligem- 

ment la valeur de l'étude scientifique de la géologie et n'a si bien compris 

l'application de ses principes à la mise en lumière des ressources minérales 

du Canada. Il comprenait parfaitement la dépendance mutuelle de la 
géologie pure et de la géologie appliquée et l'expression pratique qu'il suvait 

donner à cette notion a eu un excellent effet pour faire apprécier et réaliser 

la valeur de ces ressources naturelles à l'extérieur comme à l'intérieur du 

Canada. Ses investigations géologiques dans un terrain vierge et spéciale- 

ment son étude soigneuse et détaillée des ressources minérales du grand 

Bouclier canadien ont fermement établi le mérite durable des services qu'il 

a rendus à la science et à son pays. 



CONFÉRENCES ET DISCUSSIONS PENDANT 
LA SESSION. 

1. Lecture populaire (page 173). 

2. Sujet No. 2: Différentiation dans les magmas ignés (page 188). 
3. Sujet No. 3: L'influence de la profondeur sur la nature des gise- 

ments metallifères (page 252), 

4. Sujet No. 4: L'origine et importance des sediments précambriens 
(page 310). 

5. Sujet No. 5: Les subdivisions, la corrélstion et la terminologie du 
précambrien (page 338). 

6. Sujet No, 6: Dans quelle mesure l'époque glaciaire a-t-elle été 
interrompue par des périodes interglaciaires (page 426). 

. Sujet No. 7: Les caractéristiques physiques des mers paléozoiques 
et les particularités de leur faune, considerées au point de vue de 
la portée du retour des mers dans l'établissement des systèmes 
géologiques (page 538). 

8. Contributions diverses: 
(a) Explorations recentes (page 670). 
(b) Tectonique (page 772). 
(e) Géologie économiaue et chimique, et mineralogie (page 842). (d) Paléontologie et physiographie (page 908). 
(e) Liste des sociétés géologiques, services géologiques et sociétés 

minières (page 947), 
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THE GEOLOGICAL MAP OF THE WORLD: 

LLS 

EMM. DE MARGËRIE. 

Mesdames, Messieurs: 

Le 16 juin dernier, à ma grande surprise, je recevais du Secrétaire du 
Comité d'organisation de notre Congrès, un télegramme aussi conçu: 

“Executive requests vou deliver popular lecture in English at Congress 
to general publie and members, and select subject. Cable.” 

Mon premier mouvement, je dois l'avouer, fut de refuser net. Pour 
un vieux routier des Congrès Internationaux comme votre s sviteur, témoin, 
voilà juste trente-cinq ans de leur acte de naissance -tout se passait en 
français, dans ee temps-à-—il était pénibie, en abordant la terre canadienne, 
de remplacer la langue de Cuvier et D'ÊuIE DE BEAUMONT, qui fut aussi 
celle de CHaMpLaix et de JacovE CARTIER, par l'idiome de Darwin et de 
Sir Wizziam LoGax. Puis, que choisir que fut intéresser à la fois le * general 
publie” de Toronto et nos collègues, venus des quatre coins de la planète, 
sans risquer de fatiguer les uns par des détails trop techniques et d’ennuyer 
les autres par des developpements superflus, aux veux des spécialistes? 

Passant en revue les matières sur lesquelles il pourrait y avoir quelque 
chose à dire, l'idée me vint, tout à coup, que la Carte géologique du Monde 
n'était sans doute pas près d'etre achevée avant longtemps, et que, par con- 
sequent, on permettrait peut-être à un géologue qui a beaucoup voyagé sur 
les cartes et dans les livres- beaucoup plus, hélas! qu'avec ses jambes—de 
parler de ce grand sujet, essentiellement “catholique” par definition, et 
done, très digne d'etre exposé devant une assemblée internationale comme 
eclle qui me fait l'honneur de m'écouter ce soir. 

Fxéusez-moi, Messieurs les Anglais, si pour entrer en matière, j'ai cru 
devoir faire usage de ma langue maternelle, Et maintenant, vive SHAKS- 
PEARE et le Roi GEorc 

The attempts which have been made, so far, to represent the broad 
geological features of the globe on à single map ean be reduced essentially 
to two: The Essai de carte géologique du globe terrestre, in one sheet, drawn 
by the French geologist, AMr Bové, and published in Paris in 18452 and the 

1 Public lecture given in Convocation Hall, University of Toronto, on August 7th 
1913. 

2A. Bouf, Mémoire à l'appui d'un Essai de carte géologique du Globe terrestre présenté le 22 septembre 1843, à la Réunion des Naturalistes d'Allemagne à Gratz; Bull. Soc, Géol. de France, 2e sér., I, 1843-1844, p. 295-371, 
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celebrated Geological Map of the World, in eight sheets, on the seal, of 1:234,000,000, of which JuLks Macot, another French savant of cosmo- 
politan fame, prepared two successive editions that were lithographed in 
Zürich in 1861 and 1873,! 

MancoU's map has been reproduced repeatedly on the same or a smaller 
scale in Sw tzerland, France, Germany, Austria and in gland, from t} hand of the author himself? as well ax by ÉLisée Recze Oscar Fiaa H. WoonwarD® Anrania 3. 31, Ziecer and Joseen Presrwicnt But, owing to the wonderful extent to which the study of regional Geology hus been pushed in the last forty Yeurs, in nearly every quarter of the world, 
that map is no longer serviceable, Comparison with the more recent in- 

dhara or 
formation which we now possess regarding China, the desert of à 
Alaska, for example countries where geclogical exploration had barely 
begun when Mancou was delineating his planisphere,— shows this 
plainly. 

The available material is now so vast that it would be quite impossible 
for a single man to undertuke n graphical synthesis of the whole, ( ‘oüperation 
has become an absoiute 1 cessity; and this state of affairs amply justifies 
the action taken by the Stockholm Congress in giving the Commission of the 
International Map of Europe, enlarged by the addition of several represent 
tives from the two Americas and Australia, charge of examining into this 

lJures Mancov, Carte géologique de la Terre; Bull, Soc, de Géogr., Paris, 5e sér., XI, 1866, janvier-juin, p. 509-514, 
Sur une seconde édition de la Carte géologique de la Terr Ibid, ve sér,, V, 1873, janvier- juin, p. 631-640; +: inslated into English in the Ame an Naturalist, vol, VI1, June, 1873, pp. 3 2. 
2 In the volume bearing the title: Æ blication d'une seconde edition de la Carte géologique de la Terre: 223 p., EL pl, J. Wunsren & Cr, Zürieh, 1875. That very useful tn- omewhat peculiar style of writing and too many careless appreciations ral goologists, marks a date in the history of descriptive gcology.  Pro- fessor Æbvarb SuEss has already pointed out its importance; (Das Antlitz der Erde, Bd. I. Svo, Wien-Pr: &-Leipzig, ISS5; p. S11 of the French translation, Paris, 1N07). 
3E. RECrUS, La Terre, description des phénomenes de la vie du Globe, L. Les Continents, 

Svo, Paris, 7, pl. II. 

40, Fraas, For der Sündfluth. Svo, Stuttgart, 1865. 
5H. Woobwakp, Geological Map of the Word; in the English translation of The Earth, by E. Reczcs, vol. I, pl. I, London, 1871. 
6 Anrania & Co., Geologische Ucbersichtskarte der Erde, nach Marcov, Fraas, Héer, BouE u. A., Wien, 1873, 1 sheet (published in the series of ARTARI a's, Physikalische Karten), 
TJ, M. Ziecuer, Ein geographischer Text zur geologischen Karte der Erde; À vol, Svo and 1 atlas 4t0, Basel, 1883 (second edition, 1890), pl. 1: Geologische Uebersicht der Erde; nach J. Marcot, mit chträgen, 
SJ. Presrwic, Geology, Chemical, Physical, and Stratigraphical: frontispiece, vol. I, Oxford, 1886. The author writes ns follows, in his preliminary remarks: “The frontis- . piece Map of the World is a reduction from the large map constructed by Professor JUL Mancoë, to whom I am indebted for its rev mn; and L'only regret that the small size of the reduction renders it impossible to do justice to the larger work” (p. vi). He tlen proceeds to enumerate the changes introduecd into the original map of Macot in order to take advantage of the results of the most recent explorations. 

mary, despite a 
of the work of se 
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“question of the Geological Map of the World."! 4 Eu not myself a 

member of that Commission, and as Lhave not beer formed of the plans 

or rexolutions which may have been taken on its be alf, E must declure at 

the beginning that L speak here purely on my own esponsibility, my single 

object being to lay before the present Congress the conclusions to which 1 

have been led by a protracted experi in geological cartography. 
Both Ami BOoUÉ's essay and the larger maps of Marco were drawn on 

Meéncatron's projection, The inconveniences arising from the use of that 
mode of development are, however, 6 evident that, as early ax ISS6, Hen- 

MANN DienGHauUs, the eminent German cartographer, Was induced to propose 

another device: the adoption of a separate centre of projection for each 

con mental unit. The maps of Asia, Africa, North America, South America 
and of Oceania, on the uniform scale of 1: 30,000,000, in his Physikalischer 

Atlas? make up together, in reality, a third Geological Map of the World, 

and mark & great advance on the planisphere of 1873.4 

Let us now consider somewhat more elosely the drawbacks of MER- 

CATOR'S projection, There is, first, the systematie deformation of surface, 

that grows larger and larger as the poles are approuched and makes any 

comparison of countries of different latitudes impraccicuble; moreover, and 
as a consequence, certain features which, in reality, make a greater or lesser 

angle upon the sphere appear to be parallel to each other. Furtlu and 
tais fact results from the trend of human history, —as the temperate zone is, 

generally speaking, the best known section of the carth's surface geologically, 
it so happens that MERrCATOR's projection exaggerates the apparent areas 

covered by land and sea aversely to the actual extent of our present knowledge, 

the exaggeration reaching a maximum around the poles, where that know- 

1 Congrès Géologique International, Compte Rendu de la Xe Session, Stockholm, 
1910, fase 1, p. S9-91, 115, and 154-156, The text of the resolution approved by the Con- 
gress rends as follows: “Le Conscil décide que MM. Brocx (Canada), Smiru et WiLLis 
(États-Unis), Acvizera (Mexique), Keipez (Argentine), et Davib (Australie) seront 
adjoints à la Commission de la Carte géologique de l'Europe pour préparer la question de 
la Carte géologique mondi Dans cette Commission ainsi completée, MM, BEYsCHLAG, 
Careutaint, Gi, O, Surrn, SuEss, Ta et TSsCHERNYSCHEW sont chargés de présenter 
à la prochaine session du Congrès un programme detaillé de cette Carte géologique du 
globe" (p. 90). It is worthy of remark that nobody in that Commission represents 
Asia and Afr and that the F colonies notably have no official delegates among 
its members. Should not representatives of the Geological Surveys of British Indi: 
French Indo-China, of Japan, Egypt, Algeria and South Africa be included ia it? 

2 Abteilung 1, Atlas der Geologie, Gotha, Justus Perthes, 1862. These maps bear 
the following numbers: XI, A und Europa (Entw. ISS7, Ausg. ISO); XIT. Afrika 
(1887, ISSS); XEIL. Nord-Ameri 87); XIV. Süd-Amerika (191); XV. Ocean- 
ien (ISS6, ISSS). Except No. “h beurs the record: ‘Beurb, v. G. STEINMANN 
u. Hens. Bercuaus, Red, v. R. Lueppecxe,” they are exelusively the work of BErG- 
HAUS. 

As such may be designated, in BERGHAUS’ Atlas, the recapitulating map bearing 
Nos. VIL and VIII: “Übersicht der Erde. Bearbeitet von Dr. R. LUEDDECKE und Dr, C. 
RourgacH, Ausgabe 1895 That map has been used as a basis for the planimetric 
caleulations of the Russian General, ALEXIS DE TiLLO: Superficies absolues et répartition 
relatire des terrains occupés par les principaux groupes gér'n “aues (C. R. Acad. Se., Paris, 
CXIV, 1894, ler sem, p. 246-248); and Répartition * cupés par les groupes géo- 
logiques d'après les longitudes et les latitudes terrestres ë7-970). 
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ledge diminishes to nothing. Such a consideration ought not to be disre- 

garded when the matter is considered from a financial standpoint. 

In order to reduce in a certain meusure the fault which has just been 
pointed out, it has sometimes been suggested that for similar undertakings, 

a composite plan, involving the use of Mencaron’s projection for low and 
mean latitudes and à gnomonie development for the two polar cap, should 

be adopted, the pole for each corresponding hemisphere being made an in- 
dependent centre of projection. Such is the device adopted, for example, on 

the beautiful Bathymetrie Map of the Oceans, prepared through the muni- 
ficence of H.S.H. the PRINCE OF .40N4C0, and the origin of which is also, 

partly at least, international! But the several sheets cannot be assembled 
to form a unit; hence this compromise, as regards the Geological Map of 

World, does not really constitute a solution of the problem, 

Before proceeding further, it seems appropriate to review the contri- 
ons existing at present which may render our task casier. 

1. There exists an International Geological Map of Europe, on the scale 
of 1:1,500,000, in 49 hects, nearly all of which are now printed? It will 

remain a source of glory for the second of our International Gcological 

Congresses, held in Bologna in 1881, to have decided upon the preparation 

of that fine map and a source of honour for the principal governments of 
Europe to have made its publication possible by their financial support 

The execution of the Map of Europe must certainly be looked upon as t. 

most important of the material results yet obtained through the initiatis 

of our Congresses— without wishing to deprecate in the least the value of 

suc. international enquiries as the two works on The Iron Ore Resources 
of the World %and The Coal Resources of the World# which undoubtedly 

will be considered, in the future, as the most valuable outcome of the last 
and the present sessions. 

So far as Europe is concerned, then, if we leave out of consideration à 

few secondary points, such as the correction of details, scale of reduction, 

simplification of the legend, cte., the work, in its broader aspects, is done; there 

retoains no capital problem to be solved, and the difficult'es which may arise 
arc more graphical and commerrial than purely scientific in nature, 

The experience gained in preparing that Geological Map of Europe, 

both as regards its elaboration and its publication, has shown that 

it would be utterly impracticable, at the present time, to extend such 
a large scale to other parts of the globe--not to speak of the scale of 
1:1,000,000, which is rapidly becoming the st.ndard scale for purely geo- 

1 That map, prepared in accordance with the votes polled at a conference held in 
Wiesbaden (1903), comprises 24 sheets on the scale of 1: 10,000,000 at the equator. A 
second edition, in which the hypsometry of he lands has been added, and which has been 
modified in many details, following the rules adopted in Monaco (1910), is now in course 
of publication in Paris, 

2 In course of publication in Berlin since 1894. 
32 vols: 4to and an Atlas folio, Stockholm, 1910, 
43 vols. gr. 8vo and an Atlas folio, Toronto, 1913, 
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gruphieal purposes the world over, according to the plan originated more 

thun twenty years ago by Professor PExCKt That seale of 1:1,000,000, 
submitted in 1910 by Dr, G. 0, Sur, Director of the United States Geo 

logieul Survey, for the approval of the Stockholm Congress ax the seale for 

the future Geological Map of the World, was unanimously rejected, ax you 
know, without regard for future conditions? 

And let us remark in this connection, that events seern to turn out for 

the Map of the World in just the same way as happened for Europe, where 
collective and international action was preceded long before by the under. 

taking of an individual: Lallude now to the fine Geological Map of Europe 

of the great Belgian stratigrapher ANDRÉ DUMONT, in four sheets, on the 

scale 6f 1: 4,000,000, engraved and printed in Paris at the ‘Imprimerie 
Empériale"" in 1857.4 

2, Another euxe eommends itself very strongly to our attention: and 

it seems the more proper to speak of it, at the present time, that it was also 

connected, at least in the first stages of its development, with the work of 

our Congresses, LE refer to the Geological Map of North America, originally 

prepared at the suggestion of the United States Geological Survey, and 
uted, with the coôperation of the Goological Survey of Canada and the 

Geological Survey of Mexico, by our friend BaiLey Wizuis.t for the session 

held in Mexico City in 1906, À second edition of that map, entirely recast, 
was published in 1911: it enjoys the distinction of being, among all the 

geologieal maps in existence, the one of which the largest edition has probably 

ever been printed, no less than 13,700 copies of eacl of its four sheets having 
been struck from the press in Washington, requiring altogether, with their 

70 colour plates, more than a tnillion separate impressions. ® 

Mr, Wiluis has given with his map, by way of an expaunatory text, 

a voluninous Zndex to the Stratigraphy of North America} which constitutes 

the pre ent state of that great undertaking, so far as North America is con- 
cerncd, see W. LG. JoënG, Development and State of Progress of the United States Portion 
of the Lnternational Map of the Work; Bull. Amer. Geogr. Soe,, New York, vol, XLIV, 
1912, p. SBS-S43, map 

2 Proposition du Service Géologique du États-Unis de l'Amérique du Nord, concernant 
la creation d'unr Carte géologique mondiale sur l'echelle 1:1,000,000; Congrès Géol. Internat., 
CR. de la XIe Session, Stockholm, 1910, ler fase, p. 164-166 

3 A redurtion slightly simplified, in one sheet, of DumoxT's map was published in 
Brussels, in 1 by Capt. HENNEQUIX 

4 Carte géologique de l'Amérique du Nord. Dremsée, d'après les sources officielles des 
États-Unis, du Canada et de la République du Mexique, HENRY GANNETT, géographe; 
Baizey Wt , géologue, For à critical review of that remarkable map, see Eu. DE 
Mancenir, Annales de Géographie, 1908, XVI, p. 56-70. 

5 Geologic Map of North America compiled by the United States Geological Survey in 
coûperation with the Geological Survey of Canada and the Instituto Geologico de Mexico under 
the supervision of BaiLEY Wizuis and GEORGE W. Sros 

6 1,096,000 separate impressions for the total edition of the map; l. $. Geol. Survey, 
Press Bulletin, New Series, No. 15, September 4th-7th, 1911. 

3 United States Geological Survey, Professional Paper No. 71, 4to, 894 p, 19 
maps in the text and five tables, Washington, 1912; includes, p. 840-S65, a Bibliographie 
List of 953 references. 
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another wonderful monument of his skill and energv, and deserves in the fullest sense the grateful recognition of geologists the world over, Here again, then, we have first-rate material, which will certainly stand the test of time for many Vears. For that quarter of the globe, all that needs now to be done is of the nature of trifling emendations and compilation. From what I have said, it follows that the most energetie efforts must hereafter be directed towards the continental masses which have not been made, as yet, the subject of a similar undertaking, that is, Asia and the neighbouring islands, Africa, South America, and Australia. And I now come immediately to the plan which it is my intention to develop: to Prepare geological maps of those continents, each with its own Projection centre, drawn on à uniform scale of 1:5,000,000, and following broadly the tunes of the Geo- lÿical Map of North A merica. 

I must now state the advantages of such a plan and give some hints as to how, in a practical Way, it would be possible to begin its realization. Useless as it seems to come back again to the subject of projective de- formations, perhaps something still remains to be said, in that connection, from a financial point of view. Operating on the same Map-scale, what I would call the “continental system” permits, necessarily, à very important economy of area, of paper, and ultimately of money, as compared with the “world system.” As the ocean covers—everyone is aware of the fact— about seven-tenths of the earth's surface, ! and as the geology of its bed below the sediments in process of deposition remains absolutely unknown and, for the present at least, inaccessible to our means of investigation? it Proper to include in geolomical maps only what is necessary of marine areas to frame in the lands. A continuous Map, on the scale of 1:5,000,000 at the equator, would give four times as many sheets as the Bathymetric Map of the PRINCE or Moxaco, which is on the scale of 1:10,000,000, that is, 96 instead of 24. Separate maps, drawn upon the same seale and representing the four continents alluded to ahove, would give a total of 16 sheets only.— six times less, -distributed thus: a, 6! Africa, 4; South America, 4: Australia, 2. 
Those four Maps being independent of each other, there would be ro moral objection and many practi advantages te begin their elabora- tion in different places and through different hands,— ns regards division of 

1Exactly 0.717 according to the most recent calculations of Professor A. BERGET, 
(La répartition géographique des Occans et la détermination du Pôle Continental; Annales de 
l'Institut Océanographique, Paris, V 0. 9, 1913, p. 3). 2 As is well known, pre. knowledge regarding the gcological nature of the si 
bottom can be gathered only under very exceptional conditions; such was the case when 
soundings were made in the Straits of Dover, about forty years ago, by Porier and De 
LA PPARENT, as a prelin Step to the establishment of à submarine tunnel between Eng- 
land and the Continent; see Comptes Rendus Acad. S Paris, LXXXIV, 1877, P. 1331, 
For other examples, see a er by PAUL LEMOINE, La géologie du fond des mers Annales 
de Géogr., XXI, 14 , D. 385-302, fig. 1,2. The famous work of D) E on the ithology 
of the principal seas of the globe, considers only the formations which are being accumulated 
on the sea-bottom at the present time. 
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expense between the people most directly interested, as well as the construc- 
tion of the legend or the determination of the colour scheme. 

In that connection, a comparison between the International Map of 
Europe and the Map of North America is highly suggestive: although the 
aim followed and the general conditions of the work were strictly similar 
on both sides, neither the divisions of the time scale nor even the major 
features of the colour scheme are identical. If, then, it has not been found 
practicable, for the most eompetent experts in the two continents of which 
the geology is by far the best known, to come to a unanimous accord, one can 
guess at the difficulties which the same undertaking would encounter in 
other parts of the earth’s surface, where rock formatic:. differ much more 
widely from those of classical districts than is the case in the United States 
or in Canada. It is true that ideas have changed since twenty-five vears ago, 
when, on the occasion of the Congress held in London, Mr. G. K, Girerr 
protested against the tyranny of a nomenclature pretending to universal ap- 
plication, by formulating the principle that stratigraphie series are essentially 
local in character;! more recent studies tend to show everywhere, on the 
contrary, that breaks between successive faunas and groups of strata are 
remarkably constant over enormous area But, without taking exception 
to the harmonious development of organic life upon the globe, it seems 
equally necessary, from a practical point of view at least, to take into account 
the diserepancies, sometimes very marked, which give to the geology of each 
part of the earth’s surface its individual characteristics. The same scheme, 
for example, cannot be adopted for the African continent, where marine 
deposits, as in Australia, come to an end before the close of Palæozoic time 
and reappear sporadically at a very late period, and for the great folded 
mountain ranges of southern Europe and Asia, where Mesozoic strata show 
an extraordinary thickness and a wonderful variety of fossils. Why, then, 
for the sake of merely ideal uniformity,—for the maps of those contrasting 
regions are not intended to be placed side by side,—govern the use of certain 
colours by inflexible rules that exclude the possibility of adjustment, both 
in respect to the gencral effect upon the eye and to eventual emergencies 
of an economic nature? 

1G. K. Giserr, The Work of the International Congress of Geologists; Amer, Journ. 
Se., 3rd Ser., Vol IV, 1887, p. 430-451; Abstract by EM. DE MARGERIE, underthe title: 
L'œuvre du Congrès Géologique International; Bull. Soc, Géol. de France, 3e sér., XVI, 
1887-88, p.2-7. In the opinion of most of the European stratigraphers, the reaction against 
attempts at premature correlations implied by the exclusive use of systematic (stage) 
names has been pushed too far in the United States, resulting in à somewhat confusing 
and useless multiplication of local formation names, At any rafe, terranes that long 
ago received proper designations in the world scale should not get new ones for the sake 
of nalism—such as Comanchean replacing “Lower Cretaceous” on the map of North 
America. Again, despite the rules of priority, a name coined with a definite sense should 
not be moved to another place in the geological column so as to assume a significance 
entirely different from that assigned by its originator, e.g. the term Mi sippian, pro= 
posed in 1858 by Marcou for the Cambrian (see his Lettres sur les roches du Jura, Svo, 
1858, p. 209, 212), and appearing on WiLuis’ map as an equivalent of “Upper Carboni- 
ferous.”" But this point is not of direct interest for the Map of the World; the special 
committee appointed to report on the plan of a Stratigraphical Lexicon, elaborated by Dr. 
L. WaaGEn, will certainly utter authoritative opinions on this very important matter, 
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However it may be, the future Geological Map of the World, drawn cither on the ‘continental system” or on the ‘world system," although based essentially, of course, on the distinetion of the great stratigraphie units, must take account, in a large measure, of à double trend which is per- meating more and more the spirit of research and finds its expression in what has been called palæogeography on one side and tectonies on the other, It is desirable to diseriminate by means of appropriate symbols: (1) freshwater or subaerial deposits from those which are of marine origin; (2) districts where the strata have remained undisturbed from regions Where they are more or less intensely folded, 
No doubt, the Separate colouring of marine and of land facies on maps is often a matter of considérable difficulty: still, it well repays the effort made to differentiate at least the broad areas of Subaerial or lacustrine sedi- ments, as the late ALBERT pe Lappi KENT seems to have been the first to do in his stall map of the Paris basin,! and as AvGusre MicuEL-Lévy and his colleagues have extended it more recently, to the whole territory of France.2 
That such an attempt, generalized for an entire continent, can really be undertaken is proved beyond dispute by the enormous extent of such freshwater formations as the ‘Gondwina system” of the southern hemi- re or of the Tertiary beds, so rich in mammalian remains, of the in- terior of the United State These continental accumulations could easily be distinguished from ordinary marine sediments by patterns, replacing the full colours restricted to normal deposits; black hachures, such as are used on the French maps, have the bad effect, especially when the scale of the map is small, of obseuring the lettering and spoiling the general Appearance of the colours. 

The discrimination between undisturbed and folded rock series is not less important for a full understanding of the past history of the continents and of their present structure, and it may probably be depicted more ea, ily than the preceding features, because orogenic processes generally affect areas more uniformly as well as more extensively. Here, again, we have à very remarkable model, which, unfortunately, is still in a manuscript state and which I regret not to be able to exhibit on this occasion: the Structural Map of Asia, on the scale of 1:7,000,000, executed by a Young Swiss geologist, Êvie ARGAND, The method of colouring of that kind of map was set forth by CLARENCE Kixc as carly as 1878, in the first volume of his Geological Exploration O the Fortieth Parallel? The colour scheme is the 
1 Map accompanying his book: La Géologie en chemin de fer. Description géologique du Bassin Parisien; Svo, Paris, ISS3, Scale 1: 2,500,000. Plain colours are restricted to formations of purely marine origin; continental formations are shown by oblique hachures, and those of à mixed nature by horizontal lines, ? Carte géologique de la France à l'échelle du millionsème. 2nd ed., 4 sheets, Paris, 1906. Sce also the sheets of the general € ieological Map of France on the scale of 1 : 320,000, in course of publication, 

3 Systematic_ Geology; 4to, Washington See, p. 760, the “Analytical Geologien ] Maps’ VILL-XII, whose object is defined by their sub-title: Exposures of Successive Orographic Disturbances, 
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same as on ordinary geological maps; but, instead of using it according 
to the age of the strata themselves, recourse is taken to the date of the dis- 
turbances which are responsible for their present attitude. The brilliant 
professor of Neuchatel has gone a step farther: in order to show not only 
the outerops of the folded terranes, but also the real extent over which 
earth-movements have operated, he has coloured in paler tints the undis- 
turbed formations of corresponding age.  Perhaps that method is to be 
preferred to KiNG’s, as it is more synoptie in its results and, at the same 
time, easier to couple with the usual object of geological maps. 

Of course, it would be equally interesting to depict with the aid of 
appropriate symbols—-according to the examples given by the 1: 1,000,000 
Geological Map of France! or by the fine map of Württemberg drawn by 
Dr. C. REGELMANN?- 5 major tectonie axes or lines, the presence of which 
de not sufficientlv ar on first view from the reading of geological 
boundaries, e.g., the at normal faults of plateau-like countries, the thrust- 
planes of folded districts, ete. One cannot conceive of a geological map of 
Africa where the graben or “‘rift valleys,” so characteristic of the lake region, 
would not be indicated: nor a map of Asia upon which no particular sign 
would localize the huge overthrust faults of Tibet or of Yun-Nan. 

A last feature ought not to be omitted: the equatorial limit of the 
Pleistocene ice-sheets: that important boundary, which is so full of applica- 
tions, especially from the physiographer's standpoint, is marked on the 
International Map of Europe by a red line.® 

It is not my purpose, in this brief review, to discuss again the question 
of the colour scheme. AIT has been said already on that subject in the earlier 
sessions of the Congress, and much can be gleaned from their Transactions.# 
There remains however, a point which it does not scem suerfluous to em- 
phas tE _weological Map of North America, so favourably quoted above, 
appears, at first sight, contradictory to that desideratum: the necessity of 
using exelusively plain colours or *onochromatic patterns. [have no hesita- 
tion in asserting--and this view ield unanimously, I believe, by exnerts, 
in Europe at least,—-that the Practice of overprinting patterns of another 
tone on a certain plain colour must be entirely rejected: likewise the method 
which combines discontinuous patterns with the effect of the paper on which 
the map is printed, when those patterns are large enough to be seen with the 
naked eye. In that respect, the second edition of Mr. Wizuis' map marks 

1Sce Em. DE MARGERIE, La nouvelle édition de la Carte Géologique de la France à l'échelle du millionième; Annales de Géogr., XV, 1906, p. 168-172. 
3 Geognostische Üebersichtskarte ron Württemberg und Baden, dem Elsass und der Pfals, 1: 600,000. The first edition of this map bears the date 1893; intwenty years, no less than eight successive editions have been published, each one marking a decided improvement 

upon the preceding. 
3 This method was used, as early as 1849, by ANDRÉ Dumonr, in his geological map of Belgium. 

4 See especially the Proceedings of the three firet sessions: Paria (I, 1878), Bologna 
(I, 1881), and Berlin (III, 1885). 
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a decided step backwards, ns compared with the first:! the ten different Patterns representing Algonkian, Archean, and Metamorphic formations are rather unhappy substitutes, as to clearness, for the good, frank, plain colours employed in the original publication. A certain symbolism, no doubt, is at the root of the colouring of gcological Maps: and such is the mean- ing of the small spots irregularly distributed over a colour base, —à device which reminds semewhat of the large feldspar phenocrysts in à porphyritie granite? It is certainly commendable for illustrations printed in black, and I have often followed it myself in the sketch maps of the French edition of The Face of the Earth, for example. Bat when colours are at command, such a practice looks rather childish and obsolete. 
L would say the same of the attempt made by W, J. McGre, in his Geological Map of the United States published in 18935 to suggest the detrital origin of the glacial drift by small black dots printed over ‘he forma- tion colours that represent the terranes in situ: the only result is to render that part of the map utterly illegible, Clearly, à person unfamiliar with such elementary notions could not interpret a gcological Map; that helpful symbolism, then, overshoots the mark. 
It is unnecessary to remark that my criticisms against patterns and overprinting processes apply exclusivelÿ, in my mind, to small-scale maps. For maps on a large scale, on the Contrarv, the example of the beautiful folies of the Geologic Atlas of the United States shows what really remarkable results may be expected, without Speaking of the evident economy allowed in the number of printings, and, consequently, in the total cost of publication. 

We have, so far, bricfly reviewed the efforts made up to the present time to const:uct a Geological Map of the World, enumerating the obstacles of various Linds which have been encountered, We have also formulated incidentally, the main desiderata of a palæogeographie, of a tectonic, and of a practical nature which ought not to be lost sight of in the preparation of a new map. We must now consider together the ways and 1.eans by which such a map could be, if possible, prepared in the near future, As oppesed to the “world system,” what I have called the ‘continental system” implies a division of labor, not only in the collection and coërdination of scientific results, but also in the actual exe cution of the work. Taking into account present conditions as a matter of Course, I have the honour to submit to the consideration of the Congress the following plan: 

1. As we are in America, let us begin, first, with that double continent : 
1 Nos. 20, 21, 21b, 22, : 2b, 23, 23a, 23b, 23e, 23d of the Legend. 2 On the symbolic origin of the colours adopted for the colouring of geological maps, see Ami Bové, Guide du géologue-voyage. ols. in - 18, I, Paris, 1835, p. 148. 3 See especially Vol. III, Parts 3. Svo, Paris, 1902, 1910, 1913, 4 Reconnaissance Map of the United States, showing the Distribution of the Geologic Systems so far as known; compiled from data in the j cssession of the United States Geo- logical Survey by W. J. MCGEE (accompanies the 14th Anrual Report of the US.GS. 1892-93, pt. 2). 
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North America together with the West Indies, having already been provided ïor, it remains to di uss the interests of South America alone (4 sheets). Since the days when Darwix and D'ORBIGNY made their memorable expeditions to the lands of the Rio de la Plata and the Andes, the most numerous and important Papers dealing with the structure and history of those mountains have certainly been contributed by German geologists. ! Our colleague, Professor G, Sr NMANN, of Bonn, has not only set an example of energetic and most successful work through his extensive ex- plorations in Chile, Bohvia and Peru, Ft he has Promoted in à most efficient manner the development of South American geology through the publication of numerous monographs of a palæontologic and Stratigraphie character devoted by his pupils to the study of material brought home from the Cordilleras? To Professor STEINMANN should belong the task of construct- ing the future geological map of that part of the world, a task which he apparent|y had in view in 1891, When he published the small sketch of South America which bears his name in BERGHAUS’ Physikalischer Atlas. Among living geulogists, he is the only one who may claim to know “aus eigener Anschauung” a great portion of that domain: nobody else is as familiar as he is with the varied faunas, with the representatives of which he has en- riched German museums. 
The Geological Survey of Buenos Aires, which is mostly in the hands of German geologists, will certainly agree to communicate to Professor STEIN- MANN its manuscript records, and there is no doubt that its example will be followed by the Geological Survey: of Brazil, as well as by our friend Dr. BRANNER. It would remain, then, to find a publisher; one of the numerous flourishing cartographie establishments in the German Empire, such as the firms of Jusrus Perrnes in Gotha, GIesEckE DEVRIENT in Leipzig, L. FRrepricusex in Hamburg, or the BERLINER LiTHoGRaPHiIscHES INSTITUT, seem to be especially fitted for the achievement of such an under- taking. 

2. In continuing our survey of the southern hemi phere, we now come to Australia (2 sheets), Being a colony of Great Britain, Australia has ai work in its territory at least four or five otïcial geological surveys, I. would seem proper, then, for these government institutions to combine their efforts in preparing, at common expense, the desired map. The scientific prepara- 
1 For a historical review of part of those explorations, see a memoir by Dr. H, Srerren: Der Anteil der Deutschen an der geographischen und geologischen Erforschung der Republik 

Chile während der ersten Jahrhunderts ihre Bestehens; Sonderabdruck aus: Festschrift 
des Deutschen Wissensch flichen Vereines zu Santiago zur Zentenarfeier der Republik Chile. 8vo, 60 p. Santiago de Caile, 1910. 

2 These contributions, collected under the title of Beiträge zur Geologie und Palaeon- tologie von Süd-A merika, and of which Prof, $ MANN is the editor, have been published 
at irregular intervals since 189: in the supplement y volumes of the Neues Jahrbuch für Mineralogie Geologie und Paläontologie Stuttgart). In twenty years, no less than eighteen monographs have appeared; they are the work of seventeen different authors, and treat of the most varied members of the stratigraphical column, from Cambrian to Ter‘ary; all but one concern Andine regions 
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tion of the work should be done either in Sydney or in Melbourne. The means at the disposal of the Commonwealth, financially and industrially, easily permit its final production in print without any aid from Europe, 

3. Proceeding to Africa, we invet with more complex conditions, Geologie work in that continent is prosecuted_ simultaneously by local surveys (Algeria, Cape Colony, Egypt, ete.) and by metropolitan powers (Belgium, France, Germany, Italy, ete.), not to mention investigations pursued at private expense by explorers of different nationalities. But, in the same measure as European investigation and colonial development progress, the outeome of scientific research tends to become more and more centralized and better coürdinated. 
L'bring before vou a palpable proof of this fact: we have begun, in the office of the Gcological Survey of France, to combine on à map all geological data available concerning the French possessions in northern, Western and equatorial Africa. The preliminary draft, which 1 have the honour to ex- hibit on this occasion, is compiled_ precisely on the standard scale of 1: 5,000,000 and summarizes our present knowledge regarding the geology of Tunisia, Algeria, Morocco and northern Sahara. [t has been obtained by reducing and generalizing the boundaries given by a number of original maps published by the Service de la Carte Géologique de l'Algerie and by Messrs, AUBERT, BLAYAC, FLAMAND, GENTIL, JOLEAUD and PERVINQUIÈRE. ! We intend, net winter, to e end this map southwards so as to include all Mauretania, western and central Sahara, Senegambia, Guinea, the French Soudan and the British or German possessions (Nigeria, Togo, Cameroons), as far as the Gaboon and the equator,  Numerous tracings, largelv un- published, from Messrs. CHuDEAU, GaUTIER, HUBERT, LACROIX, LEMOINE, etc., Will allow most of tie spaces left in blank on existing maps to be filled in. Work has also begun for the great island of Madagascar. 

The delineation of geclogie boundaries then, for a good fourth or third of Africa, is only a question of time, and France is willing to doit, In Egypt the Survey Department published, three years ago, two very fine maps of the whole country, on the scales of 1: 1,000,000 an 1 1: 2,000,000. Their reduction to 1: 5,000,000, including some corrections introduced in the mean- time, is an unimportant labour. In the Belgian Congo, Professor CoRxEeT is busy with the compilation of a map on which material from the five hundred or more memoirs and reports of which he has catalogued the titles will be 

1 The original maps consulted are the follow ing: Carte géologique de l'Algerie, 1: 500,000, 4 shects (3rd ed., 1900); Carte géologique provisoire de la Tunisie, par L, At Ê 1 sheet, 1892; Carte géologique de la T'unisie centrale, par L. PERVINQUIÈ sheet, 1903; Esquisse géologique de L'Extréme-Sud Tunisien, par L. PERVINQUIÈRE (Bull. Soc, Géol, de France, 4e sér + XII, 1912, p. 144); Carte géologique du Sul Oranais, par G. B. M, FLamaxb, 1: 00,000, 1 sheet, 1911: Essai d'une Carte géologique du Maroc par L. GENTIL 1: 2,500,000 (Annales de Géogr., XXII, 1912, pl. 11); Carte géologique d Bassin de la Seybouse et de quelques régions roixines, par J. BLAYAC, 12: 20,000, 1912; Car géologique d'une partie des régions de Constantine et de Philippeville, par L. Jougac 1: 200,000, 1912 
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graphically summarized,! In Cape Colony and Transvaal « lent geo- logical maps on a large scale are not wanting: likewise re conna'ssance sketches covering Wide areas. In the German and Italian colonies, too, good pre- liminary maps already show at least te bronder features of the country. French geologists, if the Congress ‘onsiders it proper, would gladly take charge of the compilation of that scattered material and of editing a general map of the African continent, of which a French firm is willing to urdertake the publication at its own ri: 

4. We have still to examine the weightiest portion of the whole plan, that concerning Asia (6 sheets). 11 scems natural here to turn to our British and Russian colleagues, in the first place because of the political interosts and of the territorial possessions which their respective countries possess in this the prototype of all continents, In other words, it is highly desirable that the Geological Surveys working in Caleutta and in St. Petersburg should furnish the tracings of those parts of Asia that are more or less directly under British or Russian influence the Caucasus, Siberia, Turkestan and Mon- golia on one side; India, Arabia, Baluchistan, Afghanistan, Tibet, Burma and western Indo-China on the other. The Geological Survey of Japan could also furnish valuable data on the east, likewise the Dutch Bureau of Mines for Bornco, western New Guinea and the Malay Islands, and the Gec- logical Survey of French Indo-China for the castern part of that peninsula and the adjoining parts of China. Western Asia is already shown on the last printed shects of the International Map of Europe, where geologieal boundaries have been traced by Drs. BERG and BLANCKENHORN 2 it would be sufficient simply to reduce most of these tracings to the smaller scale, As to Persia, publisked literature concerning its geology is rather moeagre, and does not come seriously into account, 
A single gap remains towards the east, but surely à ve important one: China, with her eighteen provinces. No official institution is at work there: all the knowledge gathered so far is the outcome of private explorations, equipped by European or American individuals, and having as their object the reconnaissance of mere itineraries, more or less developed and more or less distant from each other. RICHIHOFEN, Lôczy, OBRUTCHOV, LECLÈRE, LaNreNoIs, Bailey WiLuis, Ane DANON, TAFEL, such are the names of these pioneers. The critical discussion and comparison of the data which they have brought back should be entrusted to a competent geologist sufficient|y familiar with the Far East; or else to the two associates who have so ably brought to a close the work of Baron Ricurmor «tie foremost amorg these explorers, Drs. TIESSEN and GRoLL. 

1 A manuseript sketch of th ! map may be seen at the Colonial Museum in Tervueren, 2G. BerG, Die Internati ale Geologische_ Karte ton Europa; Petermanns Mitteil. Bd. LVII, 1911 (1) p. 201; 
Dix Darstellung Anatoliens auf der Internationalen Ge dogischen Karte von Europa; Ibid., Bd. LVII, 1911 (2), p.2 
3F. Froiherr von Ricarnore China, Ergcbnisse Cigener Reisen und darauf gegrunte- ter Studien. Ed. III urd V. 4to, Berlin, 1911-1912: Atlas, 2. Teil, folio. 
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Now. wlo will take clarge of the engraving and publishing of the future 

Geological Map of Asia? In my opinion, that map ought to be executed 

in Great Britain: the work should tempt such an accomplished cartographer 
as Dr. J + BARTHOLOMEW, the head of the celebrated Edinburgh firm, 

who has given to the geographie world, for the last two or three scores of 

rears, so many masterpieces in the art of map-making and colour-printing.! 

As to the cost, which certainly would be rather heavy, it could be covered 

io part by public subscription and in part by support from the government 
organizations operating in the countries represented on the map (British 

India, Russian Empire, Japaa, Dutch East Indies, French Indo-China),. 

5. Let it be imagined that the programme sketched above has been 

carried out, and that the four continental masses: South America, Australia, 
Africa and Asia, have now each their independent geological map, on the 

uniform scale of 1:5,000,000. A few gaps remain, which may be filled at 
small cost: the Antarctic continent and a few groups of islands lost in the 
midst of the ocean. 

For the present, there is no necessity of delineating on a large scale 

the geology of the zone surrounding the South pole, for the double reason 
that by far the greater part of its surface is deeply buried under snow and 
ice and that our knowledge of the rocks protruding here and there from that 

glacial cap is still merely in its infaney.? For a long time to come, special 

maps such as those given by H.T. FerRaR® for South Victoria Land and J. 
G. ANLERssoN‘ for Graham Land, will be sufficient to supplement the in- 

formation conveyed by ordinary geographical tracings; it seems useless to 
cause unnessary expense in that connection. 

The same view holds good for the islands of Oceania, which are too 

small, in most cases, to be marked on general maps otherwise than by their 

name and their position. Look, for example, at the beautiful map showing 
the distribution of coral-reefs, published last year in Paris under the auspices 

of the Prince of Monaco, by Professor Jougix.5 It consists of five large 

skeets, on the scale of 1:10,000,000. If the rocks constituting these islands 

were more varied than they are, the delineation of geological details would 

be quite impossible for the great majority of them. On the other hand, the 

1 Among the most widely known are: the Atlas of Scotland, the Climatological Atlas 
of India (ELuiorr), the Atlas of Meteorology, the Atlas of the Worid's Commerce, the maps 
accompanying Sir Joan MurRaY's and Sir ARcHIBALD GEIKIE'8 volumes, ete. 

2 See, in the Proceedings of the Stockholm Congress, the paper of R. E. PRIESTLEY 
and T. W. EbuEworTH Davib: Geological l'otes of the British Antarctic Expedition, 1907-09 
(Vol. I, p. 767-811, 13 figs.), and the recent monograph by Prof, O. NoRDENSkJOLD on 
the geology of American Antarctica (Wissenschaftliche Ergebnisse der schwedischen Sud- 
polar-Erpedition, 1901-1903. Bd. I, Liefg. 1, Stockholm, 1911, p. 83-114: ‘“Geologie des 
Gebietes."” 

3 National Antarctic Expedition, 1901-1906. Natural History. Vol. 1, Geology. 
4to, London, 1907. Map at end of volume. 

4On the Geology of Graham Land (Bull. Geol. Institution Univ. of Upsala, Vol. VII, 
1904-05, pl. 4, 1906). 

5 Annales de l'Institut Océanographique, Paris, IV, fase. 2, 5 sheets folio, scale 
1:10,000,000, 1912. 
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larger groups, in so far as they do not fall in the frame of the continental 

maps already planned, such as New Zealand, the Fiji Islands and New Cale- 

donia,—of which LE have brought here a manuseript map surveyed by a 
French geologist, Monsieur PIROUTET,—could easil\ be represented on inserts 

engraved on the margins of the map of Australia. 

And now, E must conelude. To do so, let me use once more my mother 

language. 

J'ai voulu montrer, dans les pages précédentes, qu'il n'est pas chimér- 
ique de prétendre que, d'iei à un petit nombre d'années, grace à une 
division du travail judicieusement établie, les professeurs et les hommes 

d'étude pourraient avoir entre les mains des cartes géologiques des grandes 
divisions de la Terre, strictement comparables entre elles comme échelle et 

comme tendances directrices, si non comme details d'exécution. Il faudrait 

seulement, pour arriver à un resultat aussi désirable, de la methode, un 
peu d'argent, et beaucoup de bonne volonté. Je m'estimerais heureux, en 

ce qui me concerne, si le Congrès voulait bien prendre en consideration le 

plan que j'ai eu l'honneur de lui soumettre, et prier l'ancienne Commission 

de la Carte d'Europe, dont les pouvoirs, lors de la dernière session, ont été 

étendus au globe tout entier, de choisir ce projet comme base de ses dis- 

eussions, 



Sujet No. 2: Différentiation Dans Les Magmas Ignés. 
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&. A. Dazx, Sills and laccoliths illustrating petrogenesis (page 189). 

+ ALFRED HARKER, Fractional crystallization the prime factor in the 
differentiation of rock: magmas (page 205). 

P. IbbiNGs, Some examples of magmatie differentiation and their 
bearing on the problem of petrographical provinces (page 209). 

4, HS. WAsHINGTON, The volcanie cycles in Sardinia (page 229). 

5. W. H. Hosgs, Variations in composition of pelitic sédiments in re- 
lation to magmatic differentiation (page 241), 

Discussion. 



SILLS AND LACCOLITHS ILLUSTRATING 
PETROGENESIS. 

ny 

REGINALD À. DALY 
Sturgis Hooper Professor of Geology, Harvard University, USA. 

Geology hax shown that erosion has very seldom, if ever, penctrated the earth's erust to depths measurable in tens of kiloinctres. In very few 
regions can it be even suspected that erosion has penctrated as much as 
ten kilometres. Obviously the field worker is compelled to deduce only 
indirectly the character of the lower and greater part of each of the world'x batholiths, stocks, and independent dikes. These “bottomless” igneous masses represent the chambers where igneous magmas have been developed or into which they have been erupted from the earth's invisible interior, A 
final theory of igneous rocks must be founded on reasoning as to the mag- 
matie events in batholith and primary dike at depths never exposed by denu- dation. For example, the key to the origin of the perless body of rhyolite in 
Yellowstone National Park is to be found, not in the study of it merely as a 
volcanie mass, but in the study of such bodies as the neighbouring, somewhat older, Boulder batholith. Geologically and chemically this batholith has features which should, in essentials, characterize the mass crystallized below 
and in continuity with the rhyolite. From the Montana area BARRELL, 
WEeEp, KNopr, and others have already furnished field data which, inter- preted in the light of experience in other batholithic regions, suggest the origin 
of the great granite-quartz monzonite body. 

With unexampled skill and thoroughness BARRELL has described the 
contact relations of its Marysville satellite, a typical stock which has been emplaced by the same mechanism as that of the Boulder batholith itself, 
BARRELL demonstrated the replacement of the invaded formations and, like 
UssiNG, was an independent author of the stoping hypothesis, T method 
of irruption necessarily implies deep-seated assimilation by the invading magma. 

An attentive study of batholiths and stocks has thus led, through in- direct yet cog reasoning, to belief in large-scale assimilation at subsurface levels which, for the most part, have never been exposed by erosion. The 
syntectie magmas so formed have been differentiated, also at deep levels in 
each chamber. Full belief in magmatic assimilation on a batholithice scale is 
only possible after a clear idea is gained as to the actual process of this dif- 
ferentiation in: pth. In the nature of the case such a conception cannot be perfected by the most prolonged study of stock or hatholith alone. 
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REGINALD A. DALY, 

The writer believes that there is n way out of this diffculty—by lnying appropriate stress on the facts already made known regarding magmatie processes in concordant injections, laccoliths and intrusive shectx, Many of 
these are of great enough size to permit of differentiation in spite of the chilling 
effect of roof and floor rock. A smaller number are sufficient}y large to have 
incorporated some country rock before the final magmatic splitting.  Accord- 
ing to conditions, denudation has laid bare contacts nt cither roof or floor or 
at both. Exposure of the last mentioned type is ideal; but in some cases 
the injections furnish valuable facts even where the floor contact alone is 
visible, the roof rock having been stripped away completely, The following 
table summarizes the information already derived from concordant injections 
of all three types of exposure. These bodies and their like are of unrivalled 
importance in petrogenie theory, 

At least seventy different bodies are recorded in the table. In twenty- 
nine of these sills and laccoliths, gravitative differentiation is clearly shown and 
it has probably characterized six others at lenst. In most cnses the available 
evidence suggests that the units assembled by gravity were liquid fractions, 
non-consolute at the moment of differentiation. The splitting is suggestively 
analogous to that seen in the stratified arrangement of colloids in water 
which has stood undisturbed for some months. 

Gravitative control over the differentiation is indirectly illustrated in 
the upward transfer of some of these fractions, including aplitie on 1 e- : litic 
magmas, which have risen in the chamber with the aid of magmatic gases, 
But even thick laccoliths of the Henry Mountain type—highly viscous and 
relatively cool at the time of injection—can not be expected to show pro- 
nounced gravitative splitting in place. 

At least sixty species of igneous rocks, besides transitional and hybrid 
types, are represented in the list, All of the plutonic families quantitatively 
important in the world—granite, granodiorite, diorite, gabbro, anorthosite, 
syenite, foyaite, peridotite—are represented; and, in addition, many of the 
rarer families—analcitic and leucitic types, essexite, theralite, teschenite, 
urtite, ijolite, jacupirangite, lujavrite, shonkinite, borolanite, magnetite ore, 
chromite ore, sulphide ore, ete. This great range of magmatic types is a 
principal indication of the value of these injections for petrogenic theory. 

Some of the bodies illustrate a principle which seems certain of increas- 
ing emphasis, namely, the influence of contact chilling in inhibiting differen- 
tiation. The contact phase, a more or less continuous shell, thus represents 
the original magma. The other phases, enclosed by this shell, are the pro- 
ducts of its splitting. The development of chilled phases in differentiated 
sheets has been described by Lewis (Palisades of New Jersey), by G, W. 
TYRRELL (Lugar, Benbeoch, and Howford Bridge sills of Scotland), by 
JEvONS and others (Prospect intrusion of New South Wales), and by the 
present writer (Moyie and other sills of the Purcell mountains, British 
Columbia). The writer has also suggested a similar explanation for the 

Cf. RS. STMMONbs, “Our Ariesian Waters,” Sydney, N.S.W., 1912, pp. 42-50. 
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leucite basalt porphyry enclosing the syenite and shonkinite of the Shonkin 
Sag laccolith.! Another example is perhaps to be found in the Electric Peak 
sill listed in the table. 

As a rule the chilled phase at the roof merges into the salic phase of 
gravitative differentiation. This relation has often been incorrectly described 
as “contact basification.” The difficulties inherent in the application of 
Soret’s principle or of the principle of fractional crystallization are seen to 
have given needless trouble in petrology. 

In general, the larger the body the more advanced is gravitative splitting 
The huge Bushveldt, Duluth, “udbury, Ilimausak, Chibougamau, and Morin 
bodies have been respectively split into salie and highly femic sub- 
magmas, developed on the great scale. The thinner Purcell, New Jersey, 
Nuatai Scottish, and Australian injections are less thoroughly differentiated. 
This rule suggests the reason for the salic and homogeneous nature of normal 
batholithie rocks. 

On the other hand, some of the thinner sheets are more or less drastically 
differentiated. Those at Shonkin Sag, Square Butte, Ice River, Lugar, and 
Cnoc-na-Sroine (Loch Borolan) show that alkaline magmas must have rela- 
tivel, low viscosity in spite of rapid chilling and in face of experimertal proofs 
that many artificial alkaline melts are highly viscous. The contrast suggests 
that these natural magmas have been specially charged with volatile flu 
a conception supported by the mineralogy of alkaline rocks and one clearly 
implied in the hypothesis that these magmas are derivatives of sedimentary 
syntectics. 

The published descriptions of most of the igneous bodies listed in the 
table illustrate the ‘“freezing-in” or “fixing”’ of small masses of one differen- 
tiate in the crystallized equivalent of its complementary magma. Thus, 
the micropegmatitic roof differentiate in a Purcell, Sudbury, Minnesota, or 
South African sheet always overlies a gabbroid or diabasic phase carrying 
interstitial micropegmatite, or schliers or “veins”’ of the same material. 
These have evidently been trapped during the solidification of their respective 
hosts. A large-scale parallel is found in the “transition” or “intermediate”’ 
rocks in differentiated injections. Sills and laccoliths evidently throw light 
onthe origin of many plutonie, hypabyssal, and volcanic species which are 
found only in small volumes, 

The anorthosites of the world are best regarded as differentiates of gab- 
broid (basalticor diabasie) magmas. The positions of the anorthosite masses 
in the Duluth laccolith and the Thunder Bay sills suggest some degree of 
gravitative control over the splitting. The described field relations of the 
large Bergen, Morin, Glamorgan, and Chibougamau bodies strongly indi- 
cate their laccolithic nature. In each of them the anorthosite is specially 
developed at or near the roof, while pyroxenites, hornblendites, peridotites, or 
iron ores are found at or near the floor. The writer has come, in fact, to 
suspect that all anort!: site occurs in injected bodies of the sill, laccolith, 

1R. A. Dary, Memoir No. 38, Geol. Survey of Canada, 1912, p. 251. 



198 REGINALD A. DALY. 

chonolith, or dike type; and that even the enormous masses found in Quebec, 
Labrador, New York State, Norway, etc., are similarly not to be regarded as 
“bottomless'’ batholiths. Combining the facts known about anorthosites, 
and especially considering the bodies listed in the foregoing table, the most 
promising hypothesis remains that the larger masses are gravitative differen- 
tiates of gabbroid (basaltie) magma. The relatively minute masses found in 
the banded gabbros of Skye and other regions, and as schliers in many small 
bodies of gabbro, are clearly local differentiates ‘ frozen in” before gravity 
cou! | assemble them in thicker sheets.  Sills and laccoliths of pure anortho- 
site show that the splitting has often taken place in depth, before injection at 
visible levels, 

Because of their limited supply of heat most sills and laccolitks have not 
assimilated important amounts of their country rocks. Yet the flat shape and 
great horizontal extension characterizing each of these intrusives types (all 
originally of basaltic composition) prove low magmatic viscosity, which means 
some degree of superheat. Large superheated injections must dissolve the 
invaded rocks to some extent. There is a tendeney toward the formation of 
a chilled phase in the magma, whereby the country rock is protected against 
assimilation, but this tendeney may be checked by the stirring of the magma 
during injection, by magmatic stoping, by “two-phase convection, "! and at 
the roof by the rise of volatile fluxes. AL of these conditions are likely to 
affect such enormous bodies as the Sudbury sheet, the Bushveldt laccolith, 
and the Duluth laccolith. The chemical character of the invaded formations 
is obviously important ; if they are calcareous ,r notably hydrous, the fluxing 
of the original magma at contacts is facilitated. The available field data 
show that the feeders of sills or laccoliths are comparatively narrow, The 
passage of the original hot magma through these channels must take con- 
siderable time, and thus allowance should be made for possible assimilation 
during as well as after injection. In the writer’s opinion, all of the non- 
basaltie (non-gabbroid) rocks in the bodies tabulated have originated in 
syntecties. Faith in this conclusion cannot be won from the study of con- 
cordant injections alone, but it is significant that a considerable number of 
these are described as having been active solvents of their country rocks. 
Such is the case for the following: 

Sudbury sheet (A. P. CoLEMAX). 
Pigeon Point sheet (W. S. BaYLEY and A. C. Lawsox). 
Moyie and other Purcell sills (R. A. Day). 
Bonner's Ferry and Flathead River sills (F. C. CaLkixs). 
Duluth laccolith (N. H. WiNcHELL and others). 
Insizwa sheet (A. L. pu Torr). 
Natal sills (W. ANDERsON: see G. T, Prior in bibliography). 
Ângermanland sills (A. G. Hücsom). 
Kilsyth-Croy laccolith (G. W. TYRRELL). 

1 See Proc. Amer, Acad, Arts and Sciences, Vol. XLVII, 1911, p. 76. 
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Prospect intrusion (H. S. Jevoxs and others). 
Gowganda Lake sills (N. L. Bowex). 

The greatest Inccolith on record—that in the Bushveldt —has, in its upper levels, a vast development of “red granite,” which is a strict homologue of the “red rock” of the Duluth laccolith. The argument for a secondary origin of these salic differentiates is strong, as it so thoroughly accords with the proofs of secondary “red rock” or micropegmatite at Pigeon Point, Sudbury, and the Moyie river, 
The analcitie phases of the sills at Teschen, which are partly diabase and partly teschenite, can be accounted for by the interaction of diabasie (basaltie) magma on the invaded basic, hydrous sediments, An analogous explanation is suggested for the analcitie rocks in the sills at Lugar, Inch- colm, Benbeoch, Castle Craigs, and Howford Bridge, and for the leucitic phase of the Shonkin Sag laccolith. Elsewhere, the writer has published the thesis that the foyaitie types of Ice River and ( "noc-na-Sroine (Loch Borolan), as well as the alkaline types at Square Butte, Shonkin Sag, ete., are differen- tiates of syntecties in which the invaded limestones have played an important role." It may be noted that the induction on which that hypothesis was based has been greatly strengthened by a more recent, more complete survey of the worl&'s alkaline-rock terranes. Similar statisties will soon be pub- lished which go far in favouring the idea of sedimentary control during the formation of syenitic and granodioritie magmas. 
In general, the tabulated sills and laccoliths illustrate a principal deduc- tion from the assimilation hypothesis: the silica content and related chemical features of the roof differentiate should vary with the chemical nature of the rock assimilated. The salic phase of a Moyie sill (cutting thick quartzites) !- an abnormal granite; that of the Shinumo area (cutting shales, limestones, and sandstones) is a syenite; that of the Port Orford intrusives (cutting dominant argillite, with sandstone) is a dacite of granodioritie com- position. Limestone control is suggested in the leucitic and nephelitic dif- ferentiates above noted. The special effects of resurgent water (that absorbed from sediments) has already been found in the analcitic differentiates and in the commonly developed soda aplites and albitic veins of many of these injections. 
The principle of magmatic overhead stoping has been demonstrated in the Sudbury sheet (CoLEMAN); in the Purcell sills (Dazx): in the Pigeon Point intrusive (BayLey); in the Duluth laccol':h (WiNcHELL and others); and in the Ilimausak intrusion (UssiING). Lewis, TAYLOR, and JEVONS have given figures suggesting that the exceptional underhand stoping has taken place at the New Jersey Palisades and at Prospect mountain, New South Wales. 
More than 75 per cent. of the injections listed contain gabbroid or dia- basic (basaltic) phases. Of the remaining sixteen sills and laccoliths, several contain important phases which are most simply and probably explained as 

1R. A. Darr, Bull. Gsol, Soc, America, Voi XXI, 1910, p. 87. 
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modified basaltie magma. Such are: the leucite-basalt porphyry of Shonkin 
Sag; the “picrite,” ‘“‘essexite-dolerite,” and teschenite of the Scottish and 
Austrian sills; the essexite of Prospect mountain; and the rocks of the Elec- 
trie Peak sil.  Basaltie magma has predominated in injections that show 
important assimilation. These facts agree with the conclusion that basaltic 
magma has been the heat-bringer and chief agent in petrogenesis during later 
Pre-Cambrian and all subsequent time. Necdless to say, however, the justi- 
fication for that wide-reaching idea is to be found only in an induction regard- 
ing igneous bodies of all classes, 

The table illustrates again and again the “antagonism” between granitic 
and basaltie magmas, which has been so justly emphasized by LowiINsox- 
LessiN@;! under certain, often repeated conditions these magmas become 
non-consolute and gravitatively separate. 

The Moyie sills and other sills of the Purcell mountains illustrate the 
principle of satellitic injection after gravitative differentiation. At several 
localities, thin sills of pure micropegmatitic granite overlie much thicker sills 
of dominantlÿ gabbroid composition. The former are best interpreted a: 
late offshoots from the larger bodies? Similarly, numerous sills of pure 
anorthosite are apophysal from several of the large anorthosite injections 
Dikes of salic differentiates in and from the injections listed in the table, are 
generally narrow but are quite common. 

In some cases salic differentiates seem to have been actually erupted at 
the earth’s surface. The acid lavas overlying the Duluth, Bushveldt, Natal, 
and Purcell bodies are probably of this origin. 

Itis worthy of note, however, that no effusive equivalent of anorthosite 
has yet been found.  Herein we have another fact bearing on the origin of 
this remarkable rock. Possibly the fact may be correlated with the evidence 
of low magmatic temperature so often found in the protoclastie structure of 
anorthosite (Apams, Kozperur). The differentiation of the feldspathie 
magma is likely to take place only at a lowtemperature.  Itlacksthe powerful 
aid of resurgent gases. For two reasons it would seem difficult for this mono- 
mineralic magma to escape at the earth’s surface. 

Lastly, sills and laccoliths illustrate the principle of the horizontal 
migration of magmas, both primary and secondary. Such bodies have been 
formed by the lateral spreading of magma from feeding channels for distances 
often to be measured in scores of kilometres.  Widely spaced dikes were the 
feeders of the Whin sill, with its famous length of outerop; of the sills of Fife- 
shire, Cepe Colony, Natal and Zululand; and of the Palisades sheet, 160 
kilometres in length. Such sills have horizontal extensions of the same orders 
of magnitude as those characterizing the Sudbury sheet and the Bergen, Bad 
River, Duluth, or Bushveldt laccolith. Though the feeders of these greater 
bodies are not easily identified, it seems likely that each body represents 
horizontal migration of magma for very long distances. Thus, a study of 

1F. Logwinsox-Lesainc, Compte Rendu, Cong. géol. internat, VIle session, 
1897, p. 375. 

2 Memoir No. 38, Geol. Surv. of Canada, 1912, p. 250. 
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concordant injections leads to the conclusion that secondary magmas (syn- 
tecties or differentiates of syntecties) may be erupted at points far from their 
parent chambers. The principle has been long recognized but its quantita- 
tive importance has still to be appreciated. The facts determined for the 
greater sills and laccciiths cause one to suspect such horizontal migration of 

ene magmas which have crystallized as the foyaities, naujaites, lujavrities, and 
phonolites of the Julianehaab (Greenland) and Cripple Creek (Colorado) 
districts. These rocks eut batholithie granites and there is no local indication 
of sedimentary control in the origination of each magma. Yet we know that 

alkaline magmas were largely generated in and below the thick limestones 

just west of Cripple Creek and the crest of the Colorado Front range. More 
over, we must believe that material has flowed laterally for a long distance 
when the great Front Range dome was uplifted. The geology of Greenland 
is too little known that the hypothesis can be applied to the foyaites described 
by UssiNG. The calcareous Arsuk group of sediments may have taken part 
in their formation within one or-more chambers distant from Kangerdlunrsuk 

(Julianehaab). Yet the principle of horizontal migration is so clearly demon- 
strated that the few known exceptions like the two mentioned cannot invali- 
date the rule connecting most alkaline magmas with caleareous sediments. 

Other applications of the principle scarcely need emphasis on this occasion. 

APPLICATION TO FLOORLESS INTRUSIVE BODIES, 

The full bearing of these conclusions on the batholithic problem can 
only be discussed in terms of some speculation regarding the earth's interior, 
Combining the facts and deductions obtained from many leaders in geology 
and petrology the writer has developed an eclectic theory of the igneous 
rocks. ! 

A study of plutonic and volcanie sequences, together with induction 
regarding the distribution and relative quantities of eruptive rocks, has sug- 
gested to him the existence of a continuous basaltic couche or substratum below 
the visible rocks of the earth’s crust. This substratum material has been 
locally eruptible since an early Pre-Cambrian period and it is the only primary 
magma which has been eruptible during that time. In the areas of the 
continental plateaus at least, this substratum is overlain by an acid shell 
(chemically of granitie composition) which was formed by a primitive liqua- 
tion in the earth. This shell has been modified into the Pre-Cambrian acid 
gneisses. It is overlain by an interrupted sedimentary blanket, generally 
thin but locally thickened in geosynelines. The geosynclinal prisms are 
generaliy further thickened by orogenie crumpling. 

Al! igneous action since the early Pre-Cambrian has been occasioned by 
the rise of the primary basalt into the overlying shell, which has been locally 
fissured. The resulting injections are vertical and dike-like in form, and thin 
out more or less completely in the superficial earth-shell of orogenic compres- 
sion. These primary bodies may be called abyssal magmatic wedges. 

If an abyssal wedge extends to the surface it may form basaltic fissure- 

1 Memoir No, 38, Geol. Survey of Canada, 1912, pp. 677-791, 
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eruptions or basaltie voleanoes of the central type, Ifthe wedge is too n rrow 
for significant &ssimilation of the Wall-rocks, the 1» sült of the voleanie vent 
may, with increasing Concentration of gas inthe vent, differentiate gravita- 
tively into pyroxene andesite and an ultra-femie phase, 1f resurgent water 
or wall-rock is dissolved. Small amounts of other types (trachytes, Phonolites, 
ete.) may be différentiated in the pipe, The abyssal Wedges are of maximum size after Mountain-building has 
locally sheared the carth-shell of Compression from 1Le underlying shell of 
tension. These greiter wedges must Stope and assimilnte their wall-rocke 
on à large scale, thus assuming the batholithie character, Because of their 
prolonged magmatie life, differentiation in batholithie Chambers should be 
advanced, The Visible rock of n batholith is &enerally granite because of the 
dominance of the acid earth-shell in the walls of the wedge, If argillites or 
ot. rocks of mediuta acidity are assimilated in large amount, the differen- 
tite should reflect this influences, The field relations Suggest that grano- 
diorites, most quartz diorites, and svenites, with their hypabyssal and vol- 
tanie équivalents, are to be xo explained, If {0 non-silicie limestone or 
dolomite is dissolved, the + te differentiate must differ from granite still more 
thoroughly. The Chut ivels rare Stock and batholithie ro: 
bearing essentiul nephelite, leucite, sodalite, ete. seen to represent this case. 

The writer believes that the floored injections discussed in this Paper 
furnish mans facts corroborating the cclectie theory thus briefly sketched, 
They illüstrate: 

(a) Proofs of Superlicat in basaltie magma. @) Dominance of basaltie magma in the earth's cruptivity, both in 
Space and time, 

(e) Assimilation by basaltie Magma, generally in Proportion to its 
volume, 

(d) Magmatie stoping. 
(e) Gra tive differentiation of basaltie magma. (f) Gravitative differentiation of Syntecties of basaltie Magma with 

Country rocks ranging ji; acidity from zero nearly to 100 per cent. (&) Chemical variation of the salie differentiate with the chemical nature 
of the absorbéd rocks, 

(h) Pneumatolytie differentiation. Among special points bearing on the batholithie problem the following 
may be summarized. Sills and laccoliths suggest or demonstrate: (a) The “antagonism between basalt and granite—g Principle which 
seems to have controlled the primitive separation of the earth's acid (granitic) 
and basaltie shells. 

D) The great number of igneous species syngenetic With basaltic 
(gabbroid or diabasic) rock. 

(e) The advance of magmatic differentiation roughly in proportion to the 
volume cf the magma. 

(d) The origin of many intermediate types (iniperfect differentiation). 
(e) The extraordinarily low viscosity of Many intrusive alkaline magmas. 
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@) The origin of most basie contact phases--here interpreted as due to 
chilling, 

(&) The origin of anorthosite-—_a direct differentiate of basaltie magma 
under plutonie conditions, The splitting is performed in floored chambers of 
the laccolithie order, not in batholithie chambers, though some assimilation 
may take place in the body which finally shows an anorthositie phase. 

h) Transitions in the field from rocks of basaltie composition to teschen- 
ites, essexites, and other alkaline xpecies, 

G) Satellitie injection implying the magmatie origin of many hypabys- 
sal and voleanie rocks in the great batholithie chambers (basaltie wedges). 

(G) Horizontal migration of magmas--illustrating the fallaey of assum- 
ing that the character of visible country rocks is always a test of the assimila- 
tion theory. 
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FRACTIONAL CRYSTALLIZATION THE PRIME 
FACTOR IN THE DIFFERENTIATION 

OF ROCK-MAGMAS. 

LAS 

ALFRED HARKER 
St. John's College, Cambridge, Englund, 

The problem of magmatic differentiation is one which involves the 

application of physical and chemical principles to the elucidation of geo- 

logical phenomena. TL shall approach it from the geological side, while 
laying stress on those considerations which seem to conduct us most directly 

to a physico-chemical interpretation of the facts. 

We may conveniently start from the generally received conception of 

a petrographical province, within which all the igneous rocks (belonging to 

one system of activity) are linked together by ties of consanguinity. Most 
geologists are agreed in attributing the general community of characters 

implied in this last term to actual derivation from a common stock, and in 

referring the wide variation which is compatible with such relationship to 

processes of differentiation which have operated upon the common stock- 

magma. think we are foreed to contemplate likewise an earlier differenti- 
notion of a larger order, by which the provincial stock-magma itself was 

lived froin some more primitive stock. Not only do distinet provinces, 
with cuntrasted petrographical characteristics, sometimes coexist in neigh- 

bouring areas, but one and the same area my be invaded at different periods 
in its history by very different suites of igneous rocks. This forbids us to 
explain the existence of petrographical provinces by any permanent peculiar- 

ity inherent in different parts of the earth's crust. 
Since every part of a given petrographical province must have been in 

communication, direct or indirect, with the common parent-magma, we may 

picture the latter as contained in an extensive intererustal magma-basin 

underlying the area in question. It is not to be supposed that it remains as 
a great body of liquid magma throughout the whole time. Freezing and 
remelting may be admitted, and probably in the waning stages a division into 
a number of isolated smaller basins. Nevertheless, the history of igneous 

activity shows that the parent reservoir may be available as a source of 

extruded and intruded magmas at numerou-: epochs during a very long lapse 
of time, a duration sometimes commensurate with that of a whole geological 

period. 

Now such a degree of permanence of a magma-basin as is thus implied 
clearly postulates approximate thermal and chemical equilibrium between the 

contents of the basin and the contiguous solid crust. Water and ice cannot 
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continue to exist in contact with one another unless both are at the same temperature, the freezing-point of water. A liquid rock-magma differs from water in having, not a precise freezing-point, but a certain freezing-interval or temperature-range of crystallization. For any approach to permanent existence of a basin, we must suppose the temperature to be within this range, and probably in general in the lower part ofthe range, Ata tempera- ture in the upper part of the range of crystallization there would be a liquid magma enclosing scattered crystals; but at lower temperatures we must picture, rather, an open fabrice or sponge of crystalline matter with inter- stices occupied by liquid magma. A mass of this composite nature will have some peculiar physical Properties, unlike those either of a crystalline body or of a liquid. 
It is scarcely necessary to enforce the intimate connection of igneous action with stresses in the crust of the earth. This is illustrated throughout the whole geological record by the relationship which is observed between igneous activity on the one hand and crustal displacements, such as folding and faulting, on the other. Consider then the effect of powerful mechanical forces applied to an extensive intercrustal reservoir, partly crystalline and partly liquid. If the crystals already build a continuous fabrie, or become forced into contact with one another, they may be supposed to bear the brunt of the additional stress, to the relief of the interstitial magma. In so far as this condition is realized, we have a case of the “unequal pressure” re- cently discussed by Jonxsrox and Apams!. Instead of a rise of melting- points under increased pre: sure, there will be a lowering of melting-points with temporary local fusion. It would be of interest to pursue this consid- eration, but we are concerned more particularly with crustal stresses as a factor in differentiation. The point to be remarked is that a composite mass, partly crystalline and partly liquid as supposed, is, when subjected to non- uniform pressures, e ntially unstable in respect of composition. The crystalline skeleton will yield to deformation, and the interstitial liquid will be forced from places of greater Pressure to places of less pressure. Finally it may be more or less completely driven out, as water is squeezed out of a sponge. 

Here,then, we have differentiation as a necessary consequence of fractional crystallization in conjunction with crustal stresses. The crystalline and liquid parts, which come to be mingled in changed proportions, or may be almost completely separated, necessarily differ in composition. The kind and degree of difference will depend on the “order of crystallization” in the original magma and on the extent to which crystallization (or fusion) had proceeded prior to the separation; that is, in other words, on the temperature at which the separation was effected. In intruded magmas a separation of this kind cannot proceed very far, unless the country rocks have previously been raised to a high temperature: the case is illustrated by the extruded pegmatites of some regions. In intercrustal basins a like action on a large scale would seem to be a normal and necessary incident. I think we may 

1 Amer, Journ. Sci, (4) Vol. XXXV, 1913, pp. 205-253. 
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recngnize in it the chief cause of that primary differentiation, in a horizontal 
> by which petrographical provinces come into existence. It is a strik- 

iug fact that contrasted provinces are often divided by important orographic 
lines, and in other ways the distribution of different kinds of igneous rocks 
often shows a remarkable relation to crust-movements. 

The evolution of a varied suite of igneous rocks from the common stock- 
magma of a petrographical province represents, no doubt, the result of re- 
peated processes of differentiation. It is probable that fractional crystalliza 
tion has been an essential factor at more than one stage, and that the 
mechanical element may still be important, if no longer dominant. Adopt 
for a moment the chemist’s point of view. In their chemical aspect rock- 
magmas are merely solutions, with properties not different in kind (though 
they may differ in degree) from those of other solutions more easily handled 
in the laboratory. Magmatic differentiation is another name for fractiona- 
tion. Now there are various fractionating processes by which a uniform 
solution can be separated into portions differing in concentration; but, 
setting aside volatile phases, it will be found that the chemist, practically 
confronted with this problem, can do little without proceeding to actual 
crystallization. 

It is true that, according to the theoretical principles of equilibrium, a 
solution must vary from top to bottom in consequence of gravitv: and it is 
also true that, if different parts of a solution be maintained at different 
temperatures, the concentration will vary accordingly. It may be urged 
that these effects, though negligible in a test-tube, will become important 
in a large body of fluid rock-magma. So much, 1 think. may be allowed, 
without admitting these factors to the same rank of importance as fractional 
crystallization. It is certain, at least, that both gravity and temperature- 
differences must acquire enormously increased efficiency as soon as crystalliza- 
tion has begun. The sinking of crystals as they form will produce much more 
decided effects than stratification of a still liquid solution under graviy, 
even when we allow for the possible case of imperfect mutual solubili À 
and continued crystallization in the coolest part of the solution will be a 
much more potent cause of variation than what is known as Soret's action. 

The stratified magma-basin, with different magmas at different levels, 
one graduating into another, is a conception common to many geological 
speculations. It is supported by the frequent intimate association of very 
different igneous rocks, including such special features as heterogeneous 
intrusions, primary gneissie banding, hybrid rocks, composite dykes and 
sills, and the systematic distribution of cognate xenoliths and xenocrysts. 
It is necessary therefore to inquire how this conception harmonizes with 
what I have already said on the subject of intercrustal magma-basins. 

Suppose such stratification brought about either by gravity acting upan 
a wholly fluid magma or (more effectively) by the sinking of crystals in a 
amgma still mainly fluid. In the former case the denser constituents, and 
in the latter case the earlier-crystallized minerals, will become concentrated 
in the lower layers. Broadly speaking, in most magmas, the denser constit- 
uents are also those which erystallize early. They are le more “basic” 
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constituents in a generalized sense, according to RosENBuscu’s “law of decreasing basicity.” In general then the contents of a stratified magma- 
basin will become more basic downward and more acid upward. In so far as SoRET’s principle is operative, it tends on the other hand to a concentra- 
tion of the earlier-crystallizing constituents in the upper and cooler layers; but this can be at most a trifling set-off against the more important effect. 

The free fluidity here assumed implies a degree of super-heating which 
can only be temporary; but the resulting stratified arrangement, once es- 
tablished, will be a very important factor making for that relative per- 
manence which seems to be demanded in our conception of a great magma- basin. Suppose cooling to proceed until the temperature at every level is in 
the lower part of the range of crystallization of the magma at that level. 
Then, since a more basic magma crystallizes at higher temperatures than a 
more acid one, there will be a steady increase of temperature from top to 
bottom of the basin. This condition will be promoted by the concentration 
of volatile fluxes in the upper part of the basin. The criterion of approxi- 
mate thermal equilibrium between the magma-basin and the contiguous 
solid crust can now be applied to each layer of the stratified basin. The 
ideal case will be that in which the temperature-gradient within the basin 
approaches what we may term the normal rate for that region of the earth’s 
crust. If we adopt CHAMBERLIN's planetesimal hypothesis, we are at liberty 
to suppose that, for depths at which magma-basins can exist, the normal 
temperature of the crust is nowhere much below that of incipient fusion, 

In au already stratified disposition of partial magmas in the common 
reservoir we may most probably seek the explanation of the order of succes- 
sion, that of decreasing basicity, which is so general :. rule in a series of 
plutonic intrusions. In many cases such a plutonic series has been preceded 
by volcanic outbreaks, to which no simple rule of succession applies, and we may conjecturally place this volcanic phase anterior to the stratification of 
the magma-basin. On the other hand, there is almost always a final phase 
of minor intrusions, which figure as satellites of the several plutonic rocks, and must be supposed to have been derived from the partial magmas already 
separated. The effects of further subsidiary differentiation, which may be seen in the plutonic series itself, become more important among the minor 
intrusions, and especially among those which come latest in the succession. 
Very characteristie at this stage is a partition into complementary leucocratie 
and melanocratic derivatives, which differ very widely from one another. Forthisit is difficult to suggest any explanation other than fractional crystal- 
lization followed by mechanical separation—the squeezing of the sponge. 

In the comparatively simple case of differentiation in place in a single 
body of intrusive rock we see the result of fractional crystallization not 
complicated by the mechanical factor. There is simply a concentration of the earlier-crystailized minerals towards the cooling boundary. The vis- 
cosity of the magma was in general too great, and the time too short, to allow any sensible stratification due to gravity; though evidence of this is found in some cases where the magma was exceptionally rich in water, as in 
some analcime-bearing rocks. 
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The igneous rocks of the region of the Yellowstone National Park have 
Feen described with more or less detail in publications of the United States 
Ceological Survey, and elsewhere.!  Those of Electric ; ak and Sepulchre 
mountain have been shown to be intrusive and extrusive members of what 
was probably one series of lavas erupted at one centre of volcanie activity in 
early Tertiary times. The chemical resemblances between the intrusive 
phanerites and porphyries of Electric peak and the extrusive flows and 
breccias of Sepulchre mountain have been discussed, and it has been pointed 
out that allof these rocks, together with those forming laccoliths, sills and dikes 
in the neighbouring portions of the Gallatin mountains, are probably genetic- 
ally related, and are to be considered as differentiates of some common 
magma. ; 

In like manner the intrusive rocks of tne Crandall volcano, in the north- 
eastern corner of Yellowstone National Park Forest Reserve, and the ex- 
trusive lavas of this volcano and of the Absaroka range in which it occurs, 
have been shown to be chemically similar and presumably genctically re- 
lated, that is, comagmatic.  Moreover, the occurrence in this region of lava 
flows and dikes genetically related to the commoner lavas of the region, but 
differing from them to some extent in composition, has also been described, 
and these varieties have been named banakites, shoshonites and absarokites. 

It is not necessary, therefore, to repeat any of the petrographical de- 
scriptions of these rocks, but it may be noted that, according to the custom of 
the Qualitative System of Classification, they have been named andesites 
of various kinds, dacites, rhyolites and basalts: also diorites, quartz 
gabbros and granites, besides various kinds of related porphyries, 
been noted also that there afe all gradations between what may be called 
different kinds of rocks in the region, but which are in fact only varieties or 
members of a continuous series of rock varieties. Some mineralogical differ- 

1 InniGs, J, P., Seventh Annual Report, U. S. Geologi 
Twelfth Annual Report, U. S. Geol. Survey, 1891, pp. 
others, Monograph XXXII, pt. 2, U. S. Geol. Surv., 1899; Bulletin Phil, Soc 
ton, Vol. XT, 1890, pp. 191-220; Journal of Geology, Vol. III, 1895, pp. 9 Quar- 
terly Journal Geological Society, London, Vol. LIT, 1896, pp. 606-617; also Zgneous Rocks, 
Vol. II, 1913, p. 463. 
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ences were noted ketween the phanerites in the conduit of the Crandall 
voleano and those in the conduit at Electric peak, the former ranging some- 
what lower in silica and containing higher percentages of orthoclase. No 
special mineralogical differences were noted between the andesitic lavas of 
the Absaroka range and those of the Gallatin range, and analogous varieties 

BEA 

AE 48, 
Fig. 1.—Molecular proportions of alkalies and almmina in igneous rocks of the 

Gallatin range, Yellowstone National Park. 

in each series were named alike. When studied quantitatively, however, 
slight but systematic differences in composition are found to characterize 
the rocks of the two districts, or so much of them as have been investigated, 

The only quantitative determinations of composition possible for such 
aphanitic and glassy rocks are those obtained from chemical analvsis, and 
because of the variability of composition among rocks of any congencetie 
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series it is necessary to analyze many varieties within each series in order to discover serial characteristic and avoid misleading generaizations that might be based on individual neculiarites. ‘I hese more specific peculiarities 

4 $ 6 4 235#S0, 
FiG. 2.—Molecular proportions of magnesia, lime and iron oxide in igneous rocks of the Gallatin range, Yellowstone Nat ional Park. 

have their proper significance when they are considered in their proportion- ate relations to the dominant characteristics of the whole series. Some of the chemical characteristics of the rocks of the Gallatin range appear when the chemical constituents in the rocks analyzed are plotted in diagrams in the manner already employed in earlier discussions of these rocks. In Fig. 1 are plotted the molecular proportions of potash, soda and alumina 
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in 29 analyses of intrusive and extrusive rocks in this district, including 
the rocks of Electric peak and Sepulchre mountain. The abscissas in the 
diagram are percentages of silica in each analysis. The analyses of these 
rocks and all others referred to in this paper may be found in Bulletin 419 
of the U. S. Geological Survey. A list of the names and silica percentages 
of the rocks from the Gallatin mountains is as follows: 

74.519 SiOz, dacite-porphyry. 64.270 SiOz, hornblende-mica- 
70.52 ‘“*  mica-dacite-porphyry. andesite, 
69.54 dacite-porphyry 64.07 quartz-pyroxene- 
69.24 quartz-mica - diorite- mica-diorite. 

porphyry. 61.50 hornblende-mica- 
67.95 andesite, from breccia. porphyry. 
67.49 dacite, 61.28 pyroxene-mica-dior- 
67.54 quartz-mica-diorite. ite. 
66. quartz-mica-diorite. 60.30 hornblende-pyroxene- 
65.97 quartz - mica- diorite- andesite, 

porphyry. 58.44 hornblende-porphyry. 
dacite. 58.05 pyroxene - mica -dior- 
hornblende-mica- ite. 

andesite-porphyry. 57.38 pyroxene-porphyry. 
65.63 hornblende-mica- pyroxene-andesite. 

andesite-porphyry. hornblende-pyroxene- 
60 quartz-mica-diorite. andesite. 

65.50 hornblende-mica- 2 pyroxene - mica- dior- 
andesite, ite. 

65.11 quartz-mica-diorite. { hornblende-andesite, 
64,85 quartz-mica-diorite, 5 pyroxene-andesite. 

The most siliceous rock is from the marginal portion of the Holmes 
bysmalith, the least siliceous is andesitie lava of Sepulchre mountain. The 
rock series is characterized by relatively low and persistent potash, two or 
three times as much soda, and by quite persistent alumina. The total 
amount of alkalies is indictted by the dotted line in the diagram, The 
space between this line and the alumina line indicates in a general manner 
the amount of lime that enters anorthite molecules, except in rocks that have 
an excess of alumina molecules over those of lime, soda and potash. The 
irregular variations in these constituents correspond to variations in the 
differentiation of the magma with respect to compounds of soda, potash 
and lime, and also to ferro-magnesian compounds. Whatever the exact 
composition cf the parent magma may have been from which the rocks of 
the Gallatin series differentiated, it was probably characterized by relatively 
low potash and about two and a half times as much soda, with about as much 

salic lime; that is, the molecules of alkalie feldspars, albite and orthoclase, 
were twice as numerous as those of lime-feldspar, anorthite. 

In Fig. 2 the magnesia, iron oxide and lime in the analyzed rocks of 
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the Gallatin range are plotted in the same manner as the alkalies and alumina are in Fig. 1. The ferric iron is reduced to ferrous and added to hat deter- mined as ferrous in the analyses. The tota lime is shewn by the upper dotted line. From it has been deducted the lime calculated es entering normative anorthite, and the residue, or femic lime, is indicated by the lower dotted line. The differentiation of the magma with respect to these constituents is more pronounced than for the alumina and alkalies, They diminish regularly with increase of silica and increase notably with decrease of silica. The most variable constituent molecularly is magnesia. Lime is higher than iron oxide and magnesia in most of these rocks, and is nearly as high as the maxima of magnesia in five noticeable instances. The excess of the total lime over the total iron is pronounced, However, the femie lime is much less than the magnesia, is wanting in most of the more siliceous rocks, and is very low in most of the rocks with more than 62 per cent. of silica. It increases at about the same rate as the magnesia and total iron, but the maxima and minima of the two are not coincident ; they vary independently of each other to a considerable extent. A large part of the lime in each rock is salic, that is, it enters feldspar molecules. Variations in potash, soda and alumina in the intrusive and extrusive rocks of the Absaroka range, including those of Crandall voleano and the rhyolites of the plateau between the Absaroka and Gallatin ranges are shown in Fig. 3. Most of the rocks from the Absaroka range that have been an- alyzed were erupted in early Tertiary times, probably the Eocene, and are nearly contemporaneous with those of the Gallatin range. The rhyolites were erupted in late Tertiary time. The range of silica is somewhat greater than in the series from the Gallatin range, the rhyolites reaching 77.65 per cent. #nd the basalts 47.17 per cent., but the upper limit of the rocks from Crandall volcano is 71.60 per cent., in a granitic aplite. The basalts are associated with the gabbro of the Crandall voleano, and are early Tertiary, The list of the rocks analyzed is as follows: 

64.40€ SiOz, augite-syenite- 
rhyolite, porphyry. 
lithoidite. 64.40 quartz-mica-diorite- 
rhyolite. porphyry. 
rhyolite, 23 granite-porphyry. 
obsidian. 97 quartz-mica-diorite. 
obsidian. 63.76 diorite. 
rhyolite, 63.42 quartz-diorite- 71.60 aplite. porphyry. 70.92 rhyolite, 63.07 quartz-syenite, 70.24 mica-dacite- 61.56 hornblende-andesite, 

porphyry. 61.45 pyroxene-andesite. 66.64 syenite-porphyry. 61.16 hornblende-mica- 64.61 hornblende-mica- andesite-porphyry. 
andesite, 
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60,15€ NiOz, hornblende-augite. 5 € S.Oz mica-gabbro- 

andesite. porphyry. 
60,00 diorite-porphyry. gabbro. 

57.64 augite-andesite- trachyte-andesite. 

porphyry. basalt. 

dioritie_ facies of .18 diabase, 

gahbro. 52.09 basalt. 
monzonite, 51.81 * gabbro-porphyry. 
pyroxe:..-andesite. 51.70 basalt 

orthoclase-gabbro- basalt, 

diorite. camptonite (?). 

orthoclase-gabbro- À hornblende-pyroxene- 

diorite andesite. 
53.89 basalt gl 47. È basalt, 

53.75 basalt. 

Comparing Figs. 3 and 1, it is seén that the Absaroka series of rocks is 

richer in potash than the Gallatin series, while soda is nearly the same in 
both series. The total alkalies are distinetly higher in the Absaroka serie 
The alumina is about the same in both, within the range of the shorter serie 

but a noticeable decrease oceurs in the rocks with more than 70 per cent. 
of silica.  Pronounced variations in alumina and alkalies among rocks with 

nearly the same silica corresponds to differentiations with respect to feld- 
spathie and ferro-magnesian, or mafic, cumpounds. Fig. 3 shows that the 

rocks of the Absaroka range, though so much like those of the Gallatin as to 

receive the same names, are quantitatively different from them in having 
relatively more orthoclase molecules and somewhat less anorthite molecules. 

Fig. 4 shows the corresponding variations in lime, magnesia and iron 

oxide, and also in femic lime. In rocks with from 54 to 64 per cent. of silica 

these constituents are slightly lower than in corresponding rocks in the Gal- 
latin series. The lime and magnesia are much alike in the Absaroka rocks, 

the magnesia being more variable, and being noticeably lower than the lime 

in the more siliceous rocks. The femice lime is highly variable and is similar 

to that in the Gallatin series. The highly differentiated condition of the 
rocks with from 50 to 54 per cent. of silica, and of those with from 62 to 65 

per cent. is noticeable, and corresponds to reciprocal variations in alumina 

and alkalies. 

From the foregoing diagrams have been omitted those exceptional rocks 

that have been called banakites, shoshonites and absarokites, and several 
other allied rocks. They are associated with the early Tertiary lavas and 

with some that are probably middle Tertiary. They are in part lava flows, 

in part dikes, and in two instances they are sills in the Gallatin mountains, 
and in one instance a flow near the base of the breccias of Sepulchre mountain. 

The variations in their constituents are shown in Figs. 5 and 6, and the list 

of analyzed rocks is as follows: 
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69,45€ SiO, glassy trachyte, 
Sunset peak. 

60.89 ‘ quartz-banakite, 

4 NiOz, banakite. 
LL shoshonite. 

absarokite. 
57.73 ‘ biotite-trachyte, Dike absarokite, 

mountain. leucite-absarokite, 
quartz-banakite 48 “ banakite, 
shoshonite, x . augite-andesite, Dike 
shoshonite. mountain, 
olivine-free  shoshon- 50,5  augite-rich lower por- 

ite, tion of differen- 
mica-gabbro, tiated sill in Elec- 
shoshonite. trie peak, 
leucite-banakite. F0 2 gabbro-porphyry, 
shoshonite. Deer creek. 
banakite. 50.06‘ «hoshonite, 
leucite (?)-shoshonite, 9. $ absarokite, 
banakite. 4.95‘ absarokite, 
basalt. 48.7: F kersantite sil, Big- 
augite-andesite - horn pass, Galla- 

porphyry, upper tin mountains, 
portion of differ- .36 absarokite, 
entiated  sill in 4 # leucite-absarokite. 
Electric peak. 0, leucite-absarokite. 

The range in silica is the same as that of the commoner rocks of the 
Absaroka range, but the alkalies are notably higher than in the other rocks 
of this region, and the potash is much higher in proportion to the soda. 
There is a decided deer in alumina in the less siliceous rocks. Lime, 
magnesia and iron oxide are lower than in rocks of the Absaroka and Gallatin 
series with corresponding amounts of silica, especially in those with more 
than 54 per cent. The highly differentiated condition of the rocks with 
less than 54 per cent. of silica is shown in the diagram. Those with high 
magnesia and femic lime are mostly absarokites. It is interesting to note 
that the differentiated sill in Electric peak belongs in this series. The lower 
portion of this Sill is rich in augite phenocrysts and has a chemical composi- 
tion similar to that of some absarokites, while the upper portion has the 
chemical composition of some banakites.  Hence this sill shows the differ- 
entiation in place of a magma into varicties of rocks similar to those occurr- 
ing as separate lavas in other parts of the region. 

The study of the rocks of the Yellowstone National Park region shows 
that from magmas characterized by lime-soda feldspars in most instances, 
but which differ somewhat in the western and eastern districts in the re- 
lative amounts of potash and soda, of total alkalies, and of caleic feldspars, 
there have been diffcrentiated, at different times and in various places, sub- 
ordinate amounts of inaginas relatively richer in alkalies and stronger in 
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potash. These varieties are mostly subsilicie, but are in some instances 
intermediate in silicity. In the least siliceous varieties, leucite appears among 
the mineral constituents, and in several others its presence has been sus- 
pected, but has not been actually determined, 

1 2 #sio, 

Fig. 3.—Molecular proportions of alkalies and alumina in igneous rocks of 
the Absaroka range, Yellowstone National Park. 

About 80 miles north of this region, in the Crazy mountains, Montana, 
there is a series of intrusive rocks that occur in a large stock surrounded by 
innumerable sills and dikes, and fewer out-lying sills, dikes and small 
laccoliths. The district has been studied in great detail by Professor J. E, 
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Wourr,! and to some extent by Mr. W, H. W£eb and the writer of this 
paper. The rocks of the stock are diorites with granite, gabbro and some 

picrite; the sills and dikex immediately surrounding the stock consist of 

corresponding porphyries, while the outlying bodies are tinguaites, syenites 
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F1G. 4.—Molecular proportions of magnesia, lime and iron oxide in igneous 
rocks of che Absaroka range, Yellowstone National Park. 

and shonkinites, formerly called theralites. The chemical composition of 
the dominant rocks is closely similar to that of the dominant rocks of the 
Absaroka range, but the subordinate rocks in the outlying bodies are richer 

*Wozrr, J.E., and Tarr, R., Bull. Mus. Comp. Zoül., Vol. XVI, No. 12, 1893, 
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in alkalies with relatively higher soda than potash. Some varieties are * igher 
have been differentiated from a magma characterised by lime-soda feldspars subordinate amounts of magmas riches 

in alumina. Here again, there 

E 1810, 
eeular proportions of alkalies and alumina in banakites 

j 
s, sho- shonites and absarokites, Yellowstone National Park 

in alkalies, but in this instance with still higher soda than potash, and vield- ing tinguaites, nephelite-bearing syenites, and shonkinites,. Still farther north, in the Highwood and Bearpaw mountains. there are igneous rocks described by Professor L, V. PinssoN! that are characterized 
1 PiRssox, I, ED, W, H., Am, Jour, Sci., 4th Ser., Vol. 1, 1896 pp. 283 and 351; Vol. IE, 1N96, pp. 136, 18S and 315: Vol. XIE, 1901, p. 1; U S. Geological Survey + 1905 
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by very high alkalies and xpecially high potash, The chemical variations 
of this series of rocks are shown in Figs, 7 and 8, and the list of rocks is ns 
follows: 

Moleeul proportions of magnesin, lime and iron oxide in banakites, 
“hoshonites and absarokites, Yellewstone National Park 

68,340 NiOz quartz-syenite. 

66.22 quartz-syenite- 

porphyry. 

59.24 trachy-andesite. 

58.04  ‘ tinguaite-porphyry. 

5740 0 tinguaite-porphyry. 

NiOy tinguaite, 

tinguaite-porphyry. 

sodalite-syenite. 

gauteite, 

monzonite. 

svenite 
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51.940% SiOs, syenite-porphyry. 49.590 S O2, leucite-shonkinite. 51.93 ‘“*  pseudoleucite- 47.98  ‘  leucite-basalt. sodalite-tinguaite. 47.88 ‘“  shonkinite. fergusite, 47.82 ‘ analcite-basalt. monzonite. 46.51 ‘  Jeucitite. syenite, 46.06 missourite. shonkinite, 46.04 “  mica-basalt (cascad- 
ose). 

#10, F6, 7.— Molecular proportions of alkalies and alumina in igneous rocks in the Highwood and Bearpaw mountains, Montana. 

In these rocks the total alkalies are nearly equal to the alumina in most instances and exceed it in several rocks. A comparison of Fig. 7, with Figs. 
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1 and 3, shows a striking contrast bet ween the rocks of this dist rict and those of the Yellowstone National Park region with respect to alkalies and alumina, and consequently with respect to the salie lime which may enter anorthite molecules, There is some resemblance between Figs. 7 and 5, of the banak- 
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FiG, 8.—Molecular proportions of magnesia, lime and iron oxide in igneous rocks in the Highwood and Bearpaw mountains, Montana, 

ites, shoshonites and absarokites in the relation of the alkalies to one an- other, but the potash is not so high as the soda in most of the banakites, shoshonites and absarokites, though nearly equal to it, and the total alkalies are noticeably lower in the less siliceous rocks of this series. The lime, magnesia and iron oxide in the rocks of the Highwood and Bearpaw moun- 
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tains have a very similar range to that of these constituents in the banakite- 

shoshonite-absarokite series, except for certain pronounced cases of differ- 

entiation with very low lime, which have produced tinguaites and syenites, 

and for the fact that the femic lime is nearly equal to the total lime in most 
instances and is equal to it in a few rocks. 

1e 

ee 
CR RE: ME]. 

Fi. 9 —Molecular proportions in alkalies and alur: ina in lavas of the Lassen- 
Shasta district, California. 

From the foregoing considerations it is evident that the occurrence of 

subordinate amounts of rocks that are somewhat richer in alkalies than the 

normal varieties of the series in which they belong is to be interpreted as an 

instance of special differentiation dependent on special conditions attendant 

acte 

or a 

perie 

sind 



SOME EXAMPLES OF MAGMATIC DIFFERENTIATION, 223 
on eruption. Further, the chemical character of the Parent magma is to Le estimated from the average of the whole series, of which the exceptional 

Moreover, tke fundamental char- 

rocks may be quite subordinate parts. 

FiG. 10.—Molecular Proportions of magnesia, lime and iron oxide in lavas of the Lassen-Shasta dist rict, California. 

acteristies of Petrographical provinces are de °r average magma, not on subordinate phas 
Series of lavas erupted at differe berience somewhat different ph 

ind may attain somewhat 

pendent upon the Preponderant 
es of its differentiated varieties, nt periods within one region may ex- ysical conditions during eruptive activity, different degrees of differentiation. Or those 
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bodies of lava intruded within the lithosphere may be more highly differ- 
entiated than other bodies that reached the surface and were extruded. Ex- 

amples of such differences are to be found in the series of intrusive rocks in 

the Sierra Nevada range and in the extrusive lavas of Lassen peak and 

Mount Shasta and vicinity in California. 

Fi, 11.—Molecular proportions of alkalies and alumina in intrusive rocks 
of the Sierra Nevada, California. 

The lavas of the Lassen-Shasta district have been studied by Mr. J. $. 
Duser ! and are rhyolites, dacites, various andesites, quartz-basalts and 

1 Dur, JS. U, S. Geological Survey, Bull, 79; Bull, 150, in part; and Bull. 419, 
p. 135; also Am. Jour, Sci., 3rd Ser., Vol. XY XIII, 1887, p. 49. 
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normal basalts; they range in silica from 74,65 per cent. to 44.77 per cent. as follows: 

74.650% SiOn, rhyolite. j 6 NiO3, dacite, 
74.60‘  rhyolite, 68.20  ‘  dacite, 
L£ v7TONQE ryholite. 68.10  * dacite, 

5 

RARE PRÉC np SP Re 

A LE TER CORTE TE UT TS 
Fi. 12.—Molecular proportions of magnesia, lime and iron oxide in intrusive rocks of the Sierra Nevada, California. 

73.62% SiO3, rhyolite. 68.12% SiO,, hypersthene-andesite. 7240  “  rhyolite. 67.89  ‘“  hornblende-andesite, 69.51 “  dacite. 6448 ‘  hornblende-andesite, 68.72 dacite. 64.52 ‘“ hypersthene-andesite. 15 
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63.81% SiOz, dacite? 56.70% SiOz, quartz-basalt. 
63.47 ‘“  hypersthene-andesite. 56.51 ‘“  quartz-basalt. 

63.03 hypersthene-andesite. 56.18 quartz-basalt. 
62.44 pyroxene-andesite. 55.53 hypersthene-andesite. 

61.58 pyroxene-andesite. 55.20 hypersthene-andesite. 
61.17 hypersthene-andesite, 55.08 secretion in dacite. 
60.93 hornblende-andesite. 54.56 quartz-basalt. 

60.04 hornblende-andesite. 53.85 secretion in hyper- 

59.84 hypersthene-andesite. sthene-andesite. 
58.08 hypersthene-andesite. 52.95 basalt. 
57.59 quartz-basalt. 52.63 basalt. 
57.25 quartz-basait. 50.89 basalt. 

57.11 hypersthene-andesite. 47.93 basalt. 
57.04 secretion in hyper- 44.77 hornblende-basalt. 

sthene-andesite. 

In Fig. 9 are shown the variations in potash, soda and alumina in the 

Lassen-Shasta series, and in Fig. 10 the variations in lime, magnesia and 
iron oxide of the same series. The contrast between Fig. 9 and the corres- 

ponding Figs. 1 and 3, of the Yellowstone National Park series is striking. 
The Lassen series is very low in potash, and is lower in soda and the total 

alkalies than the Yellowstone Park rocks, whereas the alumina averages a 

little higher. That is, the proportion of anorthite molecules to albite and 
orthoclase molecules is greater than in the Yellowstone National Park rocks; 

and though the rocks of the two regions are named alike, the chemical dis- 
tinctions between the two series is pronounced. Fig. 10 shows an equally 

characteristic difference in the proportions of the lime, magnesia and iron 

oxide. Total lime is noticeably greater than magnesia in rocks with more 

than 58 per cent. of silica, and in half of the less siliceous rocks analyzed the 
iron oxide and magnesia are markedly variable, especially in the less siliceous 

rocks. The iron oxide is noticeably lower than the magnesia, and the femic 

lime is strong. 

The intrusive rocks in the Sierra Nevada have been described by Pro- 

fessor W. LINDGREN! and Mr. H. W. Turner? The variations in their 
chemical vonstituents are shown in Figs. 11 and 12. The highly differ- 

entiated character of this rock series is indicated by the marked differences 

in the amounts of potash and soda in rocks with nearly the same siliva, in 

the marked changes in the total alkalies, and in the irregularities in the 

alumina, lime and other constituents. A list of the analyzed rocks follows: 

1 LiNparEN, W., U. S. Geological Survey, Fourteenth Annual Report, 1894, p. 284; 
Seventeenth Annual Report, 1896, pt. 2, p. 1; Am. Jour. Sci., 4th Ser., Vol. III, 1897, 
p. 306. 

2 Turner, H. W., U. S. Geological Survey, Fourteenth Annual Report, 1894, p. 437; 
Seventeenth Annual Report, 1896, pt. 1, p. 521; Jour. Geol., Vol. IX, 1901, p. 507. 
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78.50 SiOs, granite-porphyry. 63.85% SiO3 granodivrite. 
77.68 ‘“  granitite. 63.43  ‘“ granodicrite. 
76.52 granite-porphyry. 62.77 inclusion in monzon- 76.26 alaskite. ite. 
76.03 granulite (aplite): 62.62 quartz-mica-diorite, 
76.00 granite. 61.28 augite-syenite. 75.97 granulite (aplite). 60.09 camptonitic dike rock, 74.32 granite-porphyry. 60.00 soda-syenite, 74.21 soda-granulite 59.68 ‘“  grandiorite. 

(aplite). 59.48 granodiorite. 
73.18 micropegmatite. 58.09 quartz-mica-diorite. 73.00 granite. 58.05 diorite, 
72.77 dacite. 57.87 diorite. 
72.48 granite-porphyry. 57.80 quartz-pyroxene- 71.88 soda-granite- diorite. 

porphyry. 57.26 quartz-mica-diorite. 71.48 monzonite, 55.87 gabbro. 
71.08 biotite-granite. 55.86 diorite. 
70.75 quartz-monzonite, 55.40 gabbro. 
70.43 quartz-monzonite, 55.18 diorite-porphyry. 70.36 granodiorite. 54.64 quartz-diorite. 

diorite. 53.46 diorite. 
biotite-quartz- 53.25 diabase. 

monzonite. 53.19 diabase, 
soda-syenite- 52.55 quartz-hornblende- 

porphyry. diorite. 
granodiorite. 52.06 diabase. 
granodiorite, 51.32 diabase, 
hornblende-biotite- 51.07 uralite-diorite. 

granite. 51.01 diabase, 
quartz-diorite- 48.04 amphibole-pyroxen- 

porphyry. ite (perknite). 
granodiorite. 47.49 gabbro. 
granite, 47.27 amphibole-gabbro. 
granodiorite. 43.41 olivine-gabbro. 
quartz-diorite. 43.17 amphibole-picrite. 

A general resemblance between the proportions of constituents in this series of rocks and those in the rocks of the Lassen-Shasta district is apparent at a glance, but the essential identity of the parent magmas from which each series differentiated is demonstrated by reducing the highly irregular lines in Figs. 11 and 12, to average lines and plotting the points so found in the diagrams of the less differentiated series from the Lassen-Shasta district. This has been done in Figs. 9 and 10. In this way it is seen that the lines 
for the total and several alkalies in each series are nearly coincident, while 
those for the alumina are nearly so in the more siliceous half of the two series, 
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but differ considerably in the subsilicie end, where there are few analyses 

and where there are several extremely femic differentiates in the intrusive 

series, as is shown in Fig. 12. The correspondence between the average 
lime, magnesia and iron oxide in the Sierra Nevada series and the same 

constituents in the Lassen-Shasta series is close in all but the subsilicie end 

of the two series, in which the few intrusive rocks analyzed are much richer 
in these constituents than are the basalts of the Lassen-Shasta district. 

From these chemical similarities it may be concluded that the two series 
of rocks were derived by processes of differentiation from magmas having 

strong chemical resemblances, that is, they appear to be isomagmatie, pos- 

sibly comagmatic.  Furthermore, it appears that the lavas intruded in late 
Cretaceous times in the Sierra Nevada were more highly differentiated than 
those erupted in late Tertiary times in the Lassen-Shasta district, especially 

with respect to the separation of soda and potash in the more siliceous in- 
trusive rocks, and in the production of highly femic rocks in the subsilicie 
end of the series 

The bearing of these relationships and contrasts upon the problem of 

petrographical provinces is obvious. They show that quantitative and 

characteristic differences may exist between the rock series of regions whose 
rocks may bear like names according to customary mineralogical definitions; 

also that there may be gradational variations or differences between the 

rock series of neighbouring districts or regions, a condition which PirssoN 

has called a ‘regional progression of types.” Moreover, in some instances 
small amounts of magma may be differentiated which may crystallize into 

rocks containing leucite, nephelite, or sodalite, and these subordinate lavas 

in one district may resemble closely the preponderant lavas in another. 

Finally, it is evident that there must be many varieties of parent magmas 
in various parts of the earth, and not merely two distinct kinds, as frequently 

intimated in discussions of petrographical provinces. It should be the 

object of petrographical research to discover as nearly as possible the chemical 

composition of the rock series in all regions investigated. 



THE VOLCANIC CYCLES IN SARDINIA, 
By 

HENRY S. WASHINGTON, 

Carnegie Geophysical Laboratory, Washington, U.S.A, 

INTRODUCTION, 

In the autumn of 1905 1 had the opportunity to study the volcanoes and igneous rocks of Sardinia for the Carnegie Institution of Washington. It is not the present purpose to describe these petrographically and in detail, 
(which will be done in a series of Papers now in preparation), but to state briefly some of their general petrological features and relationships, with the bearing of these on certain phases of magmatic differentiation. Analyses 
selected from many already made by me are given to show the chemical composition of some of the more important and typical rock 

The igneous rocks of Sardinia, first made known to us in 1857 by the classic and monumental work of DE La MarMor4, have been studied recently by BErrToLio, DANNENBERG, SERRA, DEPRAT, and MiLzosevrren. 

THE THREE CYCLES, 

Through the work of these geologists, confirmed by my own observations, it appears to be clear that the Cenozoic volcanoes of Sardinia belong to at least three volcanic cycles, to use the term introduced by GEIKIE, denoting 
recurrent periods in the history of a volcano, in which the progressively Changing composition of the lavas repeats itself more or less perfectly and completely. It is also evident that all these lavas are related and are comag- matic, that is, derived from the same general “magma basin,” assumedly by processes of differentiation. 

The first cycle consists of extensive flows which cover a large part of northwestern Sardinia The earliest of these are of rhyolite, and are intercalated with rhyolitic tuffs and Tertiary (Oligocene?) marls. These sheets are very extensive, 5 to 15 metres thick, and for the most part dip 
gently to the northwest, A typical analysis is shown in A of the table on 
page 231. 

These rhyolites are overlain unconformably by thinner, horizontal sheets of so-called “sheet basalts,” which are apparently also of Tertiary age. These s0-called “basalts” vary very much in character, and are in 
reality dacites, trachytes, latites, andesites, and feldspar-basalts, a marked characteristic of the last two being the common presence of hypersthene. 
(Analyses B, C, D.) 

229 
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The sequence of these flows as given by Deprar, and confirmed by my 
own observations is: (1) rhyolites; (2) trachytes, andesites, and latites; 

(3) basalts. Most, if not all, of these flows appear to have issued from 
fissure éruptions. This is certainly true of the earlier ones, though Deprar 

thinks that some of the basalts are connected with huge volcanic cones. My 
observations were not extensive enough to decide this point but, s0 far as 
they went, were adverse to this view. 

The second cycle is that of the two large volcanoes of Monte Ferru and 

Monte Arei, both of which are near the centre of the western coast. The 
former has been studied by DoëLrer, DANNENBERG, and Deprar, but Arci 
seems to have been undescribed since the time of De La Marmora. The 
age of these volcanoes is somewhat uncertain, but later than the flows just 
spoken of. They probably began in late or post-Miocene time and con- 
tinued well into the Pliocene or even into the Quaternary. There is reason 
for believing that Arci is somewhat the older of the two, though their eruptions 
may well have been contemporaneous in part. 

Both volcanoes are of the same, domal type. Arci, whose lavas cover 
an area of some 500 square kilometres, formed first a dome about 800 metres 

high, built up of sheets of rhyolite (Analysis E) and obsidian. The composi- 
tion of these is much like that of comendite. These were followed by trach- 
ytes (F),andesites (G), and probably phonolites, the exact order of these being 

as yet unknown. The sub-cycle closed with the eruption of extensive flows 
of basalt (H). 

Similarly, Monte Ferru, (with an area of some 700 square kilometres) 
began with trachytes (1), followed by phonolites (J), which built up a dome 

about 1,000 metres high. Some of the augitic trachytes contain a little 

sda-lime feldspar, as does the one whose analysis is given, but the majority 
carry no plagioclase and much resemble the phonolites, which contain about 
10 per cent. of nephelite and a little ægirite. These were followed by small 
outpourings of a trachydoleritic lava After a pause enormous quantities 

of feldspar-basalt were poured out, which covered the trachytie dome and 
extended far over the surrounding country. The cycles and volcanie activity 
closed with the ejection of very small flows of a so-called leucite-basanite.! 
(Analysis L). 

The third and last period is that of the small, recent scoria cones and their 
flows of the districts of Logoduro and Ozieri, which DE La Marmora well 
called the Sardinian Auvergne. These are generally very fresh and well 

preserved, and are evidently of very recent geological age, though they ante- 

date human occupation, as some of the prehistoric buildings called nuraghe 
are built on these flows. These lavas are uniformly feldspar basalt, some 
with and some without olivine, and of rather uniform chemical composition, 

(M, N, O, P), though there are also met with small amounts of ‘“leucite- 

basalt”” similar to those of Ferru. No definite sequence has, as yet, been 
made out among them. 

1 Three analyses of these rocks show that the leucite-like mineral is sodic and is 
probably analcite. They are at present being studied. 

ANALYSES OF SARDINIAN LAVAS. 
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THÉ GENERAL RELATIONS, 

Nixteen of the analyses made by me are given in the table annexed, 

Taken as a whole the rocks and the several constituents vary within very 

wide limits, it being scarcely necessary here to point these features out. But, 

arranged as they are according to the voleanic cycles and their sequences, 

they offer some points of interest. 
It is, in the first place, clearly manifest that there is a sequence which ix 

discontinuous but recurrent, and that the successive eycles show distinet 

similarities as well as a marked progressive change, The first two, (or three, 

counting Arci and Ferru sepurately) begin with persalanes-—the most sulic 

and silicie magmaæs,—and become successivelÿ more femie with decreasing 

silicity and with concomitant variations in the other constitutents. They 

end in each case with extensive flows of andose or cumptonose, that is almost 

wholly salfemie and of quite uniform composition. 

If is, furthermore, noticeable that there is an apparent progressive 

decrease in differentiation, which is marked in two ways. The cyeles show, 

on the whole, a progressive narrowing of the limits between the extremes of 
the several component... This is most obvious in the silica, but examination 

will show it to be true of nearly all the components. Attention may also be 

called to the decrease in potash relatively to soda as the cycle procceds, 
Other similar points will be discussed later in connection with a much greater 

number of analyses. 
The cycles also show a progressive diminution in the number of rock 

types and intermediate members. The variety of rocks among the early 

flows is very great, that at Arci less, at Ferru still less, and in the last eyele 

the rocks are almost uniformly baxalts. The first of these features is fairly 

evident from the analyses given, but the second can best be seen from study 

of the specimens and the additional analyses not given here. 

Attention may be especia'y called to two points in these relations: 

the closing of each cycle and of the succession of cycles with feldspar- 

basalts of the general composition of andose (11.5.3.4) and camptonose 

(1.5.3.4); and the occurrence together, even at the same voleano, and in 

commensurate amounts, of what would be called by some petrologists 

alkalic rocks of the Atlantic tribe and sub-alkalie rocks of the Pacific 

tribe. 

Adequate data are not at hand for even a tentative discussion of the 

average magmas, since there would be needed very detailed knowledge of 

the relative volumes as well as many more analyses. But it may be said that 

the average compositions of the suce les, so far as they can be approxi- 

mately estimated, seem to vary very much in the same way as does the "st 

complete cycle. 

THE SEQUENCE OF TYPES, 

The order in time of successive intrusions or lava flows has always Leen 
a subject of deep interest to petrologists, and has given rise to much discussion 
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and n large literature, Et is generally assumed that it is connected with 
processes Of differentiation. The subjeet has been summarized most recently 
by Iauken in his valuable and highly suggestive treatixe, 74 Natural 
History of Igneous Rocks. He coneludes that tlu general plutunie sequence 
differs from the voleanie, and that the von Ricwrorex-Ippinas law of diver- 
gence from an average magma to extremes has n very Wide application in 
extrusive rocks, We have seen that the sequence in Sardinia is quite dif- 
ferent from this, and many other instances could be given to which it does not 
apply, along with many to which it is applicable, 

Neurly twenty years ago Brücoën called attention to the paucity of 
data, the diffculties attending the determination of the relevant facts and 
their interpretation in asc rtaining the true scquence at most centres Even 
with the great advance in our knowledge, much the same difficulties confront 
us now and, in the case of voleanie rock it ennnot au that any univer- 
sally, or even generally applicable sequence has atisatorils estabe 
lished, 

From a survey of the literature, however. to lets à of w moral applica- 
tion would scem to hold good. One is that ti quer ni omewhat 
with the general or average chemical character of Lie regional magioa, the 
other, that inthe great majority of cases, and apparently irre-pective 
of the general magmatie character, the sequence closes with basaltie 
(salfemic) rocks. A recurrence in voleanie cycles seems also to be very 
general, 

But, after all, it may be questioncd whetker the sequence of types is 
really of the great importance usually attributed to it. Its chief signiticance 
would seem to be that of giving us a clue to whether the differentiation, 
(assuming that the sequence is dependent on differentiation), is a continuous 
or discontinuous process, and what is its general course. But it must Le 
borne in mind that any particular sequence as observed by us would appear 
to be dependent largely on cireumstances and conditions extrancous to tLe 
character of the magma or to the course of differentiation, such as the size 
and form of the hypothetical magma basin, the point at which it is tupped, 
the amount drained off, the character and amount of the volatile constituents 
which escape, and the chances which determine tLe exposure of the rocks to 
our observation, 

The actual products of differentiation and their relative amounts would 
scem to be of more importance than their sequence; and for this, in practi- 
cally every case, many more gocd analyses and a much more detailed know- 
ledge of the relative volumes and gcological relations of the several types 
present than we now have is absolutely indispensable, Half a dozen analyses 
of specimens collected more or less at random, with no data as torclative 
amounts, and mostly from recent flows, do not constitute adequate material 
for study of the petrology, sequence of types, or course of differentiation at 
any volcano of considerable size, far less of a district, though they are of 
interest in default of more abundant material when the district is almost or 
quite unknown. 
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CORRELATION WITH VOLCANICITY 

There is apparent in Sardinia a connection or coincidence of the several 
cycles with the discontinuity and character of the volcanic activity. This 
is manifested by the closing of a magmatic cycle simultaneously with the 
ending of a voleanic phase, and the recurrence of a new one with a change 
in the manifestation of volcanicity, either in intensity or character or 

th. A survey of the literature indieates that this is a feature of volcan- 

ism which has been overlouked, and that it is of somewhat common occur- 
rence. 

A case recently studied by me is Pantelleria, which is to be described in 
a forthcoming paper. Among others, evidence of such a connection is shown 

in the Yellowstone Park, the Highwood Mountains, Etna and Vesuvius. 

From the classic paper by InpiNGs the recurrence of the magmatic cycles 

coincidernt with the change in the character of the volcanicity from intrusive 
to extrusive at Electric Peak and Sepulcher Mountain is clear. Such a 

connection is also apparent in the Highwoods, as described by PrrssoN, 

though here the sequence differs from ihe preceding. At Vesuvius and Etna 
the evidence is not so clear, owing to lack of data. The numerous analyses 

of Vesuvian lavas by Fucus, HAUGHTON, and others deal only with the histori- 
cal flows of the cone of Vesuvius. There is no good or modern analysis of the 

lava flows of Somma, though those by Pisant of the ejected blocks, described 

by Lacroix, are of special interest, as they give evi:! ve of a decided change 
in the character of the magma, from a dosodic or s& ::;"cassic to a dopotassic 
composition. The lavas of the well-known and easiiy accessible Etna are 
even more imperfectly known. There are less than half a dozen superior 

analyses of its rocks to be found, and these only of the products of recent 

eruptions. Yet the early analyses given by VON WALfERSHAUSEN, unsatis- 
factory as they are, give clear indication of a change in the general magma 

since the formation of the Val de! Pove caldera and the shifting of the 

eruptive vent. 

On the other hand, there are voleanoes where no such correlative mag- 

matie change seems to have taken place. This is the case at Santorini, 

of whose lavas, both prier and subsequent to the formation of the great 

“aidera, we have analyses by FOUQUÉ and others.! Apart from some very 

subordinate arwrthitic lavas, they are very uniform andesites of the general 

composition lassenose (1:4.2,4.). To test this point 1 made some years ago 

three analyses of typical lavas representing different periods of volcanicity. 

As tney are as yet unpublished, it may be of interest to give them in this 
connection. Their practical identity is obvious. 

1 Mount Pelée, aud other Antillean voleanoes, as remarked by Lacroix, whose lavas 
generally are bandose (1L.4.4.4.5), furnish another example. 
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Andesites of Santorini. 

ea et es 

BRRSRSSE cn 

A. Santorinal lassenose (1.4.2.4), lowest flow, Therasia. 
B. Santorinal lassenose (1.4.2.4), Palaio Kaimeni, A.D, 46. 
C. Santorinal lassenose (1.4.2.4), Giorgio Kaimeni, A.D. 1869, 

Few volcanoes have been studied with sufficient system, completeness, 
and detail, and also with sufficiently numerous and representative analyses 
of the lavas of the different volcanic phases, to enable us to decide whether 
such a connection is general, and whether it is a real, causal one or only 
coincidental.  Several geologists have expressed the view that the type of 
volcano formed is dependent partly or largely on the composition of the lava, 
the idea being based chiefly on the relative fusibility and viscosity. The idea 
here expressed differs from this, but the data at hand do not permit of any 
proper discussion of the subject. 1 can only record my belief that the con- 
nection is a causal one, the intensity and character of the volcanic manifes 
tation varying in some way with the character of the magma, (including its 
volatile ingredients). 

“ATLANTIC” AND ‘PACIFIC TYPES. 

The occurrence of “typical alkali rocks” along with dacites and ande- 
sites in Sardinia has been briefly noted by Harken in his book already men- 
tioned. But the studies and analyses of BERTOLIO, SERRA, MüiLLosevircH, 
Deprat, and mine show that the joint occurrence of rocks of the two tribes 
on this island is far more pronounced and extensive than Harker supposed 
from the literature then available. We find here such typically “Atlantic” 
alkali rocks as rhyolite, comendite, trachyte, phonolite, and phlogopite- 
bearing “leucite-basanite,” along with commensurate amounts of equally 
typical “Pacific” sub-alkalic dacite, hypersthene-andesite, augite-andesite, 
and feldspar-basalt. These even oceur at the same volcano, as at Ferru and 
Arci. All these lavas are supposedly comagmatic, that is, derived from the 
same ‘magma basin” or differentiates of the same magma, so far as can be 
judged from present knowledge and criteria: and must have been subjected 
to the same crustal movements. 

Sardinia would therefore seem to belong to neither the one nor the other 



236 HENRY 8. WASHINGTON. 

tribe, but may, with equal reason, be assigned to both.  Examples of similar 

occurrences are multiplying rapidly. The Pacific basin is yielding an in- 

creasing number of “Atlantic” rocks in the Hawaïan Islands, Samoa, 

Tahiti, the Marquesas, Japan, and elsewhere. Highiy sodic persalanes 

and dosalanes are known as a pronounced feature along the extreme western 

coast of North America. 

In the “Pacific” basin of the Ægean sea there have been recently des- 

cribed and analyzed highly sodie rhyolites, keratophyres, and trachytes. 

Keratophyre, paisanite, bostonite, and tinguaite are found along with 

malchite, kersantite, diorite, and olivine-basalt in Eritrea, described and 

analyzed by ManassE. These are only two of many recent examples which 

are to be added to the longer known ones of districts which show conjointly 

rocks of the two tribes, in violation of the theory of HARKER and BECKE. 

It, therefore, seems probable that such general characterizations of 

many regions are premature, based on hastily and incompletely collected 

material and observations, and on chemical data which are inexact and in- 

ufficient for safe gencralization. As an instance may be cited vox WoLrr's 

characterization of Sardinia in his recent Vulkanismus: “Sardinien ist 

mit Ausnahme des andesitischen Siliquamassivs atlantisch."”" The same 

author characterizes the Canadian shield as Atlantic, noting the presence 

of nephelite-syenites and essexites, but neglecting mention or consideration 

of the much greater extent of anorthosites and other “sub-alkalie” rocks. If 

most characterizations of volcanie districts, often based on imperfect know- 

ledge or on a few chance specimens collected by a non-geological explorer, 

are as accurate as these two, surely theories based on them are premature 

and must be regarded with caution. 

As our knowledge of the igneous rocks of the less well known parts of the 

earth increases, it would appear that their occurrences and mutual relations 

are more complex than was thought at first. Furthermore, we have but 

imperfect knowledge of some of the most easily accessible and best known 

districts and volcanoes. Among these may be mentioned Vesuvius, Etna, 

the Æolian and Ponza islands, the Euganean hills, the Eifel, Siebengebirge, 

Kaiserstuhl, Schemnitz, and the Auvergne and Velay voleanoes.  Remark- 

able as it may appear, the analyses of these lavas to be found in the literature 

are inadequate, as to quality or number. for proper knowledge and description 

of the localities. Also analyses of the lavas of the many large voleanoes of 

the Andes are lamentably few. 

But so far as they are ascertained, the data at hand seem, to me at least, 

to indicate that the relations of igneous rocks are too complex to justify refer- 

ence to only two lines of variation. In doing so we are not sure that we are 

approaching the facts more elosely than when we were content with the old 

terms “acid,” “intermediate”’ and “basic.” We would seen rather to be 

thus actually drifting away from the true course. 

The complexity of the relations in the field, the distribution of rock types 

over the earth’s surface, the clustering of the great majority of several thou- 

and analyses about a few “central” subrangs: toscanose (1.4.2.3), tonalose 
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(11.4.3.4),. andose  (1L,5.3.4), camptonose 4), and auvergnose 
(L.5.4.4:5)—as shown by a recent increased collection of rock analyses 
whose calculation is nearly complete, —all these indicate rather that there is, 
or has been, but one general earth magma, (at least in the upper part of the 
crust). This may vary somewhat in composition, but it may ! supposed 
to have given rise, by successive differentiations in all possible directions, 
to the different magmas which characterize different petrographic provinces. 

This general or original magma, from which the subsidiary ones are 
supposed to have been derived, would have a general composition of about 
tonalose-andose, The exact composition and the course of differentiation 
may have been changed or complicated to some extent by local causes, such 
as the assimilation of country rock or even possibly by erustal movements. 
But these would seem to me to be of minor importance, and their considera- 
tion belongs, as yet, to the sphere of speculation.! 

Differentiation, as has just been said, is supposed to have proceeded in 
all magmatic directions, influenced and possibly determined by forces and 
local causes of which we have no present knowledge. Thus there have been 
produced districts of very different characters, but of the same grade of 
importance, so that each should be treated with equal consideration. In one 
place we find rocks which may be spoken of as characteristically sodic, else- 
where potassic, or calcic, or magnesic, or ferrous. There may be mixtures of 
any two cr more of these dominant features. Also in places the hypothetical 
general magma would seem to have undergone comparatively little change, 
and this last seems to have been very frequently the case—whieh would 
account for the general preponderance of the “sub-alkalic”’ rocks. It must, 
however, be constantly borne in mind that our characterizations, apart from 
the insufficiency of the data spoken of previously, are often subjective, vague 
and arbitrary, and illogically and inconsistently carried out. Thus, very 
frequently only one or a few of the chemical or mineralogical components are 
selected for the basis of characterization and no regard is paid to others which 
are present in much greater amount, The mere presence of nephelite or 
acmite is held by many to be sufficient ground to call a district sodie, or that 
of leucite to call it potassie, though the actual amounts of these may be not 
more than about one per cent. On the other hand, if the nephelite molecule 
should enter feldspars as carnegicite, or that of leucite enter biotite with: 
olivine, little or no attention would be paid to them. 

It is surely unphilosophic to select one subsidiary magma, as the alkalic, 
for special contrast with the greatly preponderating “sub-alkalie” magma, 
and either neglect all separate consideration of other kinds of magma, or 
cause them to lose their identity by arbitrary incorporation in the ‘“sub- 
alkalic”"tribe, Such a magnesie or calci-magnesie magma as is characteristie 
of the northern Urals described by Dupare is surely entitled to as much 

1 In a recent paper Suyrit upholds the derivation of th kalie rocks from a common sub-alkalie ssagma by differentiation, suggesting the ‘minerulizers and rarer elements as the agency, 
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special recognition as the sodie magma of southern Norway. It may be true 

that the potassic, magnesie,and ferrous magmas or districts are evenless often 

found than those which are “sodie,” but it is surely true that the theoretical 

significance or importance of a magma is not dependant on its abundance. 

There is no innate reason, so far as we know, why an alkalie magma, 

(often called s0 on inadequate grounds), should alone stand in direct contrast 

with, or be incompatible with, a calcie or sub-alkalie magma. On the con- 

trary there are very good reasons—among them the frequent oceurrences of 

rocks of both types together— for believing that they may be, and indeed are, 

genetically connected. Nor is there good reason for lumping together 

intimately, as is usually done, the potassie and sodie magmas, on the ground 

that soda and potash are both alkalies, for we know that the two elements 

show, in many respects, very different chemical behaviour. 

The reference of all igneous rocks to two tribes seems to be based ulti- 

mately on the dualistic tendency of the human mind. This led BUNSEN to 

formulate his pyroxenie and trachytie magmas, which were long ago shown 

to be inadequate to explain the facts. Indeed, even now the inadequateners 

of the two Atlantic and Pacific tribes begins to obtrude itself, since VON 

Wozrr—himself an upholder of the doctrine—feels called upon, in his 

recent book, to institute a third tribe (the Arctic) to embrace purely 

basaltic regions. 

CONCLUSION. 

To conclude, it may again be urged that our data are far too insufficient 

for the broadest generalizations, and that any of these must, of necessity, be 

considered as highly speculative or, at best, but a tentative working hypo- 

thesis. Forty years ago the domain of microscopical petrography was 

entered, for about thirty years the chemical side has been becoming of ever 

increasing importance, and we are now just entering a new phase of petrology 

in which physical chemistry will play the leading part. The necessity for 

modern, exact physico-chemical study of petrologie problems is shown by 

the fact that, although the principles of SORET and of Gouy and CHAPERON 

are constantly appealed to as of fundamental importance in discussions of 

differentiation, yet their experiments have never, to my knowledge, been 

repeated, although they were made some forty years ago and in accordance 

with the crude and roughly quantitative metkods then prevailing.  Similarly 

te liquation theory of differentiation has been urged by BÂcksrrôM and 

others, but no one seems to have tried experimentally to ascertain if two 

magmas are, or could be, act ually immiscible or not. 

With this entrance of physical chemistry and its exact methods, the 

complexities will be enormous. We are not dealing with two-component or 

three-component systems, the working out of which in the laboratory, even 

in the simplest cases, is an affair of many months or years. We shall have to 

deal with systems in which the components are many, and not only many but 

in most cases volatile in part—a fact which enormously complicates the 

problem from any point of view. Furthermore, the conditions involved are 
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such as to be reproducible only with diffculty, if at all, in the laboratory. 
The petrologist may well stand aghast at the magnitude and complexities 
of the problems, and the inherent necessity for accurate and detailed know- 
ledge in the investigations, that now confront him. 

But for the successful application of physico-chemical research to petro- 
logical problems, apart from laboratory work, three factors are essential. 
One is the recognition of the importance of quantitative relations. Another 
is the need of adequate chemical analyses of rocks and their minerals, which 
can scarcely be too good or too numerous. The third is the properly syste- 
matic and complete collection of specimens and field data, based on accurate 
observation, and including the quantitative relations of the rock types. For 
all these, time—much time—is needed, and the petrologist can best and most 
surely attain his goal, not by premature generalization on insufficient data, 
but by collecting absolutely unimpeachable data on which to base future 
generalizations. Let our motto be: Festina lente. 





VARIATIONS IN COMPOSITION OF PELITIC SEDI- 
MENTS IN RELATION TO MAGMATIC 

DIFFERENTIATION. 

BY 

WM. H. HOBBS, 

Director of Geologieul Labor Mary, University of Michigan, Ann Arbor, USA 

The theories whseh have been held to account for the differentiation of lgneous magmus have quite generally proceeded from the idea that facies 
are developed within a broadly extended reservoir of molten and necessarily highly viseous material—what st the surface of the earth is called lava. To go à step farther back and consider what may have been the variations 
in composition of the same material im an earlier unfused condition does not appear to have been discussed, perhaps because, cither consciously or un- consciously, the idea of a molten substratum bencath the so called ‘crust”’ 
has been before the mind to the exelusion of this other idea. Even in those 
theories in which the conception of a liquid interior to our planet has been abandoned, the necessity for modifyving this basis of many existing theories 
has not been at once appreciated. We are still a long way from à solution of 
the particular state of matter within the earth’s core, but we may neverthe- less aver with some definiteness that in respect to earth rotation, to external 
solar and lunar attractions, and to the transmission of rapid undulatory 
motions, the earth's interior behaves like a highly rigid body. Though un- 
doubtedly at an excessively high temperature, the centrosphere, in so fur as it may now be studied, behaves as little as possible like fused material under 
the conditions known tous. If, on the other hand, the earth’s core is unfused, 
it seems necessary to assume that this is because the earth materials are kept 
“solid” by pressure in accordance with laws known for a limited range and believed to hold outside these limits, 

Therefore in seeking an explanation for the known variations in compo- 
sition of magmas within the same general region, we are warranted in depart- 
ing from the usual practice and in exXamining not alone the possibilities of 
segregation and of other processes of differentiation which can take place 
subsequent to fusion, but those also which muy have characterized the rock 
materials before their fusion to form Magna, Our problem thus resolves 
itself pre-eminently into a discussion of the type or types of rock which, through 
Jusion, could yield magmas of known composition under the conditions which are conceived lo exist, and what differences of facies of the magma are then by possible 

It has long been the custom, when diseussing the distribution of vol- 
16 241 
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ir intimate connection with mountain ranges, an 

association which, for large are: 1d even for entire continents, must bc 

evident to all students of the subject. Yet a keener analysis of the situation 

has shown that conditions are not the same upon the larger part of the Eura- 

sian continent ttat they are in the western interior of North America, in eastern 

Africa, and in various parts of the Atlantic ocean. In these latter regions 

mountain ranges, strietly so called, are lacking, but in their place we find a 

mosaic structure of great : graphic blocks whose vertical movements have 

been more or less in relation to lava outflow. In the western United States 

along the fortieth pars tie? of latitude! in the great “rifc”’ region of cast 

central Africa? along tce great rift west of the Mexicain plateau? and in 

Iceland. * all, it will be auted, within the areas characteïi# 1 by block adjust- 

ments of the earth's shell—it has either been noted or would appear that the 

take place along the margins of relatively uplifted blocks, 

ava finding lodgement upon the low-lying blocks. It is per- 

that the energy necessary to overcome the inertia of 

arth shocks 

canoes, te emphasize the 

outflows of lavi 
the extravasated 1 

haps possible to assume 

blocks in their sudden elevation toithe accompaniment of € 

arried them beyond the position of equilibrium, thus bringing about a 

partial relief from load in some lower level where a fusion of the rock may in 

consequence oceur. Earthquake studies have taught us, however, that such 

a strained condition must be relieved by pendular after-adjustments accom- 

panying, and presumably causing, the well recognized “afterchocks”" that 

follow all great earthquakes.  Thes after-adjustments may not be completed 

before a number of years have elapsed. Any mi ue of magma which arise 

from the relief of pressure should, it would seem, tend to appronch the form 

of films or pans of considerable horizontal extension, which, under the load, 

e elevated toward the earth's surface along any pt 

1y to be opened by the action of the lava itself. We 

subject until after a con- 

these 

has e 

should b 
sages cither 

already present or likel 

av defer the discussion of this portion of our 

sideration of the conditions which obtain within the contrasted regions ci 

the mountain ares. 

One of the most vi 

based upon his epoch ma 

s0 called “Pacific region.” 

able generalizations vf Professor EpuarD SUESS, 

ng studies of the earth's face, is that, within the 

volcanoes lie for the most part in arcs which are 

parallel to cordilleras or folded ranges and generally upon the coneave or 

inner side. Elsewhere we have shown? how this peculiarity of grouping with 

reference to folded ares is in harmony with the view that magma maculi 

1Cranexce KixG, Systematic Geology. Vol. Ep. 64, US Exploration of the 40th 

Parallel, 1878 
2 

Denksch._ Wiener Akad., Math. 
jp. Suess, Die Brüche ostlichen Afrika, 

Naturw. KL, Vol. LVILE, pp. 555-584, IN91 

3 Kanz Sarper, Ueber die réumliche Verbreitung der merikanischen Vulkane, Beitseh 

d. deutsch, geol. Gesell., pp. 57 , 1893 

sn. ThonobpsEx, Die B linien Islands un 

Pet. Mit, Vol. LE p. 3, map pl 5, 1905 
Some considérations concerning Un 

zur Geophysik, Vol, XU (Heft 2), pp. 329-361, 1913 

Lühre Bezichungen zu den Vulkanen 

place and origin ef Lara maculr, Gerland's Betis 
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arise wherever there is local relief from load through the formation of arches in competent formations. The folded ares themselves are known to be made 
up of overturned and “overthrust”! beds which dip inward in the direction of the centre of the are? Wherever competent formations (limestone or 
dolomite) are present and wenker formations lie below, there will be a ten- dency for the latter to fuse, provided it is at such a temperaturethatitsmater- ials would melt under reduced pressure. Such a tendeney will naturally 
be the greater in proportion as the beds are weaker and more casily fusible, If lava formed in this way subsequent|y arrives at the surface of the carth along essentially vertical fissures or shaîts, the exuded or cjected masses should appear at vents upon the inner margin of the folded are whose forma- tion has given rise to the macula or maculae, In this connection it should 
not be forgotten that there is an intimate association not only in place, but also in time between voleanoes of the ‘“‘P: : type” and the mountain ares to which they belong: the period of elevation of the are is broadiy contemp- oraneous With the activity of its voleanoes, 

The tendeney of rock materials to fuse locally and thus to form reser- voirs of magma would not appear, therefore, to be essentially different for the “Atlantic” fault block type on the one hand or the “Pacific” volcanie are type upon the other; since in cither case the two properties of structural weakness and of fusibility are the chief ones favouring the formation of 
maculae. 

The pelitie or argillaceous types are so different in both these respects 
from all other rock formations, cither igneous or sedimentary, that they stand in a class by themselves. They are further, by far the most widely distri- buted and abundant of all the edimentary rock formations. It should per- aps, on this account, be less a matter for surprise than it is to find, upon 
examination of both the average and the individual chemical analyses 
argillaceous rocks, and comparison of these w ith the average and the individ- 
ual analyses of igneous rocks, that the correspondence is very close. How- 
ever, this subject has been fully covered in the author’s paper, * and necd 
not be gone into here. It may, however, be pointed out that even the 
differences which are noted and seem to be characteristie, — the rather general 
excess of lime and of sodium in the igneous rocks—is what we should expect to find as a result of the almost certain absorption of CaO from limestones and of Na from the included salt of all sediments which are intercepted along the path of the magma during its subsequent aseent toward the carth's 

The author believes that the mechanies invol d'in the process of folding require that these be described as wride rthrusts (CF. Earth Features and their Meaning, p 
2 See particularly the diseussion of the structure of the Timor are by MoLÆmuRAAFr in the present volume. 

3 Vax Hise's estime is that the world's sediment msist roughly of 65 per cent pelitie rocks (Mon. 47, US. Gecl, Sur P. 40). Others give values us high as NO per cent, 

4 GenLaxD’s Beitrige zur Geophysik, Vol. XIL, Heft 2 
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surface. The water present in pelitie rocks averages nearly three quarts per 

cubie foot of rock—an amount quite sufficient, when dissociated, to supply 

both the free and the combined hydrogen of the gaseous emanations of lavas, 

as well as the oxygen to combine with the sodium of the dissociated salt 

and to oxidize the sulphur, carbon, and other minor constituents generally 

present in this type of sediment. The residue of oxygen, by its union with 

hydrogen as the surface is renched, with little doubt, supplies much of the 

energy of voleanie eruptions at the same time that it vields the vast quantities 

of water vapour which are so charneteristie of them. It is just because the 

oxygen derived originally from water has been used up in the oxidizing pro- 

cess that there is an excess of hydrogen and that free oxygen is one of the 

rarest of the gases present in voleanie emanations. A portion of the free 

hydrogen is found in combination with the ehlorine derived from the common 

salt vielding hydrochlorie acid, and another portion is combined with the 

oxidized sulphur to yield sulphurie acid, which, though less abundant than 

hydrochlorie acid, is coming to be recognized as an important product in 

connection with voleanie eruptions. 

The view here expressed to account for magna reservoirs by the local 

fusion of pelitie rock formations within the earth's outer shell, thus does 

away with all necessity for assuming the existence of so-called juvenile gases 

which have been supposed to ascend from the earth’s centrosphere (possible 

only upon the assumption of a fluid iuterior) and give rise to the so-called 

phreatic explosions? and for the first time it adequately explains why igneous 

rocks should be so limited in their range of composition, for these limits are 

those of the pelitie sediments and are therefore to be explained by the sorting 

processes of wave action and of resulting off-shore eurrents 

It remains now to determine whether or not the local differences in 

composition of the argillaceous sediments of any given area are sufficient to 

account for the observed differentiation of igneous magmas within so-called 

petrographic provinces. This subject has not been investigated exhaustively, 

but the comparison with a petrographie province taken at random—that of 

south central Wisconsin, in which a series of soda aporhyolites is developed 

at widely different centres— is shown to offer the same measure of difference 

in composition as does a series of slate analyses from specimens collected in 

neighbouring townships thin the New York-Vermont slate belt. These 

figures are here reprodurcd from the author's paper already cited. 

Obviously the aeceptance of this view of the orign of magma permits 

of exactly the same assumptions concerning differentiation subsequent to fusion 

as those that belong to the ual tasal hypothesis. Its advantage is that those 

broadiy developed facies within a petrographie province, which are some- 

times separuted from one another by distances of tens of miles and which 

1 Dauy has drawn attention to the changes which the absorption of an exeess of lime 

may have upon the separation of melanocrat ie constituents of the lava so as 10 yield two 

contrasted facies, one of which is alkaline and the other sub-basie (Origin of the alkaline 

rocks, Bull. Geol. Soc. Ain, Vol. XXE, 1910, pp. S7-LIS). 

2 Ep. Suess, The Face of the Earth, Vol. IV, 1909, p 568. 
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it would be extremely difficult to explain by segregational processes taking 
place within a fused mass, find here both a simple and a natural explanation, 

Obviously, the common peculiarities in composition which characterize 
different portions of the same area of argillnceous sedimentse may be largely 
accounted for by the differences in the materiuls borne by inflowing rivers or 
derived from wave attack upon neighbouring shorez. the material from both 
sources being distributed and deposited by tides and v-shore currents., To 
illustrate, such ai, area of deposition as that lying off the bight centred at 
New York harbour should yield terrigenous deposits with certain dominant 
characters and average composition which would be expected to differ from 
those of deposits at the same depths in the Gulf of Maine or in the bight 
lying off Chesapeake bay. 

These three areas should, upon the other hand, reveal common relation- 
ships which should set them off from deposits formed in a different age upon 
the Atlantic coast when waves were making their attack upon other cliffs 
and the rivers were bringing down to the sen the ruins of quite different 
rocks then exposed to weathering and erosion, It may not be without 
signifieance that the petrographie provinces of the eastern United States 
are arranged as broad belts which are roughls parallel to the Atlantic const! 

IGNEOUS ROCKS (APORHYOLITES) FROM PE ROGRAPHIC PROVINCE OF 
SOUTH CENTRAL WISCONSIN 

| Ovsen- | Man-  Bana- | Exp£a-| Tay- Mar. | Annoa 
VATORY | QGUETTE Boo vOoR LOR'S  CELLON | 
Hu. Fans 

72,80 23 | ; 73,09 
15,50 3,23 | 1 13,43 
2,04 34 | À 2,57 
0,60 | | : 

1,03 
2,20 
3,85 
1,58 

il WasHINGTON, The distribution of the clements, Bull, Am. Inst. Min. Eng., No. 23, 190$, pp. 809-838; also in Surru, Rept. for 1909, 1910, pp. 270-304 
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DISCUSSION SUR LA DIFFÊRENTIATION DANS 
LES MAGMAS IGNÉS. 

À. C. LANE (Boston) stated that the variation in grain of diabuse dikes indicated à superheating at least in the ratio 001,500 10 1,100°. The stratification of fine while Yet suspended in water seems to find a parallel in light and dark bands, which üppear even in certain large effusions, This banding scemed to be due to a differentiation into layers which are alternately more or less conspieuously fe Aspathie F. LOEWINSON-LESSING (Petersburg): Ich bin der Meinung, eine Fandumen- talfrage der Differentiation sei folgende: Genügt die Kristallisationsdif reuzicrung für die Erklirung aller Differentiationserscheinungen und der Verschiedenheit der E uptiv= gesteine oder ist es erfürderlih noch eine, dieser vorangehende, im flüssigen Zustande sich vollziehende Differentiation anzunchmes” 
Ohne die Bedeutung der K istallisationsdifferenzierung für die miner, logische und strukturelle Ausbildung cinzener Magmen abzusprechen, sei es, duss dieselbe sieh nach dem eutektikalen oder nach cinem andern bei Metalllegierungen festgestellten Schema &yntektikal, monotektikal, dystektikal, usw.) sich vollzieht, muss man zugeben, dass die der Kristallisationsdifferenz ung anheimfallenden Magmen bercits Produkte einer im flüssigen Zustande erfolgten Differentiation sind. Dafür sprechen solche Umstände wie die Art der Verknüpfung der monomineralischen Gesteine mit den polymineralischen, die Abwesenheit monomineralis her Gesteine in der usivformation, die Identität der Ergussgesteine in ihrer chemischen Zusammensetzung mit den Ticfengesteinen, und die Abwesenheit_tiefgehender Differentiation in der Effusivformation. Die Differentiation im flüssigen Zustunde dürfte auf cine E itmisehung (Liquation, Emulsionsbildung) zurüek- geführt werden. Und wenn uns die Silikatschmelzfüsse als unbegrenzt mischbar erschei- nen, so haben wir uns nur an die môgliche entmischende Wirkung der fremden cingesch- molzenen Massen, der Chloride, Phosphate, Sulphide, der Gase, u.s w. zu erinnern, ébenso wie eine homogene Lüsung von Essigsiure und Benzol oder ssigsiure und Chloroform durch Wasser, oder cine wässerige Lüsung von Isobuttersäure dureh Wasser, oder eine wässerige Lüsung von Isobuttersäiure durch Chloride von Alkalien, oder auch ndere alkal- ische Salze (nach SMIRNOW) zur Entmi: hung gebracht werden. Aus der Struktur des Endproduktes kann man auf alle Zwischenstadien bei Silikatschme n ebenso wie bei Metalllegierungen nicht schliessen. Hat sich in einem Magma ein temporärer Gleich- gewichtszustand eingestellt und wird er durch Assimilation, durch Drickentlastung, Temperaturwechsel, Gasentweichung oder Gasaufnahme gestôrt, so kann die Wieder- tellung des Geichgewichts auf verschiedenen Wegen, auch auf dem Wege der Ent- hung in Teilmagmen, errcicht werden. 

Die tiefmagmatische Differentiation ist ein im Sinne der Thermodynamik natüricher ess, soweit dieselbe durch Abkühlung bedingt wird. < 0 das Prinzip der gréssten Arbeit, wie es jetzt aufgefasst wird, dus Prinzip der Entwertung der Energie, also das Bestreben zur grüssten Entropie, der diese Differentiation regelnde Grundfaktor sein. 
WHITMAN CROSS (Washington): The differentiation of igneous magmas presents many aspects, according to the point of view. The phase of this problem prominent in MY own recent work has been that of the real significance of the current distinction between the so-called alkali and sub-alkali, or ic and calci es of igneous rocks, Are the genetically distinet and worthy of recognition as a natural element in systematic cle fication, as claimed by RosEXBUscH and 1 1y other petrographers?  According to this view the members of the two series may not originate as differentiates from a single parent magma. Indecd, unless this is true, there is no reason for a sharp distinction between the series, 
The Hawaïian Islands are a petrographie province of very simple character. The lavas of this province are all comagmatie, seeming to represent a basaltie parent magma and its derivatives origin g by magmatie differentiation, No forcign rocks are known 
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in outerop or as inclusions except recent coral and mud deposits, and the influence of as= 
similation of foreign materials need not be considered unless one adopts the view of Dr, 
Dazy that limestone has played a necessary part in the formation of the more alkalic 
lavas. A careful study of 43 analyses of Hawaïian lavas shows that the average rock of 
these lyses is a normal basalt of the sub-alkaline or eulcic type. Apparently the prim- 
ary or parent magma from which the more salie and more femic lavas are derived must 
have corresponded to this average magma. 

he lavas range from a feldspar-rich soda-trachyte to very basic basalts of several 
kinds. The closest analogues of the Hawaïian lavas are distributed all over the world, 
Fifteen of them are cither of pronounced inherent alkaline character or occur in intimate 
association with rocks of such character. Other analogues are of pronounced ealcie come 
position. 

It seems demonstrated that in several, and perhaps in every one of the great Hawaïian 
volcanoes both alkalie and calcie magmas have been formed by the differentiation of 
medium basaltie magma. This is in harmony with the recent studies of LACROIX in Tahiti 
and Reunion, of WEBER in Samoa, and of WasHiNGTox in Sardinia. These, and a host 
of other instances that might !« cied, show that the distinction between alkalie and calcic 
(Atlantic and Pacific) series, assumed to have a genetic value and made the basis of s 
tematie division by RosENBUsCH, is, in fact, unnatural 

With regard to hypotheses as to the process of differentiation, 1 feel that our know 
ledge as to the facts of the rocks is still very meagre. The physical chemistry of such 
complex solutions as rock magmas is just beginning to be understood and the processes 
which may influence gmatie differentiation are perhaps only in part appreciated. Under 
these conditions it is wise to remember that “a little knowledge is a dangerous thing.” 
Each speculation or hypothesis must be rigorously tested by the application of all germane 
facts. What seems to satisfy the conditions of our imperfect observations may utterly 
fail to stand before new light. 

J. W. EVANS (London), coneurred with the opinion which had been expressed as 
to the complexity of the factors that determined the differentiation of igneous Imagmas. 
He did not therefore wish to minimise the importance of the part pl yed by other agencies 
when he expressed his belief that the presence of water had an important bearing on the 
process of differentiation. was mentioned by Mr. HarkEr, experiments appeared to 
show that molten silieates were miscible in all proportions, and {hat a melt consisting solely 
of silicates would not separate into two distinct layers under the action of gravitation, 

However, it seemed probable that this might happen if sufficient water were pre: 
Some constituents of igneous rocks, such as quartz, alkali feldspars and muscovite, appes 
to be capable of dissolving in water at high temperatu and forming a homogeneous 
magma. This was evidenced by their occurrence in ‘“pegmatite” veins which, it was 
generally admitted, owed the courseness of their texture to slow erystallization consequent 
so the presence of a large amount of water in the magma from which these veins were form- 
ed. This water enabled the magma to retain its fluidity at a comparatively low tempera- 
ture. Minerals such as augite and olivine never oceurred in pegmatites and had apparent- 
1y no aflinity for water at temperatures in the ncighbourhood of those at which igneous rocks 
were found.  Experiments had shown that there were liquids which were miscible in all 
proportions at certain temperatures but on cooling separated into two 1 the lower 
made up mainly of the heavier and the latter mainly of the lighter liquid. Analogously, 
silicate magma containing a large proportion of water might be expected to separate, 
when the temperature fell to a certain point, into a lighter, upper layer consisting largely 
of water,the more acid constituents and the excess of silic a,and a heavier, lower layer made 
up mainly of the basic constituents and with comparatively little water. 

In this way the formation of the great differentiated sills such as those of Sudbury 
and the Transvaal, might be explained. It might be objected that in such cases there 
was usually a continuous, though rapid, passage from one rock to another, but that was 
only what might be expected if consolidation were preccded by the loss of most of the water, 
following which the two magmas would again become miscible with one another. One 
looked to experimental work, such as was being carried out by Dr. Day and Dr. WriGT 
at Washington, to determine whether this supposition was well foundcd. 

It was to be expected that the character of the differenti n would depend on the 
amount of water present. If this were large, one would expect a comparatively complete 
removal of the alkali-felspar materials from the basic constituents of the basic minerals, 
and a larger proportion of the more acid and alkaline constituents; and with further dif- 
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other processes this would naturaly give rise to a series of rocks of the ulkali .Ype. This suggestion—it was intended to be nothieg n to derive some support from the fréquent association of rocks of this character with block- faulting, while rocks of the normal « acifie"! type were usually found within areas char acterized by folding, where there was less facility for the ape of Water to the surface, L. V. PIRSSON (New Haven, US A.), desired to emphasize the fact that the pheno- mena which we term differentiation present an extremely complex problem and that oÙ the most fundamental things upon which assumptions concerning it are based, are as et unknown, He instanced that the water in magmas must be heated beyond the critical point and that as yet nothing to speak of was known about the es pacity and action of this 
! 

water as à solvent, Yet it was cons antly assumed that it would dissolve and éarry in solution a great variety of substance: s, and certain theories regarding the origin of rocks and ores were built upon this tssumption, He thought that more informut of a detinite nature was needed before any positive general theories could be formulated G. F. BECKER (Washington), called attention to the fact the never were homogeneous because of the slowness of the process of diffi Mr. EVANS wished to add a word in explanation of his previous remarks, found difficulty in Supposing that water above its crit solving silicates, the difficulty might be removed by have dissolved the gascous water. The difference was Unimportant : there was à homo geneous mixture of both a high temperatu nd pressure, Also it was impossible to doubt_ that if the pressure were suffic ntly great there would be no distinction between a liquid and a g; Under such conditions the critical point would « significance. 
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J- P. IDDINGS (Washington), said that it was not correct to Say that all petro- graphers assumed à homogencous earth and a homogencous general Magma as the source of local or regional maginas. The demands of isostasy necessitated à heterogencous earth. However, the heterogencity of igneous ro series was of a very different order of magnitude volumetr: Uy, from that of the € urth astronomically considered. The differentinted bodies of igneous rocks were of entre mely small size compared with the volume of the earth. 
Mr, IppiXés also remarked that he would : ke no attempt to discuss the papers t had } presented at this session, but would register his disagreement with a number of by es that had been advanced, 

- DAHLBLOM(r: un, Sweden): When Professor I ary and secondary erystallization, L'was encouraged to spe to me to involve the same problem. L wi 
high temperatures, liquids have gr 
expands ten times as much at 320°C at 50°C, One volume at 4°C exp: at about 360°C. The critical temperature of water is, a 374°C. (Davis, 1909; Hozrorx and BAUMANN, 1910). Its Davis, 3.04, or specific gravity 0.329. 

The critical temperature of solutions is something quite different from the « temperature of a pure substance. It has been rted here that solubility at critical temperature is very slight, So it is, when the pressure is not higher than the vapour ten- sion of the solution, but in the interior of the earth, or even at a depth of some hundred 
! 

metres, the pressure is much greater than the critical pressure, and the same will be true regarding the solubility. 
From all that is known about volcanie eruptions, it see a solution of silicates, as solut 

tronomy and of the conception of 

WINSON-LESSING spoke on prime 
k on one question which sc ins 

h to draw attention to the fact that at iter_coefficients of expansion. Water, for inst unce, 
ands to two volumes 

ding to recent investigations, 
ritical volume is, according to 

itieal 

ms probably that a magma is in water, chlorides, fluorides, ete., as solvents, If we could melt a mountain of igneous holocrystalline rock we would obtain molten rock, that is, molten silicates. If this were cooled very slowly, the same minerals as before would not result, because their formation temperatures are much below the temperature at which the molten rock solidifies, This may be shown by means of : simple experimer.t. Heat a picce of granite, for instance, for one or two hors at a teir.perature 200° below the melting-point of any of its mincrals. A thin section eut from it will then show that the minerals of the granite have begun to corrode, to destroy each other along edges of contact, At a temperature 200° below the melting-point there is, therefore, a tendency to assimila- tion instead of differentiation. 
The lowered temperature is caused b; 

mineralizers. Oxide of tungsten, W O, 
solvents, termed in à ineralogical literature 

; With the molecular weight of 232, is a well-known 
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mineralizer. Now physical chemists inform us that the power of lowering the mm lting- point decreases with increase of the mole “ular weight. The lowering power of water 
42 = 13 (molecular weight IS) ought th e to be ( js about 13 times as great à that of 

oxide of tungsten, A lower me ling-point will result in a magma from the presence of water and chlorides, 

The content of water, of low specifie gr 
always exists in conc Vity, must, 0 spite of the contraction which ntrated solutions, have a tende ney to lower the specific gray ityvofthe magma below that of molten silicates or of the minerals precipitated from it The min- erals heure than the magma must sènk into it. In general it is supposed that heavy min crals do not sink and that they are formed in situ, but 1} opposite opinion is more probe able 

LE precipitated minerals sink very slowly in the magma and grow during the sinking, they will colleet on the bottom as idiomorphie minerals. Later, when the solution su rounding them has diferentiated, the allotriomorphic minerals representing the secondary ervstallization will form 
he hypothesis that a magma frec 

Dr. Dans has said regarding the dif 
depths 

A. BERGEAT (Künigsberg):  Soweit bisher überhaupt Uutersuehungen über die Reihentolge versehiedenartiger Erguss #esteine in Vulkangebicten vorliegen, lüsst sich erkennen, dass in dieser Bezichung eine strenge Gesetzmässigkeit nicht waltet.  Insbee sondere werden des üfteren Recurrenzen angegeben; die Môglichkeit scheint zu bestehen, dass es sieh donn manchmal nicht um die Produkte desselben, sond lukte ver- schiedener benachbarter Magmaherde handelt, die sich in einem verschieden weit Vorges schrittenen Zustand der Magmaw: ndlung befinden. Im grossen und ganzen bestätigt sich die schon von Vox RICHTHOFEN gegebene Regel, diss auf Pyroxenandesite die stureren \mphibol- und Glimmerandesite, und auf diese Rhyolith und Basalte, folgen Ein sehr schônes und einfaches Beispiel für die Veränderung der Effusivgesteine in einer vulkanischen Provinz bieten die äolischen Inseln. Die Éruptionen begannen dort mit massenhafter Fôrderung olivinreicher Feldspatbasalte mit etwa 50 Proz. SiO,. Auf sie folgten zunächst Pyroxenandesit . dann Amphibol- und Glimmerandesite. Mit ihrer >derung erschôpfte sich die cigentliche Vollkraft der vulkanischen Tütigkeit. Spätere raptionen fürderten in neben cinander ganz basisete basaltische und ganz saure teine, wobei sich unter den ersteren leucitführende Typen cinstellen, Die Produkte der tolischen Vulkane sind also zunächst pazifischer Art gewesen und hypersthenführende Andesite spielen unter ihnen eine grosse Rolle; spaterhin führt die W andlung des Magmas zum Erguss von Laven von atlantischen Charakter. Ich môchte das Auftreten der letz- teren auf den äolischen Inseln für eine Art Senilitätserscheinang halten. Sehr merkwürdig scheint mir folgendes zu sein. Wäre die Veränderung der Laven auf den äolischen Inseln eine Folge der Differentiation in einem enger begrenzten Merde, dinn müsste man wobl erwarten, dass neben den basischen Spaltungsgesteinen in dem ungeheuer langen Zeitraum ibrer e stmaligen Herrschaft auch saure Laven auftreten: man findet aber solehe neben den älteren Gesteinen der Liparen nie, sondern es vollzieht sieh zunächst nur der vorher erwähnte Übergang von recht basischen Gesteinen zu solchen von mittlerem Kieselsäiuregehalt 
N. L. BOWEN (Washington): A good deal has been said this afternoon concerning the critical point of water, and it has apparently been considered as a fixed point, Asa Matter of fact the critical point of water may be indefinitely raised by the presence of other substances which it may take into solution. This subject has been fully discussed by Dr, Pacs NiGGur in recent Papers in the Zeitschrift für Anorganische Chemie W.S. BAYLEY (Urbana, U.S.A.): Lt may prove a relief to this assembly if, before adjournment, some one rises for a minute to corroborate some statement made by some one of the preceding speakers. Lam therefore glad to be able to say that I thoroughly agree with Dr, Dazy in his statement concerning the origion of the ‘red rock” of Min- nesota.  Indecd, so thoroughly was I convineed of the syntectie origin of the ‘red rock” when'studying the exposures on Pigeon Point, that, after completion of the report in this distriet, 1 began a study of all the occurrences of “red rock” in Minnesota, with the in- tention of testing the hypothesis that it had originated by solution of quartzites ane slates in gabbro magmas, but the study was never completed. I am, howe ver, not prepared to follow Dr, Dary in the inference that the solution of fragments } affected material 
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changes in the Composition of the dissolving Magna The Duluth gabbro is affected by 
the assimilation of fre &ments only for à short distance from its contact with the invaded 
rocks. If inuch ‘rod rock"! was made by the process, Most of it was forced into the over. 
lving beds, 

Æ BÆCKSTRŒM Stockholm): 1 think we a! grec with Professor Pirssos and 
Professor DaLy that differentiation is à ver complex proc In the quarter of à century 
that has elapsed since its principles first were introduced 6 have 4 en many fine examples 
of consanguinity, and nobody bre today has denied that differentiation takes blace on 
a large scale, Hut Many aspects of the problem, for instance te mechanies of differen- 
tiation, we do not know. 

It has been Mentioned several times today that L tried LWentY Years ago to introduce 
liquation—n limited solubility of molten rock-minerals into each other js one of the 
Causes of differentiation. ‘This Was in a certain Way only an extension of the “"Kerne 
theorie® of Rosexnuson Although L believe much may be said in favour of this 
hypothesis, it has as yet not been proved That fractional crstallization plays an iportant part seems certain, but this has 
hitherto not been followed up in de: ail. Another question of importance as to the origin of igneous rocks that has been touched 
Upon to-dav is how far assimilation of Surrounding rocks muy have influenced the com 
Position. Professor Houss considers Certain igneous rocks to have originated through the 
melting of slates, but I do not see as much Sinilarity between the an alyses shown in the 
table and diagram as the author appears to find, His enthusiastie and arnest plea for 
the assimilation theory ought to receive due consideration but must be carefully tested by 
the field geologist as Well as by the chemist. In conclusion I join Dr, Wasmixcrox in his hope that future eXperimental work ma 
add to our knowledge of the phenomena of diffe itiation. D hope some future Chairman, 
in three or si, Years from now, will call upon Dr, Axravr L Day to give us his opinion 
regarding these problems. 



Sujet No. 3: L'influence de la profondeur sur la nature des gise- 
ments metallifères. 

1 JF Kemp, The influence of depth on the character of metalliferous 
deposits (page 253), 

+ W. He Eumoxs, The mineral composition Of primary ore as à factor 
determining the vertical range of metals deposited by secoudary 
rocesses (page 261), 1 

3 L. L. Fermor, On the formation in depth of exidized ares and of second- 
ary limestones (page 271). 

. P. KRUsCu, Primäre und sekundäre Er: unter besonderer Berücksich- 
tigung der *Gele" und der Schvermetallreichen Erze (page 

. P. R. FANNING, A contribution to tue metallogeny of the Philippine 
Islands (page 287). 

. MaLcoLM MACLAREx, The persistence of ore in depth (page 295). 

+ Discussion. 
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THE INFLUENCE OF DEPTIL ON THE CHARACTER OF METALLIFEROUS DEPOSTTS, 
Le 

JF, KEMP 
Professor of Geology, Columbia niversity, USA 

Modern Iprovements in the art of Mining have made possible the 
sinking of shafts to greater and greater dépths. The Copper mines on 
Keweenaw Point, Lake Superior, have several which excced 3,000 fect and 
a larger number between 3,000 and 4,000 feet, The décpest of these shafts 
attains the lowest point beneath the earth's surface Yet reached by man 
himself, but as is £enerally known, the drill, although not in search of metals, 
has gone 1,500 or more feet deeper. We are thus learning by actual obsere 
Vations the mineralogical conditions at increasing depths and also the effect 
of depth upon values. 

The questions thus raised have three sides all of much interest. On 
the one side is the actual engineering problem of deep Mining, Assuming 
that ore maintains values such as we “ustomarily obtain to-ds , We may 
raise the question, how deep is it feasible to sink for its extraction? Hoisting 
cables, When used in single lifts, have a limit beyond which their own weight 
makes them impracticable, Hoisting must therefore be performed in several 
steps, and power must be transmitted to some sort of engines at su ssive 
depths. Rock Pressure upon excavations becomes Very great, making the 
Support of roof and walls increasingly serious. Water can, however, almost 
always be impounded in upper levels, so that Puütping need not be a draw- 
back, but in. gions of recent vulcanism, such as the Comstock Lode, it may 
be an important factor in depth. Happily, welknigh universal experience 
shows that water is practically limited to the Upper one or two thousand feet 
of the earth's crust. Increasing temperature is, however, a great handicen 
on the miner, If, as in the deep mines of Keweenaw Point, men must work 
in confined drifts and Stopes at the temperature of a hot summer day, only the 
exhaust of compressed air from the drills makes conditions favourable for 
effective labour. Some Years ago, Dr. ALFRED C, La NE, at the time State 
Geologist of Michigan, the state which contains the very decp ruines, discussed 
the question, “How deep can we mine?” and reached the conclusion that 
10,000 feet, was the practicable limit! Were, however, unusually rich re 
to be had, a somewhat greater depth might be reached, On another side the whole problem is affected by what we have learned 
With regard to the values of ore with increasing depth. Recorded experience ALFRED C. LaNe, The Mineral Industry, Vol. IV, New York, 1895, PP. 767-80. 
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is multiplying, and at leuxt to observers have summarized worldwide 

results in mining, To this topie we Will return in a moment, after stating 

the third point of view, which is the purely scientitie one of the effect of in- 

creasing depth upon those geological conditions which influence the precipi- 

tation of ores. En custing light upon this phase of the matter we have the 

results of some artificial experiments in produeing minersts and in the behav- 
jour of rocks under pressure which are of decided interes 

Lt is also important, in the preliminary way, to bear in mind the metal 

or metals in whose search our deepest shafts have been sunk, und to comment 

on the types of ore-body which they have developed, In the citations below 

u general summary of the deepest is given and to this one or two others muy 
here be sdded Copper in the native condition is the objeet of deep mining 
où Keweenaw Point and ia very unusual form of this metal. We would 

normally expeet sulphides. The oreodies now sought are not in veins or 

deposits Whieh KL old fault lines or erushed zones and their attendant water- 
ways, but are impregnations of conglomerates and amygdeloids. Tle 

are, indeed, a few old mines based upon fault fissures bus they bave never 

been followed to deptl< beyond the ordinary. The precipitation of this vast 

quantity of a native metal which is found in the usual course of mining only 

in the gossan, presents an exceptional problem, The native copper has 
been followed nearly or quite a vertical mile below the level of the ground- 
water and obviouslÿ cannot be due to descending surface waters when the 
enclosing rock had any such attitude with regard to the surface as at present, 

These deep mines do not throw much light on the cireumstances attending 
the ordinary precipitation of sulphides, 

The other very deep mines, say below 4,000 feet, are not many and have 

chiefly been sunk for gold. Two shaîts developed saddle reefs in Victoria, 

and one, doubtless soon to be the dcepest of all, follows a vein at Morro Velho, 
in the State of Minas Geraes, Brazil. The deep shafts in Kolar district, 
India, seek gold-quartz. The deep shafts in the Transvaal have likewise 
been sunk for gold, but, of course, not upon ordinary fissure veins. The 

famous Adalbert shaîft at Przibram sought silver and attendant base metals 

down to 3,600 feet. On the Comstock Lode silver and gold were the objects 
and the deepest shaft was 3,350 feet. Copper, with attendant silver has 
already been followed to 3,000 feet at Butte, Montana, in sulphides and sulph- 
arsenic Silver-bearing galena in brecciated quartzites has been develop- 
ed io 2,500 feet below the crest of the overlying ridge at Wardner, Idaho. 

Tin in cassiterite has been obtained at still greater depths in Coruwall. 

Yet in summary we mus admit that the very deepest shafts of tc-day Lave 

had native copper or gold-quartz as their objectives, ar the deepest exper- 

ence which is now available relates to these two mi We do know, 

however, aside from such pyrite as may occur with native gold, of sulphide 
ores, from 2,500 to 3,600 feet below the present surface. In time additional 
data will undoubtedly be gained regarding others. 

Returain, to the second point enunciated above, there is no doubt that, 
in most cases, values in ores decrease in depth after a moderate section of the 
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Vertiet, eXtent of the vein hys been pussed. This CE rienee is not universal 
but it is the rule, The subject js generally discussed in our larger texthesks 
On ore déposits, and to those and to several older Papers, two important ones 
have been added in the Just wo Years by engincers OÙ wide experience! If, 
therefore, the Sield of veins or other forms of orc-bodies is considere d'atthe 
extreme depths now reached in mining, “y 3,000 to 5,000 fout, we Hiust 
realise thit general eperienes points to lessening values, ar d'the commercial 
probabilit, + are discouraging for AB New and une xplored broperty, Ta 
“Xperience bus far gained, ns noted above, chielly relates to Copper and the 
Preclous metals, and to gold much more than to silver, Several_ considerations re, however, of inter En all orcodies 
involving sulphides of Copper: to à large degree ia those containing gold in 
association with Pyrite; ad to an Important degree in those imvolving 
sulphides of leud and zinc, he three zones in Vertical order from above dowre 
Ward, viz., the oxidized zone, the zone of er richment and the 2006 of sulphides, 
Hust be considered. # have led to in portant changes i the distribution 
Of values. Even gold itself, when associated with pyrite und Mitiganese, 
and not in the presence of calcite or dolomite, undergoes secondary enriehe 
Bent, as W, H, Euvons and ET, EbniNériezo have recently and acutely 
shown? 

The oxidized zone does not extend below the Permanent groundewater 
level It is of no importance inconnectionwith thequestionsbeforeus, exeopt 1F, Lynwoon GatRISON, Deerea of talue in oreshoots with depth. Tran 
Can, Min Institute, Vol XV, 1912, bp. 192-209 TA, Rickarp Persistenc of ore in de Dh Min, and Sci Press, 1079 ] 

1-267 
Mr. Gannisos mentions the following deep shafts Victoria Roof Quurtz mine, 

Bendigo, 4,600 feet; San Junn del Rey Gold Mining Co. Morro Velho, Brazil, neurly 

5,000 feet Vertical, or 7,000 feet on the ineline: Tennants, Mysore, India, 2,700 fout und 

several others of loss depthe Mr. Garrison specially emphasisos the values found at these 

depths. In all those ‘ited good values were SU obtained at the dépths mentioned but 

the Bendigo mines are stated by M: Rickard in the next citation to have been unprotitatije 

at these greut depths, 
Mr, Rickanb adds the Adalbert shaft at Praibram, Bohermi: 3,600 fect, and thon 

aband ed from decreasing values: two shafts on the Comstock Lode, re speetively, 3,260 

and 3,50 feet Stopped from ‘SI0£ ore and inc 4 Several shafts in and 

near Calumet Michigan, 5,2 2S1 and 4,920 feet, all in lower grade Copper rock than 

Was met nearer the surface Victoria Reof Quartz mine, Bendigo, Victoria, 4,614 feet, and 

New Chum Railway mine, ! feet. Decper sinking was ab idoncd in both mines 

from decrensing Vield and inc SINZ expense, The St. John del Rey Co Morro Velo, 

Braz.l, has an inc lined shaft, 7,000 feet on the dip and 4,926 feet vertically, The company 

is SU profitably opers ing on 811,00 per ton gold ore, As the shaft ix il going down, 
some 300 feet more, Vertically, will make it the deepest Yet sunk. There are several 

shaîts in the Kolar gold field of Indis respectively 2,420, À 00 und 3,900 feet 

Experience has shown that the ore is rich nd Pocr in st “he Champion Shaft 

at 3,900 feet was in orc ich as any on the Upper levels. On the whole Mr Rickard's 

conclusions we “tuphatically in favour of the greater productiveness of the upper 1,000 to 

2,000 feet thar, of the greater depths, WI ExMoxs, Trans, Am. Inst, Min, Eng., Vol, XLIX, pp. 3-73 
FT: EDDINGHELD, At ration an enrichment in calcite-quartz-manganese gold de- 

Postls an the Phili )pine Islands. Philippine Journal of Science, Vol. VII, pp. 125-134, 

1914. 
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in very arid regions, where the ground-water lies unusually deep, Eveu then, 

however, the depths are not sueh as we are at present considering, 

lhe extent of enriehiment in depth is a matter of greater interest. It 

primarily depends upon the vertieal deptih te which we are prepared to admit 

that descending, acidified, metal-bearing solutions, produced by the leaching 
oÙ the oxidized zone by meteorie waters, may slowly diffuse themselves in 

the standing ground-water. Obviously, the chief reactions will take place 

neur the ground-water level. We cannot reasonably expeet the iniluence 

to extend very fur. The production of oxidized and enriched ores of zine 
is pruetieully limited to a few feet above and below the water level, Lead is 

vers intructable and its enrichment is practically a matter of oxidisation und 

re noval of other and more soluble associates above the water level. The 

behaviour of silver is a matter on Whieh we need light and on which there is 

u difference of opinion among engineers. Some have regarded the argentite 

of Mexican silver mines as the result of secondary enrichment and have ine 

ferred its disappearance at comparatively méderate depths, On the other 

hand, in the microscopie study of at leust one suite of ores, from the State of 
Guerrero, in the endeavour to decide this point, sinee it affected explorn- 

tion below a fault, the writer could find no evidence that the argentice was 

not one of the original vein minerals.  Explorations subsequently under: 

taken seemed to justify this conclusion, as the vein, with ores unchanged, 
was found below the fault. Depths of 760 S00 feet were involved. Silver 

becomes so readily locked up as the relatively insoluble chloride, corurgy îte, 

through the precipitating influence of ordinary surface waters, that it is not 
so favourable a metal for secondary enrichment as are several others. Gold, 
though at first sight a comparatively insoluble metal, does vield to the solu- 

tions afforded by oxidizing pyrite, in the presence of manganese, as wus 

mentioned above. To what depth, however, the slow diffusion of descending 

solutions would bring the enriching effeets below the water level is a question, 

Probably the range would not be great and the presumption is strong that the 

native gold found rarely in large nuggets at great depths in quartz veins is an 

original precipitate in the vein filing. For great depths, such as those in 

the Bendigo saddle reefs, it is impossible to refer decreasing vields to waning 

secondary enrichment, 

Copper is the metal of pre-eminent importance in matters of secondary 

enrichment.  Reported falling of in values as greater depths have been 

attained, has made the influence of this process of special importance. The 

appreciable decrease in copper percentages which were widely published 
led attention to it fifteen years or so ago, regarding the Rio Tinto mines, 

That enrichment may take place for severai hundred 
y well established both by 

the experience gained from the disseminated copper deposits (“porphyry 
*) of recent development, and by that gained in our deeper copper 

In the disseminated copper mines experience shows that, from a 

even at this early date, 

feet below the permanent water level seems f 

coppers 

mines, 

condition of maximum enrichment, percentages gradually decline until, within 

a very moderate vertical range of a few hundred feet, we reach the original 
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‘an copper-bearing and Unehanged pyrite, In thu Kreat mines at Butte Whiehi we buve descriptions from W I Wero,! SaLes 
of 

and more recently from He H ue later shows thut thu demonstrable, se extends à short dictanee 
ondars chaleocite only below the water level leet, although the distance oÛthe 

variable in the different tines, 
ti scomn to bu 

IN TWO or three hundred Water level from the surface is remurkabls So far us the oriy 1 voinefillingr is concerne no identifinble mine ralogieal ti “oncus In Vertieal range, so Vel gone, down to 4,000 foct Dre is, however ü tnarked radiate horizontally OUtWwarE + 5 à central area of copper al with no manganese and little or no #ineblende, through n #oue with 1 Zine and manganese, to à zone Mith little 9h copper and with silver in SOCRTON With zineblende and greut quantities of rhodonite and rhodochrosite LÉ therefore, when we consider 
Lou upon the same min “als, at the 
satne miierals with le seing content of the precious metals, small part of tue Ven, we would naturally seek the condit is to account for loss abundant or less profit © otüer consideration should be to th physical conditions, 
usually taken place 
been active since un 

la us we have 
change ns we 
miner 
decrensing Copper and ineroux 

a little galenu 

behaviour with depth, we focus atten- Most, lessening in quantity, or much the 
I mass à very 

influence of physical 
able ore, 

first inentioned before 
Vein formation in out 

from one to severs 

briet}s referring 
workable deposits has al goological periods ago. Erosion has appreciable section of the rocks which In very ancient Veins, such lost section may be iaportant, 

this phase of the subject, and has remarkea Mr, LiNbünex's inference that the lowest explored Bendigo saddle reef had formed when at least 7,000 feet froni the surface: that the ores of the Mother Lode, California, had been precipitated at 6,000 feet; that the gold-bearing Veins of the southern Appalachians must have been deposited over a vertical range Of 7,000 S,000 feet : and the conclusion of Mr. FL. RANSOME that érosion has removed 2,000 5,000 feet of rock from Cripple Creek, We may add that Dr, , F, Euoxs stated his belief, graph on Lesdville, ( ‘olorado, that the ores had bee: feet below the surface. Many other cases could} Suffice to make clegr that even the ores which we mine to-d and which have been unaffected by secondary enrichment, were Originally precipitated at much greater depths than the present workings, involved in vertical depth, down to 6,000 19,000 fee of themselves prohibitive 6f the Precipitation of con mercial ore. Still another feature of veins is the distribution of ore in shoots, with barren stretches between. Shoots succeed one another both in vertical and in horizontal distribution. Exploration is much more expensive at great 
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depths than nearer the surface, and under these circumstances operators 

may much more easily become discouraged in the search for new veins when 

old ones become exhausted. We can hardly say that ore does not persist, even 

though it may not be commercially profitable to sink or drift for it. 
The matter of possible cavities deserves a word of comment. While, 

as has been so ably shown by the honoured President of this Congress, Dr. 

Frank D. ApaMs, cavities are still possible at depths of 16 or 12 miles, yet 

large open spaces such as would form a resting place for ores, aside from re- 

placement, would be naturally best developed within moderate distances 
from the surface. Mr. RickarD has commented upon this feature of the 

subject, and doubtless it is one of the serious factors influencing the final 

result. 

As time passes, students of these phenomena seem to be increasingly 

convinced that the veins, such as would be considered in connection with 

profound depths, have been filled by uprising heated solutions. Since high 

temperatures generally favour solution and heavy pressures cannot be without 
their influence as well, decreasing temperatures promote precipitation with 
increasing efficienc. the surface is approached. Undoubtedly in these 

influences we have an explanation deserving confidence. There may well be 

a vertical range, wherein precipitating influences are at their best.—one 
which corresponds with the section rnarked by our profitable ore bodies in 

the mines. The slow erosion of the tops of veins, with the attendant sinking 

of the ground-water level, serves further to enhance values by the processes of 

enrichment. Ore-bodies of metals, other than iron, which have been precipi- 

tated at or :nmediately below the surface by uprising heated waters are 
extremely rare. Sulphur Bank, California, and Steamboat Springs, near 

Virginia City, Nevada, with their relatively small vields of quicksilver, are 

almost the only ones which suggest themselves. Mr. LINDGREX has also 

remarked that ore-bodies in purely surface flows of eruptive rocks are rela- 

tively rare. Ore-bodies are much commoner in association with intrusive 
rocks or with others which have been deeply buried. 

We are now pretty well assured both from the study of mineral springs 
and from the artüicial production of some of the minerals common in ores, 

that the uprising solutions are alkaline in character. Only in the descending 

meteorie waters which leach the outerops, do we find acid solutions. The 
deep-seated waters are carbonated and often charged with hydrogen sulphide. 

The descending waters are oxygenated. The most common and widespread 

sulphide in veins in general, is pyrite, and it has special claims to interest 
because of its parallel mineral, marcasite. Messrs. ALLEN, CRENSHAW and 

JounstTox of the Carnegie Geophysical Laboratory in Washington have 

recently made some experiments in the production of these two which are of 
extreme interest." On p. 171 of their paper is the following passa “The 

pyrite of deep veins, metamorphie contacts and hot-springs, as well as mag- 

mas, has been formed by kot solutions, and such solutions never contain 

1E. T. ALLEN, J. L. CRENSHAW and Joux Jouxsrox, The mineral sulphides of 
iron. Amer. Jour. Sei., March, 1912, pp. 169-236. 
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INFLUENCE OF DEPTH ON THE CHARACTER OF METALLIFEROUS DEPOSITS. 259 

strong mineral acids, but are generally, if not always, alkaline. The pyrite and marcasite of surface veins, on the other hand, are formed from cold solutions, which often contain considerable sulphuric acid.” In their experi- mental production of pyrite, hydrogen sulphide was the quite invariable precipitant; the reduction of sulphates seems to be an assumption, not corroborated by experiment. With the reagents employed, pyrite formed very slowly at room temperatures, but much more rapidly at 200° C. On p.192 the following passage appears: ‘“Pyrite, being a stable form, probably crystallizes under a considerably wider range of conditions than marcasite. The evidence of synthetie study is that the formation of pyrite is favoured by high temperatures and by solutions which contain little or no free acid, In accord with these we have the following geological deductions. First, pyrite is the product of hot-springs. In the springs of Carlsbad which have a temperature of 55° (!, recent pyrite is served. The waters contain sul- phates and a trace of hydrogen sulphide and are slightly alkaline. The lagoons of Tuscany are depositing pyrite from their hot waters. Bunsen found that the hot vapours of the fumaroles of Iceland were gradually chang- ing the ferrous silicate of the basalts into pyrite. More important geologically is the fact that the product of deep veins by ending waters is always pyrite, never marcasite, Such waters are naturally hot, and commonly, if not always, alkaline, We can now see that the separation of pyrite from à magma is entirely possible, while the temperature of any magma would doubtless be incompatible with the existence of marcasite.”” 
As bearing on the problem of the continuation of ore in depth we can on!v conelude from the experiments and observations of Mess s. Allen, Crenshaw and Johnston that pyrite can precipitate at a depth fully as great as any shaft yet sunk, 
Very similar conclusions have been established by Messrs. CRENSHAW and ALLEN for the two sets of parallel minerals sphalerite and wurtzite and cinnabar and metacinnabar.! On P. 396 of the citation they summarize their conclusions as follows: “Comparing the genetic relations of the minerals sphalerite and wurtzite, cinnabar and metacinnabar, with the genetic rela- tions of pyrite and marcasite, we find certain remarkable regularities. The stable forms sphalerites, cinnabar and pyrite, are always obtained by erystal- lization from alkaline solutions (solutions of the alakali sulphides), while the unstable forms wurtzite, metacinnabar and marcasite, are obtained from acid solutions only. The stable forms may also be crystallized from acid under certain conditions, Of these, temperature and acid concentration seem to be the important ones. 

Certainly with pyrite and marcasite, and in all probability with sphalerite and wurtzite, the higher the temperature the greater the percentage of the stable form obtaïaed, while the higher the acid concentration at any tempera- ture, the greater is the percentage of the unstable form obtained. These 

ÎE. T. AuLEx and J. L. Crexeaw. The sulphides of zine, cadmium and METCUTY their crystalline forms and genetic conditions; Amer. Jour, Sci., Oct., 1912, pp. 341-396. 
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facts appear to agree remarkably well with the field evidence, which relates 
to the genesis of the natural minerals, while they give new significance to the 
general geologic distinction between deep-seated and surface waters in 
nature.” 

The experiments of these investigators clear up for us the fundamental 
chemical differences between the processes of primary precipitation and of 
secondary enrichment, but as regards tle continuation of ore in depth, we 
can only say: 

1. While there seems to be nothing to prevent precipitation at greater 
depths than we have yet reached, yet conditions seem to be specially favour- 
able in those portions which lie between the present surface and 2,000-4,000 
feet in depth. 

2. Secondary enrichment has increased the yield of those portions of 
many veins which are above 1,000 feet in depth, the vertical extent of its 
action being limited to a relatively short stretch below the ground-water 
level. 
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THE MINERAL COMPOSITION OF PRIMARY ORE 4s A FACTOR DETERMINING TIIE VERTICAL RANGE OF METALS DEPOSITED BY SECONDARY PROC JSSES.1 
BY 

WILLIAM HARVEY EMMONS, 
Professor of Geclogy, University of Minnesota, U.S.A. 

INTRODUCTION. 

The theory of sulphide enrichment announced independently in 1900 by S. F. Emuoxs,? W. H. Weep,” and C, R. Van Hise,* has been success- fully utilized in the exploration of so many mineral deposits that it has become an accepted tenet of applied geology. The processes involved are assumed to include, (1) solution of the valuable metals in an oxidizing acid environment in advance of the removal by erosion of the outerop of the ore body; (2) transportation by descending meteorie waters of the metals dissolved; and (3) precipitation of the valuable metals in depth where the environment is reducing and perhaps alkaline. Although our knowledge concerning the details of the chemistry of the Processes is inadequate, the general nature of these chemical processes is fairly well understood,  Few gcological processes lend themselves more readily to experimental study. The Mineral waters, as shown by study and comparison of numerous analyses of mine Waters, may reasonably be assumed to be dilute solutions of sulphates and chlorides. The conditions of temperature and Pressure which prevail are not very different from those obtaining in the laboratory,  Hence the behaviour of the various minerals and ores in the Presence of solutions like mine waters may easily be determined. By close correlation of field observations and laboratory experiments, it appears probable that in the near future we will know many of the details of the Processes as well as we now know the nature of the general laws that operate in the weathering of a body of sulphide ore. These processes are influenced by many factors. Among those of environment are temperature, rainfall, altitude, and relief. An important 
1 Published with the permission of the Director, United States Geological Survey. 
2The Secondary enrichment of ore deposits: Trans. Am. Inst. Min. Eng. Vol. 

1901, pp. 177-217. 
The ichment of gold and silver veins; Trans, Am. Inst, Min. Eng., Vol. XXX, 

1901, pp. 424-448, 
4 Some Hrinciples controlling the deposition of ores; Trans. Am, Inst, Min. Eng, 

Vol. XXX, 1901, pp. 27-177. 
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physical factor is the permeability of the deposits. And so many geological 

events may affect, in one way or another, the operation of the processes of 

enrichment that the use of the theory is fraught with danger unless it is 

applied with an adequate knowledge of the geology of the region containing 
the deposits. 

A review of the distribution of sulphide deposits having secondary zones 

shows that they are present at high and low latitudes, at high and low alti- 

tudes, in moist and in dry climates. They are present also in hot and in 

cold countries, although they are less numerous in high latitudes, especially 

in countries where Pleistocene glaciation has removed much of the surface.! 

On the other hand, many mining regions contain deposits with rich 

secondary zones, while other sulphide deposits that have weathered ï1 the 
same region and under similar physiographie conditions, exhibit no evidence 

of appreciable enrichment. In general, such differences in the behaviour of 
deposits, under approximately similar conditions have been attributed to 

differences in their permeability; and very correctly so, for in impermeable 
deposits the solutions cannot descend, and the valuable metals that may 
be dissolved in the upper portions of a deposit cannot be precipitated in the 

impermeable lower regions.  Permeability is, however, a relative term and it 

is doubtful whether any deposits are altogether impermeable. 

Another factor that influences the depth at which metals may be depo- 
sited is the chemical and mineralogical environment. If the conditions in 

the oxidizing zone are favourable to solution, the metals will be dissolved; 
if they are unfavourable to solution the metals will remain to enrich the out- 

crop or to be carried away by processes of erosion. If the chemical environ- 
ment in the lower unoxidized regions is favourable to rapid precipitation, the 

valuable metals will be precipitated before the downward moving solutions 

have migrated to great depths. The secondary zone may contain very rich 

ore, but the vertical extent of the latter will be less in consequence. On the 

other hand, if the minerals that compose the primary ore are those that 

rsact but slowly with the downw: 41 moving secondary solutions, precipita- 
tion of the metals will not be accomplished so readily, and the metals dis- 

solved in the higher oxidizing environment may be carried downward to 

considerable depths. In deposits composed of such minerals the vertical 

extent of the secondary ores will be much greater than in deposits containing 
minerals that quickly precipitate the valuable metals. 

If the behaviour of solutions like mine waters containing gold, silver, and 

copper in low concentration, toward each of the minerals of an ore and toward 
mineral associations were known, from experiment, and if the permeability 

of the deposit were ascertained, some estimate might be hazarded, perhaps 

in advance of extensive exploration, as to whether the secondary ores of a 
deposit would extend downward to considerable depths or whether they would 

be restricted vertically. 

1 Wixcueu, H. V., Prospecting in the North, Min. Mag, Vol. III, 1910, pp. 436- 
438, Brock, R. W., Discussion of H. V, Winchell's article, “Prospecting in the North," 
Min. Mag., Vol. IV, 1911, pp. 204-205 
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THE MINERAL COMPOSITION OF PRIMARY ORE, ET 263 
mination and study of about fifty analyses of waters of gold, silver, and copper mines indicate that mine waters are fairly constant in composi- tion. Near the surface they are acid sulphate and ferrie sulphate waters, At greater depths they are acid ferrous sulphate waters, and deeper still they become alkaline ferrous sulphate waters. Ifthe behaviour of such Waters toward a given ore were known, and if the rate at which the solutions, under the several conditions of acidity and alkalinity, attack the Primary ore were determined by: experiment, much light might bethrownuponthesuperficial pro- cesses and upon the rate at which they operateundera known set of conditions. 

EXPERIMENTAL DATA 
The experimental data relating to this problem, though altogether inadequate, are rapidly increasing. Many records of experiments showing the effects of various solutions on various minerals are available, but not many series of experiments designed to show differences in the behaviour of solutions like mine waters toward different minerals, and very few indeed that show theeffects of such solutions on associations ofores. The first scries of experiments of this nature, I believe, was made by Vocr.! He treated chalcocite, bornite, pyrrhotite, chalcopyrite, and pyrite separately with a strong solution of ferrie chloride and found that the minerals were dissolved in the order named. Since the solution was oxidizing, this might be assumed to represent the order in which these minerals are dissolved in nature in an oxidizing environment. In connection with studies of enrichment of ores that occur at Ducktown, Tennessee, Dr. R. C. WELLs undertook a series of experiments designed to show the rate at which a dilute acid sulphate solu- tion is reduced by several minerals that are present in the Ducktown ores. He measured the ratc at which hydrogen sulphide is generated, and since hydrogen sulphide precipitates gold, silver and Copper at the same time from acid solutions, his series may be assumed to represent the rate at which the minerals in question react on downward moving sulphate waters and precipitate these metals. In his experiments five minerals were further exposed overnight to 0.057 normal sulphurie acid The resulting solitions were titrated with iodine solution to ascertain amount of hydrogen sulphide generated, the amount of iodine solution being, for pyrrhotite, 28.5 cubic centimetres: for sphalerite, 1.05 cubic centimetres: for galena, 0.40 cubic centimetres: for chalcopyrite, 0.29 cubic centimetres: for pyrite, 0.28 cubic centimetres, 

In another series of experiments the hydrogen sulphide generated by the action of _old dilute acid on pyrrhotite, on sphalerite, and on galena was determined qualitatively with lend acetate paper. There was no evidence that hydrogen sulphide was formed with either pyrite or chalcopyrite, and the very small quantities indicated above (0.28 cubie centimetre and 0.29 eubic centimetre for chalcopyrite) are not regarded by Mr. Wells as proof that hydrogen sulphide is formed by the action of acid on pyrite and chal- a — 
1 Problems in the geoloÿy of ore dez osits; in Franz PosEPxy, The genesis of ore 

depoxits, 1902, pp. 676-677. 
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copyrite. The slight reduction of the iodine solution may represent a correc- 
tion for the end point of the titration.! 

Recent experiments designed to show the rate at which various minerals 
react on dilute sulphate and chloride solutions carrying gold, silver, and 
copper, have been made by H. C, CookE PALMER and Basrix A. D. 
Brokaw,! and FE, F. Grour® These experiments afford a much better basis 
for the discussion of problems relating to t'e downward migration of metals 
than any heretofore available, since several minerals under similar conditions 
have been treated by the same solutions, thus giving opportunities for 
comparison, 

Gold. 

Gold, silver and copper are nearly related chemically and stand apart 
as metals in the concentration of which the processes of sulphide enrichment 
are most clearly expressed. They are dissolved in an oxidizing sulphate or 
chloride environment and are readily precipitated in a reducing, less acid, 
environment. Any one of them is readilÿ precipitated by calcite, siderite, 
pyrrhotite, and probably by several other sulphides. Under conditions that 
prevail in the oxidizing zones of ore deposits, gold is dissolved probably only 
in the presence of a chloride and en oxidizing agent. ® The most important 
oxidizing agents in gold enrichment are doubtless manganese oxides, for these 
not only supply nascent chlorine by reaction with chlorides in solution, but 
inhibit the accumulation of ferrous sulphate that immediately precipitates 
gold from chleride solutions.” In the deeper regions where cxides are re- 
duced or acids are removed to form inert salts, gold is precipitated,  Ferrous 
sulphate is doubtless an important precipitating agent but many common 
ore and gungue minerals are also effective. As stated by Brokaw,” the list 
includes many native metals, sulphides, sulph-arsenides, sulph-antimonides, 
ete. Of the gangue minerals calcite siderite, and some other carbonates 
throw down gold at once. Even comparatively stable minerals, like the 
feldspars and micas, give a distinctly alkaline reaction," and, given time 
enough, an auriferous sulphate and chloride solution would be neutralized 

lEsmoxs, W, H., The enrichment of sulphide ores, Bull. US. Gool. Survey No 
529, 1913, pp. 59-60. 

2 The secondary enrichment of silver ores, Jour. Geol., Vol. XXI, p. 1, 1913. 
3 Metallic minerais as precipitants of gold end sitver, Econ. Geo, Vol. VU, 

1913, p. 110. 

SThe secondary precipitation of golt in ore bodies, Jour. Geol, Vol. XXI, 1913, 
p. 251. 

5 In Press, 
$ Emmoxs, W. H., The agency of manganese in the superficial alteration and se condary 

enrichment of gold deposits in the United States, Bull. Am. Inst. Min. Eng, 1910, pp. 
789-791. 

7Brokaw, A D. The solution of gold in the surface alterations of are bodies, 
Jour, Geol., Vol. XVIII, 1910, p. 322 

8 Eumoxs, W. H., Op. cit, p. 792. 
9 Jour. Geol., Vol. XXI, 1913, p. 252. 
10 CLaRKkE, F. W., Bull, L Gcol. Survey No, 167, 1900, p. 156; S ER, GEORGE, 

Bull. US. Geol. Survey No. 167, 1900, p. 159; CLARKE, F. W., Bull. US. 
No. 491, 1912, p. 456 
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and gold would be Precipitated by many minerals of the gangue and of the wall rock. 
Thus secondary gold ores might form in any deposit where conditions are favourable to solution of gold, but in a deposit composed of minerals that precipitate gold quickly, any gold dissolved would not be carried to great depths and the secondary ores would remain at least temporarily near the surface, One would not suppose that gold deposits containing much pyrr- hotite or calcite or siderite would have as deep secondary zones as deposits containing only pyrite, quartz, feldspar, mica, and other minerals that react but slowly with the solutions, 

Silver. 
Like copper, silver dissolves reudily in dilute sulphurie aid, and silver sulphate is dissolved by sulphurie acid if a little ferrie sulphate is present! Unlike gold, the solution of silver does not require tie presence of a chloride, and unlike copper silver forms stable chlorides in e oxidized zone. If the descending mineral Waters carry much chloride, silver tends to aceumulate 8s cerargyrite, but silver chloride is itself somewhat soluble in Water and more soluble in concentrated solutions of alkaline chlorides.  Thus sil er, even in deposits where the chlorides form, may be carried downward in solution and be precipitated at depths where conditions are reducing. Acid sulphate, reacting on pyrrhotite and some other minerals, as shown by Wells, will gencrate hydrogen sulphide, and hydrogen sulphide precipitates silver sul. phides even from highly dilute sclutions. Silver is precipitated also from sulphate solutions by stibnite, realgar, and orpiment ? Solutions of ferrie sulphide reacting with hydrogen sulphide’ give powdery sulphur, and as shown by Cooke, unorphous sulphur unites with silver sulphate to form silver sulphide, pro’ ly argentite. The downward migration of silver in iphide deposits is delayed not only by formation of the chloride, but also by precipitation of the native metal Some recent experiments by PALMER and BasTiN° have a bearing here. Several minerals treated with silver sulphate precipitated native silver, The reaction was rapid with chalcocite, covellite, enargite, bornite, and tennantitite; less rapid with smaltite, pyrrhotite, chalcopyrite, and arseno- pyrite; and weak or inactive with stibnite, pyrite, galena, millerite, and sphalerite, 

Mr. F. FE, Grovur has shown that these relations will hold approximately where the solutions have acid in excess, and that carbonates, “alcite, 
1Cookr, H, C, The Secondary enrichment of silver ores, Jour. Geo! Vol. XXI, 

January, 1913, p. 12. 
2 Op. cit. 
SALLEN, E Sulyhid's of iron and their genesis, Min. and Sci. Press, Vol. CII, 

1911, p.414, Au E. TV, CRENSHAW, J, L., and Jouxstox, Joux, The mineral sul- 
rhides of iron, Am Jour, Sci * th ser, Vol, XXXIIT, 1912, p. 169. # Op, cit. p, 25. 

$ Metallie_ minerals as Preipitants of siker and gold, Econ. Geol., Vol. VII, 1913, p. 153, 
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siderite, rhodochrosite, and several others—precipitate silver rapidly after the 

acid is used up. 

The precipitation of native silver in sideritie ores has recently been 

emphasized in a paper by Earz V. Suaxxox! on the Caledonia mine of 

Cœur d'Alêne. 

In deposits of ores of silver that contain abundance of the minerals 

that readily form the native metal in the presence of silver sulphate, one 

would suppose that the zone of secondary native silver would be rich, but 

that it would not have such great vertical extent as in deposits composed 

only of quartz, pyrite, and other less active minerals, Even in deposits 

composed of relatively inert mincrals, precipitation of silver would take place 

ultimately if the deposits were sufficientl._ permeable to permit a downward 

raigretion of solutions. Silver would be precipitated even on feldspars or 

other minerals of the wall rock, for, as SULLIVAN has shown, this reaction take 

place with surprising rapidity.* 

But the migration of silver is not permanently delayed by precipitation 

in the form of halides and native metal, for, dissolving again in ferrie sulphate 

solutions, it passes downward to form argentite and the complex antimony 

and arsenie sulphides. In many deposits, as in the Comstock Lode and at 

Tonopah, Nevada, these are the most important minerals, But little is 

Enown concerning the chemistry of their genesis, It is known, however, 

that many deposits of secondary silver sulphides are bottomed by sphaleritie 

ores, the zone of transition from rich to poor ore being at many places com- 

paratively narrow. In view of Wells experiments showing that sphalerite 

reacts readily with dilute acid to yield hydrogen sulphide, one might suppose 

that the decomposition of sphalerite had released compounds that were 

effective in precipitating silver. On the other hand, some sphaleritie deposits 

have relatively deep secondary zones. 

In some districts, as at Cobalt, native silver is abundant. In others, as 

in the Comstock Lode and Tonopah, Nevada, it is rare. In the last named, 

and probably in all three, silver has been carried downward to be precipitated 

as silver sulphide and complex salts of antimony and arsenic, 

Some recent work by Mr. F. F. Grour indicates that these salts are 

probably precipitated in an alkaline environment. He treated numerous 

sulphides with dilute alkaline solution and when the extract that was formed 

was added to dijute acid, silver and copper sulphate solutions, silver sulphide 

was precipitated. When antimony and arsenie were in solution complex 

mixtures of sulphides of these metals were obtained. The descending acid 

waters encroaching on an alkaline environment, where alkaline sulphides 

accumulate, will form in depth silver sulphides and complex silver salts 

instead of the native metal. The boitom of the zone of native silver does not 

indicate, therefore, the lower level of the zone of superficial alteration. 

1 Kcon. Geol., Vol. VIII, 1913. In press. 

2Tts interaction betw minerals and water solutions, with special reference to 

geologie phenomena, Bu!l. U.S. Geol. Survey No. 312, 1907, pp. 37-64. 
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Copper . 

Like gold and silver, Copper is dissolved in acid sulphate and chloride solutions, in an oxidizing environment. Unlike gold, the presence of chlorine is not necessary for its solution, and unlike silver, it is rarely precipitated as chloride in the oxidizing zone. The native metal and its oxides, silicates, carbonates and sulphates may form directly from solution, but much of the rich oxidized Copper ore composed of these minerals has doubtless resulted from the oxidation of a relatively rich sulphide ore that by Processes of ero- sion has been exposed to oxidizing conditions. In ores containing abundant calcite, as pointed out by Ban, there is a strong tendeney to delay the downward migration of copper by the formetion of relativels insolubie copper carbozates in the upper regions, 
The secondary sulphide zones in Copper deposits are more clearly ex- pressed than in deposits of precious metals. his, I believe, is becaus: the Copper sulphides dissolve in acid sulphate very readily in an oxidizing environment, but are highly insoluble in acid in the absence of oxygen. In many districts, pyrite, pyrrhotite, sphalerite, or galena have been replaced by chalcocite, Acid waters reacting on some of these minerals liberate hydrogen s:phide, and since coprer sulphide has an exceedingly low solu- bility, kydrogen sulphide will precipitate copper from dilute solutions, It is not certain that hydrogen sulphide is an intermediate product where the primary sulphides are replaced by copper, yet it is believed that the rate at which those minerals are attacked affords a kind of index to the rate at which they will reduce a copper sulphate solution. If so, pyrrhotite which yields hydrogen sulphide more rapidly than pyrite and chalcopyrite in acid solution, should bring about the precipitation of copper more readily that pyrite and chalcopyrite. The same relation holds also in alkaline waters, for pyrr- hotite treated with alkaline carbonate, alkaline silicate, etc., yields alkaline sulphides much more rapidly than pyrite or chalcopyrite, Thus, in ore con taining abundant pyrrhotite, the secondary sulphide zone, although it might be richer, would not extend to such great depths as it does in ores composed of pyrite and chalcopyrite and little or no pyrrhotite, Zinc blende reacts with acid sulphate solutions more rapidly than pyrite and chalcopyrite, but less rapidly than pyrrhotite, and one would suppose that sphaleritic ores without pyrrhotite would be enriched to greater depths than ores in which pyrrhotite predominates, but quantittative data are not now available for discussion of the problem, 

CONCLUSIONS. 

In the pages above I have outlined some of the more important chemical relations that are involved in the proce of enrichment of sulphide ores of gold, silver, and Copper, and have reviewed some of the more important experiments that may illustrate these processes. Couditions in nature are 
l'Absence of secondary Copper sulphide enrichment in calcite gangues, Econ. Gcology, Vol, V, 1910, p. 59. 
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so complex and so varied that the application of the results of laboratory 
experiments, especially where the latter are inadequate, is a hazardous under- 
taking. These problems have an important economic significance and in- 
correct conlusions, if given wide publicity, may retard commercial enterprise. 
Therefore, in drawing conclusions regarding the depths at which secondary 
ores may be expected to extend, one assumes a serious responsibility, EL wish 
chiefly to show that here is a field for chemical research likely to prove 
exceedingly productive of results that will have an important bearing. 

Nearly all of the recorded experiments have been made v th free access 
of air, yet it is certain that the precipitation of the secondar, sulphides takes 
place mainly in the regions where atmospherice oxygen is e.cluded, In very 
few of the experiments has the time element been adequately considered, 
In some instances the same mineral species has given widely varying results 
when treated with the same solutions under conditions that appear to be 
similar. The experiments in the laboratory are of great value, however, since 
they suggest working hypotheses that may be tried out in the field, and that 
may be tested for regions that are adequat:ly described in the literature. 

Attempting to test some of the hypotheses out!ined above, I have scanned 
the literature of about one hundred mining districts vielding gold, silver, 
and copper, most of which are located in North America, and most of these 
districts are reviewed in the papers mentioned below.! 

This data indicates that, for the deposits described, important secondary 
concentration of gold 1s probably confined to regions where waters carry 
chlorides and to deposits that contain manganese; that secondary gold ores 
in deposits containing much pyrrhotite or abundant calcite or siderite are 
probably of more limited vertical extent than in pyritic ores without pyrrhc- 
tite or carbonate; that many auriferous gold deposits with a carbonate 
gangue may supply places gold and that such deposits are likely to have 
relatively rich outeiups. A manganiferous gold ore containing only those 
minerais that react slowly with gold-bearing acid sulphate and chloride solu- 
tions may show some enrichment of gold at moderately great depths, 

Concerning the deposition of secondary silver ore, the results of labora- 
tory experiments are not altogether in harmony. WELLS showed that 
sphalerite with acid sulphate vields an appreciable amount of hydrogen sul- 
phide, which precipitates silver from exccedingly dilute solutions.  PALMER 
and Basrix, however, place sphalerite with the weak or inactive minerals 
since, after thirteen days’ contact with silver sulphate in neutral solution, 
no silver was precipitated.  GRoUT treated a number of specimens of sphale- 
rite with acid solutions of silver sulphate and found that those containing iron 
precipitated silver from sulphate solutions very readily, while those free from 
iron showed little or no précipitation. After treating with alkalies, however, 

1The enrichment of sulphide ores, Bull, US. Geol, Survey No, 529, 1913, pp. 
162-252. 

Emucs, W. H,, The agency of manganese in the superficial alteration and se- 
condar; enrichment of gold deposits in the United States, Bull. Am. Inst. Min. Eng. 
19iv, pp. 789-791. 
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sphalerite ga à Precipitate of silver with acid silver solui ns. Although there are mas ÿ examples if rich secondary silver ores that are bottomed in low grade zine.l aring ores, the influence of sphalerite in limiting the downward “igration of silver js à problem that is only in process of solution, Calcite, siderite, and rhodochrosite, by precipitating native metal, delay the down- Ward migration of silver, In many deposits this delay seems to have been only temporary, however, Rich silver ores in limestone have been found at considerable depths at Lintic, Utah: Eureka, Nevadu : and in other districts, These carbonates are highly soluble in acids and they May readily be removed from the main channels in deposits that Carry much iron sulphide, Abundant Pyrrhotite would probably halt the downward migration of silver very efectively, but in the United States there are few if any important pyrrhotitie deposits that Carry much silver. A few cents to the ton is present in the Primary ores of Ducktown, Tennessee, and according to GENTH some of the ores of the secondary “black-copper floors there carried more than 5 per cent. of silver, It js reported that the precious metals wcre concentrated With copper ores at depths of 50 or 66 feet below the surface in pyrrhotitie Copper ores at Santiago, Cuba, but of this L have no exact data. There a Many examples of shallow secu idary chalcocite zones among the deposits reviewed. Nearly all if not all of those that are well defined are in pyrrhotitie ore deposits, The deepest seccondary chaclocite zones are in ore bodies that contain little or no pyrrhotite.! 

1 Emmoss, W, H,, Bull, 529, US Geol. Survey, P. 165, 
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ON THE FORMATION IN DEPTH OF OXIDIZ AND OF SECONDARY LIMESTONE 
ny 

L. LEIGH FERMOR, D.Sc,, ARSM. 

Goologieal Survey of India, 

Amongst the subjects selected for special discussion at this meeting of the International Geological Congress is the influence of depth on the char- acter of metalliferous deposits, 
It seems desirable to contribute to this discussion an Principle that has been found useful when studying the genesis of a section of the Inanganese ore deposits of India, This principle indicates the possibility of formation of oxidized ore ueposits at great depths. It is also of considerable use in explaining the origin of certain Indian crystalline limestones or marbles, When deposits consisting of chemical sédiments, such as oxides and carbonates, as of iron, manganese, or calcium, admixed with mechanica} sédiments, such as sand and clay, are buried in the course of time to a depth suflicient to bring them into the #0n€ of anamorphism, a reaction takes place between the oxide or « arbonate and the admixed siliceous material, with the formation of silicates, so ‘times of simple but often of very complex com- Position, e.g.. grünerite, 1udonite, various garnets, and many of the minerals found in in.pure crystalline limestones, The reactions involved frequently necessitate the elimination from the oxides of oxygen in excess of protoxide Proportions, as from Fes and Mnt 3; of carbon dioxide from carbonates; and of water from hydrated oxides, such as limonite, It seems to be tacitly assumed that the Oxygen, carbon dioxide and Water thus liberated are removed from the scene of action. But it is con- ceivable that the pressure inducing the metamorphism may be so applied that these products are unable to escape. What will then happen when, in the course of time, this pressure is released? ‘These useous or liquid sub- stances—their physical state depending, of course, on the temperature and pressure—will probably effect à reversal of the original change, and this reversal will be the more rapid and complete the higher the temperature, and the sooner the release of Pressure occurs after its incidence. For, if the pressure be very slowly released during the course of ages, it is probable that a portion of the elusive oxygen and carbon dioxide may escape, s0 that the reversal of the original reactions cannot be carried to completion. I have applied this idea in a memoir on the manganese ore deposits of 

! Published with the permission of the Director of the Geological Survey of India. 
271 
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India,! to explain certain features of the manganese ore deposits of the 

Central provinces of India, which are associated with a series of rocks named 

tle gondite series? At the same time it explains « actorily the genetic 

relationship of certain cerystalline limestones in the same area to pyroxenie 

gneisses, and their derivation, at least in part, from these gneisses.? 

The gondite series is regarded as the product* of the metamorphism of a 

scries of sediments composed of varying proportions of chemically deposited 

oxides and mechanieally deposited sands and elays. The typical rock of 

this series is gondite,ÿ consisting of & mixture of garnet (spessartite) and quartz, 

of which the spessartite is supposed to have been formed in accordance with 

the following equation # 

2 H20.A1b03.2 Si03+3 (MnOz.H20) +103 =3 Mn0.41:03.3 Si034+30+5H20. 

Kaolin or clay Quartz sarti 

Rhodonite was formed as follows: 

MnO2.H20 +S102 = MnSiOz3+ H20 + 0. 
Quartz Rhodonite 

and in cases where the auantity of mechanical sediment admixed with the 

manganese oxides was small, braunite (primary ore) was formed according 

to the following reaction: 

(Mn02.H20) +809 =3 Mn203.MnSi03+410 +7 H,0. 

Braunite 

Thus, as a result of the original series of metamorphic processes, the 

manganiferous sédiments have been converted into a banded series of rocks, 

in which the chief minerals are spessartite, rhodonite, braunite, and quartz. 

Many other minerals oceur, but they are comparatively unimportant. 

Both field and microscopie study prove conclusively that a large propor- 

tion of the manganese ores associated with the rocks of the gondite series is 

not primary, however, but has been formed by secondary chemical alteration 

of the silicates, spessartite and rhodonite. The alteration takes the form of 

metasomatie replacement of the gonditie rocks. A careful consideration of 

all the available evidence leads to the conclusion that this replacement was 

not superficial, but took place in depth before denudation brought the 

gonditic bands and associated ore deposits to the surface. 

As the formation of the observed manganese ores—braunite, psilomelane, 

and hollandite, chiefly—from the silicate minerals is an oxidation process, it 

is necessary to look for a deep-seated source of oxygen. The oxygen liberated 

1 Memoirs, Geological Survey of India, Vol. XXXVII, 1909. 

» Loc. cit., chapters XV-XVII. 

3 Records, Geological Survey of India, Vol. XXXIIL, pp. 168-172, 1906. 

4Memoirs, Geological Survey of India, Vol. XXXVII, p. 315. 

5 Loc. cit., pp. 306, 325. 
éAssuming the manganese oxide to have been the hydrated peroxide. It would 

be easy, of course, to construct equations for the case of the hydrated sesquioxide. 
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in the original formation of the Spessartite and rhodonite would obviously still be available if pressure had prevented its escape. Carbon dioxide is also required to explain certain features of the change;! but it is at first sight not so Casy to provide. We must remember, however, that it is an assumption that the original manganiferous sediments con- tained their manganese entirely in the form of oxide there may have been carbonate present as well, and this, when subjected to metamorphism, would have combined with Silica to form rhodonite with liberation of carbon dioxide, Secondly, in all parts of India where the gondite series has been found—in a belt some six hundred_ miles long stretching from Jhabua and Narukot on the west {rough the Central provinces to Gangpur in Bengal on the east—crystalline limestones have been found in moderately close proximity. A portion of the carbon dioxide supposed to have been locked up in these limestones at the time of their formation (see below) may have been diverted to the Mangancse-bearing rocks The former explanation seems, on the whole, the more satis Y._Itis probable that the Mmanganese ore bodies of the Central provinces originated from two sources. In part they are the products of the direct metamorphism in depth of relatively pure oxide sediments (primary ore and in part they are due to the metasomatie replacement of gondite and rhodonite-rock, also in depth (deep secondary ores), through the agency of oxygen and carbon dioxide, which were given freedom to work on the release of the pressure that effected the original metamorphism. 
That a portion of the manganese ores of the Central provinces is of great antiquity, and was probably formed in depth, is conelusively proved by the case of the Gowari Warhona manganese ore Quarry in the Chhindwara district. A pegmatite vein that traverses this ore depos': contains a picked- up angular fragment of manganese ore identical with that forming the walls of the vein. There is no reason to assign to the Pegmatite any other age than Archæan.? 
Now let us turn to the crystalline limestones, Some v Ars ag0, in à Paper on the petrology of a portion of the Chhindwara district, Central provinces, I discussed the origin of the varied Archæan limestones described therein, Excluding the manganiferous arieties, which constitute a con- necting link between the limestones and the gondite series, there are two main types. Oneis closely associated with a series of calc-gneisses described under the name of quartz-pyroxene-gneisses. In this type, which often contains various accessory minerals, such as diopside, epidote, actinolite and essonite, the carbonate mineral is entirely calcite, There are many indica- tions of every gradation from the quartz-pyroxene-gneisses, through calci- phyres, to pure crystalline limestones: and it is possible to regard all these limestones as products of the chemical alteration or replacement of the gneisses under the influence of solutions Carrying carbon dioxide and, some- a 

1 Memoirs, Geological Survey of India, Vol. XXXVIL, p. 359, _. 2 Records, Geological Survey of India, Vol. XLI, p. 7, 1912. 
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times, an alkaline carbonate in addition! The purest limestone would be 
the final product. But perhaps a more likely view? is that, analogously 

with the case of the gondite series, these calcareous rocks have been formed 

by the metamorphism of a banded series of calcareous sediments of various 

degrees of purity. The least pure yielded the quartz-pyroxene-gneisses, 
and the purest the pure marbles, the two extremes being linked up by the 

“alciphyres. The numerous cases of replacement of the gneisses by calcite 
may then be explained as due to the attack of the imprisoned carbon dioxide 

on removal of the pressure that originally isolated it when the ealciphyres and 
gneisses were formed. This reversed replacement may lead, of course, to 

the formation of pure marbles; and thus, analogously with the case of the 
manganese ores, we must admit the possibility of pure ervs - Iline limestones 

of two distinct origins. One is deep-seated primary limestone, and the other 
deep-seated secondary limestone. 

Turning to the other group of limestones in this district, these are found 

to contain, in addition to calcite, abundant dolomite and serpentine and also, 
very frequently, diopside, phlogopite, chondrodite, and spinel. From the 

microscopie evidence it appears that these serpentinous limestones have 

been formed entirely by chemical alteration of original lime-magnesia silicate 

rocks of which the chief minerals were diopside, phlogopite, chondrodite, and 

spinel. However, no completely unaltered example of the original rocks has 

been found. The calcite, dolomite and serpentine are thus all secondary 

minerals. If such a rock as that deduced above can be regarded as a meta- 

morphosed sediment (which, however, one fcels inclined to doubt), then its 

carbonation also may be explained as due to the carbon dioxide liberated at 
the time of its original metamorphism having reversed the chemical pr ‘esses 

involved in this metamorphism. 

In the course of my own work I have not yet encountered any other 
associations of rocks or minerals illustrative of this principle of reversal of 

chemical action on release of pressure, and chemical attack by the very gases 

or liquids that were liberated from combination on the incidence of pressure, 
Also, as this communication is being written in camp, away from libraries, 

it is not possible for me to consult the literature of ore deposits or petrology 
for examples outside India in which this principle may have been operative. 

But I suggest that it may be of use in exp! ining some of the phenomena 
observed in iron ore deposits of combined chemical and sedimentary origin, 
e.g., in the Lake Superior region. 

Records, Geological Survey of India, Vol. XLI, pp. 170-172. 
2Memoirs, Geological Survey of India, Vol. XXX VII, p. 298, 
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PRIMÂRE UND SEKUNDÂRE ERZE UNTER BESON- DERER BERÜCKSICHTIGUNG DER GEL." UND DER *SCHWERMETALLREICHEN ” ERZE. 
VON 

P. KRUSCH, 
Professor und Abteilungsdirigent a, d. kgl. geol. Landesanstalt, Berlin, Deutschland. 

I. BEDEUTUNG DER GELE BEI DER ENTSTEHUNG SEKUNDÂRER UND PRIMÂRER 
ERZE, 

À. Allgemeines über die Entstehung der Gelerze. 
Der erste, der die Lehre von den Gelen auf die Erze anwandte, war 

Cort. In einem Aufsatze in der Zeitschrift für praktische Geologie bes- 
chäftigte er sich eingehend mit dem von mir aufgestellten Begriff der 
Leiterze und fübrte die Trennung der Erze der verschiedenen Schwermetalle 
in Gele und kristalline Erze durch.  Nach dem damaligen Stande der 
Kenntnisse war er zu der Annahme berechtigt, dass die Gele nur bei der 
sekundären Verschiel» »g der Metallgehalte auf Erzlagerstätten eine Rolle 
spielen, also keine Priuüren Lagerstätten bilden künnen, Auf Corxus Resultaten weiterbauend, zeigte ich in der zweiten Auflage 
der Untersuchung und Bewertung von Erelagerstätten (Stuttgart, FerpixaND 
ENKE, 1911), dass es auch primäre kolloïde Erze gibt, die erstmalige 
Erzkonzentrationen darstellen. 

Seitdem habe ich mich mit den fraglichen Erzen in chemischer “nd 
Petrographischer Bezichung weiter beschäftigt. An dieser Stelle will ich 
kurz die Richtungen, in denen im Erzlngorstätteninstitute in Berlin gear- 
beitet wird, und einige Resultate von allgemeiner Bedeutung anführen. Für die kolloiden, ursprünglich amorphen Erze, welche sich aus den 
bei der Verwitterung entstehenden Sogenannten ‘“Solen ” bilden, gebrauche 
ich den Namen Gelerze. Auch wenn sie durch nachträgliche Veränderung 
kryptokristallin geworden sind, unterscheiden sie sich in ihren physikalischen 
Eigenschaften scharf von den uwrsprünglich kristallincn Erzen, mit denen sie 
2. T, gleiche chemische Zusammensetzung haben. Die kolloiden Erze künnen nachträglich in kristalline übergehen: s0 
wird z, B. das Gelerz Polianit häufig von jüngeren Pyrolusitgingen und das 
Gelerz Brauneisen von Nestern und Trümern kristallisierten Eisenhydrates 
durchzogen. Hier liegen meist wässerige Umlagerungen vor. Fast noch wichtiger sind aber Ce fast ganz allgemein für Gele giltigen 
Beobachtungen, dass Erhôhung der Te mperatur und Erschütterungen Lori 275 
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häufig genügen um ein Gel in seiner ganzen Masse kristallin werden zu 

lassen. 
Das Erkennen der kristallinen Doppelgünger der Gelerze durch Cornu 

hat unsere Kenntnis von der Entstehung und Zusammensetzung namentlich 

oxydierter und hydratischer Eisen- und Manganerze wesentlich geklärt. 

Die Gele haben die Eigenschaft auf die Schwermetall- u.s.w. lôsungen 

adsorbierend einzuwirken. Diese Eigentümlichkeit macht das Erkernen 

ihrer chemischen Zusammensetzung in vielen Fällen schwierig. So kann 
man häufig nicht feststellen, ob ein Geélerz eine selbständige chemische 

Verbindung darstellt oder ein Gemenge bildet, welches aus zwei Kompon- 

enten besteht, nämlich erstens einem Gel und zweitens der von ihm adsor- 

bierten Schwermetallverbindung. Ich môchte hierfür die Namen “‘Gelgrund- 

masse” und. ‘adsorbierte Durchtränkrassubstanz" vorschlagen. Zu dieser 

Art von Gelerzen gehôren 7. B. di silikatischen Nickelerze, mit deren 

Untersuchung ich mich eben—gemeinsam mit BEYSCHLAG—bei der Abfas- 

sung der Monographie über die Nickelerzlagerstätten von Frankenstein 
(Schlesien) beschäftigte. Sie bestehen—wie schon früher vermutet wurde— 

aus einem ‘Nichterz'— Gel als Gelgrundmasse und einer Nickelverbindung 

als adsorbierte Durchtränkungssubstanz. Nüäheres wird Herr KRAFT, ein 

Schüler, Prof, KEmps, nächstens verôffentlichen, der bei mir die Beziehungen 

zwischen den Lagerstätten amorphen Magnesits und denjenigen silikatischer 

Nickelerze zu Promotionszwecken bearbeitet. 
Auch der umgekehrte schon CorNu bekannte Fal! sommt vor, dass 

Gelerze nichtmetallische Stoffe adsorbieren, wie z. B. Gelmanganerz Barium- 

und Kaliumverbindungen. 

Über die physikalischen und chemischen Bedingungen dieser Adsorp- 

tionsprozesse werden gegenwärtig an der Bergakademie zu Berlin interes- 

sante Versuc'.e angestellt, zu denen Pref. WôLBLING und ich einen meiner 
Schüler snregten. - 

Die bei der Durchtränkung der Massen auftretenden Adsorptionsvor- 

günge sind im Dünnschliff vorzëglich zu beobachten. Wie ich in vielen 

Fällen feststellen konnte, sind sie mit weitgehenden metasomatischen Proz 

en verbunden, die zur fast vollständigen Verdrängung der ursprünglichen 

Substanz führen kônnen. 
Adsorption und Metasomatose gehen also Hand in Hand, die erstere ist 

eine sehr g'nstige Vorbedingung für die letztere, beide sind so eng miteinander 

verknüpft, dass man von einer “Adsorptionsmetasomatose”’ sprechen muss. 
Da die Verwitterungsvorgänge die Gelerze hauptsächlich erzeugen und 

die Verwitterung für die verschiedenen Breiten verschieden ist, werden sich 

auch Verschiedenheiten im Auftreten der Gelerze in dieser Beziehung nach- 

weisen lassen. Ich komme auf diesen Punkt noch später zurück. Hier 

muss ich aber hervorheben, dass die Frage aufs engste mit dem Studium der 

sekundären Metallverschiebungen verknüpft ist, die ja ausschliesslich durch 

die Verwitterung bedingt werden. Eine sehr wünsc!: 1: verte systematische 
und erschôpfende Bearbeitung der sich aus der verschiedenen Breilenlage 

der Erzvorkommen ergebenden Unterschiede wird auch unsere Kenntnis 

der Gelerzbildung wesentlich fürdern. 
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B. Durch Deszensionsläsungen entstandene Gelerze. 
Bisher sind wir nur bei diesen zu emwandfreien Resultaten gelangt, 

Bei den Verwitterungsprozessen entstechen Hydrosole, aus denen sich die 
Gelerze bilden. Alle von Corxu angeführten Erze sind derartige Ober- 
flächenbildungen. Sie werden also besonders häufig in der Oxydationszone 
auftreten, sind aber nicht, wie Cornu annahm, auf diese beschränkt. Die Cornuschen Ergebnisse lassen sich wie folgt Zusammenfassen : 
Gelerze sind auf die Nähe der Erdoberfläche beschränkte, amorphe, oxy- 
dische oder hydratische, erdige, ockrige oder mehr oder weniger verfestigte 
Erzmassen, 

Die neueren Untersuchungen beschäftigen sich hauptsächlich iwit der 
Frage, bis 20 we lcher Tiefe Gelerze überhaupt vorkommen, Die Beant- 
Wortung hängt aufs engste mit den Veränderungen ZusSammen, welche durch 
Oberflächenwasser gebildete Vervitterungslüsungen beim Niedersinken 
erleiden. 

Bei diesen Vorgängen müssen wir im allremeinen zwischen der 
Zersetzung nichisulfidiseher und sulfidische* Er unterscheiden. Aus den ersteren werden sich ke’ne leicht reduzierbaren Lüsungen 
bilden: es füllt dann das wichtigste Ünterscheidungsmoment zwischen den 
für die Oxydations- und die Zementationszone charakteristischen Schwer- 
metalllüsungen Weg. Es fehlt ausserdem die reduzierende Wirkung der für 
die Zementationsvorgünge unerlässlichen primären Sulfide. Die Eigenschaf- 
ten der Lüsungen bleiben vielmehr im Prinzip unverändert. Dies kundären 
Metallverschiebungen künnen  mindestens bis zum Grundiwasserspiegel 
reichen. Namentlich in Gcbieten, die durch irgendwelche tektonische 
Ursachen in beständiger Hebung begriffen sind, in denen also der Grund- 
Wasserspiegel relativ sinkt, künnen dann recht bedeutende Lagerstätten- 
hôhen für die Neubildung in Frage kommen, Da eine den Gelerzen, wie 
später gezeigt werden wird, bei längerer Einwirkung schadende hühere 
Azidität der Lüsungen hier keine Rolle spielt, kônnen Sie sich in einer 
bedeuenden Laye rstättenhôhe bilden. 

Komplizierter sind die Verhältnisse bei Lagerstätten mit reichlich sul- 
Jidischen Erzen. Hier sind, wie z, B. in Rio Tinto, z, T. bedeutendr Massen 
von Schwefel konzentriert worden. Würde der gesamte, bei der Verwitterung 
in Schwefelsüure übergehende Schwefel auf der Lagerstätte bleiben, so wire 
wegen der bedeutenden Azidität die Gelegenheit zur Gelerzerhaltung nicht 
bosonders günstig. Wir finden nun aber im eisernen Hut dieser Lager- 
stätten enorme Mengen von Geleisenerz. Es sind nämlich hier bedeutende 
Mengen von Schwefelsäure weggeführt worden, denn Sulfate treten nur in 
£anz Verschwindender Menge auf. Die Wegführung erfolgte oberflächlich, da 
der Schwefel schon in geringer Tiefe noch erhalten ist. Ein Zeuge der Säure- 
wirkung ist das zerfressene Ncbengestein, welches häufig nur noch ein Quarz- 
skelett bildet, 

Nur ein kleiner Teil der Sulfatlüsung sank auf dem Erzkôrper in die 
Tiefe und wurde dure} de noch Unéersetzien primären Sulfide nach Ver- 
brauch des Sauerstoffs in der bekannten Weise rednziert. 
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Wie tief finden bei Rio Tinto die Gelerze und zwar ausschliesslieh 

Geleisenerz?  Nur so ticf als Sauerstoff noch wirksam war, also beschränkt 

auf die Oxydationszone. Mit den hier typischen Zementationserzen sind nach 

unserer heutigen Kenntnis keine Gelerze vergesellschaftet. Die Azidität der 

niedersinkenden Lüsungen dürfte zu gross für die Gelerhaltung gewesen sein. 

Schliesslich bedürfen noch cigenartige Erzumwandlungen der Erklärung, 

die inan auf den Siegerländer Spateisengängen bis zu bedeutender Tiefe 

findet, ohne dass irgendwelche  Begleiterscheinungen auf umfangreichere 

Zersetzungsvorgänge hinweisen, Ex ist dies die ARoheisen- und Eisenglanz- 

bildung im frischen Spateisen.… BorNHaRoT erklärt sie in seiner Monographie 

der Siegerländer Gänge (1912) als unmittelbar im wassererfüllten Gangraum 

dureh solche Reagentien erfolgt, welehe von der Oberfläche nach der Tiefe 

vordrangen. In Zeiten grosser Trockenheit z. B. im Oberrotliegenden ent- 

standen nach ihm konzentrierte Salzlaugen an der Oberfläche die vermüge 

ihres hohen spezifischen Gewichtes auf den ( icbirgsspalten in die Tiefe sanken 

und vermittels des von ihnen absorbierten Sauerstoffes oxydierende Wir- 

kungen ausübten. Der genannte Autor weist aber selbst darauf hin, s das 

Fehlen irgendwelcher Reste derartiger zlüsungen auffällig ist. 

Ich habe mich im Gegensatze hierzu in einem Anhange der Borndardt- 

schen Arbeit der Ansicht WôLBLiNGs angeschlsssen, nach weleher die Annahme 

gelartiger Lüsungen näher liegt. Sie erklären auch die auffallende Erschein- 

ung des vollständigen Fehlens irgendwelcher Oxydationsprodukte, die man, 

wenn die Annahme Borxaarprs richtig wäre, im so leicht zu oxydierenden 

Spateisen finden müsste. Die sauerstoffhaltigen Goilüsungen haben dagegen 

die Eigentümlichkeit, dass sie den Sauerstoff nicht an die älteren Erze 

abgeben. 

Bei derartigen Prozessen darf man nicht nur an die Zirkulation der 

Lüsungen auf Spalten denken, sondern man muss umfangreichere Durch- 

tränkungen grôsserer Massen ohne grôssere  Hohlräume annehmen. Die 

Umwandlungen treten dann nicht gang-, sondern herdfürmig auf und scheinen 

in keinerlei Bezichungen zu Spalten zu stehen. 

Derartige Durehtränkungen mit spezifisch schweren Lüsungen, die ‘on 

oben nicdersinken, kônnen sich bis tief unter den Grundwasserspiegel 

erstrecken, Es treten dann Gelerze ganz unvermittelt in der primären 

Zone Hunderte von Metern unter dem Grundwasserspiegel auf, die Tiefe 

hängt hauptsächlich von dem spezifi chen Gewicht der Lôsung ab. 

Die Gelerze sind also nicht nur auf die Nähe der Erdoberfläche beschränkt, 

wo sie am häufigsten vorkommen, sondern sie finden sich bis 20 bedeutenden 

Tiefen.… Sie kommen meist in der Oxydationszone vor, kônnen sich aber auch 

noch in der primären bilden. 

C. Erfahrungen über durch zension entstandene (ielere. 

Ich kenne bisher kein einwandfreies Beispiel für die Entstehung von 

Gelerzen durch Aszension, kann deshalb nur die Môglichkeit ihres Auftretens 

diskutieren. Am günstigsten für ihre Bildung sind also die bei den Ver- 

witte rozessen vorhandenen Bedingungen wie niedrige Temperatur 
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niedriger Druck, Gegenwart von Sauce rsoff u. s, w, Diese drei Eigenschaften 
haben die aszendierenden Lüsungen s0 gut wie nie in bedeutender Ticfe, 
sondern erst in der Nühe der Oberfläche, nachdem sie von dieser und den hier 
herrschenden Bedingungen becinflusst worden sind. /n der T'ieje sind also 
die Bedingunge n Jür die Gi bildung Ungünstiqg, Die thecretisehe Môglichkeit der Bildung der Gete durch Aszensionse lüsungen list sich aber nicht bestreiten. In dieser Bezichung sind Versuche 
ües Professor WôL&LING an der Bergakademie Berlin recht lehrreich, Soit 
Mehreren Jahren hebt er cin Kieselsäuregel, welches dureh Salzsüure aus 
Wasserglaslüsung abgeschieden wurde, bei ciner Temperatur zwischen 
SO und 100° auf: es hat noch die Gelnatur bewabrt, wenn auch bercit: cine 
Abspaltung von Wasser Stattfand.  Damit ist der Beweis geliefert, dass 
garisse (ele längere Zeit ein hôhere Te Mperatur aushalten. Der durch 
Experiment nachgewiesene Zcitraum von mehreren Jabren ist allerdings in 
der Geschichte der Erdrinde nur kurz und die angewandten Temperaturen 
sind keine hohen im Vergleich zu den in grôsserer Tiefe herrschenden. Viele Gele künnen übrigens bei 100° entstehen, sie haben aber nament- 
lich die sulfidischen Gele der Schwermetalle das Bestreben schnell in kris- 
talline Kôrper überzugehen, 

Auch der Einfluss des Druckes auf die Gele, der ebenfalls einen wicht- 
igen Faktor bei aszendierenden Lüsungen bildet, ist experimentell noch 
nicht kenügend erforscht. Über cinige Resultate wird einer meiner Schüler 
dipl Ing, Nic OLAI in seiner Promotionsarbeit Perichten, Bei allen diesen Versuchen fehlt uns aber vor allen Dingen ein Faktor, 
den die Erdges hichte—und nur diese zur Verfügung hat, nämlich die 
geologischen Zeiträume, 

Unsere bisherige Kenntnis der durch Aszension ents'andenen Gelerze lgsst 
sich also dahin £usammenfassen, dass man bisher kein einziges de rartiges Beispiel 
kennt und dass die in grôsserer Tiefe vorhandenen Bedingungen keine Jur die 
Gelbiltung günstigen sind. 

D. Kennen wir neben den sekundären auch brimäre Gelerze? 
Die Begriffe Primäre und sekundäre Erze bedürfen hier zunächst der 

Définition. Primäre Erze sind nach meiner Auffassung: a) die der Ursprünglichen nat ürlichen Konzentrationen und b) die dureh J'ingere aszendiere nde_ Lüsungen bewirkten Neuentsteh- ungen und Metallverschiebungen (innere Lagerstättenmetasomatose 2 ) 
Sekundäre Erze entstehen ausschliesslich durch deszendicrende Oberflächen- 
wässer (innere Lagerstättenmetasomatose %15) Corxv kannte also ausschliesslieh se undäre Gelerze. Ich habe schon in früheren Verôffentlichungen daraut hingewiesen, dass 
es auch primäre Gelerze gibt, z. B. die Rasenerze von Eïsen und Mangan. Hierher gehürt auch der Baurit, welcher in den meisten Fallen metasomat- 
isch aus Kalkstein durch Lüsungen gebildet wird, die bei der Verwitterung entstehen, 
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Zu den primüren Erzen mit Gelcharakter muss ich auch gewisse late- 
ritische Bildungen rechnen, bei denen es zu derartig bedeutenden Eisenerz- 
anreicherungen gekommen ist, dass an den Abbau gedacht wird, Ich 
kenne derartige Vorkommen in Europa im Osten Sardiniens bei Jerzu. 
Auf diese hochinteressanten Lagerstätten machte mich NovaREsE in Rom 
aufmerksam. 

In diesen Fâllen bedingen die Verwitterungsvorgänge an und für sich die 
Konzentrationen, da diese aber ursprünglich sind, müssen die genannten Gelerze 
a's primäre aufgefasst werden. 

Etwas anders liegen die Entstehungsbedingungen bei den bereits oben 
mehrfuch erwähnten silikatischen Nickelgelerzen, die ebenfalls als primäre 

ssen, Sie sind unser schônstes Beispiel für Lateralse- aufgefasst werden m 

kretion im engeren Sinne des Wortes und entstanden—soweit genaue Unter- 
suchungen vorliegen—dureh jüngere Verwitterung. Auch bei Frankenstein 

konnten BEYSCHLAG und ich diese Genesis nachweisen.  Während aber bei 
den oben angeführten Bcispielen die Lôsungen nur ganz oberflächlich Erz 
konzentrierten, findet bei den silikatischen Nickelerzen eine Ticefenwirkung 
statt, derart dass eine intensive Zersetzung des Serpentingesteines an Spalten 

che nach der Tiefe platzgreift. Diese Erscheinung lüsst 

sich bei Frankenstein, wo Quarz- und Chalcedongünge den Serpentin 

zerrütteten, vorzüglich beobachten. Der Absatz der Nickelgelerze erfolgte 
gangartig oder in Form ganz unregelmässiger Imprügnationsmassen, die 
häufig nach unten trogfürmig endigen. 

Hier war der Nickelgehalt ursprünglich in Silikatform im Olivin 
enthalten, man hat aber kein Recht dieses Mineral als ,,Erz'’ zu bezeichnen 
und auch bei der Serpentinisierung fand keine NicEelkonzentration statt. 
Nickel ist auch nicht—wie von vielen Forschern angenommen wird—der 
leichtest extrahierbare Bestandteil des Serpentins, bei Frankenstein konnte 
ich vielmehr den Nachweis führen, dass die Magnesitextraktion wesentlich 
früher erfolgte. Der Einfluss der Tagewiässer bildete erst spiter die Nickel- 
lüsungen, welche die silikatischen Nickel-Gelerze entstehen liessen. Wir 
müssen sie zu den primären Erzen rechnen, die im allgemeinen gangfôrmig 

von der Oberf 

auftreten. 

Aus diesen Fruägungen ergibt sich, dass primäre Gelerze nutzbare Lager- 
stätten bildend auftreten kônnen und zwar entstanden sie unmittelbar ar. der 
Oberfläche oder durch deszendierende Lôsungen. 

Dieses Resultat berechtigt zu folgendem Schluss: 

Als Verwitterungsprodukte müssen die Gelerze von klimatischen Ver- 

hältnissen abhängig sein, d, h. die Zusammensetzung muss sich beispielsweise 

bei rezenten Lagerstätten mit dem Breitengrade ändern. Ich erinnere hier 

an den Unterschied zwischen unseren Raseneisenerzen und dem Laterit 
der Tropen inbezug auf den Tonerdehydratgehalt : bei uns fast ausschliesslich 
Eisenanreicherung, dort zugleich Bauxitisierung. 

Ein genauer und kritisch durchgeführter Vergleich der Zusimmensetz- 

ung unter verschiedenen klimatischen Verhältnissen entstandener primärer 

Gelerzlagerstätten dürfte wichtige Ergebnisse liefern. 
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IH, DIE ENTSTEHUNG DER SCHWERMETALLREI HEN SULFIDE UND ERZE, 
À. Allgemeines. 

Wie_allgemein bekannt, Silber, Gold u. S W.—neben den E welche man £eWohnt ist in den primi Umstäünden abnorm metallre Zementationszonen kennen, 
Diese reichen € gchôüren drei Gruppen an: schwermetallreïche n Suljide uù, s, w, indig, Buntkupfercrz, Kupfe geringere Verwandschaft Zum Sauerstoff } liesslich drittens Ge Menge der le 2. B. Gold und Sehwefelkies, Silb: Die Genesis dieser drei 

bilden_ viele Sehwermetalle_, p, Kupfer, en mit gewühnlichen Metallgehalten, en Teufen zu finden, iche: wir lernen die besonders be 
unter günstigen 
im Studium der 

Es sind érstens die wie Silberglanz, Rotgildigorz, Kupfer- . oder zwcitens dedicgene Metal, die aben wie , B,( iold, Silber oder seh= Uteren mit Normal-Schur rmetallsutfiden wie und Bleiglanz, Rotgildigerz und Bleiglanz. iruppen ist nicht ganz gleich: reichen Sulfide überziehen, wie Man in Dünnsehliff e kann, gewôhnlieh zunächst die älteren Normalsultide, füllen. In einem Späteren Stadium verdr schliesslich derbes Reichsultid entsteht, Genesis man nur unter besonders Brüsserungen an der Maschenstruktur oder an wir Agen Resten der älteren 
Normalsulfide erkennen kann. Hat man bei der Auswahl der Pri 
Glück, so Inssen sich alle Übergünge feststellen zwischen dünnen Über 
tungen und Hoblraumauskleiqungen in Normalsulfiden, duré alle 
lichen Stadien der Metasomatose bis zum Derb-Reicherz, den Niem 
weiteres die Entstehung durch Metasomatose ansehen würde, Besonders interessante Vorgänge konnte ich bei den Kupfererzen im 
Dünnsehliff feststellen, Auf den meisten Lagerstätten kommt als Primäres 
Kupfererz bekanntlich kupferhaltiger Schwefelkies ode Schvefelkies mit mehr oder Weniger Kupferkies vor. In der Zementations- 
40ne entstcht durch Metasomatose in der Regel aus dem Gemenge zunächst 
reiner Kupferkies, im nächsten Stadium der Umwandlung 3untkupfererz 
und schliesslieh Kupferglanz, also eine Reihe beginnend bei den kupferäürm- 
eren Erzen und endigend bei den kupferreichen. Bei jeder Verdrängung 
mussten die Lüsungen Küpfer abgeben und Schwefel aufnehmen. Bei 
diesen Prozessen handelt es sich nicht nur um eine freie Zirkulation der 
Schwermetalllüsungen auf Spalten und in Hohlräumen, Sondern es spielen 
die Durchtränkunge 1 grosser Massen mit Lüsungen und die Ve rdrängungen 
Spezifisch leichterer durch spezifiseh schiverere eine wichtige Rolle, Die die zwcite Gruppe bildenden gediegenen Metalle mit goringer Ver- 
wandschaft zum Sauerstoff fand ich vor allem als Hoblraumausfüllungen 
und Überkrustungen sowohl von bichtmetallischen Mineralien als auch 
von Gesteinen, die zur Lagerstättenausfüllung gehüren. Eine Verdrängung 
ibrer Wirte konnte ich bisher nicht feststellen, die Vergeselischaftung mit 
Geleisenerz ist dagegen eine recht häufige Erschoinung, da diese Erze beson- 

Die schwermet ail. 
inwandfrei feststellen 
deéren Klüfte se aus- ängen sie aber ibre Wirte, so dass dessen ZMentationsmetasomatisehie £ünstigen Umständen | ei starken Ver- 
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ders häufig an der Grenze der Oxydations- gegen die Zementationssone 

vorkommen. 

Drittens treten Gemenge gediegener Metalle mit Normalschiwermetall- 

sulfiden auf, unter ihnen sind Gold mit Schwefelkies und Silber mit Blei- 

glunz am hüufigsten. Auch hier fand ich in den zahlreichen Dünnschliffen 

nur C'herkrustungen und Hohlraumausfüllungen der jüngeren Edelmetalle 

auf bezw, in den alteren Normalsulfiden. 

leh môehte die beiden zuletzt angeführten Beobachtungen des Feblens 

von metasomatischen Prozessen nicht derart aufgefasst Wissen, dass ich die 

Môglichkeit ihres Auftictens bestreite, jedenfalls scheint mir aber der Beweis 

geliefert zu sein, dass bei diesen Gruppen die Metasomatose bei weitem nicht 

die Rolle spielt wie bei der Entstehung de: reichen Sehrermetallsulfide 

B. Entstehung der sekundären reichen Sulfide dureh Destension. 

Die Bildung der deszendierenden Schwermetalllésungen in der Oxyda- 

tionszone der Erzlagerstätten und ihre Reduktion dureh die primären Metall- 

sulfide in der Zementationszone ist heute Gemeingut aller Lagerstätten- 

geologen geworden, Die Zahl der Forscher, die sich mit der Frage beschäft- 

igen, ist zu gross als dass ich sie hier aufzühlen môclite, Ich will aber nicht 

verfehlen darauf hinzuweisen, dass DE LAUNAY in Europa zu den Pionieren 

gehôrt, deren Arbeiten mich zu meinen Forsehungen anregten und dass 

mancher neue Weg ganz besonders von ausgezeichneten Gelehrten der 

Neuen Welt gewiesen wurde, Trotzdem sind die Forschungsergebnisse noch 

bei weitem nicht erschôpft. 

Ich môchte hier auf folgende weiterer Klärung bedürfende Fragen kurz 

eingehen: 

a) Bis zu welcher Tiefe kommen derartige Verbindungen vor? 

b) Welche Rolle spielt dabei die Tektonik? 

e) Welchen Einfluss haben Klima, Abrasion u. s. \ 

d) Wie ist ihre Bildung von Spalten aus in grosser Tiefe zu erklären? 

Zua): Man kann die meisten Erfahrungen in den Satz zusammenfassen, 

dass sich Oxydationserze so lange bilden als Sauerstoff vorhanden ist und 

Zementationserze etwas tiefer durch Reduktion der Sulfide entstehen. 

In der Regel nimmt man an, dass diese Umwandlungen lediglich durch 

nach der Tiefe auf Hollräumen zirkulierende Lüsungen hervorgebracht 

werden, und man ist deshalb gewohnt als untere Grenze dieser Umwand- 

9 

lungen den Grundwasserspiegel anzusehen. 

Wenn nun auch zweifellos zur Bildung der Oxydationserze Sauerstofl 

notwendig ist, und sein Verbrauch die Môglichkeit der wei n Bildung 

dieser Erze ausschliesst, so bedarf die untere Grenze der Æen lationserat 

zweifellos einer Rev 

Auf den Erzlagerstätten spielen nicht nur die freizirkulierenden Lüsungen 

sondern auch die Durehtränkungen eine Rol'e. Auch wenn keine grüsserer 

Hoblraume in der Lagerstättenmasse vorhanden sind, fadet eine irkulatior 

des Grundwassers statt und zwar werden—-wie ich bereits à :‘ührte—üi 

spezifisch leichteren Lüsungen durch die spezif schwercren verdrängt 

Die auf der Lagerstätte nach der Ficfe s 
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also unter den Grundwasse rapiegel gelangen und dort beispielsweise melasomat= 
ische Ve rdrängungen dlterer Erse bewirken, Du die Verdrängung ciner Lüsung durch eine schwerere viel langsarn- 
er Vor sich geht als die Zirkulation in Hoblraumen, spielt der Grund- 
Wasserspiegel insofern eine bedeutende Rolle, als er die unlere Grenze dex des 
schnellen Umuwanñdtung Unterworfenen Lagerstättentoiles darstellt, D, 
unlere Grenze der Umwandtung überhaupt bitdet + r aber nicht Diesem Gesichtspunkte muss in allen Füllen Rechnung getragen werden, 
VO Zementationserze bis zu bedeutenden ‘1 iefen unter den Grundwasser. 
spiegel reichen und geologiseh sehir alte Lagerstätten vorlicgen, Zub): Tektonik und Grundivasserspieget hiüingen aufs engste mit cinander 
ZUsumimen, derart dass jede Verschicbung der Lagerungsverhältnisse auch 
eine Verschichung des Grundwasserspiegels bedingt, Die Verinderungen 
künnen mehr oder weniger schnell vor sich gebhen, So verursachen die 
säkularen Hebungen und Senkungen zwar langsame aber recht bedeutende 
relative Senkungen bezw, Hebungen des Grundwasserspiogels, tektonische 
Grüben und Horste dagegen veranlassen meéist schnellere relative Hebungen 
und Senkungen des G indwas +. Diese Versel “hungen beeinflussen die 
offene Zirkulation der auf der Lagerstitte in die Tiefe sinkenden Lüsungen 
und dumit die durch sie bewirkte Mineralbildung, Aiufallende Aéweichungen von der Norm der Erscheinunge n kônnen aber 
nur erkldrt werden, wenn die Tektenik eines Gebi, les fesisteht. No ist es LT R 
Lanz zwecklos die Genesis der bis zu bedeutenden Ticfen réichenden Silber 
reicherze von St. Andreasberg zu diskutieren, so lange es dem Stratigraphen 
und Tektoniker nicht môglich ist zu entscheiden, ob der zWischen den beiden 
Grenzruscheln liegende Gebirgskeil, in dem ausschliesslich die Silbererzgänge 
auftreten, im Ganzen ein Senkungs- oder Hebungsgebiot darstelit, Mein Urteil geht dahin, dass das Auftreten der Zen ntationserze in der 
Tiefe auf Senkung schliessen lässt., dass also ein ähnlicher Fall wie Lei Butte, 
Montana, vorliegt. 

Zu c): Die Abhängigkeit der shkundären Metallrerschiebun Jen von 
der Abrasion ist allgemein bekannt, die litensität der letzteren bedingt die 
Menge der ( xydations- und Zementationserze. Wenig erforscht sind dagegen die durch klimetisehe Unterschiede 
bedingten Abweichungen in der Ausbildung der Oxydationssone, auf die ich 
bereits oben hinwies. Hier düriten genaue Untersuchungen recht lohnende 
Resultate crgeben unter der Voraussetzung, dess genetisch gleichartige 
Lagerstätten verschiedener Breiten mit einander verglichen werden Da auch der Grad der Abrasion durel das Klima bedingt wird, lassen 
sich die beiden Faktoren nicht von einander trennen. Das Fehlen bedeut- 
enderer Oxydationsvorgünge auf den norwegischen Kicslagerstätten einer- 
seits und die beträchtliche Hôühe des Eisernen Hutes auf den genetisch 
gleichartigen Kieskonzentrationen der Sierra Morena Spaniens und Portugais 
andererseits wird nicht nur durch den hohenTemperaturuntersehieq bedingt, 
sondern zugleich in hervorragender Weise durch den Abrasionsunterschied : 
In Skandinavien liess es die Cleteeh brasion nicht zur Ansammlung 
grüsserer ( xydationsmassen kommen, deren Entstehung die niedere Tempera- 
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tur sowie s0 nicht günatig war, in Spanien wurden die Produkte des an und 

für sich durch die hühere Temperatur begünstigten Oxydationsvorganges nur 

langsam durch die Niederschlige zerstürt, 

Zu d) Dax Aujtreten typische. Oxydations. und Zementationserze 

in der primären Zone hat in einselnen Füllen das hôchste Interesse der 
Lagerstüttenforscher erregt, 

Bekannt ist dus Eindringen der Zementationserze in die primüre Zone 
namentlich in solchen Füllen, wo die sekundüren Metallverschiebungen noch 

nicht bis zum Grandwasserspiegel vorgedrungen sind, Dureh die Volumen- 

veränderungen bei den Zementationsvorgüingen bilden sich in die primären 

Erze hineinreichende Spalten, auf denen die Schwermetalllôsungen nieder- 

sinken, die Zementationserze entstehen also hierbei durch Deszension, 
Oben hube ich darauf hingewiesen, dass sich auch unter dem Grundwns- 

serspiegel Zementationserze bei der Durchtränkung der ursprünglich Grund- 
wasserführenden primüren Erze bilden kônnen. Die neuerer Untersuchun- 

gen haben gezeigt, dass die dadureh bewirkten Mineralneubildungen 

nicht gleichmässig fortzuschreiten brauchen, sondern sich auf in chemisch- 

geologischer Beziehung besonders geeignete Ntellen beschränken kônnen, 

Es entstehen dann ,,Umwandlungsherde”" inmitten unverändert gebliebenen 

Materials, ohne dass Zubringerspalten zu schen sind, 
Scbliesslieh kommen  Oxydations- und Zementationserze in gesetz- 

mässiger Anordnung an Spalten vor, die sich durch irgendwelehe—meist 

tektonische— Ursuche ir, Nebengestein bildeten und bis in die primäre Zone 
aufrissen, Von solchen spalten kann dus Grundwasser derart becinflusst 
werden, dass das Gebiet in der Nühe der Spalte abgetrocknet wird, Gelangen 

später auf der Spalte Oberflächenwässer in dieses Abtrocknungsgebiet, s0 
wirken sie von der Spalte aus genau so, wie die Atmosphärilien von der 

Oberiläche aus. So large Sauerstoff vorhanden ist, bilden sich zu beiden 

Seiten der Spalte Oxydationserze und nach Verbrauch des Sauerstoffes in 

etwas grüsserer Entfernung Zementationserze,  Waren die Lüsungen bereits 

saucretofifrei aber schwermetallhaltig, so entstanden ausschliesslich Zemen- 

tutionsorze, 

Hier liegen also Verwitterungsprozesse in grôsserer Tiefe unter besonders 

günstigen Umständen vor. 

€, Entstéhung primärer schwermetallreicher Erze durch Aszension. 

Die Studien über die Leiterze der Oxydations-, Zementations- und 

primären Zone haben unsere Kenntnis des Auftretens einer grossen Anzahl 
oxydiseker und sulfidischer Erze bedeutend erweitert, Wenn man bei der 

leider so belicbten Anwendung der Superlative und der Worte ‘‘ausschliess- 

lich” und “nur” vorsichtig ist, kann man schon jetzt eine Fülle von Gesetz- 

mässigkeiten aufstellen, die nicht nur für die Wissenschaft wichtig, sondern 

zugleich für die Praxis bei der Untersuchung und Bewertung von Erzlager- 

stätten von unschätzbarem Werte sind. Da ich an anderen Stelle auf den 

jetzigen Stand unserer Kenntnisse eingegangen bin, will ich mich hier nur 

mit der Môglichkeit der Bildung schwermetallreicher Sulfide unter solchen 

Bedingungen beschäftigen, dass sie zu den primären gerechnet werden müssen. 
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PRIMÂRE UND sext NDÂRE ENZE, U,n.w. 285 Die allgemein anerkannten wesentlichen Momente der Entstehung 
schwermetallre " Erze in der Zementationszone sind Schwermetalllüsungen 
ohne freien Sauerstoff cerseits und filtre reduzicrende Normalsultiqte 
andererseits, Nuch unseren bisherigen Erfahrungen sind die Wirksunien 
Lüsi gen allerdings dessendierende, aber die Herkunftsricht. ng dürfte (ür 
den Mineralbildungsprozens &leichgiltig soin, In welchen Füllen primärer Erzbildung werden auch bej aszendierenden 
Lüsungen die obigen beiden Bedingungen erfüllt? Jeh kenne Vorzugsweise 
2Wel, nümlich: à) Minerallüsungen, die als Gefolgocrse heinungen des W ieder- 
aufreissens von Ersgingen emporkommen und b) Minerallüsungen auf 
Spalten, welche ältere Eraginge oder andere Eralagerstütten mit sulfidischer 
Erfüllung durehsetzen, Zum letateren Falle &chôüren also die recht wichtigen 
Gangkreuze, 

Du in beiden Füllen jüngere Sehwermetalllésungen tit ülteren reduziere 
euden Sulfiden Zusanmentreffen, künnen wir die Entstehung schwermetall. 
reicher Sulfide erWarten, und es ist 2, B, bekannt, duss sich die Gangkreuze 
hautig dureh grossen Ersreichtum auszcichnen, Untersucht Man aber die 
Erzführung kanzer Distrikte, deren Günge sich durch W iederaufreissen 
älterer Füllungen auszeichnen, Benauer, so zeigen sich doch recht abweichende 
Erscheinungen. Auf Unseren  Siegerlüinder und Rhicinisehen Ersgingen 
besteht die crste Ausfüllung hüufig aus Spateisen mit etwas Schwefelkies, 
der Spat wurde dann in ciner Späteren Periode der Ganghildung oft durch 
Quarz und beide Gangausfüllungen noch später durch Bleiglanz und Zink- 
blende verdrängt, Obgleich der Bleiglanz der rheinischen Günge Silberhaltig 
ist, konnte ich aber niemals am Schwefelkies Spuren von Zementations-Silher- 
erzen finden, sondern nur gewühnlichen Bleiglanz, wie er der primären 
Zone eigen ist 

Auf manchen Güngen des Rhcinischen Schiefergebirges drangen als 
Gefolgeerseheinungen cines späteren Wiederaufreissens Kupferlüsungen ein, 
es bildete sich Kupferkies, wie er häufig in der Primären Zone auftritt, aber 
niemals fand ich die für die Zementationszone typischen Kupfer-Reicherze 
wie Buntkupfererz und Fablerz, welche in der Zementationszone der rhein- 
ischen Güänge recht häufig durch deszendierende Lüsungen gebildet auftreten, 

Es müssen also bei diesem Vorgange vom Z Mentationsprozess abwei. 
chende Bedingungen vorherrschen, die noch der Aufklärung bedürfen, 

Der zweite Fall der Erzbildung an Sogenannten Gangkreuzen zeitigt 
mitunter 2weifellos Erze, die denjenigen der Zementationszone nahestchen, 
Bekannt ist der Silberreichtum mancher Freiberger Gangkreuze und der 
Edelmetallvorrät von Goldgangkreuzen Us W.  Aber auch hier haben die 
Erze einer seits nicht das Gepräge der { ie Zementationszone typischen 
und anderer seits finden sich in den Gangkreuzen bedeutende Anhäufungen 
von Erzen, die wir nicht als Leiterze der Zementationszone kennen wie 
z. B. Bleiglanz, Zinkblende, Uranpecherz u. s. Ww. Ahnlich liegen die Verhältnisse in den Fällen, wo aus der Tiefe stimmende 
Schwermetalllésungen ohne freien Sauerstoff mit anderen reduzierende Erze 
führenden nicht gangfürmigen Lagerstätten zu immentreffen. 
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reiche Bcispiele sind Nautanen in Lappland, Grasslitz-Klingental in Bühmen- 

Sachsen. Bei Nautanen drangen Kupferlôsungen in Magneteisen führende 

Schichten ein und setzten Kupferkies ab, bei Grasslitz wirkten üältere 

Kiese, und zwar vorzugsweise Magnetkies, ausfällend auf jüngere Kupier- 

lüsungen, so dass sich ebenfalls Kupferkies in Trümern und iprägnation 

bildete. Auch hier entstand weder Buntkupferkies noch Kupfe. lanz durch 

diese aszendier enden Lüsungen. 

Ich komme damit zu den Vorkommen primären Buntkupfererzes und 

Kupferglanzes überhaupt. Es finden sich wohl in der Literatur Angaben 

über derartige Lagerstätten z. B. in Südnorwegen und Südafrika.  Indessen 

kommt es sehr darauf an, von wem derartige Untersuchungen angesteilt 

wurden: sie kônnen nur als vollwertig gelten, wenn der betreffende Geologe 

die nôtige Erfahrung auf dem Gebiete der Leiterze und ihrer Entstehung, 

einem der schwierigsten lagerstättenkundlichen, hat. Auch dann genügt 

nicht die makroskopische Prüfung, sondern es bedarf dringend der Dünn- 

schliffuntersuchungen. 

Bei allen von mir selbst untersuchten Vorkommen von Buntkupfererz 

und Kupferglanz, die mir Kollegen als vermutlich primär schilderten, konnte 

ich bisher mikroskopisch die sekundâre Entstehung nachweisen: ich stehe 

deshalb allen Behauptungen von dem primären Auftreten dieser reichen 

Kupfersulfide skeptisch gegenüber. 

Die Ursache, warum aszendierende Lüsungen im allgemeinen schwer- 

metallärmere Sulfide bilden als deszendierende, muss in der Verschiedenteit 

der chemisch-geologischen Bedingungen bei der Erzbildung liegen; nd- 

ierende Lüsungen stehen gewôhnlich unter hüherem Druck, haben hühere 

Temperatur und sind meist sehr verdünnt, deszendierende haben dagegen 

ungefähr die Durchschnittstemperatur de Brunnenwassers, stehen unter 

gewühnlichem Druck und sind wegen der ständigen Berührung mit Schwer- 

metallverbindungen relativ konzentriert. Die drei letstgenannten Beding- 

ungen müssen der Enststehung der schwermetallischen Sulfide günstiger sein 

als die erstgenannten. 

D. Wert der Dünnschliffuntersuchungen. 

Aus den obigen Ausführungen geht die Bedeutung der Dünnschliffunter- 

suchungen für die Entscheidung derartiger nicht nur wissenschaftlich, 

sondern auch wirtschaftlich wichtigen Fragen hervor. Das Verdienst auf 

die Bedeutung des Mikroskops für die Lagerstättenforschung zuerst hinge- 

wiesen zu haben, gebührt unzweifelhaft Becx. In den letzten Jahren hat es 

immermehr Eingang gefunden und heute ist es ein unentbehrliches Hilfs- 

mittel für die Lagerstättenkunde geworden. Vorläufig sind die sowohl bei 

auffallendem als bei durchfallendem Licht ausgeführten Untersuchungen noch 

wenig methodisch, die Mittel der Erkennung der einzelnen Erze sind nur 

einem verhältnismässig kleiuen Kreise von Forschern bekannt. Schon jetzt 

LE sich aber mit Sicherheit voraussehen, dass sich binnen kurzem eine 

spezielle Erzpetrographie herausbilden wird, die auf den Methoden der mikros- 

kopischen Gesteins- und Metallunte: -uchung weiterbaut. 

O0: 

lations 

this ol 

The in 

known 

great d 

Th 

be trac 
Japan. 

Alaska 

where t] 

by uplif 

lgne 
pines, he 

the met: 

quartz v 

every isls 

United 
ance had 

ment wit 

sediment: 

A gr 
cordillera 

Samar, Le 

into subsic 

crus. 

1 Compa 
2 DE La 
3The M 



A CONTRIBUTION TO THE METALLOGENY OF THE PHILIPPINE ISLANDS, 

PAUL R, FANNING, 
Division of Mines, Bureau of Science, Manila, PI, 

Ore-deposits throughout the world have been observed to show à re- lationship between certain types of mineral deposits and igneous activity, land this observation seems to apply to the Philippines with special clearness. The importance of the Philippine ore-deposits has not vet become generally known, but the Mining operations now in Progress are certain to awaken a great deal of intcrest. 

DISTRIBUTION O1 ORE-DEPOSITS, 

The Philippine Islands represent part of the Pacific ore-helt, which can be traced through the Malay Archipelago.? the Plilippines, Formosa and Japan. The belt nearly encireles the Pacifie ocean, and continues from Alaska through western United States, Mexico and South Amer Every- where this ore-belt follows lines of tectonie disturbances, generally indicated by uplift and profound igneous activity. 
Igneous activity has existed in nearly all of the islands within the Philip- pines, hence, knowing the dependence of ore deposition upon such activity, the metals may be expected to be widely distributed, Such is the case, for ig gold, silver, Copper, ete, have been found in neurlv Si26. LINDGRENS has pointed out for the western ates the fact that “where the rocks lie horizontal and no disturb- ance had taken place, ore-deposits are rare, poor, or absent." In agrec- ment With this, the ores are totally absent throughout the undisturbed sedimentary and tuff areas in the Philippines, 

ORE-BELTS, 

À group of ore-belts can be defined, extending through the central Cordillera of northern Luzon, southward along Luzon, Marinduque, Masbate, Samar, Leyte, and the castern half of Mindanao. This group may be divided into subsidiary belts which follow in trend and persistence the main cordill- eras. 

1 Compare Vocr, KEwPr, LiNpGrr N, SPURR, DE LAUNAY, Emmoxs, and others, 2 DE Lauxay, Me tallogenie Asiatique, 3The Mining Districts of the Western United States, Bulletin 507, 1 S GS 
287 



288 PAUL R. FANNING 

These ore-belts correspond in direction and length to the main tectonie 

lines which “in general run north and south, but minor departures from this 

direction are to be seen in tue lines running through the islands of Palawan, 

Mindoro and those in the Sulu Group, the Zamboanga peninsula and Cebu.”! 

It is important to note that this list of tectonie lines departing from the 

gencral trend by the northeast direction comprise the regions where the least 

gold is known. The major northwest or north lines mark the gold belts 

rather than the minor northeast lines. In Aroroy, Ma-late, where the two 

lines meet, valuable veins are found, which parallel ti iwajor northwest 

line. In Mindanao some minor teectonie lines show an east and west direc- 

tion, and where these meet the major lines ore-deposits may oceur. In 

general, there appears to be a relation between the greater tectonie features 

and the maximum ore deposition. 

ORE-DEPC TS AND IGNEOUS ACTIVITY. 

The ore-deposits always are associated with igneous rocks and oceur 

in veins in and around intrusive masses, forming ‘metallie aureoles”? so 

characteristie of mineral districts. Thus in the Paracale district the veins 

are found in granitic gneiss or the adjacent dioritie schist. In Aroroy® the 

veins are found mainly in andesites. In Benguet* the veins are found in 

andesite and to some extent in quartz-diorite. In the Manc yan-SuyocŸ 

distriet the ores are found in diorite, andesite, and andesite breccia. 

There is a total absence of ore-deposits in the sedimentaries, tuffs and 

lavas except where these are in proximity to intrusives. 

In Benguet® some veins of the Major mine eut a small body of sedi- 

mentaries adjacent to andesite. Surra? notes the occurrence of quartz 

veins in the schists of Mindanao at Misamis, Placer and near Zamboango. 

The area evidently has been subjeeted to great metamorphism, and the 

schists are of doubtful sedimentary origin. In the Angat iron region, DaL- 

BurG found some magnetite ores at the contact of an igneous mass with 

limestone. 

Great areas of sedimentaries are found devoid of deposits, evideneing, 

as pointe 

1 Surrut, Geology of the Philippine Islands; Phil, Jour. Se., Vol. V, pp. 5, 308. 

2 Laxperex, Bulletin 507, U. S. G.S., p. 31 

3 FerGtsoN, Aroroy, Masbate, Mineral District; Phil. Jour. Se., Sec. A. 

4 EveraD, Baguio Mineral District; Phil. Jour. Se., Sec. À, (1907) pp. 4, 11, 207. 

Surru and EnpiNGriezn, Baguio Mineral District: Phil. Jour. Sc., Bec. A. (911 

Vol. VI, pp. 6, 425-429 
SEvecaxn, Reconnaissance of the Mancayan-Suyoc Region: Bull. 4, Mini 

Bureau, Manila, P.L 

Evnixériev, Min. Res. Phil. Is., Div. of Mines, Bureau of Science. 

6 Surru und EbpixGrtezn, ibid., p. 432. 

3 Grologic Reconnaissance of Mindanao and Sulu, part LT; Phil, Jour. Se, Sec. 

p.6. 
8 Assistant, Division of Mines, Bureau of Science, Manila, P.I. 

9 Ibid. p. 8. 
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A CONTRIBUTION TO THE METALLOGENY OF THE PHILIPPINE ISLANDS, 239 

of atmospherie water, unassisted by igneous action, to form deposits. The intrusives of Par: cale, Benguet and Mancayan-Suyoc are generally in con. tact with other igneous rocks, thus explaining the usual absence of voins in sediment: - However, where sedimentaries oceur near the intrusiv veins may be expected to be found in them. 
Large areas of lavas are known that are devoid of deposits, but 12e sur- face nature of these flows has obviously been unfavorable to ore formation. As noted by Kewp,l under surface conditions the magmatie waters and gases readily escape into the atmosphere before performing the work of Mineral deposition. In addition, the quick cooling of the lava does not give Süficient_ time for the action of the heated cireulating waters, However, where lavas have been intruded by a later Magma, such as in certain portions of the Aroroy field, deposits may be found in the lavas. In this case the later magma has afforded the conditions of time, temperature, and pressure nec Ssary for fissuring and metallization. The large Mining districts appear to oceur at loci of igneous activity In Paracale, the veins oceur within or adjacent to à small batholith. A batholith appears to underlie the central ore-belt extending from Benguet to Mancayan? and the veins are found in the batholith or in the rock intruded The Aroroy district evidentiy has been the centre of great activity, as igneous rocks of plutonic, hypabyssal and extrusive types are found. Intrusion natural is more intense than extrusion and the apparent dependence of the deposits upon intrusion rather than extrusion indicates that maximum igneous activity is a  etor in the formation of the res. Rock types. Apparently the pe of magna has been influential in the formation of Mmetalliferous areas, The above mentioned areas contain duartz-diorites, andesites or granites, that is, acid or intermediate types of rock. This association is known to be general for the ore-deposits of the Americas, A similar association obtains for Japan and Formosa, showing the uniformity of the Pacific metallogenie provinces. The basic rocks, such as basalts, are usually barren throughout these provinces, and the rule applies to the Philippines as well. 

Magmatie relations. The general magmatie sequence has been: (1) Intrusion of curly andesites and diorites (2) Intrusion of quartz-diorite or granite, (3) Vein formation, (4) Later intrusions and extrusions, chiefly of andesites and basalts. Intrusion has preceded and extrusion has followed the period of vein formation. 
In Paracale the oldest rock is dioritie and later was intruded by granite, The veins did not immediately follow the solidification of the granite, for this rock was sheared to à gneiss before the differentiation of the andesitie dikes and the period of vein formation. Andesite and basalt flows are found south of the area. 

1 Role of the igncous rocks in the formation of vins; Trans. Am. Inst, Min. Eng. XXXI, 1904 
ELAND, Reconnaissance of the Mancayan-Suyoc Region p. 40. 
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In Aroroy, the oldest igneous rock is said to be intrusive quartz-chorite! 
and this was follov-ed by intrusive and extrusive andesites. The andesites 
were followed by quartz veins, and these were followed by intrusions of 

leucite-tephrite, basalt and syvenite, The period of maximum differentiation 
quickly followed the period of vein formation. 

In Benguet, the oldest rock is an andesite which is intruded by quartz- 
diorite. The main period of vein formation appears to have followed this 
intrusion and may be nearly synehronous with the period of basalt differ- 
entiation that gave rise to the many dikes in the area. This point, however, 
is open to further field investigation. Andesite of later age followed the 
period of vein deposition, and a minor period of rock silicification took place, 
This silicification along fractures has continued with decreasing activity up 
to the present time. 

In the Mancayan-Suyoe area, andesite similar to that found in Benguet 
is the oldest rock and this has been intruded by quartz-diorite. The period 
of vein formation followed the intrusion and preceded a flow of andesite, 

Additional mineralization is said to have taken places wica the advent of 
this flow.? 

Types of ore-deposits.— The ore-deposits belong nearly exelusively to 
the vein type. Contact-metamorphie and magmatie segregation deposits 
have not positively been identified. 

In most cases the veins are simple in structure, though brecciated veins, 

fracture zones, ete., are not unknown.  Disseminations of pyrite in the wall 

rocks usually accompany the veins, but the values are practically nil. Silici 

fication and cbloritization of the adjacent rocks are common. 

Replacement and contact deposits are generally found along contacts 
of intrusives and limestones® but such contacts appear to be rare in the 
Plilippines, thus explaining the searcencss of deposits of these types. 

Deposits along contacts of two igneous rocks are known to occur in 
several places but, as far as known, the rocks have shown no special precipi- 
tative action. 

VEIN PHAS 

The veins may be divided into quartz and calcite phases, but every 
transition between the two types is known. In every distriet the number of 

quartz veins is much greater than that of calcite veins. Pegmatite veins 

are unknown.{ 

The quartz phase—The quartz phase may be divided into the gold, 

the copper-gold and lead-zine types, the relative positions of which with 

reference to the cooling magma are not fully known. Every variation be- 
tween types is known, 

LFERGUSON, Aroroy, Masbate, Mineral District, p. 208. 
2 EVELAND, Reconnaissance of the Mancayan-Suyoc District, p. 4S. 

3 LiNDGREN, Character and Genesis of Certain Contact Deposits; Trans. Am, Inst. 
Min. Eng., Vol. XXXI, 1901, p. 226. 

4 Veins that possibly belong to the pegmatite type oceur in Iocos Norte. 
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In general the quartz phase <ows gangue largely predominating over the sulphides, but in certain copper-gold types (Mancuyan) and lend.zine types (Marinduque, ete.) the sulphides predominate over the gangue. Such Variations have been ascrit ed by Secre! to the depth (temperature and pres- Sure) at Which the ores were deposited. 
A distinct quartz Phase appears to be shown by the occurrence of Magnetite, hematite, pyrite an chalcopyrite in some quartz veins of the Angat iron region. The veins are not known to be gold-bearing. They evidently represent conditions of formation greatly differing from the gold- bearing veins in which magnetite ÿ: absent, Magnotite has been placed by Emuoxs? in the list of Mminervls formed under déep-scated conditions and the Angat veins possibly have formed under Contact-metamorphie conditions. URR' States that the free-goldbearing pyrite zone with à course quartz gangue will lie closer to the magmatie hearth than will the cupriferous Pyrite zone. This agrees with the occurrences of the veins in Benguct, where the free-goldhes ring pyrite ores are found in a zone close to the intrusion of quartz-diorite, while the cupriferous pyrite ores lie at a greater distance, The calcite phase. — One of the most interesting features of the Philippine ore-deposits is the occurrence of gold-bearing calcite veins in proximity to quartz veins, The quartz veins contain little or no calcite: transition type véins contain calcite in alternate ribbons with quartz, or as irregular masses in the quartz, while the calcite veins contain massive crystalline calcite with little quartz, The great width and persistence of many of these veins, of all types, is highly characteristie. Widths of over six metres are not un- usual. Unlike quartz, the data regarding calcite shows no evidence that itis diffcrentiated from ämagma.  Linfer that the calcium has been leached from the cooling igneous rock by carbonie Waters, probably magmatic and that the occurrence of calcite veins is probably a later phase of decre ng temperature and pressure. For instance, the field relations of calcite veins as seen on the Inca vein (Antamoke valley, Benguct) show the calcite phase to be later than the quartz phase. The 10-metre quartz Vein on this property has been split open, and the fissure filled DY à one-métre vein of calcite, With a coobng magma, surface conditions of temperature and pressure would recede downward and produce the formation of calcite veins in proxi- mity to the quartz veins which formed during the earlier period of greater temperature and pressure, This offers an attractive explanation of the oe- Currences of many adjacent calcite and quartz veins in Benguct, Mancayan- Suyoc and Aroroy. The proximity of these radically different types of veins should not be ascribed to different kinds of rocks through which the ascend- ing solutions have passed, for the geology of these areas indicate that similar rocks occur in depth. The origin of the calcite can not be attributed to limestones, for linestones of earlier age than the veins are rare or absent and 

1 A Theory of Orc-de position, Ex, Geol,, Vol, XI, 1907. 2 Ec, Geol., Vol. III, 1908, p. 620, 8 1bid., p. 770, 
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certainly cannot be expected to oceur at depth in the batholiths from which 
the solutions evidently came. 

Voër has inferred that, under conditions of great temperature and 
pressure, carbon dioxide does not penetrate into the wall rocks. As this 
gas appears to be instrumental in the solution of calcium, a greater solution 
of caleium might be expected with lowering of temperature. Furthermore, 
as shown by EXGEL and Vice! above 100 degrees C,, lowering of temper- 
ature increases the solubility of carbonates.  [t would appear, then, that 
down to a certain point decrease of temperature favours the solution of calcium, 
and, consequentiy, that calcite veins would be typical of the later phases 
of rock-cooling. In addition, it is to be noted that calcite frequently is one 
of the last minerals to crystallize out of aqueous solution. It is to be noted 
that sulphides characterize quartz veins rather than calcite veins, in which 
sulphides are rare, This feature probably is the result of fumarolic varia- 
tions in which hydrogen sulphide characterized the early magmatie emana- 
tions, while carbon dioxide characterized the later phases, This sequence 
is in harmony with some observations on voleanie emanations.? 

Fissuring.— The direction of fissuring in each of the mineral districts 
of the Philippines appears to bear a relation either to the tectonie line of the 
area or to batholithie intrusion. In the case of Masbate district there are 
two sets of fissures: one set is parallel to the northwest tectonie line, and 
another set is parallel to the southeast tectonie line. In Mancayan-Suyoc 

distriet the trend of the mineralized zone is parallel to the tectonie line of 
the region. In Benguet the véins appear to be either parallel to or radially 
arranged with respéet to the quartz-diorite batholith. The tectonie features 

of the region are somewhat complex and this is reflected in the varying strikes 
ant dips of the veins. In Paracale the veins are not parallel to the tectonie 
line of the immediate region but strike northward at an angle of about 45° to 
it. However, their direction corresponds to the northern trend of most 
Philippine tectonie lines. The trend of the ore-zone in thé nearbv Nales- 

vetan district follows the tectonic line of the region. 

The association of the veins with the deep-seated rocks at once suggests 

fissuring under conditions of considerable depth. As noted by LINDGREN Ÿ 

veins formed at depth show structural and mineral characteristies distinet 

from those formed near the surface, The former are more persistent and 

regular, The Philippine veins in the majority of cases are clearly defined, 

very persistent and regular, hence evidencing deposition at depth. The 

large massive crvstuline quartz veins so frequently seen in Paracale, Mas- 

bate and Benguet probably have formed at moderate depth, while the chal- 

cedonie and drusy types of véins seen in several Masbate veins probably have 

formed under shallower conditions. 
Some mineral associations, —As is so generally true in quartz veins, 

silver is found alloyed with gold. Bullion analyses have shown for the 

1 Compte Rendu, Vol, XCILL, p. #4. 
20wing to limited library facilities, additional data on this subject were not to hand 
3 Bull. 507, US. G.S., 1912, p. 12. 
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Philippines a Preponderance by Weight of gold over silver, thus bringing the 
veins into the gold-silver class so widely developed in the western United 
States, The bullion from the various districts shows Variation in finencss, 
The Paracale bullion has à fineness of about 850 gold with about 130 silver, 
Some copper and other metals are present, The gol L'oceurs free (primary and secondary) and also associated with 
sulphides, p incipally pyrite chalcopyrite and æalena. Gold asso iated with 
sphalerite is unusual. Silver js associated particularly with galena, but 
galena in Many veins contains little silver, Tellurides are very inconspicucus in the deposit, Ge I télluride from 
Mancayan-Suyoc has been isolated once only, and one or two tmples of 
ore from the Tumbaga Mine gave à test for tellurium.  Tellurides have been 
reported from Benguet. In order to investigate this further, 300 samples 
of typical Philippine ores from the most important mines were tested for 
tellurium, but none of the samples Rave a test. [t is evident, therefore, that 
if tellurides do oceur they are of Very minor importance, Deposits of the 
Cripple_ Creek type certainly are unknown. Likewise fluorides, which 
often tecompany this type, are unknown. Bismuth ores are unknown. 
Barite, which is found in many American veins, has been observed only in 
the Mancayan-Suyoc area. 

In addition to testing the ores for tellurium, the Samples were tested for 
arsenie, which was found to be rare except in the #senic-antimony-copper 
ores of Mancayan-Suvoc. Some gold and silver are found associated with these ores, 

Silver ores are conspicuously rare in the Philippines, for the Primary 
ores are low in silver and tropical conditions of excessive rainfall and rapid 
erosion together with the presence of calcite in Manv Veins äpparentis have 
been unfavourable to the se condary enrichment Of Silver, It is to be noted 
that the silver ores appear 10 Show à progressive décrease in importance 
from Japan through Formosa to the Philippines, Mereury has been found in the Philippines, as would be expected from 
its occurrence ekewhere in the ore-belt_encireling the Pacific. Likewise 
some platinum has been found in the alluvial deposits, Lead-zine ores oceur in Veins associated With andesite, but large deposits 
are unknown, This scareity may be due to the absence of limestones in the 
mineralized areas, for lead ores frequentiy are associated with such rocks, Tin is known to oceur in the Malay States Borneo and Japan, but has 
not been found in the Philippines. The °ceurrences in Borneo and Japan 
would suggest its presence. However, granitie rocks, with which tin is so 
generally associated, are found in very limited amount, Furthermore, the 
9ceurrences in other parts of the Orient are Mesozoic in age and intrusive 
rocks of this age are unknown in the Philippines, The Minerals associated 
with tin, such as fluorine-bearing Minerals, are unknown. The same may be 
said of pegmatite dikes. 

Tests on a few ores have shown only slight radio-activity, apparently 
No greater than that shown by the enelosing rocks. in this connection a 
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tion can be made, for it is known that  ecomposed or weathered pro- 

are low in radio-uctivity; and this fact my prove of value as a criterion 

an be shown that the secondary 

sugge 

ducts 

for secondary enrichment— provided it 
minerals are different in radio-activity from the primary minerals. 

Metallogenie prorinces.—The existence of a Pacific petrographie and 

metallogenie province has repeatedly been suggested.  Metallogenic pro- 

vinces of Tertiary age are known in Chili, Peru, Colombia, Mexico, Cali- 

fornia, Nevada, Utah, Colorado, Idaho, Unga Island, Japan, Sumatra, 

Celebes and Transylvania. 

The Philippine deposits are certainly Tertiary, probably Miocene, and 

not only on the basis of age, but in rock types and mineralization, undoubtedly 

can be joined with this great group of provinces. However, structurally, 

the Philippine deposits should be elassed with those deposits formed under 
intrusive rather than extrusive conditions. 
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THE PERSISTENCE OF ORE IN DEPTH. 
LL 

MALCOLM MACLAREN 

A study of the recent literature of ore-deposits inevitably forces the 
conclusion that workers in this branch of geology are endeavouring, in their 
zeal for the advancement of knowledge, to wrest from the scanty data avail- 
able more than the simple facts warrant, Data that have been garnered 
from the examination of a given metalliferous deposit, and that have à 
real value when applied to the construction of a sound theory of deposition 
for that metal alone, have been transferred to stay und brace the tottering 
structure built for another metal, with which the first May eventually prove 
to have only the slightest genetic affinity, however closely allied they may 
appear to be to-day. When all the known facts Concerning the deposition 
of any one metal hs re been collected, collated and analyzed, then, and not 
until then, may Comparison be made with the data of another metal similarly 
treated. Some metals—e.g., tin and Copper, clearly lie so far apart genetically 
that no confusion of data has resulted, but the general impression appears 
to be that the data concerning the ores of other metals are interchangeable, 
They may often indeed be so, but the time has not yet arrived when transfers 
may be made with safety. For this reason, therefore, the res of one metal 
only, viz., gold, are considered in the following brief review, As a preliminary, a definition of “depth”? appears to be necessary, Here 
it is assumed to cover only the (presumably) Primary ore that lies beneath 
the zones of secondary enrichment (oxide and sulphide) and to extend for a 
limited depth, say 1,000 feet, below the bottom of the deepest mines, or 6,000 
feet in all. To take the enquiry deeper is to enter the barren zone of specu- 
lation. The combined depths of the oxide and sulphide zones of enrichment 
May vary with climatie conditions from a few fl + to a few hundred feet. 
Ordinarily, below 300 feet we are, for most gold ore-bodies, in the Primary 
Zone, À word may be said in regard to the use of the term “primary ore.” 
It comprises that ore for which we know no prior state of combination and 
no former locus in Space, In this review then, depth is understood to be a 
zone extending downwards from 500 feet to 6,000 feet below the earth's 
surface. The ore in this Zone may Le assumed to have been deposited during 
a single short geological era, and to owe nothing to accretions of a widely 
separated and later period. It is probable that the irruption of auriferous 
solutions was normally Paroxysmal in character and, indeed, was comparable 
to volcanic eruptions of the present day. Only those fissures and channels 
that were open at the geological mon ent, so to speak, were filed with ore. 295 
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An assumption of this nature may help to explain the vertical variations in 
the tenor of the ore in the primary zone, where in many mines, horizontal 

bands of richer and poorer ore alternate. These alternations conceivably 
represent the varying horizons at which successive upward pulsations of 
metalliferous solutions either became sufficiently cool to be deposited or met 

with fluid agents of deposition. 

Lhave elsewhere! attempted to show that the gold deposits of the world 

fall naturally into well-defined auriferous groups, the members of each group, 
thougl lely separated in space, being closely allied in genesis, in character, 

and in geological age. One of the most important distinguishing characters 

of the several groups is persistence (or otherwise) of ore in depth. The 

classification adopted must therefore be outlined, 

TABLE ! 

Arising us the end-produet ete), India (Kol Hutti, and 
(generally following albite- Dharwar) Rhodesia, Transvar]l 
porphyry) of diabasie mag-;  Pre-Cambrian (Witwatersrand, Filgrim's Rest, 
matic differentiation series Barberton), Brazil (?)}, Guianas, 
intrusive into schists Appalachian flelds, stern Cane 

ada (Poreupine, e‘e.), 
? (a) Urals. 

Arising as the end-product of | Permo-Carbonifer- | (b) Eastern Australin and Tas- 
granodioritic intrusions. ous to Post-Jurassie mania, 

(e) Western North America (Cali- 
fornia, Oregon, and Alaska) 

[Northern Chili, Peru, Colombia, 
Mexico, California (Bodic), Ne- 

rtiary : vada, Utah, Colorado, Unalaska, 

frs Australin  (Kalgoorlie, 

Associated with andesite vol- 
Fe SP IRtonE Ë | Middle Te 

Japan, matra, Celcbes, New 
Zealand, Transylvania 

The above table varies slightly from that originally adopted, but four 

years’ further field experience has enabled me to abolish the former tentative 
subdivision of the Pre-Cambrian deposits and has given a much clearer 
view of the general sequence of events leading up to auriferous deposition in 

that age. These groups, therefore, contain all the important gold deposits 

of the wor'd. Two of these, viz., the Pre-Cambrian and the Tertiury are 

extremely well defined; the third, including all apparently dependent grano- 

dioritie magmas, is still somewhat indefinite and will certainly be modified 

with increase of knowledge.  Probably, when the exact age of its auriferou 

impregnation is known, the Ural chain of deposits will be brought into close 

accordance with the Eastern Australian, while the Californian (Mother Lode, 

etc.) occurrences may eventually be transferred to the Tertiary andesitic 

group, with which they are indeed QHOR PDA closely connecte. 

In any consideration of the question of the persistence of gold ore in depth 
the foregoing divisions must be kept closely in mind, since the recurrence of 

evidence of the complete dependence of gold deposits on geological condi- 

1 Mactanex, Gold, London, 1908, pp. 42-75. 
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THE PENSISTENCE OF ONE IN DEPTH 

tions, both for deposition and for extension, lateral and vertical, is certaints the most salient feature atising from the study of the goldtlehls of the world, 
Lt will probably be most convenient to first consider the Younger gold] fields. These are the andesitie fields that have furnished some of the greatest bonanzas that have been known. Their petrologienl range is from pyroxenc- andesite to quartz-trachyte, and occasionally to rhyolite, all upparentiy te differentiation members of a ducitie magna. Their geologicul range is from Eocence to Pliocene with a special development in the Oligocene and Miocene, With one notable exe ption they follow very closely and are confined to the so-called * Pacitie Cirele of Fire. with which line of voleanie activity they have eleurly a very close genetic connection, The outstanding feature of gold deposition in this group is its modernity and its conséquent intimate association with existing voleanie phenomena. The geogra hic: ! exception is the Transylvanian goldfield of Hungary, the andesites of which Were erupted during the Aquitanian Stage, and along lines of crustal weukness initiated in the Oligocene and indicated at the present day by the active voleanges of the Mediterranean. 

Auriferous deposition in this group has probably been closely associated with solfatarie action, Mactauuix has indeed shown that the hot Springs of the solfatarie region of New Zealand at the present day bring to the surface and deposit notable quantities of gold and silver in the siliccous sinter that forms on the edges of the boiling springs, tilar deposit is recorded from near the De Lamur mine, Idao, The New Zcaland hydrothermal region is on the sue line of crustal weakness as the goldfields of the Hauraki peninsula. On it, only 40 miles away from Rotorua, is the famous Waihi line, until three years ago one of the greatest of the world's gold mines. The chalce- donie character of the siliceous filling of the veins of many andesite ficlds also Appeurs to point to a deposition from hot waters, In andesitie and allied rocks in the neighbourhood of auriferous veins “propylitization"" is universal. In this facies of the original andesitie rock the feldspars and ferro-magnesinn Silicates have been converted to quartz, sericite, calcite, epidote, chlorite, serpentine and pyrite, 
The outstanding feature of auriferous ore-bodies in andesitic fields is their general irregularity, both in form and in tenor, The great persistent fault fissures so often found in older and decper seated rocks are unknown, or, at any rate, have not served as loci of deposition, There is nothing in any andesitie field comparable, e£., With the Mother Lode fracture of € ‘alifornia. Itis, of course, “onceivable that strong fault fissures could ri adily have been formed, but it is improbable that in any active voleanice and solfatarie region, such fault fissures would remain open for any length when large quan- tities of cementing igneous and fqueous matter were being brought to the surface along the assumed line of weakness, The Comstock Lode with a total length of two and a half miles is probably the longest fault- issure lode of economic importance in the andesitic fields, Normally the fissures of and- esitic fields appear to be local tension freetüres due sometimes (o cooling 
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und sometimes to minor local movements, They are therefore limited both 

in linear and in vertical extension, falling into the group of ‘‘gash veins" of 

an ok nomenclature, When two or more local series of fractures intersect, 

the “‘atockwerk!" so characteristie of mans New Zealand and Transylvan- 

lan areus results, 

Where the veins of the stockwerk are suflicientiy close together a great 

bonanza may result, ax in the case of the Shotover and Caledonian mines, 

Thames, New Zealand, The origi irregularity of the andesitie fissures is 

greatly accentuated by the selective action of auriferous solutions that replace 

the fissure walls with ore, 
No andesitie field has as yet curried its bonanzas to great depths. By 

far the deepest is the Comstock, where shafts were sunk to 3,300 feet, but 

though ore was found erratically distributed through the lower workings, it 

was in nowise comparable to the great bonanzas that occurred between the 

1,000 ft. and 1,800 ft, levels. Only a very few mines in andesitie regions have 

carried rich ore below 1,000 feet, and the characteristie feature of even these 

is uncertainty of persistence in depth. For the lack of persistence a definite 

reuson may very often be given, viz,, the change along the downward course 

of the lode from dacite or andesite to the underlying basement rock, or, in 

rarer cases, to a member of the andesitie differentiation series unfavourable 

to gold deposition. Often the mere approach to the basement rock connotes 

impoverishment of lodes,  Instunces are numerous, 6,8, in New Zouland 

(at Coromandel and Thames), in Colorado (at Cripple Creek and Telluride), 

in Transylvania (at Vulkoj, Korabia, and Nagyag): but there are many lodes 

that persist in a homogeneous rock, which may be either a member of the 

andesitie differentiation series or may form a member of the basement com- 

plex through which andesites have burst, and that nevertheless, show à 

marked diminution in value at comparatively shallow deptbs, often less than 

500 feet. For some of these impoverishments 4 vsical aise may be 

advanced, viz., approach to the bottom of the sur oi ”; but for 

others, indeed for the great majority, no such explanation is possible, For 

example, the Comstock fissure is well-defined as far as it has been followed 

downward. The great Martha lode-fissure (Waïhi) persists as strongly as 

ever below 1,000 feet, but whereas above that level the gangue was mainly 

quartz, below it the matrix is calcite. The Martha Lode appeurs to have 

been originally wholly a caleite lode that was attacked by solfatarie waters 

above 1,000 feet, silica with accompanying gold almost completely replacing 

the calcite.  Either, then, 1,000 feet below the surface marks the horizon at 

which solfatarie waters become active agents of solution and deposition or, 

and more probably, the percolating waters had no access to a zone of the 

lode immediately below the 1,000 foot level. Whether at greater depths they 

used the lode-fissure as a channel and replaced its calcite gangue future 

exploration alone can show. Here, as has so often been the case, the solu- 

tion of the question of the persistence of ore in depth depends on economic 

considerations. 

The impoverishment of the veins of the andesitie gold fields in depth is a 
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leature so Universal that a general cause for diinution in value must be sought. EL have attempted t6 how cisewhore that the probable form in Whieh gold travels in solution, in depth at least, is not as the chloride, but us an ulkaline auro-sulphide, and that Pyrite and other sulplides are not the natural precipitants in depth but that Precipitation may be due to à more general cause, ax cooling of uprising solutions! Recentiy Lexuën,? t6 whose laboratory researches ficld workers are deeply indebted, bas shown that the alkaline sulphide solutions ave ighly efficient eurrivrs of gold, that pyrite has no effect on their contained wold al that their gold is reudils precipitated by acid waters or by exposure to oxidation. Both these agents Hay reason ab be asumed to operate only neur the surface, especially in voleanie regions, MACLAURIX found that the waters of the acid lake on White island, New Zealand, contained 5,47 per cent. of free hydrochlorie acid, Little proof of the existence and wide distribution of acid waters at the eurth's surface in solfatarie regions is, however necessary, While the former cause Lrobably operates directly in andesitic regions proper, deposition of gold in the numerous cases in Colorado, Xe vada, Transslvania, ete. in which the gold-quartz veins lie in older sedimentary or plutonic rocks, js more likely to be due to oxidizing waters, the influence of which naturally reaches only a short distance beneath the earth's surfac 
Recognition of the irregularity and lack of persistence of auriferous otre bodies in andesitie fields is of prime importance to the mining engineer. For such ore-bodies not a single ton of ore more than has been actually proved may be assumed, 
The second group of the classification alreudy outlined includes those goldfiells that are apparently gencticalls connected with granodioritic or closely allie magmas and that vecur as à product of their differentiation This group contains three geographicul provinces, viz., Eastern Australia, California, Alaska, and the Urals. For te purpose of the present paper they may also be divided simply into (a) lodes in granoiliorite and allied rock and (b) lodes in the sedimentary complex through which the granodiorite is intru- sive. The relations of the former are simple, Those of the latter are greatly complicated, from the present point of view, by changes in tenor likely to take place when lodes pass in depth from one member of the complex to another, 
The deposits of the Eastern Cordillera of Australia are initially dependent on great granodioritie intrusions that have taken place along an axial line of earth folding, Gold-quartz veins May occur either in the igneous rock itself orinthe sedimentary strata overlying or adjacent. The habitus of the gold deposits in the north is, in the main, in the granitoid rock: while in the south gold-quartz veins are generally found in sedimentary rocks. Important exceptions to both rules oceur and are of special value as evidences of the general genetic connection between the gold deposits of the north and the south, respectively. The general age of the plutonic intrusion is probably late 

1 MACLAREN, Gold, London, 1908, pp. 38, 78, etc. 2? Econ. Geol., Vol. VIE, 1912, p. 744. 
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Permo-Carboniferous. All adjacent strata of great ge may therefore 

carry auriferous veins. Charters Towers in North Queensland, with a produc- 

tion of nearly £29,000,000, is the most important field n the granitoid rocks. 

Its igneous complex comprises rocks ranging from grey hornblende-granite 

to tonalite, the latter being the predominant rock. The two principal lodes 

are the Brilliant and the Day Dawn, which have been worked to depths of 

2,500 to 2,700 feet. On the whole, the ore has shown a gradual though 

small diminution of tenor in depth. Similar fields are those of Croydon 

(Queensland), and Wyalong (New South Wales); neither furnish any evidence 

bearing on the point in question. 
Considering the number and great importance of the goldfields of Eastern 

Australia developed in sedimentary rocks the light thrown by them on the 

general question of persistence of ore-bodies in depth is singularly little. 

Certainly some, as Gympie (Queensland) and Ballarat (Victoria), depend for 

auriferous deposition on the intersection of lodes or quartz veins and graph- 

itic bands in sedimentary strata, a condition which is not necessarily 

recurrent at depth. Others, including the majority of the important Victor- 

jan fields and the Hargraves field in New South Wales, are developed in 

tension fractures between unlike beds at the crests of anticlines forming, e.g., 

the famous ‘“‘saddle reefs” of Bendigo and Castlemaine. In these fields 

saddle reefs are suecessively met with in depth when sinking on an anticlinal 

xis, so that a condition ensues very different from that met with when con- 

sidering the filling in depth of a single continuous fissure. But the experience 

gained on these formations all tends to show that the lower saddles are not 

At Bendigo mining operations were 

carried to 4,614 feet below the surface in the New Chum mine, but it is very 

probable that, taken as a whole, work on the Bendigo field below 2,500 fect 

Certainly the tenor of the ore has decreased in 

nearly so rich or s0 large as those above. 

has not been profitable. 

depth. 
In the California-Alaska belt of gold lodes, which are apparently depen- 

dent on granodiorite magmas, the various Mother Lode mines and the Alaska- 

Treadwell group in south-eastern Alaska are the most important. The 

latter are still shallow and are of no help in the present discussion. Many 

of the Mother Lode mines, especially in Amador county, are nearly 2,000 

feet deep and some, as Kennedy (3,650 feet), Gwin, (2,650 feet), and South 

Eureka (2,850 feet), have reached much greater depths. 

The Mother Lode is a fissure zone that may be traced from Bridgeport 

in Mariposa county to near the northern boundary of Eldorado county, a 

distance of 120 miles. In many places it is a solid lode 100 feet wide, but 

often it is merely a shattered zone in which numerous quartz stringers are 

developed. It is undoubtedly due to major faulting developed along a line 

parallel with the axis of the Sierras during the uplift of those mountains. 

The faulting has selected the softest beds (Mariposa slates) of the sediments 

and has uplifted them for great distances. 

So far as my three months’ examination of the Mother Lode permitted 

JL have not been able to make out anv appreciable diminution in tenor in depth. 
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THE PERSISTENCE OF ORE IN DEPTH, 301 
Many mines have certainly “bottomed” the ore in given fissures at depths less than 2,000 feet, but it often happens that two or more parallel lodes occur within the Mariposa slates and that when one becomes barren a hanging- wall or footwall lode May Carry ore to much greater depths. In few auriferous regions is crosscutting from wail to wall of the lode-channel more necessary; 
in few has less been done than along the Mother Lode. The mines of Angels Camp are often instanced as evidence of the occasional non-persistence of 
Mother Lode mines in depth, but, : aming for the Moment that no ore 
oceurs there in depth, their evidence cannot be admitted against Mother Lode mines, They are, it is true, on the line of the Mother Lode fisure- zone, but, from the Hardenburg mine south of Jackson to near the Rawhide mine south of Tuttletown, the Mother Lode fissure zone, kecping a straight course, leaves the Mariposa slates, which curve to the west through the Gwin mine and run parallel for many miles before rejoining the fissur zone south of Stanislaus river. One of the factors (viz., the presence of carbon- accous slates) that makes Mother Lode mine is therefore lacking at Angels Camp. 

While, therefore, any given fissure of the Mother Lode series May ceuse to yield ore in depth it is probable that ore will be found at greater depth in another adjacent member, Finally, when broadly considered, the Mother Lode may, with unchanged geological conditions, be expected to carry ore with undiminished tenor to and perhaps beyond the limit of “depth” set forth in this paper. 
No evidence of value is tobederived from a study of the gold veins of the Urals. They are nearly all small and irregular and no deep mining has been done on them, 
Reviewing the scanty evidence furnished by the granodioritic group, we find for Eastern Australia a gradual though small diminution of the tenor of ore-bodies in depth, while on the Mother Lode all the evidence points towards a general persistence in depth for typical Mother Lode mines, A mining engineer, dealing with the future of these mines, would not, therefore, unless he had evidence of an approaching change in geological conditions, be justi- fied in disregarding all ore except that “in sight 7: some might be expected to occur below the deepest present explorations, and such ore should always be taken into economic consideration. 

The third group of the clas: cation includes all Pre-Cambrian goldfields and comprises the most important now being worked. These lie in two geographical areas, one on the borders of the Indian ocean, ranging from Western Australia through Southern India and Egypt to Rhodesia and the Transvaal, and the other along the castern side of America from E; Canada through the Appalachian chain and the Guianas to Brazil and Tierrs del Fuego. The former is a very well-defined &roup of goldfields that, though geographically widely separated, Present so many points of similarity that à gcological description of the various rocks and of their internal relations in 
any given region would serve, With the mere change of place names, for any other region of the group. The members are Consequently believed to form 
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a single petrological and metallogenetie province, for which the appellation 

Erythræan! has been suggested. 

A typical Pre-Cambrian field is that of Kalgoorlie in Western Australia. 

Its total gold production has been more than forty millions sterling. It has 

been closely studied by the writer and throws considerable iight on the general 

question of auriferous deposition in Pre-Cambrian rocks and on the persistence 

of ore in depth in those rocks. Briefly, the area is one of ancient schists 

(mainly cale-schist) through which a quartz-dolerite magma with its differen- 

tiation products has intruded. The differentiation sequence appears to 

have been quartz-dolerite (quartz-diabase), followed first by members as basic 

as peridotite and then by more acid segregations ranging through porphyrite 

to final albite-porphyry, the last being often intrusive through the quartz- 

dolerite, Auriferous impregnation followed closely on the intrusion of the 

albite-porphyry. Rich lodes have been developed only in shear-zones in a 

broad dyke of quartz-dolerite, the shear-zones being barren when they pass 

Cale schust 

Fic. 1. Diagrammatic plan of productive area of Kalgoorlie, Western Australia, 

showing principal lode-channels 

AA. Quartz-dolerite dyke intrusive through cale-schists (BB). 

in depth or in linear extension out of the quartz-dolerite. Since the shear- 

zones are, when considered over depths of 3,000 feet, approximately vertical, 

and the quartz-dolerite dyke which is parallel to the strike of the shear-zones 

dips west at 65°, the shear-zones pass in depth out of the dyke, the eastern 

shear-zones with their contained lodes reaching barren ground sooner than 

the western (see plan and section).  Kalgoorlie, therefore, well illustrates an 

outstanding feature of all goldfields, except indeed some in the Tertiary group, 

viz., that non-persistence of ore in depth is a function not of depth but of 

geological structure. In Kalgoorlie three well-defined parallel shear-zones 

may be made out. Taken severally, and having regard to the depth factor 

alone, they show (a) non-persistence of ore in depth (Australia East and 

Lake View-Perseverance lodes), (b) persistence of ore in depth (Great 

Boulder and Ivanhoe-Horsehoe lodes), and (ce) a probable enrichment in 

depth (Ivanhoe West lode). Generalizations based en the depth factor alone 

1 MactaREx, Trans. Inst. Min. Met., Vol. XVI, 1907, p. 15. 
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THE PERSISTENCE OF ORE IN DEPTH, 303 
when geological conditions are unknown are misleading, Rickarb,! for example, has relied on the evidence furnished by the failure in depth of the eastern lodes and an impoverishment in the Ivanhoe mine at 2,500 feet to Support à general theory of lupoverishment in depth.  Gankison? also quotes the Ivanhoe impoverishment as possible evidence of non-persistence in depth. The Ivanhoe impoverishment does take place, but it is local and is due to the fact that the vertical Ivanhoe lode here passes through a thin albite-porphyry dyke dipping west about 65°. The great Boulder icde Passed through the same dyke with local impoverishment at 2,200 feet When, however, the latter lode was encountered beneath the albite-porphyry dyke it proved as rich as in upper levels, and the same result may reasonably 

ZT 

Fi. 2 Diagarmmatic section through Kalgoorlie auriferous area, showing vertical lode-channels AA. Quartz-dolerite: BB schists (cale-schists, ete.) 

be expected in Ivanhoe decper levels, So far, then, as the evidence furnished by Kalgoorlie goes, it indicates that, so long as its lodes remain in quartz- dolerite, so long will they furnish ore equal in tenor to that found from the 500 to the 2,000 ft. levels. The Horseshoe-Ivanhoe group of lodes may therefore be expected to carry ore to the 5,500 ft. level, provided always that the quartz-dolerite dyke persists, does not flatten in dip, and is not thrown Westward in depth by westerly dipping reversed faulting, Archæan strata, from the vicissitudes to which they have been subjected in the course of long geological ages, are normally much folded and disturbed, while lode-fissures in them are nearly vertical. Itis a fundamental axiom , Min. Sci. Press, Aug, 31, 1919, p. 264. 2 lLoe, cit, Nov, 30, 1912! p, 701. 
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in these older deposits that the nature of the lode wall exercises a vital 

influence on the richness and sometimes on the mineral character of the ore- 

body. Hencc it rarely happens that a great depth is reached before the lode, 

worked from the outerop downward, has passed out of the favourable rock. 

A notable exception is the Champion Reef of the Kolar goldfield, southern 

India, probably the richest single gold lou _ ever worked. From 3,200 to 3,800 

feet ore as rich as any obtained in the upper levels is now being worked and 

ore may be expected to persist in this fissure as long as it remains in the 

favourable hornblende-schist. 
The greatest goldfield of the world, viz., the Witwatersrand, responsible 

for 37 per cent. of the world's gold production, is a Pre-Cambrian goldfield, 
but the criteria of ordinary Pre-Cambrian fields do not aoply to it. Its 

deposits lie in sedimentary quartzites and conglomerates an! are undoubtedly 

decreasing in tenor in depth.  Having regard to all the geological conditions 

surrounding auriferous deposition on this field, it may be assumed that its 

gold was deposited relatively near the then existing surface and that deposi- 

tion was due either to cooling on approach to the surface or to admixture with 

oxidizing waters, which in basin-shaped sedimentary areas as those of the 

Witwatersrand, we know from analogy with artesian areas, may reach to 

depths of several thousand feet. ‘The surface of most Pre-Cambrian gold- 

fields, on the other hand, has been subjected to erosion during a large portion 

of geological time, and the locus of gold deposition though now comparatively 

near the surface, was at the period of impregnation many thousands of feet 

below the then existing surface and beyond the reach of oxidizing waters, 

perhaps even beyond the influence of thermal changes. 

SUMMARY. 

Where auriferous ore-bodies have been deposited by the influence of 

meteoric oxidizing waters or by cooling on approach to the earth’s surface, 

they may reasonably be expected to diminish in tenor with increasing depth 

and finally to disappear. The deposits to which this generalization appear 

to apply are those of the Tertiary andesitic group. Even for many of these, 

non-persistence of ore is more often a function of geological structure than of 

increase in depth. For all other deposits, and especially for those of the Pre- 

Canibrian group, ore formed in strong well-defined fissures may be expected 

to persist unchanged (apart from local horizontal variations) in ‘“depth?, 

provided the rock of the lode walls is homogencous and that the ore-bearing 

fissure does not pass out of that rock. In all these, therefore, geological 

structure and not “depth” is the factor controlling the persistence of ore 

# Depth” exercises only an indirect control, inasmuch as the greater the deptli 

the more is the likelihood of geological change. 
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DISCUSSION SUR L'INFLUENCE DE LA PROFONDEUR SUR LA NATURE DES GISEMENTS METALLIFÈRES. 
S. TABER (Columbia): Professor KewP has referred in his paper to the moderate 

depth at which large open spaces, suitable for the reception of ores, can be formed, Re- 
cent studies made in the gold belt of the southern Appalachians indicate that veins, other 
than replacement deposits, m : formed at depths where appreciable openings would be 
closed by rock Pressure. 1 t region a thickness of perhaps 15,000 or 20,000 feet of 
overlying material ha4 been “noved since the formation of the veins. There is con- 
clusive evidence that certain gold veins in Virginia were not deposited in Preëxisting fissures 
but that their w Ils were forced apart by pressure when the veins were formed.* Two 
hypotheses have been advanced to Account for the existence of such pressure: (1) the ore- 
bearing solutions were forced in from below under sufficient pressure to push the walls 
apart, and (2) the } was exerted by the crystallization and growth of the vein- 
forming mine e that the evidence is strongly in favour of the latter hypothesis, 
and that these voins are due to the force exerted by growing crystal W. LINDGREN (Boston): I am much interested in Dr, Tagen's rernarks, though, 
as L'have not read the Paper, L'eannot discuss the subject in detail However, I would 
like to say that the theory of vein form ion by the force of growing crystals must take into 
consideration the cireumstance that the force necessary to open the walls s ts in one di- 
rection and that the resulting structure Cannot fail to show this in a platy development 
of the quartz crystals. The veins to which Dr. TABER refers are characterized by coarsely 
granular, irregular structure, and show no evidence of development under one-sided pres- 
sure. If, on the other hand, the fissure were opened by the pressure of the solution, ag in 
the case of à pegmatite vein or a dike, the crystals could develop without interference, 

Dr. TABER: I did not intend that my statements concerning the force of Cry- 
stallization as a factor in the formation of veins should be applied to the formation of all 
veins or of pegmatite dikes, but only to the veins referred to in Virginia, However, I 
have seen some small lenticular pegmatite veins oceurring in schists which may be explained 
by this process, 

G. F. BECKER (Washington), called attention to the separation of slate laminæ 
on the mother lode of California by the linear force of growing quartz crystals, 

FL RANSOME (Washington): Although it has been demonstrated that growing 
crystals do exert m urable pressure against confining walls, I doubt if such a force would 
be great enough to form veins at great depth. In addition to the difficulties suggested by 
Professor LINDGREX, I wish to point out that in considering the possibility of fissures 
forming at great depth, we must bear in mind that the solutions which filled the openings 
were under approximately the same Pressure as the rocks. This rather obvious relation is 
sometimes overlooked by those who attempt to place a limiting depth to the formation of 
s0-called open fissures, 

A.C.LAWSON (Berkeley), cited a case in which salt water, having be 
in a glazed earthenware salad bowl, passed through the wall of the bowl 
on the outer side between the carthenware and the glaze. The y and had a columnar structure normal to the walls. In crystallizi Outer glaze uniformly over areas, some of which we: the force of crystallization had clearly opened the w. as to the extent to which the process applied in the less of limited application but well worthy The speaker also described veins of column that filled transverse fissures the columnar structu 

*SrrpnEx TABER, Geology of the Gold Belt in the James River Basin, Virginia; Virginia Geological 

Survey, Bull. II, 1913, pp. 222-231. 
20 
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the rock was stretched, the shearing being confined to the matrix of the con 
glomerate, 

W. LINDGREN: ‘The subject of the migration of gold in deposits is fi nating 
anddiffieult. First as to placers, Leannot findany evidence that the solution and redeposition 
of gold in such oceurrenee has ever been of any economie importance, though 1 have seen 
instances proving that such redeposition n "tuke place, 

As to veins, gold is no doubt transported and deposited under some cireumstances, 
particularly in veins rich in sulphides or in manganese. But this process certainly is slow 
and gold is not carried far. 1 have in mind two deposits, one with course gold, the other 
with extremely fine gold, in neither of which there is the slightest evidence of transporta- 
tion of gold. LE would like to ask Professor EmMoNs what, in his experience, the greatest 
vertieal distance is over which gold in a vein may be earricd down and redeposited, 

J.F. KEMP (New York): Professor EMmoxs’ results are of exceptional interest and 
importance, They bring up the crucial point of this discussion. The depth, however, 
to which the descending solutions may carry new contributions of metals derived from the 
overlying parts is all important in its bearing on the behaviour of ore in depth. Even if 
we can produce by experiment the ruby silver ores, are they impossible as original pi 
cipitates from uprising solutions? Can we conceive of their descent through standing 
ground-water to such depths as 2,000, 3,000, or 3,000 feet? 

T. READ (New York): Chemical experience indicates that surprisingly important 
and extensive effects ; be and are produced by very small quantities of active substances, 

ice of which may be overlooked except in the most eareful chemical analy 
nple, the apparent effect of pyrrhotite upon a solution may really be due to some 

substance present in the pyrrhotite in minute amount, just as in other chemical reactions 
a small amount of catalytie substance is known to produce remarkable effects, Alko, 
chemical study in the laboratory of the processes of ore formation necessarily requires the 
greatest eare, both in the preparation of the solutions employed and in the analyses of the 
miverals.  Hence this method is one that does not recommend itself to every student of 
geology, but only to those who, like Professor Eumo are equipped to perform with 
extreme cure the analyses upon which aceurate deduetions are to be based. Even with 
such eare extreme caution must be exercised in drawing inferences from the laboratory 
phenomena observed. Vax r'Horr and his students “e inade numerous eareful studies 
whieh strikingly illustrate the great complexity of the results obtained with eompa ively 
simple groups of salts under eomparatively narrow ranges of variation of temperature 
In the case of ore-forming solutions much greater ranges of temperature and pressure are 
involved, while the substances which may take part in the reactions ure so numerous as 
to make the problem one of great difficulty.  Nevertheless, by procceding from the more 
simple to the more complex, results of great value will undoubtedly be obtained in this way. 

J- A. UDDEN (Austin): In reading current literature bearing on the level of 
secondary enrichment of mineral deposits it has seemed to me that the present ground- 
water-level in any particular locality is too often assumed to represent this level at the time 
of the enrichment. But as ore-deposits have been formed at different times in the past. 
and as progressive changes of level have been general, it is evident that such is not nece 
sarily the case, 

H. V. WINCHELL (Minneapolis): 1 would like to emphasize the importance of 
experimental work on the genesis of secondary sulphides. In the United States secondary 
ores, especially those of copper, are more important economically than many, partieu- 
larly the European writers, have seemed to appreciate. 

There is also a very intimate relation between secondary sulphide enrichment and 
the geographic distribution of ore-deposits. The elimatie and topographie conditions 
have much bearing upon ore deposition: and it may be stated as a general truth that 
secondary sulphides are much more abundant and extend to far greater depths in dry 
regions of moderately high latitudes than they do farther north. 

A. C. EAWSON called attention to the rôle which the process known as secondary 
sulphide enrichment played in the primary concentration of ore-bodies.  Igneous rocks 
containing pyrite are commonly decomposed in the arid region by sulphuric-acid attack 
of the silicates, and their chemical decomposition may proceed to depths of hundreds o 
feet, involving a downward migration of free < nd any metals which the rock mur 
contain. These are deposited in favourable situations determined by faults, shear-zonc< 
gouges, ete. This is the most probable origin of many of the shallow ore-bodies in t1 
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Tertiary igneous rocks of Nevada, The Process is not merely additive to a Pre-existent 
ore but it originates the ore-bod: 

On the other hand, flat- ing, tabulur ore-bodies On exposure to oxidation Id de- 
scending solutions which become diffused through the deeper rock and effect a Pauperiza- 
tion of the ore-body without Concentration in depth.  Thus the process which we call 
secondary enrichment is often misnamed. The present designation of the process ob 
seures the generality of its operation and a more comprehensive name should be given to 
it to bring out its gcological importane S. PAIGE (Washington The 4 Sumption made by Dr, F; RMOR that the reactions 
mentioned in his paper are reversible is an important one. Ît is probable that conditions 
of pressure and temperature at the beginning and at the end of the process were different. 
But the assUMption that silicates are readily formed in the presence of CO,, and as easily 
broken down by the CO,, needs experimental support. H. V. WINCHELL: In my former remarks 1 implied that the Germans are slow 
in adopting the theory of secondary sulphide enrichment. But having heard Dr. Kruscn's 
Paper, L'wish to retract this statement. Once having taken it Up they appear to have 
carried it through and beneath the ground-water, and have attributed to it much deeper 
ore deposition than we have suggested for it in this country. A. C. LANE (Boston): The circulation of solutions below ground-water is promoted 
not only by differences of specific gravity and of course by differences of hydrostatie hend 
in inverted siphons, but also by the fact that hot Water and gas contract more in cooling 
than rocks do, so that in vesicular or porous rocks (amygdaloids) water an be drawn 
down by imbibition. 

A. E. KITSON (London): In the yellow ray clay-slates immediately und 
lving the rich auriferous gravels of the Chiltern V Îles Decp lead in aortheastern Victor A 
Australia, gold oceurs 48 & thin film and in places also as small crystals, on the ele, “ge 

of the rocks, Lhave seen some good examples of these whieh were in the Possession 
+ E.J. Dex, late Director of the Geological Survey, Victoria, In Kanowna district, Western Australia, the Dumerous joints of the decomposed 

iencous rock (porphyrs?) unde ing the detrital deposits of the 1owna “deep | 
Were coated with an extremely thin film of gold. At the time of my visit in 1905, à mine 
Working in this rock had Proved the gold for some 30 feet below the bottom of the lead, 
The vield of gold from the upper portions of the rock was from 10 to 12 dt. to the ton, 
but there was n decrease with depth and 1 unders id that decper sinking proved the rock 
to be unprofitable Where I saw it eve joint was covered With a very thin film of gold, 
but none was visible in the rock itself, and no quartz veins were noticed. It has been con- 
tended that this Kanowna deposit is not a true deep lead. That contention is perhaps 
Strictly correct, for the material on the bed-roc at Of a typical st m deposit, 
rounded pebbles, gravel and sand—but L ha its being s ved deposit, 
resting in a definite channel eut through a much older rock. Much of it is a cemented 
mass of angular and partly rounded fragments of quartz, with ironstone, white to reddish= 
brown clay and loam, and it owes its origin to w. ter and wind action combined, a8 would 
be expected in dry country like that part of Western Austrulin, This view is held ap- 
parently by the Geological Survey of Western Australi ÿ L may add that, in MY opinion, the percolating waters of many deep leads contain 
gold in solution and that under favourable conditions small Auantities of this gold are not 
infrequent]y deposited in suitable places in the underlying rocks, but I do not accept this 
origin for the formation of nuggets and of the finer &old found in deep leads, 

W. LINDGREN: 1 did not intend to ay that gold cannot be dissolved and re-de- 
posited in placers, but only that it does not take place on a scale 0 onomically important. 
Regarding the deposit at Kanowna, in Western Australia, L believe that it is not a placer 
but the decomposed Outcrop of a gold-bearing vein. M.B. BAKER (Kingston): I would like to cite the placers of the Yukon as a specific 
nstance where gold has CrYStallized at the base of a placer. There, as most geologists 
know, well rounded gravel rests upon the Upturned edges of schists. The gravel is covered 
by frozen beat, muck or gravel, In the lowermost six inches of this gravel, just above the 
bed-rock, « als of gold up to 3inch in diameter are found. 1 believe, however, that 

NDGREN is correct in saying that such cases are of scientific rather than «f 
economie importance, and that no large Percentage of such secondary gold is found, 

E. MAIER (Santiago): Ich an mich der Meinung Prof. Kruscr’s nicht ansch- 
liessen, dass Kupferglanz stets in Zementationsmineral sein muss; in einer Mine im Acon- 
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caguatale in Chile ist dies jedenfalls hôchst unwahrscheinlich. Es handelt sich dort um 
eine Infiltrationszone in Andesiten, die bis in die feinsten Poren mit silberhultigem Kup- 
ferglanze erfüllt sind. Leh kann nicht annehmen dass es sich hier um eine secundüre 
Ersetsung eines ürmeren Sulfide handelt, dus die Poren des Andesits einmal geschlossen 
hatte und trotzdem die Müglichkeit hütte lassen sollen, dass eine neue Zementations- 
infiltration den Andesit zum zweiten Male so vollständig durchdrungen hätte, dass keinerlei 
macroskopische Spur des ursprünglichen Sulfids zurückgeblieben würe. 

Im Übrigen ist in den Kupfergüngen von Chile der Cbergang von der Zementations- 
zur primären Zone dureh eine auffallende Erscheinung characterisiert : unter der Zementa- 
tionszone folgt eine one von ganz kupferarmen Schwefelkiesen, und erst unter dieser 
kommnt die Zone der guten primüren Kupferkiese, die dann in grüsserer oder gringerer 
Tiefe ganz allmählich verarmen. 

Diese Erscheinung ist in Chile so häufig, dass sie wohl als primäre Verschiedenheit 
der betreffenden Tiefenstufen angeschen werden muss, ebenso wie der Chergang von Silber 
zu Zinn in Bolivien. In den dortigen Silber-Zinngüngen nimmt der Silbergehalt nach 
der Teufe zu ab, wührend der Zinngehalt gleichzeitig zunimmt, was ich gegenüber der 
gegenteiligen weitverbreiteten Meinung einer Zunahme des # Ibers in der Tiefe gans 
besonders hervorheben môchte, So hat z. B. in der Mine Itos à Oruro der Silbergehalt, 
der in den obersten Bauen 4,000 g pro Tonne betragen hatte,  « zu einer Teufe von 420 
m ganz allmählich bis auf S20 g pro Tonne abgenommen, während der Zinngehalt chenso 
allmählich von 2%6 auf 20,5% gestiegen ist. Auch hier handelt es sich zweifellos um primäre 
Verschiedenheiten in der Gangausfüllung. 

P. KRUSCH (Berlin) betont, dass er nicht sugt, es gibt keinen primären Kupferglanz 
und kein primäres Buntkupfererz sondern nur, dass er beide nicht kennt 

In allen Füllen wo ihm Freunde beide Erze zusandten, die sie für primär hielten, fand 
er die Reste älterer Erze im Buntkupfer und Kupferglanz, Die metasomatische Ver- 
drüngung (Zementationsmetasomatose) ist in vielen Füllen eine vollstindige, so dass man 
mit blossem Auge nur Buntkupfer und Kupferglanz sieht, 

Er wurde dankbar sein, wenn ihm derartige primürer Erze nachgewiesen werde 
künnten. 

Im Bezug auf die silberhaltigen Zinnlagerstäütten Chiles erinnert er daran, dass man 
zwischen typischen Zinnlagerstätten mit Silbergehalt und Silber-Zinngäüngen unterschciden 
muss, die den jungen Goldgüngen nahestehen, Die ersteren kônnen eine Anreicherung 
von Zinn nach der Tiefe zeigen. 

W. LINDGREN: According to Dr, Kruscu, bornite is secondary as far as his ex- 
perience goes. _ Now it is interesting to note that Professor L. C. GRatox, with whose 
recent work Dr. Kruscu doubtless is familiar, regards bornite as almost invariably prim- 
ary. It seems to me that the interests of the science demand that Dr. Krusci and Pro- 
fessor GRATON be appointed a committee to investigate fully this important matter. The 
rest of us will look forward to their report with great interest, 

W. H. EMMONS (Minneapolis): Man; amples of secondary gold ores have 
gangues including the carbonates. In such rock the gold migrates only short d 
and is precipitated at the top of the zone, where carbonates are being dissolved. This may 
be only a few feet from the surface. The distance through which gold may be carried depends 
upon the minerals present and the rates at which these minerals will reduce an acid sul- 
phate solution. Calcite and pyrrhotite are among the minerals that react most readily 
to reduce the acid sulphate. 
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ILLUSTRATIONS OFTHE FOR MATION OF COMPOSITE GNEISSES AND AMPHIBOLITE, IN NORTH- WEST IRELAND), 
LS 

GRENVILLE A, J. COLE, 
Director of the Geological Survey of Ireland, Dublin 

The Dalradian series, #0 appropriately named by Sir A. GEIRIE, is 
represented in northwest Ireland by well bedded Quartzites, shales (now 
IMica-schists), and limestones, Penetrated by basic igneous rocks, which are 
now in the condition of aphanites and diorites, Masses of granite have 
greatly modified this series, producing contact effects and Composite gneisses 
ON a regional seule, One of these granites Commonly agrees in the general 
trer:l of its masses with the axes of Caledonian folding, while a later granite 
cuts across it, Both, however, may be of Pre-( ‘ambrian age, The banded gneisses of the area, which in hand specimens resemble 
much of the so-calleq “fundamenta]l gneiss of other countries, are clearly 
traceable into the sedimentary rocks, from which they have been derived by 
intimate injection of granitie Material parallel with the layers of the strati- 
fication, In Many places, as at Lough Derg in Southern Donegal, the only 
relies of the absorbed Dalradian series are rounded or ellipsoidal masses of 
amphibolites (uartz-felkpar-pyroxene-amphibole rock). These, no doubt, 
often represent undigested blocks of aphanite, but may in part be derived 
from limestone, as was discussed in a Paper in the Transactions of the 
Royal Irish Academy in 1900. In the long ridge of the Ox mountains, the 
amphibolites are often drawn cut by the flow of the granite into sheets, and 
the contortion of these shcets during the general softening and intermingling 
has produced 4 Very striking gncissose structure near Ballintogher and Drum- 
ahair in County Leitrim. This has been ascribed by certain authors to dy- 
näaMo-metamorphie action; but the Stages that can be traced from the granite 
with blocks of amphibolite to the banded gneiss afford convincing evidence 
of the Composite origin of the gneiss under the attack of the advancing 
granite magma. 

Occasionally, as at Doocharry Bridge in County Donegal, only isolated 
sheets of mica-schist remain in a granitic ma ss; but these retain their par- 
allelism with the strike of the sedimentary series, and are the last surviving 
relies of the Dalradian cover that has been, for the most part, caten into and 
absorbed, 

A striking example of the effect on bedded Quartzite of nearness to a 
granitie cauldron Was observed at Minaun Clifrs, Achill Island, County 

311 
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Mayo, during the visit the Geologists’ Association in 1912. The strata 

remain horizontally bedded in the great clif section, except in their lower 

part, where veins of a coarse red granite penetrate them near the present 

shore line. The quartzites have here undergone intense crumpling and over- 

folding, such as one meets with on a large scale in mountain ranges, and this 

contorted flow seems to be entirely due to the yielding that has taken place 

in the rsion of heating on the upper surface of the granite cauldron. 

Tu oldest rocks known in northwest Ireland are the Dalradian sedi- 

mentary series, und here, as in so many other countries, there is no evidence 

of the existence of anything like …  sundamental gneiss.” 

we f 

it in 
sand 
the : 

Torr 
ont} 

uncoi 
St. E 
conta 

stone 
in sot 

remoy 
T 

and t 
fossils 

Was €) 

Swede 

bas pr 
remove 

TI 
longed 

the Arc 
uncovel 

away. 

Th 

the Jotr 



DIFFÉRENT TYPES OF PRE-CAMBRIAN UNCONFORMITIES, 

LL 

J. 2DERHOLM, 
Director of the Geologie, al Survey of Finland. 

Where Pre-Cambrian sedime: thicknesses and studied in some 
include several different se 
endeavour to show, by 
what different type 

ntary rocks have becen found in great detail, they have usually been found to ries separated by unconformities, 1 shall here examples from the region which EL have studied myself, 's are represented by these unconformities, 

THE SUB-CAMBRIAN UNCONFORMITY, 
If we regard the Olenellus-zone we find, both in Esthonia and ir it in apparent or real 

sandstones, and the 

as the bottom layer of the Cambrian, 1 Scandinavia, sedimentary rocks underlying conformity, viz., the Blue Clay, with its associated Sparagmite of the Scandinavian mountains. While the Sparagmite, a Coarse feldspathie sandstone of the same Torridonian of Scotland, again reposes directly, and in apparent conformity, on the Jotnian Dala sandstone of Sweden, we find in the east a more marked 
unconformity between the Eo-Cambrian clay and its basement rocks. In St. Petersburg, borings have shown that the Blue Clay is in immediate contact with an underlying red gneissoid granite, Hence the Jotnian sand- stones, in à zone which in all probability extended over à considerable in southern Finland and in the vicinity of St, removed by erosion before the deposition of the The peculiar rapakivi granite of the and the Gulf of Bothnia, c 

fossils belonging to the ( Jen: 

type as the 

area 
Petersburg, must have been 
Cambrian. 

{ 
island of Aland, between the Baltic ontains fissure veins in which have been found 

Ü 
ellus fauna, from which it appears that the granite Was exposed at the time of the deposition of the Olenellus sandstone, In Sweden, the rapakivi granite is covered by Jotnian sandstone, and the same has probably been the case also in western Finland, although it has been removed later by erosion. 

Thus we find several supports for the longed period of erosion before the the Archæan and Jatul 
uncovered, and the 
away. 

The apparent conformity be 
the Jotnian sandstones in Scandin: 

conclusion, that there was a pro- beginning of the Cambrian, during which ian were levelled, the Youngest Pre-Cambrian granites Jotnian sandstones deposited and in great part again worn 

tween the Cambrian, the 
avia may, therefore, 
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In any case, the Jotnian of eastern Fenno-Scandia was deposited long before 

the beginning of the Cambrian period. 

Among the sedimentary rocks of northern Norway, in the formations 

which have been called Raipas and Gaisa, there may be deposits which fill 

up the gap between the Jotnian and the Cambrian, and between the 

former and the Jatulian. Also in southern Fenno-Scandia there are certain 

sedimentary rocks which lie horizontal like the typical Jotnian, but which are 

eertainly older than the main part of the Jotnian. Thus, on the island of 

Hogland there are conglomerates and sandstones at the base of a great sheet 

of quartz-porphyry which is genetically connected with the rapakivi granite. 

The time of deposition of these sediments is separated from that of the Jotnian 

by the time required for the eruption and erosion of the quartz porphyry. 

The sandstones of Almesâäkra in Sweden, in part slightly metamorphie, may 

also belong to the same Lower Jotnian rocks. 

In all these cases we have to do with rocks which are entirely similar to 

younger sediments and have suffered very little disturbance in the region 

east of the Scandinavian mountain ridge. The unconformity between them 

and the underlying rocks is of the same character as, for example, that between 

the Vosgian sandstone of Baden and the underlying granite. 

THE SUB-JATULIAN UNCONFORMITY. 

Passing now to the underlying older formations, the quartzitie sand- 

stones, conglomerates, argillites, dolomites, etc., belonging to the Jatulian 

system, ! we again find these well separated by unconformities from the over- 

and underlying rocks. 

The Jotnian rocks have never been found in direct contact with the 

Jatulian, but in Olonetz, to the northwest of Lake Onega, both systems are 

found near each other, the older always compressed into gentle folds and the 

younger, in the continuation of the strike of the former, lying nearly horizon- 

tally. The basic igneous rocks intercalated between their beds are, in the 

younger formation, unmetamorphosed, in the older always more or less 

completely uralitized. Moreover, the folded quartzitic sandstones and the 

associated basic rocks are penetrated by the unmetamorphosed rapakivi 

granites, whose eruption, as already stated, happened in Lower Jotnian time. 

These facts show that the folding of the Jatulian rocks, which took place 

over the whole area of eastern Fenno-Scandia and probably also over the 

western parts of it (Hücsom and other Swedish geologists nscribe a Jatulian 

age also to the folded quartzitie sandstones, ete., of Dalsland, on the western 

shore of Lake Wenern in Sweden), happened in pre-Jotnian time. There 

seems to be now a general agreement among Scandinavian and Finnish 

geologists as to this point. 

The Jatulian rocks, which comprise thicknesses of at least 3,000-5,000 

1W. Ramsay separates the uppermost parts of the Jatulian, including also the coal- 

bearing rocks of Schunga in Russian Carelia and Suojärvi in Finland, from the rem sinder, 

calling them Onegian 
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feet often begin with great masses of basal conglome the quartzites, mica-schists, granites, ete. which a As they often repose dire 
hly gneissoid, on arteritic migmatites or othe 

osed at great depth, the unconformity with t 
d by many of these granites, is very w É i y Was a prolonged period of 

nents. HücBom, therefore, 
Ystem may possibly be the 

THE SUB-KALEVIAN UNCONFORMITY. 

When we pass, however, to other parts of Fenno-Scandia, we find that the gap between the Jatulian and the underlying rocks is in part filled up, the former lying directly on older sedimentary rocks which belong to the Kalevian system of RaMs4y and FRosTERus. 
This system comprises great thicknesses (at least 10,000-20,000 feet) of conglomerates, quartzites, mica-schists, dolomites, limestones, etc., inter- calated with basic eruptive rocks. All are more or less metamorphic, some- times in a very high degree. However, some of the quartzites are still like sandstones, showing cross-bedding, occasionally even ripple marks, ete., but the others are schistose, or even gneissic in appearance, having been changed, in the neighbourhood of granitic masses, into entirely crystalline, granular quartzites of glassy appearance. The conglomerates often lie at the base and grade into the rocks of the basem in a large measure altered by the same proce 

By the later met 
rocks originated 

weathering. 
The basal breccias and conglomerates, containing pebbles of the dif- ferent rocks of the basement, including its granites, mark the unconformity against the older rocks in a conspicuous way. But ihere are also conglomer- ates in this system which contain only & edimentary and effusive volcanie rocks and mark an unconformity between two subdivisions of minor rank. The unconformity between the Kalevian rocks and the overlying Jatulian is very marked. At some places, for instance in Olonetz and in Lapland, the Jatulian strata, dipping at a low angle, repose directly upon the upturned edges of the Kalevian. But the unconformity is still more marked by the fact that widely distributed granites Penetrate the Kalevian, but were eroded to a great depth before the deposition of the Jatulian. These granites follow the strike of the Kalevian zone from Lapland down to the neighbourhood of Ladoga. Thus, we have here an example of the fact common in the Archæan, that the better Preserved supercrustal schists are on the one side in coniact with their former basement, and on the other with granites benetrating them. At such places it is possible to deter- 
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mine with more success than elsewhere, and over great areas, the relative 

age of the rocks. 

Although there are certain difficulties in determining the age of the gran- 

ites correctly, especially as long as the mapping has not been executed in 

great detail over the whole region, I think the method of using not only the 

sedimentary schists, but also and quite especially, the granites, for correlation 

purposes is the most reliable. The protrusion of a great formation of granite 

and its subsequent exposure through long continued denudation are such 

important events in the geological history of a region that they cannot be 

regarded as due to local causes. 

As long as the detailed mapping of such a region has not been completed, 

errors in the determination of the age of the granites are likely to oceur and 

may necessitate modifications of statements which werc anticipations. So, 

for example, our separation of the strongly metamorphic schists near Lake 

Ladoga from the Kalevian proper, as a much older subdivision designated 

Ladogian, was mainly founded on a correlation between the post-Kalevian 
granites at Lake Ladoga and the younger pre-Kalevian granites of western 
Finland which has now proved to be erroneous. Although it still seems 

probable that the Ladogian is somewhat older than the main part of the 

Kalevian, and that it is separated from the latter by an unconformity 

marked by basal conglomerates, it is at the present time difficult to differ- 

entiate these formations, and it may therefore be more p.actical to use the 

term Kalevian to cover them both. 

The Kalevian is therefore a system of supercrustal rocks which exhibits 

in part the type common to the Algonkian rocks of North America, while in 

places where it has been injected with granites, it shows a decidedly 

“Archæan” character. Only in the former cases is the unconformity 

against its basement well preserved, and it is then often very conspicuous. 

THE SUB-BOTHNIAN UNCONFORMITY. 

Most geologists in northern Europe who have devoted their special 

attention to these oldest rocks agree in the opinion that there is at least 

one great system of sedimentary rocks underlying the Jatulian which is 

separated from its basement by a distinct unconformity. It is only when 

we reach the sedimentary rocks which I have called Bothnian and which are 

still older than the Kalevian,—since the basal conglomerates of the Kalevian 

contain debris and pebbles of granites that penetrate the Bothnian— that a 

general dissensus of opinion prevails. 

IfoLuquisr maintains the idea of the practical indivisibility of the pre- 

Kalevian complex, and feels uncertain regarding the manner of its origin, 

Hôasom formerly recognized my Bothnian division and used it to include 

the schists of Skellefte in Sweden, but has subsequently joined HoLmquisT 

in his sceptical position. 

As to the origin of the Bothnian rocks in the typical area near Tammer- 

fors, however, I think, that most petrologists will agree with me when I 
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DIFFERENT TYPES OF PRE-CAMBRIAN UNCONFORMITIES. 317 explain it as sedimentary. 
Consisting of 

alternating sandy and clayey 
metamorphism 

ève in their Arch e visit the contacts of these same rocks with nt, these same geologists often declare that the older than the adjacent gneissoid granites which 
belong to our oldest rocks. Thus my geological warfare in these regions has 
always been à fight with two fronts; against the geologists who declare at 
first sight that the schists are Cambrian, Silurian or later, and against those 
who declare that there is no definite boundary between these schists and the 
oldest Archæan. 

Most of the areas of Bothnian schists lie area of granite. This granite is y them in innumerable vei 

same way, and origin oCcurring in the same nt complex of the Bothnian 
sediments.! 

There are nowhere any typical basal conglomer this older gneiss, although there are near it in one contain pebbles derived from the basement rocks there is a peculiar brecciated rock which I regard by weathering in Bothnian or Pre-Bothnian time. however, have been obliterated in so great a degree tion and strong Metamorphism, that the relatior Most of thé rocks OCcurring at the bottom were originally sandy or clayey. They are estuari ness of the single layers show that they have bee considerable river, Conglomeratie layers are very rare in the lower part of 
this deposit. The pebbles which ought to have existed on the surface of the 
underlying rocks may have been SWept away from most places by the current 
or the waves and have accumulated only at certain places along the contact- 
lines which are not now visible, In very few places here do we find anything that can be re, 
original contact between the sediment and its basement. which have almost everywhere tilted the sti overthrusts at the junction betw 

ates at the contact with place Conglomerates which 
; and in one locality also, as a diorite disintegrated 

The Primary features, bya subsequent granitiza- 1s are somewhat obscure, of the sedimentary- layers ne deposits, and the thick- n deposited at the mouth of a 

garded as the 
The disturbances 
have also caused 
ions which have 
hem in folds into 

1During last summer Dr, Mi E &ncissose granites penetrate Pressed here may therefore be 

ÂKINEN has been able to show with certainty that some Bothaian schi sts, and the opinions ex- 



318 J. J. SEDERHOLM. 

be a sign of its older age; and in some cases the nature of the contacts scems 

to offer similar evidence. But where an intense granitization has also taken 

es, the geological record is very difficult, sometimes 

Older and younger rocks together are 

d their primary features be- 

place along the contact lin 

almost impossible, to unravel. 

changed into veined gneisses (migmatites) an 

come obliterated. 
This has, thus far, been my explanation of the absence of well preserved 

basements in the Archæan. But I think that my studies of such contacts also 

show that, where younger granites oceur extensively along the contact lines, 

detailed investigation can still detect there persistent primary features which 

will ailow the relative ages of the rocks to be determined. Such a study of 

the contact lines should never be neglected. The conditions may be obseured 

by subsequent granitization, yet, wherever primary features of mineral com- 

position or texture persist, it may be possible to recognize and interpret 

primary stratigraphical features. 

UNCOMFORMITIES IN THE PRE-BOTHNIAN COMPLEX. 

Hitherto, no unconformity has been found in the pre-Bothnian complex 

which has stood the test of criticism. 1 have described in another paper,! 

an instance of granitization or anatexis that shows how contacts may be partly 

or wholly obliterated by this process. These rocks are not often so well 

exposed as in the case cited, and it is still rarer to discover the primary 

contacts between sediments and their former basement in process of oblitera- 

tion by anatexis. Anatexis has changed great areas of Pre-Cambrian rocks 

to migmatites that show few of their original features, yet there remains 80 

much of the pre-Bothnian system, particularly in Sweden, that we may expect 

future research to add much to our knowledge of these older rocks, which 

include, for instance, the limestones and iron-bearing rocks of central Sweden 

and southern Finland, and of the unconformities within them. I have lately 

observed certain things which I am inelined to interpret as evidence of the 

existence of such unconformities. 

1 On regional granitization (or analezis.) 
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ON REGIONAL GRANITIZATION (OR ANATEXIS.) 
BY 

J. J. SEDERHOLM, 
Director of the Geological Survey of Finland. 

So many theories of 
been advanced, both by the adherents and the tion, that little can be added to them. For my part, ] have tried to develop in the field the petrographical 
study of mixed rocks O7 Migmatites, and of the Process by which granitos 
Work their way into adjacent rocks. I have spent several summers in map- 
Ping such regions in great detail, making drawings on a scale of 1: 
faces up to 30,000 square feet in area, and taking many hundre: &raphs of the polished rock surfaces, And this work has bee by Microscopie study of rock Specimens. 1 may claim conclusions reached in this paper are not scientific whir rather extensive field-work. 

I shall begin with some cases of a granitization which but offers the best clue to the interpretation of the phenom At the western Contact of the largest area of the pec Porphyritie granites which are called in Finland rapa the youngest Pre-Cambrian granites in Fenno- teresting phenomena of penetration. The AD ivi massif js laccolit 
batholithie, the contact plane dipping obliquely ui a very old, Metamorphie plagioclase-porphyrite granite. In these older formations, more there are fissure veins of quartz begmatite and aplite which are *onnected 
with the rapakivi granite, Jr: uring is thus the first Phenomenon observed 
in approaching the granite. Nearer the Contact, at a distance of 500-1,000 
feet from it, the fissuring is connected with, and in part obliterated by, an 
intense granitization. Aplitie Magma has been intruded along the broader 
fissures, and has also been absorbed through Capillary Openings in the 
altering that rock to an intermediate type rich in orthoclase, mediate variety alternates with arteritic migmatites and e: the folding Common in such rocks. Some narrow v Plygmatie folding in a very typical form. It is a fluid I shall give other instances, 

A portion of the 
in orthoclase, but ins 

Magmatic injection and the refusion of rocks have Opponents of regional granitiza- 
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adjacent rock had soaked up the magma. The aplitized schist at the con- 

tuct is brecciated and the fragments contain porphyritie feldspars like those 

of the granite. This would seem to imply that an intimate penetration has 

taken place. No petrographer could visit this locality and remain skeptical 

regarding the possibility of a granitie magma intimately permeating the 

rocks adjacent to it. 

Similar contact phenomena are observed in other areas of rapakivi 

granites. The adjacent rocks are brecciated for several hundred feet away 

from the contact ar! the fragments are cemented by a fine-grained aplite, 

which has also pervaded them so that inelusions and granite often grade 

imperceptibly into each other. Arteritic gneisses, often showing fluidal 

folding, also oceur. 

In à region neighbouring the first mentioned, there is another coarse 

grained porphyritie granite, the Onas granite, somewhat older than the rapa- 

kivi, which shows another modification of contact effect. The rocks adjacent 

to this granite are brecciated for 1,000-2,000 feet from the contact and are 

cemented by granite, which oceurs partly as well separated veins, and partly 

as à constituent of gneissie migmatites. 

Th pnhenomena of granitization are now being studied in detail by 

Dr. BorGsTRôM. 

In the same region, on the southern coast of Finland, there are other 

very old (pre-Bothnian) granites, which also show very interesting relations 

to the old metamorphosed basic volcanic rocks which they invade. 

Here especially eruptive breccias oceur over wide areas and in mani- 

fold different varieties. At the margins of larger remaining areas of 

metabasites these rocks are very much dislocated and brecciated into 

fragments separated from one another by the granite. These fragments 

show signs of magmatic corrosion, and become gradually more and more 

subdivided, sometimes into many thousands of small pieces. This frag- 

mentation was elosely connected with the penetration of the aplite and the 

gradual fusion of some parts of the basic rock, the cracks resulting from heat- 

ing and movements that affected the solid fragments in another way than 

the surrounding pasty magma. By putting fragments of a solid rock in a 

glass superheated under high pressure, we could perhaps imitate this 

process. 

In some cases the fragments are so intimately pervaded by the granite 

as to become faded, and then the breccias change into what I call “nebulitic"” 

rocks. Sometimes such rocl.s oceur as inclusions in breccias composed of 

well defined fragments, hence the process has evidently been a complicated 

one. In other cases some parts of the basie constituents were dissolved and 

now form veins in the breccia, or certain parts of granitic veins contain more 

of the femic minerals and assume a dioritie composition. But, in gencral, 

the cementing granite does not appear to have been very conspicuously in- 

fluenced by the basie rock which it dissolved. Some process of differen- 

tiation apparently counteracted the tendeney to increasing basicity. 

Microscopically, the inclusions may show, next to the granite, a texture 
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resembling that of a hornfels but with the minerals better individualized, the hornblende especially forming idiomorphic crystals, These migmatites of metabasalt and pre-Bothnian granite are common along the southern shore of Finland. 
area occurs another group of granites whic 
tioned, although very much older tha 
the granitization caused by these 
during recent years. 

very 
But throughout the same 

h are yYounger than the last men- 
an the rapakivi granites. It is especially 

Post-Bothnian granites that I have studied 

Certain dykes of metamorphosed basalts of intersect the older rocks throughout this area. granites to these metabasit 

presumably Bothnian age 
The relations of the younger es and their adjacent rocks are of especial inter- est. I have already reported these phenomena Stockholm, and shall now only summarize some of my results, The simplest phenomenon is the formation of granitie bre, angular inelusions, well illustrated on the little that I have mapped on a scale of 1:20.  Eaen of the dykes of metamorphic volcanie rock which intersect the fragments of older gneissoid granite in this island has a uniform composition. This cireumistance allows the identi- fication of its different Parts, or a reconstruction of the ‘disjecta membra” of each dyke. Thus, the original position of these fragments, before they were separated by a network of penetrating veins—mostly pegmatitie or apliticof a younger granite can be ascertained. It can be seen that some fragments have been moved apart at least 35 feet, probably by There are also widespread evidences of magmatic resorption in co nection with the formation of the veins. The fragmentation of the older rock masses did not take place at once by the formation of long intersecting fissures, but each fragment was repeatedly subdivided into smaller ones, by cracks that proceeded from the margin, and frequently did not intersect the whole frag- ment. 

at the Congress meeting in 

ccias with 
island Inderskärs Westgrund, 

a slow flowage. 

Somewhat different from these 
served angular inelusions are the 
regular network in the older rocks and are often still more close with these, That these rocks, which I have called diktyonite through a more complete fusion of the older rocks than in t Plutonic breccias is shown especially by the behaviour of tix basic dykes present. These are also interwoven With a network of veins highly contorted and crumpled.  Especially is this the e island of Spikarna, the rocks in which I have alre 

These contortions belong to the 
matic folding of the 
which I shall now show some typical e 
in irregular aureoles around areas where purer granites prevail over the migmatites, for instance, in the region westward from Helsingfors on the southern coast of Finland. 

The axes of the folds run so irregularly another, —that it is impossible to explain the 

plutonie breccias with locally well pre- 
migmatites, in which granitic veins form a 

1 connected 
originated 
ase of the 

and often 
ase on the small 

ady described. 
same series of phenomena as the ptyg- granitic veins which I have already mentioned and of 

xamples. These mixed rocks occur 

often at right angles to one 
phenomenon as due to folding 
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of solid rocks.  Morcover, the minerals of the veins show no conspicuous 
signs of mechanical stress even where the folding has been intense, The 
intensely folded veins are often abruptly intersected by others, the com- 
ponent mineral grains of which differ in no way from these of the former, 
and obviously belong to the same period of granitization. Some parts of the 
folded veins show vague contacts with the surrounding rock, their magma 
having permeated this after the folding had occurred. The basic dykes that 
intersect the older components of the migmatite, are partly folded in the 
same sinuous manner as are the granitic veins, No folding of solid rocks 
can imitate these structures but entirely analogous things occur in fluids, as, 
for example, the streams of foam in whirlpools. Ptygmatic folding is a kind 
of folding which occurs in a fluid or semi-fluid medium. 

L'have described on former occasions the peculiar instance of palingenesis 
or formation of a new magma by refusion in situ which is offered at the island 
of Päfskär. On this island a gncissoid granite and a ‘‘leptitic”’ schist inter- 
calated with thin layers of limestone are intersected by two dykes of meta- 
basalt. The older rocks have been changed by refusion in situ to a new 
granite, while the dykes, which serve as witnesses of the changes that have 
happened, preserve their original forms, although shattered into groups of 
fragments, 

T'have studied ill more convincing instance of palingenesis, or re- 
fusion, in the above mentioned area east of Helsingfors where pre-Bothnian 
granites are common. Here a whole island with a diameter of about 1,300 
feet consists of a very old Archæan conglomerate, probably the oldest yet 
discovered in Finland. This is penetrated by true dykes of the pre-Bothnian 
metabasaits and was later intruded by, and partly dissolved in, the pre- 
Bothnian granite, There are also present zones of basic rocks that begin 
as true dykes intersecting the conglomerate and the structure of which is 
still recognizable. These dykes become broken into numerous fragments 
between which, and also at the contacts with the neighbouring conglomerates, 
the ever present granitie magma has penctrated, forming pegmatitie and 
aplitic veins. Where these veins accumulate the conglomeratic texture is 
in the same measure obliterated, At such points the schist was quasi- 
eruptive, in so far as it had begun to move and had penetrated between the 
fragments of the metabasalt. Mence the dyke has been brecciated and 
afterwards cemented by à mig, tic rock. 

On the western shore of .': same island the contact against certain 
schists is observable. The original relations were possibly those of an un- 
conformable superposition, the margin of the mica-schist inters ting the 
schistosity of the conglomerate, but both rocks differ little in age. The 
mica schist is highly contorted. At the contact the conglomerate is often 
changed into a more or less massive rock which bchaves like an eruptive, 
for it penctrates the schist as veins, even when it retains distinct vestiges 
of its former conglomeratic structure.  Moreover, dykes of metabasite that 
cut both this rock and the conglomerate are pierced by these veins of palin- 
genetic granite. Thus we have illustrated the gradual transformation of a 
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conglomerate into a new magma. Chemical analyses show that the parts which behave as an cruptive possess almost the Same composition as the best preserved facies of the conglomerate, while other portions, Macroscopically more like a mica-schist, are richer in silica and Poorer in alumina and iron oxides, thus tending to approach the composition of the intruding granite of the same region, 

The following chemical analyses have been made by Dr, E, MÂkixex 

2. 3. 4. 
.980 68.23% 70.31%, 06 0.89 0.38 5.28 13.00 15.45 

0.95 0.25 
5.74 2.30 
1.36 1.15 
3.37 2.40 
3.26 3.33 
1.57 3.91 
0.40 0.08 
0.82 0.62 

% 100.539, 99.509 100.289 
1. Schistose conglomerate of Pre-Cambrian age from the island of Viasholm in Perno, 

Finland, 
2. The same rock altered to a palingenetie eruptive, intrusive in the neighbouring 

mica schist, 
3. The same rock after having lost its conglomeratic texture: intrusive in a dyke of 

metabasalt 
4. Granite from the neighbouring island of Wester-Ryssskar, 

For most of these Migmatitie rocks chemical analyses are of less value because the Proportions of the constituent rock materials are so variable, For instance, in the above mentioned breccias, which consist of metabasalt, and the granite whose composition 1 have just quoted, there can be found every Variation from pure metabasalt to pure granite. A long series of analyses could only corroborate this fact, as well as the conclusions drawn from the evidence in the field. They would of course, do much to elucidate the details. In the contact zone of the rapakivi granite there is a manifest tendency on the part of the rock masses pervaded by the granitie magma to segregate in basic and acid portions. Also, some parts of the metamorphie Plagioclase-porphyrite have become so much richer in hornblende near the contact that they form very dark amphibolites, probably more basic than the mother rock; other parts are granitie in composition. There are also other signs that differentiative Processes are very active ämong migmatites during the period of their formation. But different parts of the same zone behave in this respect very differently, Thus, in a zone where the pre- Bothnian metabasalts of P. linge contain innumerable lenses, veins and dykes of post-Bothnian Pegmatite and aplite, I found that the granite in many of these minor intrusive bodies has retained its granitie composition, although it must have Procured room for itself by dissolving the meta- 
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basalt. Yet, elsewhere in the same zone such is not the case for a medium 

to coarse grained dioritice rock containing idiomorphic hornblende. 

In chemical composition these rocks show a protean variety, and it 
will not be easy to discover the laws which have governed this variability. 

Migmatitie rocks analogous to those which I have just described form 

an important part of the Archæan of Finland and the neighbouring countries 

that possess the same geological composition. They form about 25 per 
cent. of Finland; granites form over 50 per cent.; busic eruptive rocks less 
than 10 per cent.; and sedimentary and other supererustal rocks, mostly 

in the form of metamorphie schists, only 15 per cent. ‘Thus the regional 
granitization connected with refusion or anatexis of pre-existing rocks is a 

process which plays, perhaps, a more considerable rôle in the Archæan than 

metamorphism proper.  Metamorphism has changed the rocks, but not often 

to such a degree that their primary petrographical features and stratigraphy 

cannot be easily interpreted. Anatexis has been more destructive, yet it 

has occasionally left patches which preserve remarkably well some of their 
original petrographical and stratigraphical characters. They show us 

glimpses of a vanished world and allow us to visualize many of the conditions 

that obtained therein. In such places where such glimpses are possible we 
may find the clue to the interpretation of a whole region. If the study of 
the rock masses affected by anatexis is much more difficult than that of 
metamorphic regions, it is also still more fascinating. 1 should be glad if 

1 could convince my readers that it is not, as it appeared to myself not long 

ago, a hopeless task, but that methods can be devised to disentangle the 

confused structures of the migmutitie areas in the lowermost Archæan. 

DISCUSSION. 

A. C. LAWSON (Berkeley), said that granitization was a phase of magmntic resorp 
tion and that this question had been settled years ago; nevertheless, the details of Professor 
SEDERHOLM's paper were highly interesting. Some of these details indicated gentle 
and gradual resorption and, therefore, did not indicate the operation of magmatic stop- 
ing in the particular cases presented.  Movements in the Pre-Cambrian rocks of Fin- 
land appeared to have been more intense than in those of the Lake Superior region, 
and the latter region was consequently the simpler of the two. 

G. À. J.COLE (Dublin), thought that the Pre-Cambrian rocks of Finland were 
not so complex as Dr. Lawsox believed them to be, and that this apparent greater com- 
plexity was due to the Pre-Cambrian formations in Finland having been eroded to a great 
depth. He pointed out that some of the most interesting localities mentioned by Pro- 
fessor SEDERHOLM were easily reached from England by taking steamer to Hanau, and 
motor boat thence to Spikarne. 

J. J. SEDERHOLM (Helsingfors), readily admitted the priority of the idea of re- 
fusion; he had been opposed to this theory, but had been converted to it by his field studies. 
He thought that Dr. Dary's stoping hypothesis explained satisfactorily the mode of for- 
mation of many eruptive breccias and kindred rocks. But such structures, he thought, 
were to be regarded as special cases; there were other ‘“migmatite” structure in which 
the penetration of the magma had been slow and gradual. 
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THE PRE-CAMBRIAN SEDIMENTARY ROCKS IN THE HIGHLANDS OF NEW JERSEY: 
LA! 

W.S. BAYLEY, 
Professor of Geology, University of Illinois, Urbana, US A. 

The following Paper is presented to the ( ‘ongress (1), to furnish a sample of much of the Pre-( ‘ambrian geology of the castern United States: (2), to suggest in part the difiiculty felt by the students of the eastern Pre- Cambrian in accepting the apparently complicated classifications based upon the phenomena observed in the Lake Superior region and the adjacent por- tions of Canada; and (3), to emphasize the fact that even in the greatly Metamorphosed Pre-Cambrian areas in the central-castern United States, distinetly characterized sediments May sometimes be founc and to inti- mate that their absence from other similar areas does not necessarily imply that they were never present in them, In nearly all areus that contain Pre-Cambrian rocks close investigation has revealed the presence of sedimentaries well enough preserved to leave no doutt in the mind of the investigator as to their sedimentary character, The Highlands of New Jer. furnish no exception to the rule, The well. known white limestone, which contains the deposits of franklinite and zincite at Franklin Furnace, has been recognized as Pre-Cambrian by all geologists since the work of WESTUATE,? on Jenny Jump Mountain, in 1894, and the work of Wozrr and Brooks, at Franklin Furnace in 1898 WoLri and Bkooks named it the Franklin limestone. It was not known until somewhat later, however, that fragmental rocks similar to some of those in the Pre-Cambrian series of the Adirondacks in New York, and of the Reading hill. Pennsylvania are associated with the Franklin limestone. SPENCER 4 in | 308, mentioned thin layers of sandstone. In his description of the Andover mine be declares that layers of siliceous breccia and indurated carbonaceous s} - aggregating 100 feet in thickness and outcropping for 1,300 feet, are associated with the ores. These dip 
1 Published with the permission of the Director of the U.S, Geological Survey. 2 WESTGATE, L. C., Amer. Geologist, Vol. XIV, 1894, PP. 369-379, and Ann. Rep. 

State Geol. (N. J.) for 1895, pp. 21-26 
3 Wozrr, J. E., and Brooks, À. H., Eighteenth Annual Report, U. S. Geol. Survey, 

Pt. 2, 1898, pp. 431.457. 
“SPENCER, À. C., Franklin Furnace folio (No. 161), Geol. Atlas U. 8. U. 8. Geol. 

Survey, 1908, p. 3. 
#]bid 
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from 25° NS, E, to nearly vertical, ‘The presence of coarsely erystalline 
white limestone in the vieinity suggests that the siliecous beds found at the 

mine are part of a series of sedimentars beds Lelonging with the white lime- 

stone of the Franklin region." Again at the Simpson and the Cedar Hill 

mines, near MeA he describes the hematite as oceurring in layers or 

irregular deposits interbedded with layers of sandstone and shaly material 

that dip SE, and are overlain by white limestone (p. 2%). At the Cedar 
Hill mine ‘a stratum of hard green rock about 50 feet thick stands in a nearly 

vertical position between walls of white limestone, Ft contains abundant 
pebble-like, but more or less angular, fragments of quartz up to about one- 

fourth of an inch in diameter set in a matrix of ehlorite, and throughout the 

mass, as seen near the surface, there is eonsiderable red hematite in an amor 

phous or non-erystalline condition." This oceurs in the interstices between 

the chlorite particles, BayLex! corroborates SeENcEIS observations in the 

Franklin Furnace quadrangle and adds that the ore pits of the Fulmer mine, 
near Phillipsburg, are in a great mass of quartzite, south of which are vellow 

and light purple slaty or schistose rocks that resemble in many respects the 
sheured voleanies of South mountain in Pennsylvania. Some of the slates 

are very Qquartzose, and others are steatitie.  Nome are fine grained and 

dense, like rhyolites.  Conglomeratie quartzite layers are interbedded with 

the slates, but they are not common. Farther northwest the slates are 
replaced by quartzitie conglomerates similar to those at the Andover, Simp- 
son and Cedar Hill mines. The ore is merely a portion of the conglomerate 
more ferruginous than elsewhere in consequence of the presence of hematite 

in the interstices between the quartz grains. The white limestone oceurs 

both north and south of the quartzites but the contacts are covered. 
In addition to quartzites and slates there are also associated with the 

Franklin limestone in many places a fine graine, very quartzose miea-schist, 
which in some places contains a considerable content of graphite. In Tuxedo 

Park, N.Y., which is just north of New Jersey, STEWART? describes the lime- 
stone as occurring in a lens 250 feet thick and 3,000 feet long, surrounded 

by coarse-grained gneiss. With the limestone are associated pegmatite 

and a graphite-quartz-schist which consists of quartz, feldspar, biotite and 

graphite. The last two minerals are frequently intergrown with one another 

in alternate plates. Although its constituents are intercrystallized, never- 

theless the rock is regarded as a sediment. 

The limestone and associated schists at this place occupy an area a mile 
long and 20—300 feet wide, and are surrounded by gneisses. The beds strike 

N.E. and dipat a moderately high angle (39°-40°) S.E.  Towardthe northern 
end of the area the princips rock exposed is a coarse grained, gray marble 

composed of white calcite, ierge flakes of brown mica and irregular masses 
of brown chondrodite. Locally, it also contains considerable graphite. 

1 Bayey, W. 8 on mines and mining in New Jersey; Final Report Series, Vol. 
VII, Geol. Survey of New Jersey, 1910, pp. 77 and 84. 

2 Bavzer, W.S., and Srewanr, A. C., Note on the ocrurrence of graphite schist in 
Tuxedo Park, N.Y.; Econ. Geol., Vol. III, 1908, p. 535. 
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This limestone is cut by belts of pegmatite which run the length of the ares, and by several «211 masmex with oval sections, On the other hand, several small areas of tie lin estone are entirely enclosed in Pegmatite and a small area of the same rock is off to one side of the main tas, at the contact of a pegmatite band with the country gneixs, At the extreme northenst end of the belt is n layer of graphite-quartz-xehist which extendx through th ntre of the limestone. Lts exposed length is 900 feet and its width is from 20 feet to 60 feet 
\o limestone has been observed in the southwest portion of (16 aren, Where the series is represented by the graphitie sehist alone, This rock neeuples several long, narrow belts from several feet to 100 feet wide und “tirely surrounded by pegmatite Et is so rich in graphite that it has been proposed to mine it 

ie asoeition of micaceoux schist with the Franklin limestone is not Yetns limited to the Highlands in New Jersey. Mie! in his discussion of the graphite of Pennsylvania, mentions that the mineral oecurs in sedise I ocposits and igneous rocks that intrude them, Among the former le mentions n whit: crystalline imestone, correlated with the Franklin limestone, which, he “ttes. is associated with graphitie gneixs of which it is upparently merely a phase, He states that those ail puces were mapped wih the Baltimore gniss (Proe-( ‘ambrian) by Miss asc? on her map üf the Trentoi quadrangle, but on the fort, omine taap of the Phoenix- ville quadrangl: they will be designated by se distinets tue, Piekering gneiss, The groiss is ch seribed by Mir, ne PAL “ed primuril Of feldspar, quartz, biotite, hornblende, 4! alu with pyrite Pyrrhotite, magnetite, epidote, sillimanite, ( vration pro- duets of the Prinary minerals as access ve t extremely variable in composition, Some layers are proton) iettéceirts; others contain biotite but no graphite; others contain ! in ü graphite, while others contain so much calcite that they might by be called cal- Carcous gneisses, In many places it is impossible to draw a sharp line be- teen the Franklin limestone and the calcareous graphitie gneisses, “The two formations were formed originaily as Contemporaneous sediments that varied in different places, {n some localities fairly pure limestone was being deposited while in adjacent regions were accumulating calcareous muds or siliceous muds in which there wes little or no calcareous material, When these sédiments were later metamorphosed, the beds composed mainly of caleareous matter formed th rocks called the Franklin limestone; the cal- careous muds gave rise to the calcareous graphitic gneisses; the muds with little calcareous matter formed the bulk of the Pickering gneiss; and the more siliceous sédiments formed the quartz-schists. If the limestone and the gneiss are conformable, as believed, with the linestene intercalated within the gneiss, the legieal conclusion follows: that the two are of contempor- 
1Musn, B. J, The geology ef the graphite deposits of Pennsylvania; Econ. Geol., Vol. VII, 1912, p. 762. 
2 Trenton folio (No. 167), Geol. Atlas U, S., US. G.8,, 1908. 
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aneous origin and represent merely different lithologic phases of the same 

series of sediments.' 

In New Jersey, as has been stated, the Franklin limestone in many 

places is associated with slates, quartzites, conglomerates and micaceous 

161—Feanklin Furnace 

167—Trenton. 

A—Ramapo-Greenwood 
Lake. 

B—R n. 

C—Del. Water Gap. 

D—Easton. 

DAY Ç NS 
AN AN 

D 
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Fra. 1.—Sketch map showing areas of Pre-Cambrian erystalline rocks (shaded 
New Jersey and adjacent states, with the names of the quadrangles in New Jersex 
upon which folios h been published, or are in course of publication, by the U. $. Geo- 
logical Survey. The names preceded by figures are of folios that have been published 
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schists. It contains also, in some Places, layers of calcareous gneisses that are not very unlike those described by Mir being present in the Picker- ing gneiss. While limestone is the most Prominent member of the series, and in some localities the only member observable, in other localities the clastie rocks are also prominent. 
The most important exposures of the series are in the Delaware Water- gap, and the Easton and Franklin Furnace quadrangles. A belt of limestone extends from the Pequest Furnace westward to Hazen, a distance of about two and a half miles, with an average width of about three-fourths of a mile, Here the predominant rock is limestone, which at one place is so richly impregnated with sphalerite that attempts have been made to mine it as a zine ore. It varies from a fine grained white, gray, or bluish marhle, containing a few quartz grains, pyrite crystals, gra- phite flakes and crystals of white pyroxene, to a mottled ophicalcite, contain- ing abundant chondrodite, PYroxene, garnet, phlogopite, tremolite, magnetite, and an occasional crystal of tourmaline and sphene. In some places ser- pentine and tale are common. These components are especially abundant where the marble is cut by pegmatite or by dioritic intrusions. The only clastie rocks associated with the limestone in this area are a few thin beds of calcarcous sandstone found in the quarries at its west end. The Pre-Cambrian elastie rocks are best exhibited at Marble mountain! several miles above Phillipsburg, in New Jersey, and on the opposite side of the Delaware river, along the south side of Chesnut hill, north of Easton, in Pennsylvania, At Marble mountain, the series of which the Franklin limestone is a part is represented by as complete à suc on of beds as is found anywhere in the Highlands. These have been referred to above, The area is such an instructive one, however, that it is here described again in some detail. Besides the white limestone, there occur also quartzites, quartz-breccias or conglomerates, talcose slaty rocks and deposits of lean hematite. These rocks are intruded by great dykes of pegmatite and by masses Of black, dioritie rocks, Exposures are not abundant, but, from those that have been seen, it seems safe to infer that the sedimeniary rocks cover an area of about one square mile at the west end of the mountain. They oceupy the little knob overlooking the Delaware river and the lower slopes of the ridge for a distance of a mile from this river. Within the area are several quarries which are worked for serpentine and tale, and several open pits that were sunk in the search for hematite. A fault bounds the area on the north and separates the Franklin limestone from gneiss Consider- able movement took Place along this fault, contorting the limestone and produeing several metamorphie minerals, of which serpentine and tale are the most abundant. The rock is mined, erushed, and sold as mineral pulp. The limestone of this area is similar in all respects to the Franklin limestone in other areas, The quartzose and slaty rocks are closely associated with the limestone but contacts Fetween them are covered, 

1PECK, F. B,, The tale deposits of Phillipsburg, N J., and Easton, Pa ; NJ.Geol 
Survey, Ann. Rept. for 1904, pp. 161-185, 
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The slaty rocks comprise very schistose, light yellow or gray schists, containing a little tale, and almost massive, dense, black jasperoid beds that look very much like ancient rhyolites. With these are interbedded a few layers of quartzite conglomerates and enclosed in them are lenses of quartzite. A few of the beds are strongly ferruginous. The iron is mainly in the form of hematite, which in some cases is néarly uniformly distributed through the 
recxs, and in others is segregated into dises and nodules, Garnet and tour- maline are often present in both slates and quartzites. Tourmaline is especialiy noteworthy as it sometimes oceurs as black crystals an inch or more long and one-third of an inch thick. It is particularly abundant in very schistose phases of the slates. 

Thin sections of the slaty rocks show grains of hematite and magnetite in an exceedingly fine textured aggregate of chlorite and some micaceous mineral. In some sections there is a suggestion of diabasie structure in the arrangement of the dark grains in the light coloured micaceous aggregate. In others flow structure is suggested by the occurrence of the dark grains in curving and wavy streaks through the lighter matrix. Onthe other hand, a few sections show the dark grains in a series of parallel lines as though mark- ing bedding, and in others lenses of the light aggregate are surrounded by kematite and magnetite as though representing pebbles in a matrix which bas been replaced by iron oxides. 
The general aspect of the slaty rocks is that of a series of interbedded sediments and voleanie flows that have been squeezed and metamorpliosed, but no decisive evidence can be cited to determine their origin. The rocks are strongly suggestive of the Pre-Cambrian volcanie series of South moun- 

tain in Cumberland county, Pennsylvania. 
The quartzites and conglomerates, which are thought to be beneath the 

slates, differ only in the presence of lenses of white quartz in the latter. 
Both are vitreous, dark gray rocks with a splintery fracture and a st ructure 
that shows no trace of foliation or schistosity. They vary from very fine 
grained phases to those in which the particles measure several millimetres 
in diameter.  Occasionally they contain small subangular fragments of 
dense greenish-black rocks resembling the dark massive slates, but other- 
wise they possess no noteworthy features, The lenses of white quartz in 
the conglomerates vary in size from particles as strall as a pins Eead to others 
two inches in diameter. Some are round, others lenticular and others 
angular. The larger fragments are fractured as though crushed, and little 
tails of quartz mosaic extend from the ends of the lens The matrix in 
which these lie, and the entire mass of the non-conglomeratie quartzites, 
consist almost exelusively of quartz and hematite. The quartz is in small 
particles tnat may be sand particles, in little crescentie fragments, and in 
little lenticular masses of quartz mosaic, all of which lie in a finer grained 
ground mass composed of quartz grains, hematite and magnetite. In some 
cases there are also present a little secondary quartz and : few needles and 
large crystals of black tourmaline. Al the rocks contain hematite, and it is to this constituent that their dark colour is due. The hematite is so abund- 
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h some beds, and especially in the bottom portions of beds that are Y thickened into lenses by folding, that attempts have been made to the rock as iron ore, Some thin beds consist of almost pure hematite, his is often sheared to schistose masses resembling the specular ore of larquette district, in Michigan. 
n addition to the distinctly sedimentary rocks that have been described, are present also at Marble mountain a number of rocks of doubtful One group of these questionable rocks is described by PEcx! as coloured, sandy, or highly feldspathie gneisses that contain so much rate as to effervesce briskly with hydrochlorie acid." They are de- to be interstratified with the limestones, slates and quartzites. So seen by the writer, the contacts between these siliceous rocks and the one are either fault contacts or intrusive ones, The sandy gneisses parently the ordinary gneisses into which some calcite has been in- ed from the limestone which they intrude. 
he second group of questionable rocks includes black augitic gneisses ning calcite or dolomite in thin laminæ. They weather readily into ie phases and, when sheared, Pass over into rocks containing much and resembling biotite-schists. Some of these dark gneisses mas ses of the limestone that have been so completelY metamorphosed by ons of pegmatite and the material that produced the ordinary gneisses region that nearly all their original material has dsappeared, and in * have appeared diopside, hornblende. oligeelase and a little eulcite, & an aggregate of equal sized grains which is practically identieal with inposing the more massive types of the black Pochuck gneisses that “ommon in the Highlands. 
e main mass of Chestnut hill, on the west Side of the Delaware river, e Marble mountain, is gneiss, but on its south slope is a belt of imestone several hundred vards wide and extending the full length ‘ill for a distance of about four miles \t its eust end, near @he river, t splits into two limbs that are sep: rated by a mass of pegmatite, estone is of the same character as that on Marble mountain, but there artzite associated with it, Itis strongly serpentinized and in places * a great deal of tale. On its north side the limestone is everywhere et with gneiss, and at its west end it is bordered by the Kittatinny 1e. This boundary is evidently along a fault. 
tal exposure of the same limestone has been opened up by a quarry orth side of Busbkill ereek about half a mile north of the west end of t hill, This is surrounded by the Kittatinny (Cambro-Ordovieian) e, from which it is separated by faults. 
er exposures of the series near the Delaware river are at Lower y and Roxburg. At Lower Harmony the series is represented by e eut by a few dykes of pegmatite. Certain beds have developed some light green hornblende, some biotite and a little tourmaline, 

_cit., p. 1812 
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Others contain a few lenses of coarse feldspar mixed with light and dark green 

hornblende and some tourmaline. At Roxburg the white limestone is exposed 

in two small openings on the slope of Scott’s mountain east of the village of 

Roxburg, where it exhibits its usual characters 

On Jenny Jump mountain, in the Raritan quadrangle, the lime- 

stone appears as a discontinuous belt lying to the east of the main crest 

of the mountain, as a narrower strip at the bottom of its east slope, 

and in a broad area at its northeast end. Much of the limestone contains 

the usual contact minerals, chondrodite and pyroxene, and at one place 

the rock is changed to a coarse grained, pink and white aggregate of 

calcite, dolomite, «nd phlogopite, that looks like a course grained, pink granite. 

At the end of the mountain there are associated with the limestone layers 

of fine grained, thinly bedded, micaceous, gneissie rocks. Some of theze 

consist of quartz, feldspar, sillimanite, biotite and tourmaline. Others 

are composed of quartz, feldspar and pyroxene, or of the first two minerals 

and hornblende. The most common, however, are biotite-quartz-schists, 

with or without graphite, like those oceurring at Tuxedo Park. In some 

places these rocks are crushed and much muscovite is developed in 

them. 

The largest area of the Franklin limestone is that in which the Franklin 

Furnace zinc mines are situated. This begins a little south of Ogdensburg, 

and extends northeast with an average breadth of about three-fourths of a 

mile through Franklin Furnace, Rudeville and McAfee, a distance of fifteen 

miles, _o the north boundary of New Jersey, crossing the line into New York 

near Amity. Although this area is occupied almost exclusively by lime- 

stone, thin beds of quartzose rock are known to oceur in it at a few places, 

as for instance at the Simpson and Cedar Hill hematite mines already re- 

ferred to. 

The only other area in which fragmental rocks are known to be associ- 

ated with the limestone is the narrow belt in which the Andover and Tar 

Hill mines are situated, which has already been described. Finally, in sev il 

little pits west and southwest of High Bridge there are exposures of a mica- 

graphite-schist that is similar to the graphitie schists at Tuxedo Park. There 

is no white limestone in the vicinity, but the High Bridge schists are so like 

those at Tuxedo Park that it is reasonable to regard the two as belonging 

in the same series. 

All the other areas in New Jersey in which the Pre-Cambrian sediments 

are known to oceur are sinall, and none of them show any rock but the lime- 

stone, which in many places, however, is so completely metamorphosed that 

little of its original character remains. The mose important of these, in 

addition to several detached areas in the Franklin Furnace quadrangle 

are: two belts south and southwest of Stag pond, a small areu west of Wright’s 

pond, two small quarries east of Cranberry lake, the Roseville mine, the 

Split Rock Pond mine, a quarry south of Brookside, a quarry at Turkey 

mountain, two miles north of Montville, and a narrow belt at Stonetown 

The last named area is two and a half miles long and only about 155 feet 

wide, Ii 
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wide. In some places the limestone is so completely xilicified that it resembles chert. 

There have been no facts observed in the New Jersey Highlands that will serve as a menns of separating the Pre-( ‘ambrian sediments into a Younger and an older series, The close similarity that exists between the Pre-Cambrian geology of New Jersey and that of the Adirondacks and eust- ern Ontario, however, ukkests & correlation between the three areas, Rocks identical with those in New Jersey have been found in the two northern regions. Here they had been generally known as the Grenville series until MiLLEr and Kicurr,! in 1907, subdivided them into a Younger (Hastings) and an older series, separated by an unconformity, The Younger series is correlated with the Huronian ( Algonkian) of the Lake Superior region and the older series with the sedimentary portion of the Keewatin (Archæwan) series in the same region. For the latter the name Grenville is retained, This series, which consists largely of limestone, was deposited on à basement of spheroidal and ellipsoidal greenstones, In New Jersey no trace has yet been found of the basement on which the Pre-Cambrian sédiments were laid down: Consequentiy, it is not possible to decide whether they should be regarded as Grenville or Hastings. In their lithological features they resemble more closely the Grenville than the Hastings rocks. Even though they be correlated with the former, doubt still remains as to whether they are Algonkian or Archæan, since the position of the Grenville beds has not been definitely established. The existence of the Quartzites and conglom- erates at Marble mountain indicates clearly that, at the time the sedimentary laid down, a land area Was furnishing sand and pebbles, Although no traces of this land have vet been found in the Highlands, its former presence is assured through the evidence of the rocks lai 1 down off its shore 
The relations of the Pre-Caumbrian sédiments to the gneisses, in the midst of which they generally lie, are not ele in many instas: 1e contacts are along faults. In other cases they are apparent ins, The smaller areas oceupied by the Franklin Himestone are elong: toct the direction of the schistosity and banding of the gneisses, and min pit: secin to show that in some instances the limestone extends downward ax narro plates or lenses interlaminated With the gneiss. In Still other enses, à ne Stone and late are surrounded, above and on both sides, by gneiss. Mur over, the limestonc js frequentiy intruded by pegmatite that is believed 15 be connected genetieally wit the gneisses, whieh are thought to be of gneou origin. The linear stryet ire, Which is characteristie of the gneisses in the region, 1x regardes as the direct result of flowage of à viscous magma and of ts ervstallization under the infhacnec of the strains produced by the fowag 

1Muver, W, G., and Kio C.W,, The Grenr Hastings unconfor mity and the 
probable identity in age of the Grenville limestone with the Kecwatin iron formation of th 
Lake Sup on; Sixtwonth Ann. Rept. Bar Mines, Ontario, 1907 »p. 22 2 Compare BAYLEY, W.S Passaie folio No. 1 Geol. A (l ES GR, 1908, r. 2, and SPEXG: À C, Franklin Furnace folio (No. 161), Geol. Atlas US, USGS., 

2 p. 2 
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The magmas are thought to have intruded a series of pre-existing sediments 

and to have assumed their present structures as the result of the control 
exercised by the arrangement of the imentary beds. The larger areas of 
the sedimentary series may represent remnants of a more widely spread series 

of beds that were broken up and partly absorbed in the material of the 
gneisses; and the small areas surrounded by pegrintite or gneiss may be 
simply fragments that were floated from their original positions but not 

completely dissolved, 
From the brief descriptions that have been given, it will be realized 

that the Franklin limestone is only one member of a Pre-Cambrian series 
of rocks ineluding, in addition to the limestone, also quartzites, conglomerates 

slates and micaceous schists, Many of these rocks have been so thoroughly 

metamorphosed that their fragmental character is greatly obseured. There 

can be no doubt, however, that they are sediments older than the gneisses 

which surround them, and that they represent a continuous deposition in 
Pre-Cambrian seas.  Farther southwest, in Pennsylvania, as has been re- 

lated, Miss BascoM proposes to separate the clastie sediments from the 
limestone and to call them the Pickering gneiss. MILLER, however, thinks 

that there is a gradation between the two formations and that they repre- 

sent a single period of sedimentation, In New Jersey the elasties and the 
limestone cannot be separated for purposes of mapping. It is probable 
that the white limestone in Pennsylvania can safely be regarded as the 
equivalent of the Franklin limestone; but that the Pickering gneiss is equiva- 

lent to the quartzites, conglomerates, slates and micaceous schists of New 
Jersey is not so evident. The great variety noted in the igneous gneisses 

of the area may be due in part to the assimilation by their magmas of th 

sedimentary rocks that have disappeared, 
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RELATIONS OF THE PLANE OF UNCONFORMITY AT THE BASE OF THE CAMBRIAN TO 
TRIAL DEPOSITION IN LATE 

PRE-CAMBRIAN TIME 
my 

C°K. LEITH, 

Professor of Geology, University of Wisconsin USA 

The great Pre-( ‘ambrian plain over which the Paleozoie seas advanced for mueh of North Amerien extends over the Luk Superior Pre-Cambrian rocks. Prior to the advent of this sen inthe Lake Superior region there Was terrestrial sedimentation, vuleanism and deformation on a large scale, represented by the Keweenawan series. Tilting of the Keweenawan rocks was progressing during their deposition, with the result that late Keweenawan sédiments are lying nearly flat wlile carlier Keweenawan beds are tilted at angles up to 65°, This ülting developed tLe Lake Superior syneline,  Terres- trial deposition was going on in this syneline until the arrival of the Cambrian sea. Carmbrian marine sédiments were then put down in structural con- formity with late Keweenawan sédiments, although showing marked dis- cordanee with earlier Keweeniwan sedinients. It is difficult to draw an exact line between the late Kewu awan sedimentation and the Cambrian sedimentation. One apparently merged into the other, As the first Cambrian deposits are Upper Cambrian, the question is raised whether _tlu immediately underlying lite Keweenawan sediments should be classe as Middle or Lower Cambrian or Pre-( ‘ambrian.  Sore of them probably overlapped the interval between Algonkian and Upper Cam- brian « dimentation and are equivalent in age with Middle or Lower ( ‘am- brian. Nevertheless, for reasons which E do not here go into, We have re- garded the Ke Weenawan in its lithology and structure as more closely allied as a Whole to the Pre-Cambrian ‘han to the Cambrian. Whatever the ultimate classification of the Keweenawan, it is a great Se0omentary and voleanie series deposited in a slowly developing basin in Pre-Cambrian rocks essentially before the advent Of the Cambrian sea, and the series as a whole rests immediately under, and is cut by, the great plane at the base of the Paleozoie formations of the Mississippi valley. Terres- trial deposition of the Keweenawan played a part in developing this plane. As the lower Keweenawan rocks were tilted during the development of the Lake Superior Syneline they were eut off by erosion and redeposited in low- ving areas Principally within the syneline, thus tending to even up the urface by a cut-and-fill Process, In other words, ticre is a close genetic qe 
395 
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336 €. K: LEITH. 

relationship between the existence of terrestrial sediments at the top of the 

Lake Superior Pre-Cambrian and the great plain bottoming the Paleozoie 

trangression. This conception does not imply that peneplanation or marine 

eutting following the sub-aerial deposition did not also play important parts. 

But they were not alone responsible for the plain. The fact that terrestrial 
sediments Were not removed is in itself evidence on this point. 

This raises the question as to what extent the pre-Paleozoie plain, so 

widely developed over the United States and elsewhere, may have some genetie 

relationship with terrestrial sedimentation in late Pre-Cambrian time. It 

seems to be something more than a mere coincidence that at so many } 

at the surface of this plain there are Pre-Cambrian terrestrial or delta de- 

posits, resting with only slight discordance beneath the Paleozoie. The 

Belt series of Montana and British Columbia is regarded by recent observers 

as partly or largely terrestrial or of delta origin. The discordance of structure 

between it and the Cambrian is a slight one. Similar terrestrial deposits, 

probably of the same age, are recognized in similar relations to the Cam- 

brian in scattered areas throughout our West, including the Wasateh moun- 

tains and the Grand Canyon of Colorado. The gold-bearing slates of Nova 

Scotia and the Avalon slates of Newfoundland may be found to be delta 

deposits of late Pre-Cambrian age. In Scotland the laie Pre-Cambrian 

Torridonian sédiments are regarded as a terrestrial deposit, They are similar 

to the Keweenawan sediments of the Lake Superior region. In structure 

they are but slightly discordant with the overlying Cambrian, 

Without diseussing these illustrations in detail and without arguing that 

all of them are valid illustrations, it seems to me likely that as a whole they 

present suggestive similarities to the Lake Superior situation in showing a 
genetic itionship of terrestrial sedimentation to the Pre-Cambrian plane 

of unconformity. 
E wish to put forth the tentative proposition that the plain at the base 

of the Paleozoie was partly developed by the eutting and filling attendant 

upon terrestrial sedimentation in late Pre-Cambrian time; that it is some- 

thing more than a mere coincidence that so many of the late Pre-Cambrian 

formations are of terrestrial or delta origin, and that they may be the natural 

accor, paniments and consequences of the development of this plain. 

The manner of the development of such an even and wide-spread plain 

as that beneath the Paleozoice in various parts of the world is a problem pre- 
senting difficulties which we should be glad to have cleared up for us by 

physiographers. In diseussing this problem with geologists and physio- 

graphers L have been struck with the lack of agreement as to the manner of 

development of such a plain as that beneath the Cambrian, [present this 

paper with a view to inviting discussion which may enlighten us. Depend- 

ing as lurgely as we do on physical conditions in our interpretation of the 

Pre-Cambrian, it seems to me that one of our next essential steps is to find 

out more about the matter of formations of plains of this sort, 
Following the lead of English geologists, the older view has been that a 

plain like that here diseussed has been formed by marine planation, pre- 
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ceded of course by more or less sub-nerial erosion. The development of the pencplain idea by Davis and hi, associates has led in some quarters to em- phasis on sub-aerial érosion at or near sea-level as the chief factor in develop- ing the peneplain, and to the exclusion of marine cutting. More recently 
Wazruer, Davis, and others have recognized desert weatherng and wind erosion and terrestrial deposition as factors in developing plane surfaces 
at altitudes high above the sea develing without base-leveling); but this conception, so far as LE know, has played little part in the interpretation of some of the great planes of unconformity in geological history. It seems to me that in the case above cited it may be an important consideration. 

The peneplain idea, as ordinarily understood, involves the complete re- moval of all sédiments down to grade prior to the encroachment of the sea, The fact that large ses of Pre-Cambrian terrestri. 1 sediments have not 
been removed, although some of them appear to have been unconsolidated at that time, must mean that they were warped below the peneplain grade, 
The same is true if the surface were largely eut by marine planation. 

The rôle of terrestrial sédiments, therefore, in forming the remarkable plane at the base of the Cambrian, was that of filling depressions below the grades determined either by peneplanation or marine cutting. 

DISSCUSSION, 

A. C. LANE (Boston): I am very glad that Dr. Lerru and I are now in perfect accord as to the facts—that part of what has generally been called Upper Cambrian is very elosely allied to the Upper Keweenawan, that in fact, in the centre of the Lake Super- ior basin the Upper Cambrian probably, at least apparently, sueceeds the Upper Keween- awan conformably, and that the unconformity of the marine Upper Cambrian trans- gressing on the basement beds of a volcanie land formation like the Keweenawan does not imply of necessity a different period. To me the relations of the strata at the beginning of the Palcozoie seem like those of the Old Red sandstone of Scotland and the Devonian Of England, or the Triassie of Germany and the Alps, and the “Red beds,” Permian- e of the West. The final settlement of the controversy can hardly come by find 
Triass 
ing fossils in a Cambrian land formation, but rather in one of two Ways. In the first place the Keweenawan is the last volcanic epoch of the Lake Superior region. The nearer the Olenellus zone can be found with or without signs of contempor- aneous volcanie activity the more likely will it be that the Keweenawan is or is not Cam- brian. 

Secondiy, if I understand Dr, Lerrm aright, he would agree with me that the Keween- awan was 4lso formed during the last great diastrophic period of uplift, prior to the Upper Cambrian (St. Croix). Now, are the stratigra,-hic relations of the Olenellus zone such as to indicate that it was separated from the Saratogan or Upper Cambrian by any great diastrophie uplift, and how near to the Lake Superior region can such relations be traced? The nearer such uplift separating the Olenellus zone from higher beds can be traced the more likely is it that the Keweenawan occurred during such uplift. J. J. SEDERHOLM stated that, in Fenno-Scandia also, the rocks immediately beneath the Olenellus zone were undi sturbed, and that a notable general similarity existed between the Cambrian and Kewe awan rocks of these regions, 
JOHN HORNE (Midlothian), said that in Scotland, on the contrary, there were clear evidences of movement during the interval between the deposition of the Torri- donian sandstone, and the Olenellus shale, and that the Torridonian formation must have been disturbed by this movement. 
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THE SUBDIVISIONS AND CORRELATION OF THE PRE- CAMBRIAN ROCKS OF THE BRITISH ISLES. 
BY 

A. STRAHAN, Sc.D., FRS, 

Director of the Geological Survey of Great Britain, 

In this paper I propose to summarize briefly the results obtained from a study of the Pre-Cambrian rocks of the British Isles, so far as regards their subdivision and correlation. Though the exposures are fairly numerous, they are for the most part small in extent and isolated. They enable us, for example, to see that rock-groups varying greatly in type underlie the Cam- brian in various parts of the British Isles, but in the majority of cases the relations of these groups to one another are not open to examination. The opportunities, therefore, for establishing a succession are less good than those which are presented in such regions as northern Canada or Scandi- navia. Moreover, the difficulty is increased by the fact that those regions in which the greatest extent of Pre-Cambrian rocks is exp _:| to view, are all situated in areas of regional metamorphism. Not onl. :,e the relative positions of the rock formations been greatly changed by mechanical dis- turbance, but the original rock structures have been disguised by structures due to deformation. These remarks apply to a large part of the Scottish exposures, to the Irish accurrences, and to Anglesey and the Lizard. Rocks proved or inferred to be of Pre-Cambrian age are exposed to view in the following parts of the British Isles: 
1. Scotland. The Northwestern Highlands and the Highland complex. 2. Ireland. The Northern and Northwestern region and Carnsore Point. 

3. England and Wales. Anglesey and North Wales: the Longmynd, the Wrekin, Rushton and Malvern; Caldecote (Warwickshire) ; Charnwood Forest (Leicestershire) ; St. Davids (South Wales); the Lizard (Cornwall). 

I. SCOTLAND. 

The following account of the Pre-Cambrian rocks of Scotiand has been kindly supplied by Dr. J. HoRxe, FRS. 

The Northwest Highlands 

In this region two well-defined rock groups, of widely different litho- logical characters and separated from each other hy a marked unconform- 
339 
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ability, are unque: ionably of Pre-Cambrian age, They are known respec- 
tively as the Lewisian (or Hebridean) gneiss and the Torridon sandstone. 

The Lewisian gneiss.- Along the western sea-board of the counties of 
Sutherland and Ross, and in the Outer Hebrides, the members of this 
group are typically developed. On the mainland they have been arranged 
in two divisions: (1) a Fundamental Complex composed mainly of 
gneisses and schists that have  affinities with plutonie rocks, with 
ü limited development of quartz-schists,  graphite-schists, and 
limestones, _evidently of se imentary origin; (2) a great series 
of ultrabasic, basic and acid igneous rocks intrusive in this complex in the 
form of sills, dykes, and irregular veins. The various types of gneiss have à 
definite geographical distribution and they were subjected to earth-move- 
ments which have produced new structures in the gneiss and intrusive dykes 
and sills. All thx inembers of this group in the west of Sutherland and Ross 
have been termed Lewisian gneiss by the Geological Survey after the island 
of Lewis in the Outer Hebrides. 

Torridon  sandstone.— Upon the Lewisian gneiss there rests uncon- 
formably à great succession of red sandstones and grits, with 
conglomerates, flagstones, dark  shales, and calcareous bands. In 
the region not affected by post-Cambrian  snovements these strata 
are quite unaltered. Everywhere the evidence of prelonged_ denudation 
of the Lewisian gneiss in pre-Torridonian time is most marked, In places 
these unaltered sédiments fill pre-Tornidonian valleys to a depth of 
1,500 feet. Sometimes the conglomerates contain bebbles of quartzite 
showing contact alteration, spherulitic felsites an other rocks, which are 
not now found in place in the west of Sutherland and Ross. Such evidence 
clearly shows the extensive denudation of the Archiean plateau. The arkoses 
display many of the phenomena characteristie of the New Red sandstone of 
the British Isles. From the fresh character of the felspars and the presence 
of dreikanter in these deposits it may be inferred that they were accumulated 
under arid conditions. The sun-cracked and rain-pitted surfaces of some of 
the beds point to their deposition in shallow water. In dark micaceous shales 
belonging to the highest division of the system, phosphatie nodules have been 
found. In these nodules Dr. TEALL has detected spherical cells with brown 
fibres which appear to be of organic origin. In the districts not disturbed 
by post-Cambrian movements the various divisions of the Torridonian 
sandstone reach à thickness of 10,000-12,000 feet, In the thrust masses in 
Skye the lowest division of the system (the Diabaig group) oceurs in a greatly 
expanded form, the thickness being upwards of 7,000 feet. 

At the close of Torridonian time the Pre-Cambrian rocks were folded 
and denuded. On this eroded platform, composed partly of Lewisian gneiss 
and partly of Torridon sandstone, the Cambrian st rata, iucluding the Olenellus 
zone, Were laid down. The remarkable uniformity of this plane of erosion is 
a striking feature, and there can be no doubt that it represents the sea-floor 
on which the Cambrian sediments were aceumulated. 
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The erystalline schists Of the Highland Complex. 
Between the Moine thrust plane and the eastern border of the Highlands there is a broad tract of stalline schists, the age and structural relations of which have not been definitely determined, The Egstern schists, comprising the Moine series of the Geological Survey and certain inlie gneiss, have been traced from the Moine thrust plane across the counties of Sutherland, Ross and Inverness, beyond the Great glen to the ( irampian hills, The prominent types of rock forming the Moine series are: (1) phyllitie schists, siliceuus schists, and limestoncs; (2) psammitie quartzo-felspathie schists and (3) pelitic muscovit 1ists Or gneisses usually containing gurnets. In certain areas intrusive shcets of amphibolite, epidiorite, and hornblende-schists appear in the psammitie and pelitic rocks and folding and metamorphism of the Moine series. 

Survey has further shown that there is a gradual increase in the grade of metamorphism as the Moine schists are followed eastwards from the Moine thrust-plane, It is generally admitted that these phyllitie, psammitie and pelitie schists are of sedimentary origin, for in certain localities the original pebbles and clastie grains can still be recognized, 
The inliers of Lewisian gneiss consist of hornblendie and micaceous gneisses With basic and ultrabasic intrusions which rese mble lithologically certain types of Archæan rocks beneath the Torridon sandstone in the west of Sutherland and Ross. For this reason they have been correlated with the Lewisian rocks of pre-Torridonian age, At Glenelg and other localities these orthogneïsses of the Lewisian inliers are associated with paraschists and gneisses of sedimentary origin, as for instance mica-schists, graphite-schists, kyanite-gneiss and limestones, It has been suggested that this se: group may be the equivalent of the pre-T. 

the west of Ross-shire (Letterewe). 
From the relations which these various rock groups bear to each other in the field it has been inferred that the Moine schists rest unconformably on these inliers of Lewisian gneiss, the latter having been ridged up along isoclinal folds and exposed by denudation. Both the Moine schists and Lewi- sian gneiss have been affected by a common system of isoclinal folds and by common foliation planes. 
Near the Moine thrust-plane cataclastie structures are of frequent occur- rence in the schistose rocks. It has been further proved that, near this line of displacement, rocks of diverse age and origin hav 

type of structure under the influence of post-Cambrian movements, and that in the case of the Torridonian sediments true crystalline schists have been simulated, if not actually produced. On the other hand, it has been shown that the structures of the siliceous Moine schists have been broken down near the Moine thrust-plane, thus indicating that some of these rocks existed as crystalline schists before they had reached their present position. In central Ross-shire evidence has been obtained by the ( 
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of igneous and sedimentary rocks by dynamic metamorphism. In that 
region, the Moine rocks are pierced by masses of augen gneiss, ægirine- 
ricbeckite-gneiss. hornblende-gneisses and schists, which, in places, are nearly 
free from foliation and possess their original igneous structures. The 
igneous intrusions are surrounded by an aureole of banded hornfelses which 
Show contact metamorphism. They contain garnet, sillimanite, and pseudo 
morphs of andalusite, The bedding planes of these sediments are clearly 
preserved. Originally they were evidently finely laminated arenacoues sholes 

an inference that has been confirmed by chemical analysis. Outside the 
aureole of hornfelsed rocks the normal psammitie and pelitie schists of the 
Moine series are typically developed. The detailed mapping of the region 
has revealed the various stages in the manufacture of schists and gneisses out 
of these igneous and sedimentary rocks by the processes resulting from earth 
movements, The age of these rocks and the periods of movement that pro= 

duced the foliation have not been definitely determined. 

ln the castern Highland belt, ranging from the counties of Benff and 
Aberdeen, through Perthshire to Argyll, the Moine series is replaced by meta- 
morphie rocks, undoubtedly of sedimentary origin, which have been termed 
the Dalradian series by Sir A, GEIRIE, By the officers of the Gecologi 
Survey and other observers they have been divided into certain lithological 
groups that have been traced more or less continuously from Banffshire 
and Aberdeenshire to Kintyre. As the oberver passes northwards from the 
Highland border to the crest of the Grampians there is an apparent order of 
superposition in these groups. They include schistose grits and slates, Green 
Beds, mica-schists, graphite-schists, limestones and quartzites. In this 
direction also there is a gradual increase in the grade of metamorphism. 
Contemporancous volcanie rocks (pillow-lavas, tuffs, and agglomerates) are 
intercalated in the Dalradian series in Argyllshire. Before planes of schis- 
tosity were developed in these Dalradian strata they were pierced by intrusive 
sheets of basic igneous rock (gabbro and epidiorite) and acid material (gran- 
ite) which have shared in the movements that affected these schists. 

Notwithstanding the extremely detailed mapping of the Geological 
Survey, the age of these sedimentary rocks, the original sequence of deposition, 
and their structural relations have not been satisfactorily determined. No 
theory has yet been advanced to explain the order of succession and the 
tectonies of the region which does not present obvious difficulties. One of 
the most recent interprétations (E, B. BaiLeY's) involves great recumbent 
folds with horizontal displacements of the rock groups extending fo: several 
miles in the county of Argyll. But the order of succession and the ectonics 
involved in this interpretation have recently been questioned by one of Mr. 

Builey's colleagues in the Geological Survey (Mr. CaRRUTHERS) who has 
mapped part of that complicated region. 

An important advance has been made within the last few vears in con- 
nection with the series of rocks at the eastern border of the Highlands near 
the Highland boundary fault. In that region this series consists of sheared 
spilitie lavas and intrusive igneous rocks with black shales, cherts and jaspers 
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which, as shown by Mr, Bannow, are covr red unconformabls by à group of sédiments termed by him the Margie series, At Stonechaven and Aberfoyle they have viclded fossils including hingeless brachiopods, phyllocarid Crustacea, Wormetubes,_ the jaws and chetw of annelids, radiolaria, and a graptolite, The fossils, so far, seem to prove that the strata containing them are of Upper Cambrian or Lower Ordoviciun age, At Stonchaven the fos- Siliferous chert and green schist series along the southern margin is covered Unconformably by Downtonian rocks. lthe North Exk section Mr. Battow has detected à line of thrust between the Margie series x dthe Highland sehists to the north, In de Aberfoyle region the officers of the Geologic l Survey have not been able to locate this thrust in à satisfactory manner, 
To the above account by Dr, Honxe 1 may add that Mr, Bartow's views differ in some respects from those held by his colleagnes. He agrees that the Lewisian gneiss of the Northwestern region and the gneiss of the reputed “inliers" in the Highland complex are the same. There are two Mein “inliers"” and these form with the Northwestern mass portions of three huge lenticles of thermo-mietamorphosed sédiments with igneous intrusions, These lenticles, according to him. can be mapped out into zones of higher and lower-level thermal alteration, which differ from those met with round a post- Torridon granite, partly ‘n the minerals produced but chicfy in the form and size of the zones. He therefore forms the opinion that the masses of gneiss in the flighland complex fall into their proper places in the zoning of the lentiele as a whole, and cannot be described as “inliers.” 
When overthrusting came into operation, these lenticles Suapped along their unaltered Mmargins more readily than in their more ervstalline parts, and it thus happened that along the Moine thrust the unalt, ed margin of the second lenticle was driven on to à highly crystalline part of the first lenticle, this latter constituting the “Lewisian gnoiss.”! 
In view of the divergence of opinion which exists in spite of prolonged and detailed field work, Lam forced to conelude that but little help can be expected from the Highland comple< towards solving the problems of sue- cession and correlation in the Pre-Cambr Beyond the fact that the Torridsn sandstone presents à lithological resemblance to some of the rocks to be referred to later, we have one clue onlv to à correlation of the Scot- tish and English developments. Certain pebbles of felsite oveur in the Torridon series, They must “have been derived from à still earlier forma tion, of which no other trace has been found in the northwest of Scotland, They are identical in all essential respects With the felsites belonging to the Uriconian series of Shropshire,"? 

1 Proc. Geol. Assoc., Vol. XXII, 1912, Pt. the thermo-zoning of the South Eustern Highland 
29, J. H. Tea in “Th Geological Structure of the North West Hishlands of Scotland,” (Mem, Geol Survey). 1907, p. 283. 

290. With map showing 
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I IRELAND, 

Inthe northern and northwe tern parts of Treland there is exhibited What appears to be a continuation of the Pre-Cambrian rocks of Scotland, The Lewisian gnoiss can be closely matehed in e rtuin areas, while a wide spreud group of limestones, quartzites, phyllites oad mica-schists with epidiorites and granite, known collectively as the Lough Foyle series, corres- pond in character to some of the sedimentary rocks of the Highland complex, The relations, however, of the Lough Foyle series to the gneiss have not been determined. 
A small tract of schists and granitie rocks at Carnsore Point is also believed to be of Pre-( ‘armbrian age, 

HI. ENGLAND .ND WALES, 

For the following note on Anglesey Lam indebted to Mr, Ces NLY who has been for some years engaged on a detailed sur of the island, The detailed results of Mr. Greenly's survey are in preparation for publication. That a large part of the schistose complex of An is of Pre-Cambrian age can be inferred from indirect evidence, but more especially from two facts, À small outlier of rocks which are almost sertainly of Cambrian üge, rests unconformably upon the ancient schists: while secondly, on the adjacent mainland, near Bethesda, some conglomerates and grits, which are proved to be low down in the Cambrian succession by the fact of their lying far below slates with Conocoryphe viola, contain peboles of various rocks derived from the complex, some of which are foliated. But, at the sume time, it is possible that some rocks of later date, disguised by post-Silurian movements, have escaped detection, and are still w rongly left in the complex. 
The only correlation with Pre-Cambrian rocks of other parts of the British Isles that can be made with confidence is with those of the Lleyn peninsula in North Wales, 
The complex includes a great variety of rocks, both sedimentary and igneous, and in varyving states of metamorphism. There are quartzites, schistose grits, elastie mica-schists, and phyllites, as well as mica-schists after acid igneous rocks and volcan: tuffs. A group Gf pillowy lavas, with lime- Stones, and with jaspers that may safely be regurded as altered radiolarian cherts, is an important member. There are hornblende-schists and glauco- phane-schists: and lastly, a group of deep-scated rocks, granites, diorites, and acid and basie gneisses, The whole is powerfully folded and disrupted, both on the small scale and the large, and the structures are extremely complicated. 
The Longmynd.—This is one of a number of small disconnected : in which rocks proved or inferred to be of Pre-Cambrian age are exposad to view. The Longmyndian series includes unaltered grits, shales ‘nd con- glomerates, in part of a grey or purple tint, which present some resemblance to the Torridonian of Scotland. The series is demonstrably older than the Ordovician, and cannot be assigned to any part of the Cambrian. While 
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the inference that it is of Pret “ambran 
Torridonian is not capable of proof, 

The Wrékin The busal Cambrian quartzite here unconformabls over. lies a series 0€ unaltored andesites, rhyolites, buste laves and intrusions, with tülfs and occ. jonal conglomerates and shales, "T1 the Longmyndian sédiments is unknown, Here, therefore, ikuin nu local nine (Uriconian) is the most suitable There are several other small expose ures of these rocks near the Welsh border, but they throw no light on the suc 

CR strong, à correlation with the 

relation ©! this series to 

ssion or correlation. 
The Malvern Hills. À plutonie complex locully sehi her forms the floor upon whieh the Hollybush sanct rests _unconformably, 

underlying rock. 
Barnt Green (Worcestershire). 

of a square mile, thec are s 
purple colours. L''agnients of 

stose and foliated, 
stone (Lower Cambrian) The sundstone contains rolled fragments of the 

In this small inlier of about one-cighth 
1 shales and quartzites of green grey and 
site, and of crystals of feldspar occur in the coarser bands, and some of the finer bands are likely to be tuffs. rhyolitie bands may be intrusions or silici 

traversed by one or more dykes of diorite, 
The rocks described sbove are f 

Some pink 
ed voleanie dust, The ren is 

aulied against the Cambrinr basal quartzite, Their Pre-Cambrian age, therefore, rests on no direct proof. Caldecote (Warwickshire), There occur here voleanie breccias, felsitie tuffs and grits with basic intrusions, Some the fine-grained tuffs are atranged in bands of different tints and so conpact us to break with a conchoidal fracture, 
Upon these rests the basal Cambrian quartzite, There is no obvious want of parallelism between the two formations, but the lower part of the quartzite contains large rolled blocks of the voleanie series, This fact and the contrast in lithological character lends Support to the view that the Caldecote voleanie rocks are of Pre-Cambrian age, They may possibly cor- respond to the Barnt Green series, but cannot be paralle! d with the wood rocks, 
Charnwood Forest (Leicestershire ). 

surrounded by Keuper Marl. ‘1 
They include the following subdivisior 

Slates. 
Brand sries Conglomerate, grit and quartzite. 

Purple ar.d green beds, 
fOlive-coloured hornstones. 

Charn- 

The ancient rocks of this tract are 
“ge therefore can only be inferred, 

in descendiny order: 

Hornstones and voleanie grit<. Maplewell series 2 Slat -agglomerate, 
Hornstones. 
Fels'tic agglomerate. 

Blackbrook series— Hornstones 
The intrusive igneous rocks incluite 
It is generally assumed that all the. 

and volcanic grits. 
porphyroids and augite-syenite, 
se series are of Pre-Cambrian age; 
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they cannot be matehed in anv € ambrinn or post-Cambrinn forniation but the Brand series contains mans individual bands like those of the Longmynd, while some of the grits and conglomerates are rettiniseent oÙthe Torridoninn, Où the other hand, none of the series are comparable withothe Pre-Cumbrian rocks of Caldecote, Barnt Green or the W rekin 
In view of the uncertainty of correlation with other British oceurrences, the group is named as a whole the € harnian system, and regarded as being oÙunascertained position in the PreCambrinn sequence 
The Lisard. The rocks for which n Pret ambrian age has been elaimed With some doubt, inelude hornblendes ani Mica-sehists, gnbbro and serpen- Une, Nith granite and granitie gneissos, augite-svenite, dolerite, epidiorites, The oldest rocks in the neighbourhood of which the age is known, are assigne able to the Ordovician 
SE Davids (Pembrokeshire For the following note on the Pre-C mbrian rocks of Pembrokeshire Lam indebted to Mr. HE HE Trouas, Petrographer to the Geological Survey. 
Near St. Davids Pre-Cambrian rocks oCeUpy à considerable area and consist of great group of bedded rhyolitie and keratophyrie tuffs, andesitie tuffs, conglomerates, halleflinta, and porcellanite, These are cut by intru- sions of granophyrie soda-granite and quartz-porphyrs, and the whole is 

unconformably overlain by the Cambrian basal conglomerate and quartzite, The bedded series was originally divided into two groups, Pebidian and Arvonian, but the Arsonian has been found to include rocks of post-Cambrian age and the remainder has proved inseparable from the Pebidian, which group now stands alone, For the intrusive rocks the name Dimetian was originally applied and has been retained. 
The Pebidian of St. Davids has been found capable of subdivision accord- ing to age into the following series arranged in descending order: 
Runsey Sound series, Rhvolitie tutfs, 
Cærbwdy series. Rhyvolitie tuffs and halleflinta. 
Treginnis series, Andesitie tuffs, 
Penrhiw series, Red and green tuffs, 
About cight miles to the eust of St Davids another mass of Pre-( ‘ambrian rocks comes to the surface at and near Hayseastle, They consist of a bedded series of rhyolitie and keratophyrie tuffs and luvas with subordinate andes- tie tuffs, eut by intrusive masses of soda-granite and quartz-porphyry. Both the bedued and intrusive rocks are overlin unconformably by the Cambrian basal conglomerate and quartzite. 
In the bedded series (Pebidian) two divisions have been established, the Pont-ÿ-hafod group and the Rhindaston and Gignog group, which it is possible in a general way to correlate with the Treginnis, Cærbwdy and possibly Ramsey Sound series of the st. Davids area, 
The Dimetian rocks with the exception of the diorite are practically identical with those of St. Davids: like them they show hardly any signs of foliation and may be referred with certainty to the same period of intrusion, 
In southern Pembrokeshire a mass of igncous rocks, overlain unconform- 
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x by Upper Llandovers sédiments, is inlerred from its geneiul el to be of Pre-Cambrian age, It consists of à series 
rocks, mainly rhyolites, broccius and tulls 

iaraeteps 

oÙ soduerieh volennie 
to which the name Benton series 

à applied, and a plutonie and hypabiyssal lobnston serie intruded in the following der: Quartz-diorites ttéulbite rocks url quartz-dolerites 

has be 

These two series differ somewhiat in type on the Pebidian and Dimetinn OÛSt. Davids, and their relations to those &roups are not known 
It is impossible to correlate, even in à general manner 

rocks of Pembrokeshire with those of 1er British areus 
compurativels elose at hand 

the Pre-Canmbrian 

even With those 

On summarising tte notes given in the preceding pages we find that te Pre-Cumbrian rocks of the British Esles may be grouped ider four different types, but that the relative OÙ the types has seldon een determ ne, 1. Gneissose rocks CLewisian gneiss") in Scotlane nd Freland 
2. Metamorphie series of sedimentary and igneor  ocks in Scotland CMoie sehists"), in freland CLough Foyle senes"). in CAnglesey complex"), and, doubtfully, in Corrwall, 
3. Unaltered voleanie or plutonie rocks in the Wrekin CUriconian in the Malvern CMalvernian"), Warwiekshire_(*Caldecote South Wales (* Pebidian"). 
4 Unaltered sediment rocks in Scotland (Torridonian"). in ti Longmynd C'Longmyndian"), at Barnt Green and in 

CCharnian”) 

\uglesey 

x 

series” 

Léicestershire 

In one case only has a definite relation been established between any two types, namely in the superposition of the Torridonian upon the Lewisian gneiss in Scotland. It is suggested, but it hus not been prove that Che Charnian and Longmyndian are correlative with the Torridonian and that 
the Uriconian are es urlier. [thus not been proved that the Uriconian, Caldecote series and Pebidian are correlative, Lastly the relative ages of the metamorphie rocks of Scotland, Ireland, North Wales and the Lizard are not only open to doubt, but the relations of the Moine schists to the Lewisian gneiss are not agreed upon. 

Under these cireumstances we seem to lu k justification for attempting a chronological sequence of Pre-Cambrian rocks in the British Isles, further than is involved in placing the Lewisian gnelss among the oldest, and the Torridonian among the later formations. Thus far,the evidence is in accord- ace With the correlation of Torridonian with Keweenawan, and to à certain extent justifies à comparison of the Lewisian gneiss With the Laurentian of Canada. 



ÿ 
invol 

reprel 
in wh 

the s 

is wri 

this d 

it as : 

cure t 
tion ti 

A 
North 

of est: 

define 

are m 
mediui 
field, ; 

There 

quenti: 

known 

excelle: 

the cla 

geology 

tinent. 

Th 

gion as 

minor ol 

older ro 



A STANDARD 
ROCK 

ALE FOR THE PR E-CAMBRIAN 
OF NORTH AMERICA. 

BY 

ANDREVW C. LAWSON. 

Professor of Geolngy, University of California, U.S.A, 

Any attempt to f :rmulate a general subdivision of the Pre-Cambrian involves the discovery of a particular region in which there is a maximum representation of rock formations, sedimentary, volcanic and plutonic, and in which, therefore, we may erect a standard sequence. It may well be that the sequence is incomplete, and that a large part of the geological record is written in terms of erosion rather than in terms of rock formation; but this does not relieve us of the necessity of erecting the standard and using it as a scale of reference. For it is only by so doing that we may hope to cure the defects in the local standard and so arrive at a closer approxima- tion to the general sequence of events in Pre-Cambrian time. À search for more than sixty years has failed to discover, so far as North America is concerned, any region more favour: ble for the purpose of establishing a tentative standard than that generally known, but vaguely defined, as the Lake Superior region. All students of Pre-Cambrian geology are more or less conversant with this region, either directly or through the medium of the literature describing it. In the past it has been à fruitful field, yielding much to our knowledge of the early history of the earth. There is a greater number of large groups of Pre-( ‘ambrian rocks, the se- quential and other relations of which can be made out, than in any other known region of the continent. The accessibility of the region and the excellence of its exposures render it probable that it will continue to be the classic field for the solution of the larger problems of Pre-Cambrian geology as they are presented in the structure of the North American con- tinent. 
There is but one drawback to the selection of the Lake Superior re- gion as the one in which the tentative Pre-Cambrian standard should be established, and that is our lack of knowledge of the base within its confines. In descending the Palæozoic sequence, our. positive knowledge ends with the base of the Upper Cambrian; and this ieaves room for the possibility that certain little altered and little disturbed forma- tions, which are commonly regarded as Pre-Cambrian, may be, in reality, the equivalent of the lower divisions of the Cambrian. This, however, is a minor objection. since the chief interest attaches to the vast complex of still older rocks properly embraced in the Archæan, For the purposes of this 

349 

of the Cambrian 
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paper, the current assumption that the Keweenawan and Animikie are of 
Pre-Cambrian age will be adopted. 

As a point of departure for this discussion, we may take the classifica- 
tion of the Pre-Cambrian rocks of the Lake Superior region as agreed upon 
in December, 1904, by an International Committee consisting of Apams, 
BELL, Lane, Lerrx, MILLER, and VAN Hise (chairman).! 

The following succession and nomenclature were recognized and adopted 
by the Committee: 

CAMBRIAN— Upper sandstones, etc., of Lake Superior. 

Unconformity. 

PRE-CAMBRIAN. 

Keweenawan (Nipigon). 

Unconformity. 

Upper (Animikie). 

Unconformity. 

Huronian: * Middle. 

Unconformity. 

Lower. 

Unconformity. 

Keewatin. 

Eruptive contact. 

Laurentian. 

This scheme of nine years ago is to-day inadequate as a scale of the 
Pre-Cambrian rocks, and tends in some important respects to obscure rather 
than to elucidate geological history, It is the purpose of this paper to point 
out how it may be so enlarged and improved as to bring it in accord with 
existing knowledge. This may be done most conveniently by first giving 
the amended scheme and then presenting the argument in support of the 
changes suggested. 

1Jour. Geol., Vol. XIII, 1905, pp. 89-104. Also Rep. Bureau of Mines, Ontario, 
1905, Vol. XIV, Pt. I, pp. 269-277. 
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Sequence and Classification of the Pre-t “ambrian Rocks of the Lake Superior 
Region. 

Upper Cambrian (Potsdam). 

Unconformity. 

Keweenawan (Nipigon). 

Algonkian: | Unconformity. 

Animikie. 

Eparchæan Interval. 

lAlgoman (granite-gneiss, batholithic in Huronian). 

Trruptive contact. 

Upper. 

Huronian: Unconformity. 

Lower. 

ARCHÆAN: | Unconformity. 

Laurentian (granite-gneiss, batholithic in Ontarian). 

Irruptive contact. 

Keewatin. 
Ontarian: 

! Coutchiching. 

THE OLDEST ROCKS. 

In my report on the geology of Rainy Lake region for 1887! I described a great series of metamorphie sedimentary rocks lying below the Keewatin and named it the Coutchiching series, from the rapids of that name at the outlet of Rainy lake, where these rocks are well exposed. The relative position of the Coutchiching and Keewatin was based chiefly on observations made on two well defined anticlinal structures; one in the vicinity of Bear’s Passage and one on Rice bay, Rainy lake. The estimates of the maximum volume of the series, however, were based on the section afforded by the Canadian shore of the southenst expansion of the lake, Some Years later, when the International Committee vi ited Rainy lake, it did not examine the Bear’s Passage and Rice Bay sections, where the stratigraphic relations of the Coutchiching and Keewatin are well exposed, but confined its attention chiefly to the section across Shoal lake on Seine river. Here, owing to the rapidity with which the work was done, I fell into error in my report of 1887, This 
1 Geol. and Nat. Hist. Survey of Canada, Ann. Rep. 1887, Pt. F. 
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crror Was easily detected by the geologists of the International Committee and consisted in my failure to re cognize that in the conglomerate of Shoal lake I had to deal with the base of a post-Keewatin series of rocks. The Committee concluded that the conglomerate was the base of the Coutchi- ching, and that the latter, therefore, lay unconformably upon the Keewatin. If the Committee had examined the Bear's Passage and Rice Bay sections, they probably would have reached another conclusion. 
For the purpose of reviewing this question, 1 spent the field season of 1911 on Rainy lake and Seine river, and have reported the results of my studies to the Director of the Geological Survey of Canada, at whose sug- gestion they were undertaken. The report is accompanied by a geological map of that portion of Rainy lake which is critical for the question at issue, For the details of the observations the report and map! must be consulted, but the results may be summarized ! ere. 
In the vicinity of Bear's Passage, the Coutchiching rocks are prevailingly mica-schists, more or less distinctly stratified, which are disposed in a well defined anticline under particularly favourable conditions of exposure and accessibility. The axis of the anticline is on the line of the Canadian North- ern railway, between mile-posts 209 and 210, and is also exposed on the 

adjacent shores of Redgut bay. Here the strata are nearly flat, but un- dulatory. Away from the axis, on either flank, the dip increases gradually, but more rapidly on the east than on the west, so that the anticline is not quite symmetrical. On the cast flank, the strata pass beneath the Keewatin, and the actual contact is exposed in the cuts of the railway to the south of mile-post 208, the actual dip being about sixty degrees to the southeast, On the west flank of the anticline, the Coutchiching strata pass below the Keewatin rocks with a dip of from twenty to thirty degrees, and the actual contact can be located within a few feet. The overlying Keewatin rocks have similarly low dips. The dips refer to strata and not merely to schistosity. No geologist applying the ordinary principles of süatigraphy to this section can escape the conclusion that the Coutchiching rocks underlie the Keewatin and that this relation is due to the sequence of deposition, 
The Rice Bay section is equally clear. Here the Coutchiching strata wrap around an intrusive mass of highly sheared granite, dipping away from it in all directions at angles usually of from forty to sixty-five degrees; and outside of this annular belt is an encireling belt of Keewatin lying upon the Coutchiching and dipping away from it. The relations of the two series of rocks are those stated in the report of 1887. The field work of 1911, while 

it amplified the evidence and improved the mapping, has in no way changed the conclusion reached twenty-five years ago, but has established it more 
firmly. 

The belt of strata on Seine river with the Shoal Lake conglomerate at its base, which was referred partly to the Keewatin and partly to the Coutchi- ching on the map of 1887, belongs to neither of these series, but is later than 
1The Archœæan Geology of Rainy Lake restudied: Memoir No. 40, Geo! Survey of Canada 
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both and is the probable correlative of the Upper Huronian of the amended tabulation given anove. It is part of a thick series of quartzites and slates with basal conglomerate which I followed eastward from the mouth of Seine river as far as Sabawe lake, Throughout this distance of seventy miles, these rocks have à persistent cast-west strike and may be seen in uncon- formable relation to the Kecwatin at numerous plac For the purpose of facilitating discussion 1 have used the local name, Seine series, for these in the report above referred to. 
The segregation of the Seine series from the Coutchiching and Kee- watin as a probable correlative of the Upper Huronian (exeluding Animikie from Huronian) elears the way for the better understanding of the relations of these two more ancient series, In view of the facts observable at the 

Bear’s Passage and Rice Bay sections, as Summarized above and more par- ticularly recorded in the report of 1911, it is clear that in the standard Lake Superior section we must recognize à body of sediments, free, so far as at present known, from voleanie admixtures, which antedates and underlies the Keewatin. The most ancient rocks in the region are thus those of the Coutchi- ching series. 

THE KéEWATIN SERIES, 

The Keewatin rocks, which had been confounded with the Huronian prior to my work on Lake of the Woods, have in the past twenty-five vears received a wide recognition as a persistent constituent of the pre-Huronian portion of the Archæan, They are composed chiefly of volcanic lavas, pre- vailingly basie and of the character of basalt and diabase, but also of acid quartz-porphyries and felsites. The basalts are very commonly ellipsoidal, and less commonly have a well marked amygdaloidal structure, Associated with these flows are tuffs and agglomerates in proportions so variable that they may be very prominent constituents of the series in some districts and almost or wholly lacking in others. Both the lavas and the pyroclastie rocks are sheared and schistified to a variable extent; so that in some dis- tricts they are very massive and in others highly schistose, in accordance with the deformation to which they have been subjected, In cases where the deformation has been acute it ma: be difficult to discriminate the coarser agglomerates from the ellipsoidal basalts. These basic lavas pass over into chlorite-schist and into hornblende-schist. The latter, usually in the form of a black, glistening rock, is characteristically found in the vicinity of the granite-gneisses which invade the Keewatin, and is probabl;: à product of contact metamorphism.  Besides these volcanie rocks there are various rocks of sedimentary origin such as slates, mica-schists, cherts and limestones which enter into the make-up of the Keewatin series, 
In my report of 1887 on Rainy Lake region, 1 pointed out that the change in the conditions of rock formation which inaugurated the Keewatin does not in itself necessarily imply any great lapse of time between the ces- sation of the accumulation of the Coutchiching and the deposition of the first rocks of the Kecewatin. But I Suggested that the latter might be con- 
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sidered as unconformably related to the Coutebiching, This opinion, how- ever, Was based on a misconception of the stratigraphie position of the con- glomerate of Rat-root b v, which has been shown in le report of 1911 to be the basal conglomerate of the Seine series, There is at present no evi- dence that the Coutchiching rocks wcre disturbed or subjected to crosion before the overflow of the Keewatin lavas Upon them, except that in one section on Rainy lake there is evidence of the accumulation of land detritus between successive flows, indicating that, loeally at least, the Keewatin lavas were not submarine flows and Suggesting the emergence of the Cout- chiching sea bottom. 

ONTARIAN. 

In 1SS9 I proposed! that the two series, Coutchiching and Keewatin, be together grouped as the Ontarian system. This suggestion has met with partial aceeptance, The comprehensive term is needed not only to satisfy the requirements of complete classification, but is also ä practical aid in facilitating the dis uss'on of the relations of these two series to the Lauren- tian gr: ite-gnoisses, The latter are batholithie intrusions in both the Keewatin and the Coutchiching, and it is more convenient in many cases to refer to this plutonie activity as affecting the Ontarian than as affecting the Couteliehing and Keewatin. Its use will also simplify discussions in- volving broad correlations, as, for example, the correlation of the br subdivisions of the Archæan of northern Europe with those of North Ame For these reasons it is retained in the tabulation classifving the subdivisions of the Archian, 

LAURENTIAN, 

Although the old notion of the tactamorphic derivation of the Lauren- tian gneisses of the Lake Superior region from sédiments has been entirely abandoned during the past tWenty-five Years, and they are now recognized as plutonie igneous rocks, the tem itself bas clung to them. This current practice was confirmed by the find.g of the International Committee on Pre-Cambrian Nomenclature when, in 1904, it adopted the term Laurentian “for the granites and gneissoid granites which antedate, or protrude through the Keewatin, and which are pre-Huronian.”  Inasmuch as we bave no certain knowledge of the existence of granites or granite-gneisses antedating the Keewatin, the term has come to mean those pre-Huronian granites and granite-gneisses which are intrusive into the Kcewatin (or, in the R: y Lake region, intrusive into the ( Mtarian), When pre-Ontarian granites and granite- gneisses are discovered they will, of course, receive à designation of their own which will distinguish them from the post-Ontarian or Laurentian rocks of the same type. 
The significance of the term Laurentian as used in the L ke Superior region, and the position of the rocks to which it applies, are now sufficiently 

1 Bull. G.S,. A., Vol. 1, pp. 176-177. 
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well settled to render a detailed discussion unnecessary 
may be stated, however, in 

in this paper, It 
anticipation of what is to follow, that large and important areas of granite-gneiss which originated at a much later time, and which, therefore, do not conform to the definition above set forth, have been mapped and described in various reports and papers as Laurentian, This 

practice was recognized and sanetioned by the 
ven, in defining the term Laurentian, it 

International Committee, 
stated: “In certain cases this term may also be employed, preferably with an explanatory phrase, for 

associated granites of large extent which eut the Huroni 
to the Huronian cannot be determined." 

an, or Whose relations 
By this the Committee referred to plutonie masses cutting the two lower divisions of the Huronian as they 

used that term, and did not intend to imply, E take it, that granites of large extent eut the Animikie, This practice of placing in the same division of the geological scale plutonie masses of both pre-Huronian and post-Huronian age bas led to a confusion of ideas which should now be cleared up. In the 
standard Lake Superior section which it is the purpose of this paper to formu- late, the term Laurentien is not applicable to post-Huronian rocks but only to those granite-gneisses and associated platonie rocks which are 
Ontarian and pre-Huronian in ag 

post- 

LOWER HURONIAN, 

In addition to their occurrence as the lower division of the Huronian section, the Lower Huronian rocks have been recognized at several localities in the Lake Superior region. Aceording to the latest general account! of the region by Van Hise and Lerrn, the series is represented in the Penokec- 
Gogebie, Marquette, Crystal Falls, Sturgeon River, Felch Mt., Calumet and 
Menominee districts on the south side of Lake Superior: and in all of these 
it consists of a basal conglomerate or quartzite and a formation of dolomitic 
limestone. In the Marquette district this limestone is overl 
tior of slates. 

aid by a forma- 
In general, it rests in marked unconformity upon the Lauren- 

tian or Keewatin rocks. On the north side of Lake Superior the Lower 
Huronian has been identified only at Steeprock lake? 

On the shores of this lake there is xposed a series of strata which, in its lower part, at least, is remarkably similar to the Lower Huronian of the 
south side of Lake Superior. At the base is a thin conglomerate resting on 
the worn surface of the Laurentian, and this is followed gradationally by a 
thick formation of limestone.  Above the limestone is à voleanie ash, and 
upon this rests a green schist holding an abundance of clastie quartz. The 
limestone is estimated to be from 300 to 700 feet thick, and contains fossils 
in great numbers, the prevailing forms of which have been described by 
WaLcorr.i 

S. Monograph LILI, 1911, 
2 For a brief account of the gcology of Steeprock lake see “Structural Geology of Steep- rock Lake, Ontario,” by H. L, SMYTH, Vol. XLIII, 1891; also “ The Geology of Steeprock Lake, Ontario," by AND C. Lawsox, Geol. Survey of Canada, Mem. No. 28, 1912 
3 Geol. Survey of Canada, Mem. No. 98, 1912 
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The Stecprock series is referred to the Lower Huronian, not only because of its resemblance to that series on the south side of Lake Superior, but also on the ground of order of succession, since it js very probably unconformably below the Seine series of the same district, which agrees well with the Upper Huronian, 
The similarity of the Lower Huronian on the two sides of Lake Superior is significant of à widespread uniformity in the conditions of deposition, We must recognize à sea transgressing the eroded surface of the Laurentian rocks, in which littoral sédiments gave pl rapidly to the deposition of an extensive limestone formation: and the fos iliferous character of this lime- Stone at Steeprock lake indicates that it was due to the abundance of lime- secreting organisms in the Lower Huronian sea, The possible existence of Lower Huronian rocks at other localities on the north side of Lake Superior is indicated by Van Hise and Lerru in their last monograph.! They refer to the Huronian of the Vermilion, Michipi- coten, Mesabi, Gunflint and Loon Lake districts under the designation of “Lower-Middle Huronian applying the term “Middle” to the series which in this paper is recognized as Upper Huronian. It is very doubtful, however, whether the Lower Huronian is really present in most of these sections. The Ogishke conglomerate, for example, is remarkably similar to the Seine con- glomerate, which is at the base of the Upper Huronian. But apart from these doubtful sections, we know enough of the Lower Huronian, not only in the type section on Lake Huron, but also at other localities in the Lake Superior region, to sustain the current opinion that the series is an important subdivision of the Pre-( ‘ambrian, and to encourage the belief that its correlation in localities even widely separated can be es- tablished on the three-fold basis of: () lithological similarity, indicating Wuformity of conditions of deposition in a wide sea; (2) stratigraphical sequence, having the Laurentian unconformably below and the Upper Huron- jan unconformably above: and, (3) the presence of a fossil fauna, an aid which, heretofore, had been scarcely hoped for in these rocks, 

UPPER HURONIAN, 

There are two unfortunate cireumstances which tend to obscure the discussion of the stematie place of the Huronian rocks. One is that both of the major divisions of the Huronian should have the same name, distin- guished only by the words, upper and lower, This infelicity is, at present, difficult to avoid, since both divisions were included in the original definition of the term Hüronian, and geologists are loath to restrict the term to one or the other of the two modern divisions. It would, however, be à distinct simplification of our nomenclature and a great gain in the direction of clear- ness of ideas with regard to these ancient rocks if this restriction could be made. 
The second cireumstance referred to is the persistent effort which certain 

G.S. Mon. LIT, 1911. 
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gcologists of the US. Geological Survey make to include the Animikie in the 
Huronian under the designation Upper Huroni: à, although there is nothing 
in the original definition of the Huronian or in te type section of the Huron- 
jan, even in the comprehensive usage of the author of that term, with which 
it can possibly be correlated, 

The history of the distension of the Huronian is interesting and illum- 
inates the growth of our nomenclature. Prior to 1904, the geologists of the 
US. Gcological Survey recogniz 
of the Huronian, and these we 
The Upper Marquette was corre 

Linthe Marquette region but two divisions 
known ax the Upper and Lower Marquette, 

ed with the Animikie properly, and with 
the Upper Huronian erroncously. But an unconformity was discovered 
by NeaMaN in 1902 in the Lower Marquette, which led to the subdivision 
of the Marquette into the Upper, Middle and Lower Marquette and the 
correlation of the two lower divisions with the Upper and Lower Huronian 
of e Huron. This, of course, confirmed the objections that had been 
made by Wisiuor! and mysele to the correlation of the Upper Marquette 
with the Upper Huronian of Lake Huron, and had the immecate effect of 
removing the Animikie (Upper Marquette) from the Huronian as the latter 
term had been understood by all geologists up to the vear 1908, 

But the Animikie and its équivalents on the south side of Lake Superior 
had been so long.and so positive * asserted to be Upper Huronian, that the 
geologists responsible for the error proce led to distend the meaning of the 
erm Huronian for the express purpose of including the Animikie and pr 
serving the phrascology of their old and erroncous correlation, although the 
latter was definitely abandoned. There are only two divisions of the Huron- 
jan in the type section, but a third was created and the Huronian was divided 
into Upper, Middle and Lower Huronian. The Animikie and'its équivalents, 
which, previous to 1904, had been correlated with what is, in this scheme, 
Middle Huronian, thus retained the designation of Upger Huronian, although 
the meaning of the term was totally changed. This eurious and 
jugglery has been the main stumbling block to the proper understanding 
of the Lake Super: s; for the past nine veurs. That the International 
Committee in 1904 should have acquiesced in this remarkable procedure 

as à triumph of diplomaey for the geologists who proposed it; but advances 
in science are made along different lines. This distension of the Huronian 
so as to inelude the Animikie, and the subdivision of the term into Lower, 
Middle and Upper Huronian is a most embarrassing and confusing practice, 
regarded merely from the point of view of necessary discussion, Those 
geologists, and there are many, who recognize only two subdivisions of 1! 
original Huronian refer to these as Upper and Lower Huronian, and the term 
Upper Huronian has thus two quite distinet and conflicting meanings. This 
conflict has been so subversive of clarity of expression that it contributes à 
powerful argument in favor of the suggestion made above that the term 
Huronian should be restricted to one or the other of the two divisions of the 

athetie 

1 Jour. Geol., Vol. X, No. 1. 
2 The Eparchæan Interval, Bull. Dept. Geol. Uriv, Calif. Vol. IL No. 3, 1 
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type section on Lake Huron, and that a new name should be used for the other. 

The Upper Huronian of the Luke Superior standard section embraces the formations above the Unconformity at the buse of the upper slate con glomerate, first discovered By ALEXANDER WiINCHELL! in 1891, and more particularly defined by Pemrezey and \ AN Hise? in the voar following, and their correlatives, These formations, in aseending order, are upper slate conglomerate, red quartzite, red dusper conglomerate, yellow chert and limestone, The correlatives in the more important localities are, according to the present consensus of opinion, as arranged in the following tabulation: 

Correlation of the Upper Huronian in the Lake Superior Region. 

Marquette, Deud | Negaunee formation, 
River and Feleh Siamo slate, 
Lake districts, \iibik quartzite. 

Negaunee formation, 
Crystal Falls district. \jibik quartzite. 

Hemlock formation, 

Menominee distriet. 2 Quartzite, 

LES Ogishke conglomerate- Mesabi district, di ME slate-graywacke, 

Knife Lake slates. 
Vermilion district. Agawa formation. 

Ogishke conglomerate, 

: : Seine series: conglomerate, Rainy Lake district, ; ; °ng'o Ê L quartzite, slate, 

Seine series: conglomerate, Steeprock Lakedistriet.À onto ln 
luartzite, slate, 

Michipicoten district. { Doré conglomerate, 

These corrélations with the Upper Huronian are, of course, not so cer- tain as in similar attempts in the Pakæozoic and 14 ter divisions of the geological scale, since they are based on lithological similarities and stratigraphic se- quence without the aid of fossils. Inasmuch as ‘here is no dispute «s to the 
1 Bull, G. S. A., Vol. IL, 1891. 
2 Am. Jour. Sci., 3rd Ser., Vol. XLIII, 1892. 
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probability of the equivalenee indicated, they may be ar us fairly satisfactory, the existing differences of opinion having reference to th clature rather than to the ation itself. Most of the rock groups cors related with the Upper Huronian in th tabulut aiven above have been deseribed in the literature dealing with Luke Superior geology, and an exe cellent summary of this knowledge is given in N AN Hise and Lerra's recent 'Geoloyy of the Lake Superior Region! but have ventured to place the Ogishke econglomer and associated strata of the Vermilion and Mesabi distriets in the Unper Huronian rather than the Lower on the 
sinilarity of the rocks to the Scine serie. 
rock series, 

of the 

busis of the 
and their dissimilarity to the Stecpe 

\ description of the Seine sers is 
ieological Survey of Cannda 

given in a fortheoming report 

ALGOMAN, 

After the deposition of the Upper Huronian rocks the Lake Superior région Was profoundiy affected by plutonie activities resulting in the develop- ment of great granite batholiths similar to those of the Laurentian, These rocks were for mu Years supposed to be ehronologically equivalent to the 
ses, which they elosely resemble. 

and in their contact relations with the 
trusive; and, therefore, they have | 
reports and papers | 

Laurentian granite 

call 
both petrographi- 

rocks into which they are in- 
een referred to as Laurentian in many 

thin the United States and Canada. M recent (1911) re-study of the Rainy Lake region lus shown that some 
which LE mapped in 1887 us Laurentian, 
intrusive into the Seine series, 

plutonie masses 
are in reality post-Huronian. being 

Farther east in the Seine River country I Was able to show that the granite-gneiss, which occupies the southeast quarter of the Seine River quadrangle and which has been mapped by the Geological Survey of Canada as Laurentian, is intrusive in the rocks of the Seine scries (Upper Huronian). Splendid exposures demonstrating this rel 
are to be seen on the line of the Canadian Northern railw 
A brief review of the recent literature of the Lake 
several geologists have recorded similar facts. 
of the Giant's Range in northern Minnesot 
Ogishke conglomerate and Knife Lake states (Upper Huronian) of the Ver- milion and Mesabi districts. This granite area has an exposed length of 125 Miles and a width of twenty miles, and it is probably much more extensive below the formations which rest unconformably upon it, 

An extensive area in north centr 

ationship 
near Jron Spur, 

Superior region shows that 
For example, the granite 

a is described as intrusive in the 

al Wisconsin, known as the Wausau district, appears to belong to this category of intrusives, if we accept the interpretation of the sequence given by Vax Hise and Lerra? rather than that Of WEIDMAN NS 
In the Baraboo district of Wisconsin, certain granites wl! 

IU.S. GS, Mon. LII, 1911, 
aU, . Mon. LIL, pp. 355-358. 
3 Wis. Geol. and Nat. Hist. Survey, Bull. No. XVI, pp. 378-384, 1907. 

eve been 
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regarded ax Laurentinn are also, on the same authority, lt6 be regarded nn latrusive in the Upper Huronian Nimilurly in the Loon Lake distriet Ontario, granite which euts the Upper Huroniun (pre-Animikie) rocks js regarded by Van His and Lérvru aux the correlative of the Giants Range &ranite, According to the Mapping of the Geological Survey of Canada, * this post-Huronian granite of Loon lake js probably the same granite which 1 have described ax intrusive in the Seine series (Upper Huronian) at Iron Spur on the line of the € ‘anadian Northern railway.{ cthe north of Lake Huron, it quite certain that the Huronian rocks res! the ercded surface of the Laurentian and of the rocks into which the latti intrusive, Yet jt js Cqually éleur from BanLow’s deseriptions® that along the southeust border oÛthe Huronian area there are granites and granite= &eisses Whic' eut the Huronsan. 
Wazken® lins described post-Huronian granite in the Sudbury district. Similarly Coveman describes ‘’coarse kranites, and svenites, often Porphyritie, which merge into &ncisses and have been placed in the Laurentian by most writers"” ax intrusive in the Huroniun of Sudbury distriet, 7 The International Committee in 1904, recognized these post-Huronian grantes, For, while restrieting the term Laurentian to the pre-Huronian grunites and gneissoid granites, it ruled: In certain cuses this term (Lauren- Üan) may also be employed, preferably with an exXplanatory phrase, for associated granites of large extent which cut the Huronian, or whose relations to the Huroniut cannot be determined" This anomalous use of the term Laurentian was thus cotnmented on by Van Hise and LerrnŸ in 1909: “A considoroble part of thu rocks mapped as ‘Laurentian is intrusive into the Algonkiur (mu aning Huronian: A, CL) but another large part is intusive only into the Keewatin. ‘Laurentian." as used in the broad sense, becomes à catch-all for Pre-Cambrian (meaning pre-Animikie: P. FE CERN Dé kneisses and granites of any à where structural relations have not been discriminated. There js dar ger that, unless tie narroWer and much more desirable ap olication of the term recommended by the Committee be em- Phasized, the discrimination OÙ the Archtæan and Algonkian (meaning pre- Huronian and Poe -Huronian) granites, so important for structural purposes, Will be overlouked." 

COLEMAN in his address to the Goological Section of the British Associa- tion for the Advuncement of Science discussed the question as follow: 
LUS. GS, Mon. LI, p. 360. 
aU, & Mon. LIT, p. 206 
3 Seine River and Lake Shebandowan sheets, 4Ante, p. 350. 

1. Vol. VI, 1890, pp. 19-32. Am. Jour. Sei., ru Ser., Vol. XLIV, 1802 pp. . Bull. G,:8, À. Vol IV, 1893, pp. 31 G of Can Ann. Rep., Vol. XIV, Pt H, 1901 
Vol. LIT, 1807, pp. 40-66 

au of Mines, Ontario, Vol NIV, Pe IE, 1905. “Jour. Geol., Vol, XIE. 1905, p. 103, 
AUS, GS, Bull 360, p, 2s 
10 Sheffield, 1910. 
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“Atthe end'of the Keewatin the thousands of feet of voleanie and elustie 
rocks were lifted as domes by the upwelling of batholiths of early Laurentiun 
gneiss, During the Middle Ce. Upper) Huronian, or in the inter- 
val between it and the Upper Huroninn (meaning Animikie: À. €. L 
mountain-making was renewed on à grand seule, mans synelines of Kov- 
watin and Lower Huronian rocks being eaught between the rixing batholithe 
of late Laurentian gneixs,…., The granites and gneixses of this secont 
time of mountain-building bave not been distinguished in mapping from those 
of the first in most places; and us they are both of precisely the same habit, 
it will probably never be possible to separate them completely. Thus fur, 
both have been ineluded under the term Laurentian.” 

From the foregoing summary of observations, it is obvious that we have 
to deal with the produets of two widely separated periods of plutonie netivits 
in the varth's erust, one post-Ontarian and pre-Huronian, and the other post 
Huronian and pre-Animikie, The rocks of both periods were at first con- 
fused and regarded as all belonging to the Laurentian. In later veurs, note 
withstanding the gradual recognition of the distinetness and time interval 
etWeen the two irruptive periods, the rocks of both continue to be called 
Laurentian, As long ax this practice continues we shall never be able to 
clear up the problems of the Arehiean; and the time has come when the second 
great period of batholithie development in the Lake Superior region must 
receive recognition not only in observational records but also in our nomen- 
lature. In a report on the Rainy Lake region for the year 191, submitted 
to the Director of the Geological Survey of Canada, E have proposed that 

this period be called the Algoman, from the ol western Ontano distriet 
Algoma, in which these plutonies are well displayed and widi lv distributes. 

EPARCHÆAN INTERVAL, 

Itis customary in systematie geology to record the divisions of geo- 
logieal time in terms of sedimentation or of rock formation rather than in 
terms of degradation, This practice is, of course, justified by the belief 
which prevails among geologists that unconformities representing periods of 
degradation are rarely, if ever, universal in the geographical sense, and that 
the time consumed in degradation in one region is represented by the sedi- 
ments which have aceumulated in another, so that, if the gvologieal scale be 
based upon a suffcientiy large portion of the earth's erust, all geologieal time 
will be accounted for. In certain cases, however, in which we have to deal 
with very large unconformities of vast extent, it is elear that a scale consist- 
ing of an enumeration of rock groups in chronological sequence does not 
adequately subdivide geological time. Large divisions of time, exceeding 
in value the periods represented by accumulations of rock are thus lost sight 
of or are slurred over without due appreciation of their importance. Such a 
period is that which elapsed between the intrusion of the Algoman batholitis 
into the Huronian and pre-Huronian rock and the deposition of the Animikie. 
We must agree with CoLemax in regarding the post-Huronian batholithie 
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development, which certainly extended on both sides of Lake Superior from 
Rainy lake to Lake Wanapitei and probably much farther, as à period of 
mountain-making movements, Le resulting Mmountains were entirely 
SWept away, the batholiths were deeply exposed, and à region of continental 
extent was reduced to 4 peneplain before it Was depressed to receive the 
Animikie sédiments. This peneplain is now fully recognized by Van Hise 
and Lerr, They s “The Upper Huronian (Animikie) was deposited 
OU a remarkably uniform Peneplain.  Remnants of this Peneplain appear 
from beneath the Upper Huronian in the Mesabi, Animikie, and Gogebie 
districts." They amplify this Statement in the following words: “The 
Upper Huronian (Animikie) rests Upon à flat plane, bevelling alike hard and 
soft, resistant and non-resistant rocks Without residual or terrestrial deposits 
at the base, ”? 

These ‘ments Confirm the views that I expressed eleven Vears ago 
äs to the magnitide and taxonomie importance of the pre-Animikie érosion 
interval, which T'then designated as the Eparehæan IntervalS pointed 
Out at that time that we have no knowledge of any sédiments laid down 
ckewhere in that interval, and that it is not represented in the nomenclature 
OÙ the geological time scale, I argued then, and still hold it to be true, that 
to elass rocks on both sides of this interval in the same Category under the 
Same designation is unscientifie and inconsistent with goological practice, 
It obscures a great fact in geologieal history, although the Purpose of our 
nomenclature should be to elucidate that history. The distension of the 
Huronian so as to include formations on both sides of this vast interval not 
only obscures the history of the region but involves the correlation ot a well 
defined series, the Animikie, with a division of tLe Huronian which has no 
ex, tence in the type Huronian area; it involves a substitution of the term 
Algonkian for the earlier, well established term, Huronian: and it involves 
the over-throw of the term Are] n as it was defined by Daxa and almost 
universally ac epted. Tam, therefore, of the opinion to-day, more strongly 
than ever, that the bridging of What L'have called the Eparchiæan Interval 
by the Huronian is bad in Principle, is bad practice, and grossiy violates the 
rule of priority in nomenclature! This vicious scheme Might possibly be 
condoned if there were any Compensating practical gain broceeding from it. 
But I know of none, unless, indeed, it be that it covers Up the errors of cor- 
relation that were in Vogue on the south side of Lake Superior prior to 1904. It may be urged that in some of the arly reports and Maps of the 
Geological Survey of Canada te Animikie and Keweenawan were regarded 
as the correlatives of the Huronian of Lake Huron. This was, however, 

LUS. GS, Mon, LIL p. 610 214. p. 612. 
3 Bull. Dep, Geol, Uniy Cal., Vol. III, No. 3, 1902. #In this connection DAxA, (Manu 

1896, p. 447) sa “The 
Algonkian formation is made by i scribers d Huronian of Logan, north 
and south of the le es, and some » so-c ian in other regions. : 
The supplanting of the olde: 

newer is not sustained by any rules 
of nomenclature.” 
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an error in correlation and has long since been corrected.! It was the same error that the geologists of the south side of Lake Superior persisted in, with less excuse, up to 1904. They also have corrected their mistake: but noither their error nor Locan's is a Warrant for correlating the Aninikie with a third division of the Huronian which has no existence in fact. Another consideration has been urged, not against the recognition of the Eparchæan Interval, but rather against signalizing it by a special desig- nation, This is that the pre-Huronian unconformity is equally profound. This may be conceded without argument, There can be no doubt of the fact that the interval which elapsed between the development of the Lauren- tian batholiths and the deposition of the Lower Huronian sediments is com- parable to that which clapsed between the development of the Algoman batholiths and the deposition of the Animikie, So long as we have no known record of sedimentation elsewhere for this interval, our scale will be incomplete in that a large period of geological time is unnamed, Since the recognition of the Keewatin, no attempt has been made to slur over this gap, but, on the contrary, the tendencey has been to ac centuate it: and the free recogni- tion of its importance has in a large measure obviated the necessit y of signaliz= ing it by a special name. In the interest of complete taxonomy, however, it should be so signalized, and 1 suggest that Epi-Laurentian Interval be applied to this period of gcological time, 

ARCHÆANX. 

The term Archæan is retained in the proposed standard scale of the Pre- Cambrian of Lake Superior in the sense in which Dax first used it, and in which it received wide acceptance, including the Huronian and older rocks. 2 This definition was stable until ISS9, when the US. Geological Survey undertook to change it without regard to the views of geologists not members ofits staff. It then ruled:3 “The oldest time division shall cover the time of formation oi the ancient crystalline rocks, and its designation shall be the Archæan."”" To understand the significance of this, it is necessary to quote another ruling from the same page: “the tenth period shall be the time of deposition of clastie rocks older than the Cambrian, , . . The term Algonkian was offered and agreed to as the designation of the period,” By this offering and agreement (observe the naive effrontery of the proc the Archtæan was stripped of all its elastic rocks, and, as the new creation w in dire need of habiliments to cover its nakedness, they were gencrously handed over to the Algonkian, poor thing! Thus were the formations of the Grenville series, the Ha stings series, the ( ‘outchiching series, the Huronian series and all other pre-Animikie series that had anything clastie in their make-up taken from the Archæan. The Keewatin was left in because it 
1In the comprehensive report of 1863, p. 67, the rocks now known as Animikie were declared to be Younger than the Huronian. 
2 Manual of Geology, 3rd ed., 1874, p.151. Also, Am. Jour. Sci., 3rd Ser., Vol. VII, 1874, p. 213. 
3U.S. G.S, 10th Ann. Rep., Pt. I, p. 66, 1890. 
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was incredible to these manipulators of geological history that it could be tainted with clastie admixtures, The rules of nomenclature that give stability to our science were thrown to the winds, What rules, forsooth, should stand in the Way when poor little Algonkian needed sedimentary formations? 
It took the U, S, Geological Survey about twelve Years to discover that this rape of the Archæan Was a blunder; that it was the expression of a theory for which there Were no corresponding facts. The theory has been abandoned now for ten Years or more: but the blight of the offering and agree- ment still lingers, In its bloom the term Archæan was restricted to Kce- watin and Laurentian, and the restriction is still persisted in. What is now the excuse for withholding the Huronian from the Archæan? Who has the right to overthrow th established nomenclature Without the acquiescence of all concerned? What does our science gain by such buces 1eering tactics? In what respect is Huronian better, classed under Algonkian than under Archæan? Why should we Pauperize the Arehæan of Dana to glorify the Algonkian of Vax Hise” 

The only excuse that ever existed for the erection of the Algonkian was the recognition of a group of rocks below the Cambrian and above the Ar- chæan. In the Lake Superior region, that &roup consists of the Animikie and the Keweenawan, The upper limits of that group are not well defined. It is not certain that the group does not represent the two lower divisions of the Cambrian, The lower limit is, however, clear and positive, The Animikie rocks were laid down on the surface of a vast and remarkably uniform pene- plain. That peneplain was worn across the upturned edge of the Archæan as it was defined by Daxa and universally understood up to the time when the remarkable offering and agreement Were made. That Archæan included the Huronian; so that the Proposition to establish a subdivision of the geological column between the Cambrian and Archæan in the Lake Superior region could not include more than the Animikie and Keweenawan so long as the usual respect was paid to the existing nomenclature and the rights of geologists using it. 

Unfortunately, the geologists of the south side of Lake Superior, from IRVING on, laboured under a misapprehension as to the correlation of the Ani- mikie,  IRvING, in his Paper on the classification of the early Cambrian and Pre-Cambrian formations! correlated the Animikie with the “original or type Huronian.”" This error, as 1 have already shown, w persisted in by the US. geologists till 1904, when, in consequence of SEAMANX'S work, they discovered that the Animikie and its equivalents of the south shore (Upper Marquette, ete.) were not the correlatives of any part of the “original or type Huronian.” There can be no doubt but that IRvING and his successors were greatly impressed by the discreteness of the Animikie rocks on both sides of Lake Superior from the typical Archæan rocks of the region, and that they were influenced by the contrast, coupled with the mistaken corre- 

1U.S, G.S. Seventh Ann. Rep., 1885-6. 
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lation, in Proposing to take the Huronian out of the Archæan and place it in the Agnotozoic, for which term Algonkian was later substituted. The relation of the Huronian to the granites and granite-gneisses of the Algoman period were not understood. These plutonie rocks are very similar to those of the Laurentian, and were classed with the latter as belonging unconformably below the Huronian. 7 4s error served as the basis of IRvING'S argument that the Archæan should be restricted to the pre-Huronian rocks, because these represented a condition in the development of the earth's crust which was peculiar to that early time and had never recurred. The argument still holds in large meast *e but it places the Huronian in the Ar- chæan, since it is now certain tha T&e part, perhaps the greater part, of the rocks which ?RvING regarded Laurentian are post-Huronian in age, On the far side of the Eparchæan Interval, there is recorded in the rocks of the Lake Superior region a history of plutonie activity which has not recurred since. I refer to the great granite batholiths of the Laurentian and the Algoman periods.  Until recent Years it has been supposed very generally that this batholithic development was peculiar to the Laurentian. If this were so, there might be the justification of expedieney in Separating, as Archæan, the rocks evolved from and involved in this remarkable plutonie activity from later rocks not so affected. But it is now clear that these plutonie forces were recurrent in their operation and that there was another great development of batholiths in post-Huronian time. These granites of the Algoman period traverse the Huronian and all other older rocks of the region, knitting them together in a vast complex: and it is to this complex that the term Archæan, not only historically but logically, applies. It istrue, as IRva Vu argued, that there are remarkable and peculiar conditions of crustal develop- ment which characterized Archæan time and which have not recurred in later time; but, if a large part of these conditions are of post-Huronian age, then surely, according to the argument, the Huroniar st remain in the Archæan. By way of summary, the reasons for leav,.g Dana's definition of Ar- chæan intact may be listed: 
1. The Animikie is not the correlative of any part of the original or type Huronian. 
2. The Huronian rocks antedate the extensively developed granites anc granite-gneisses of the Algoman period of plutonie activity. 3. The Animikie rests upon a remarkably uniform peneplain worn not only out of the Huronian rocks but also out of the post-Huronian or Algo- man plutonies. 
4 The batholithic development which characterized the Laurentian and Algoman periods indicates that the conditions of crustal evolution which prevailed on the far side of the Eparchæan Interval were different from those which have prevailed on the near side. 
5. The intrusion of the Algoman batholiths into the Huronian and older rocks serves to knit them together in à complex having a general in- dividuality for which a common comprehensive term is needed. Archæan serves this purpose well. 
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6. The rulings of the US, Geological Survey définitive of Archæan and Algonkian! have been reversed, the hypothesis which served as the motive for them has been abandoned, and the subdivision of the Are an formulated in these rulings has DOW no theor l'excuse, 7. The classification based on this abandoned hypothesis has been per- sisted in apparent}y for the sole Purpose of saving the term Algonkian 4 the désignation of a system, although no stratigraphie relationships are there- by brought out which give a more natural grouping or a el arer understand- ing of goological history than the classification which jt seeks to displace; and important relitionships are obseured by the disintegration of the funda- mental complex Dix US Archæan— on the one hand and the bridging of the Eparcl an Interval on the other. 
These considerations bave to do with the merits of the question and are apart from those which flow from the rule of priority. Taken with the latter, they leave no excuse for changing the established meaning of the term Arcbæan on the ground of propriety, expedieney or scientific argument, 

ANIMIKIE, 

The Animikie series of the Lake Superior region is so well known and the correlation with its équivalents on the south side of the lake is so satis- factory that little further necd be said in this place to justify its position in the standard scale, The series represents a Well defined period of sedi- mentation and consists chiefy of quartzite, impure iron carbonates, eberts and carbonaceous shales, These, on the north side of Lake Superior, are free from voleanie admixtur S. but volcanie rocks on the south side of the Ike have been describeq? as constituent members of the series in Marquett: district: and similar admixtures are stated to oceur in the Animikie of other districts, although in most S there appears to be some obseurity of the relations and Sugerestive similarities with the voleanie rocks of the Hemlock formation of he Upper Huronian (pre-Animikie). The huportant matter with regard te the Animikie from a taXonomie point of view js its entire distinetness from the Huronian and its position on the near side of the Eparchian Interval as set forth in the foregoing discussion. 

KEWEENAWAN (NIPIGON), 

The Kewcenawan series Consists of volcanie and se dimentary rocks poste ing unconformably upon the Animikie or Upon surfaces of alder rocks from which the Animikie had Very probably been Stripped in post-Animikie time. It is not improl able t} at tie sedimentary portions of the series are contin- ental depesits and that they are, therefore, not indicative of submergence of the region during the time of their accumulation Resides the effusive lavas of the series, there is an enormous amount of intrusive matorial, ehicefly 
10th Ann. Rpt., Pt. 1, 1S90, p. 66. Mon. XX VIII 
Mon, LIT, p. 416. 
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in the form of sills and dykes of basie rock, and many of these traverse tLe underlving Animikie, In certain notable instances these basic intrusions either have fused the sédiments which they invaded, and so produced red, acid, aplitie rocks, ! or have suffered acute magmatie differentiation? afford- ing gradations from acie to basie types. There are also larger masses of the character of chonoliths or stocks of granite, which cut the Keweenawan rocks; but these are quite different, as to dimensions, form and relations to the invaded rocks, from the great batholitk< of the Laurentian and Algomun. One of the largest of these granite masses is the Embarruss granite of the Mesabi district described by LerrnË as intrusive in the Animikie. But t£e intrusion does not appear to have disturbed the attitude of the Animikie which lies flat upon it, with strata parallel to the contact. The proof of the fact of intrusion is not entirely satisfactory and the Mapping does not in- licate intrusive relations. There sens, similarly, to be inadequate proof of the statement! t} at granites eut tLe Animikie OÙ the Florence district, Wisconsin, 

ALGONKIAN, 

The discussion of the previous pages définitive of the Huronian and Archæan necessarily limits tLe term Algonkian to the Pre-( “al rian rocks où the near side of the Eparclian Interval, and these in te Lake Superior region are enbraced in the Apinikie and Kewc van. These formations are much more closely related to the Palvozoie in time, in physical charaeter- isties, and in their disturbance and etamorplism than to the Archiwun complex. Whether the Algonkian should ke regarded as à lower division of the Palwozoie or à major division of tie geological seale co-ordinate with Paltozoie and Arehicun is left an open question, 

CLASSIFICATION AND CO-ORDINATION, 

In tLe proposed Standard scale of the Pre-Cambrian rocks of Lake Superior, of which this Paper is an exposition, the sequence of rock groups and erosional intervals is for the most part Unquestioned. Serious doubt has been cast upon the position of the Coutehiching, but my reviens of that question in the field confirms ny conclusion of twenty-five veurs ago that these are the oldest rocks of the region, The evidence upon which tiis conelusion is based is subject to verification in the proper geological scetions, which are clearly set forth in the report of 1887 and more explicitiy in the report of 1911. The Algoman is on the ame basis as the Laurentian and merits the same recognition, It Signalizes the fact that in post-Huronian time, anterior to the Fparel æan Interval there Was a period of widespread plutonie activity aralogous to that which produced the Laure ntian batho- 
*S. GS, Bull, 109, 1803, 
Mia LI, p. 411, 
h “LIT, 1903. . 8, G.S. Mon. LIT, p. 609. 

5 Memoir No. 40, Gcol Survey of C 
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liths at an earlier period, This foct has been observed in different parts of 
the region by various geologists, but its fnll significance appears not to have 
been appreciated: and the rocks of this period have been commonly con- 
founded with those of the Laurentian. There thus appears to be ample 
justification for introducing this term into the gcological standard scale, 

Assuming that Coutchiching and Algoman are real rock groups having 
the place assigned to them in the time sequence, and that there is no doubt 
as to the existence and relative position of the other rock groups and erosional 
intervals, the only question that remains is that of classification and co- 
ordination. This, it may be claimed, is relatively unimportant: that the 
main purpose is attained when we have stated correctly the various forma- 
tional groups and erosional intervals in their proper sequence: that this being 
done, we may proceed with our correlations and leave the questions of classi- 
fiéation and co-ordination to a later time when our information shall be more 
complete. There would undoubtedly be a certain advantage in this pro- 
cedure; but the interpretation of geological history has a fascination which 
few geologists can resist, and interpretation involves the attempt at classi- 
fication and co-ordination. When a certain classification is proposed and 
is repeated over and over again in the literature it becomes an instrument 
of convenient expres: on for those who believe the interpretation which it 
implies, and an obstacle to expression for those who do not believe in that 
interpretation. Al! geologists concerned with the interpretation of geological 
history must assent to or dissent from the classification. For this reason 
it is extremely important that such classifications should be as free as possible 
from debatable hypotheses, such, for example, as questionable correlations. 
The old classification of the rocks of the Lake Superior region, as advocated 
by the geologists of the south side, involved the hypothesis that the Animikie 
is the correlative of the upper part of the type Huronian of Lake Huron. 
Reiteration of this hypothesis, stated as a fact, in numerous volumes through 
many years, caused the younger generation of geologists to believe it to be a 
fact. Animikie for a time became synonymous with Upper Huronian, and 
geologists who dissented from the correlation could not use the term Upper 
Huronian without grave danger of being entirely misunderstood.  Finally, 
when this error was discovered in 1904, the term Upper Huronian was used 
in a totally different sense applicable to a set of rocks non-existent in the type 
Huronian section. Before 1904 Upper Huronian meant one thing, and after 
1904 it meant something totally different to the geologists of the south side 
of Lake Superior; but both before and after that date it meant Animikie. 
It would have been much better to have used simply Animikie without the 
synonym Upper Huronian, especially as there is no question in any quarter 
as to the sequence, and there is no equivalent of the Animikie in the type 
Huronian. 

The confusion engendered by these errors might have been avoided 
if such disputed correlations had not been made an essential part of the 
classification of the rocks of Lake Superior by the geclogists of the south 
side of the fake. 
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The standard seale here proposed involves no disputed correlations, 
The sequence of formational groups and erosional atervals represents a 
consensus of opinion from which there is, 1 believe, no dissent. except in 
regard to Coutchiching and that is, as I have stated, subject to verification. 

The main question in the classification of these formational groups is 
the dividing line between the Archæan and post-Archæan. [have already 
set forth the considerations which seem to me to settle the question, and 
there is no occasion to re-state them. But L desire to emphasize the fact 
that the classification is not merely a convenient grouping and arrangement, 
but that it is an interpretation of geological history. If we bridge the ero- 
sional gap which 1 have called the Eparchæan Interval by classing the for- 
mations on both sides of it as Algonkian and Huronian, that is one inter- 
pretation. It means that the interval is not sufficiently large and important 
to separate the Animikie and Huronian as distinct series widely spaced in 
time, It means the earth's crust over a continental region may be affected 
by mountain-making movements with the development of vast batholiths, 
that the mountain structures may be worn away, the batholiths deeply 
denuded and the whole region reduced to a remarkably uniform peneplain 
without our recognizing in these events a sufficient lapse of time to warrant 
tue separation of the Animikie and Huronian into distinet series. It means 
the minimizing and slurring over of two great periods of geological history, 
one of plutonie activity and produets—the Algoman, and one of prolonged 
erosion— th: Eparchæan Interval. 

If on the other hand we recognize the Eparchæan Interval as an im- 
portant division of geological time separating the Archæan from the post- 
Archæan, that is an entirely different interpretation. It makes possible the 
recognition of the Algoman as a period and rock product co-ordinate with 
the Laurentian. It keeps all the rocks involved in these two great plutonic 
movements in the Archæan, and emphasizes the fact which Irvina sought 
to bring out, that certain conditions of crustal development prevailed on the 
far side of the Eparchæan Interval which were absent on the near side, It 
recognizes the individuality of the Archæan as a whole by the characteristics 
which have been imposed upon it by the two-fold recurrence of batholithie 
invasions. It recognizes the value and importance of great erosional inter- 
vals in dividing the geological seale. It completes the time scale by inserting 
in it a period of time the record of which is in terms of erosion not elsewbere 
represented, so far as we know, by sediments, Added to this. it satis 
our sense of justice in that it leaves the Huronian in the Archæan in the way 
that Daxa defined it. 

Tke Archæan is one of the majo_ divisions of the geological scale, It 
is not a “system” co-ordinate with such subdivisions as the Devonian system, 
the Cretaceous system, ete., but is a division co-ordinate with Palæwozoic, 
Mesozoie, ete. It embraces at least two systems of sedimentary and volcanic 
rocks in no way dissimilar in their original character and conditions of ac- 
cumulation to the rocks of the Palæozoic. These are the Ontarian system 
and the Huronian system, and each of these is subdivisible into two series, 
2 
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the former comprising the Coutchiching and Keewatin series and the latter the Lower and Upper Huronian series. Besides these, the Archæan includes the vast batholiths of the Laurentian and Algoman periods, the importance of which as constituent parts of the earth's crust can scarcely be exaggerated, Such an assemblage of rocks cannot appropriately and consistent:y be co- ordinated with the individual systems of the Palwozoie, for to do so would imply an inadequate conception of the duration of \rehæan time, It js quite possible that future investigations May bring to light formations older than the Ontarian, but, even as We now know it, the Archiwan far exceeds the Palwozoie in the volume of rocks entering into the make-up of the earth's crust over a continental region, so that Upon this count, us well as upon the length of time involved, the term should be used for a Major division of the scale, In brief, to call the Archæan a SYstem is to put à false and ab- surdly inadequate interpretation upon this portion of geological history. The Algonkian üppears to be properly designated a system. [t em- braces two series, the Animikie and the Keweenawan. As it stands in the scale, it is a Pre-Cambrian System, Intermediate in position between the Palwozoie and the Archæan. It is much more closely related to the former than to the latter. A Jogical classification would be to extend the Pal downward so as to include it. It is eustomary, but by no means necessary, to regard the Cambrian as the lowest system of the Palæozoie, There + n be no rational objection to placing the beginning of the Palwozoie at the end of the Eparchæan Interval. There may, however, be sentimental objections and the decision of the question may be left in abevance, 
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When the work of the Geological Survey of India was first summarized 
by H.B. Méouicorrr and W. TT, BLaxronp! in 1879, WERNERS name Transi- tion was used to cover the older of the unfossiliferous systems on the Peninsula, that is, those formations oceupying a stratigraphical position between the undisturbed Vindhyan system above and the fundamental complex below, the latter being distinguished as the Gneissic or M tamorphie group. 

The *Transitions”" being recognized in various independent areas, re- ceived provisionally local names and Were treated in two divisions. The Upper of these included the formations known by the local names of Gwalior, Cuddapah and Kaladgi, while the Lower division included the Champanirs, the Aravallis and what were afterwards distinguished as the Dharwars (see Table D), 

TaBLe 1: Mepucorr and BLaxFoRD, 1879, 

Paliwozoie, 

[ [Coper Vindhyans. 
Vindhyan series: 4 

bars Vindhyans (Semri) and Kurnools. 

Tr { Upper, including Cuddapahs and Gwaliors. 
Azoic: {Transition or { Upper, including Cuddapahs and Gwalior 

Sub-Metamorphice: 
ro r, including Champanirs (= Dharwars). 

Metamorphie 0e Gneiss, granitoid and schistose rocks. Gneissie: { 

In the second edition of the of ial Manual published in 1893, R. D. OLDHAM included in the Transitions all the formations previously referred to as the Lower Transitions, and to these he added the Gwaliors. The rest, that is, the Upper Transitions of MepLicorr and BLAXFORD, were grouped With the Vindhyans as Older Palæozoie (see Table ID). 
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Tasse 4: R, D OLDHAM, 1893, 

{Vindhyan. 
Older Palwozoie: 

le ‘uddapah, 

Transition systems: | Dhurwar, Champanir, ete. 

Metamorphie and 
crystalline: 

le ineiss, Knelssose granite, schists, ete, 

In 1906 the writer! Proposed to recognize the dividing line between MébLicort and BLaxrorp's Upper and Lower Transitions üs à main line of stratigraphical classification. The formations below this line are clone ly folded and generally foliated, while those above but locally folded, are often almost flat-bedded and are generally unaltered, The latter formations in places rest on the upturned and denuded edges of the former, and the di- viding line marks n great, and so far us peninsular India is concerned, a widespread unconformity, The close folding of the rocks below this datum line shows that there must have been a period of mountain formation on à grand scale, followed in the Indian region by a general degradation to a fairly uniform peneplain, on which were laid down great thicknesses of sediments and lava-flows akin in general characters to the Animikie and Keweenawan of North America (see Tables III and V). 

Ta8Le Il: T. H, Hozrann, 1906. 

[Cper Cuddapahs, Vindhyans and Kurnools. Purana group: 

les r Cuddapahs, Gwaliors, ete. 

Eparchæan Interval. 

Post-Dharwor cruptives, 

Dharwars. 

Deformed eruptives of the Bundelkhand Archæan group: : (Laurentian) type. 

Schistose gneisses of the “Bengal” type. 

Oldest gneisses, 

1T. H. HoLLann, Presidential Address, Tr. Min. and Geol. Inst. Ind., Vol, 1906, p. 47. 
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This great unconformity is thus comparable to that referred to by Dr. 
A. C. Lawsox! as the Eparchran interval in the region of the Great Lakes 
of North America. The objections urged by Lawsox against the use of a 
term like Algonkian or Huronian to straddle across such n great physical 
break apply also to the terminology formerly recognized in Indin. Most 
of us of the Indian Survey have a sdingly adopted terms to recognize the 
importance of this great erosion interval. For the rocks below, which are 
all elosely folded and generally well foliated, we bave adopted, with the mean- 
ing sanetioned by J. D, Daxa in IS74, the group-name, Archæan. The 
unfossiliferous systems above we group together as Purant, à Sanskrit word 
meaning old and used in Hindu literature for the documents which, though 
very old, are distinetly vounger than, and made up often of, the recomposed 
products of the ancient Fedas, which might well be regarded a Archæan 
among the Literary relies of the past, 

he Archæan as thus defined includes an older division of gneisses and 
sehists, many of which like the khondalites of T. L. WazkeEn, the Mercara 
and the Behar series, judging from their chemical composition, presumably 
originated as sediments. These are followed by the Dharwar sysiem, in 
whieh the sedimentary characters are generally more completely preserved, 
Asociated with these two divisions of foliated rocks are bathyliths of pre- 
sumably igncous origin. Some of these are older than the Dharwars, and 
present relationships to the older gneisses and schists similar to those of the 
Laurentian of Canada. Others invade the Dharwars themselves, 
correspond with Dr. Lawson's Algoman. These eruptives occasionally 
show à marked consanguinity Within a definite district, and are then known 
by separate names, such as the Hosur granite-gneiss, the Nivamalai series of 
nepheline-venites, the kodurite series and the charnockites, Although it 
is well known that these may differ from one another great{y in age, we have 
not yet attempted to arrange them in tabular form. 

In his Summary of the Geology of India? 
communicated to this Congress Mr 

nd thus 

and in the paper which he has 
E. VREDENBURG restricts the term Arch- 

æan to the rocks “underlying the oldest undoubted sediments,”" He thus 
differs from the rest of us in his classification, and I understand that his 
reasons are briefly as follows: Mr, VREDENBURG lays stress on the oceur- 
rence of peculiar banded jaspers as a link between the Cuddapahs and Dhar- 
wars, and he points out that the Dharwars are distinctiy vounger than some 
of the crystalline gneisses, At the same time, he considers that the sedi- 
mentary origin of the so-called para-gnoisses and para- 
proved. Mr. VRELEN therefore adopts a classifi 
fairly be reduced to tabulur form as follows: 

hists has not been 

ation which might 

1 Bull, Dept. Gcol. University of California, Vol. III (1902), pp. 56-62. 
2 Published, Caleutta, 1907. 
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TanLe IV: EE, Vupexm [TER 

Palworoie 

{Vindhyun 

Transition : Cuddapah, 

Dharwar, 

Archiwan, 

The peculiar banded { rruginous rocks, often referred to ns juspilites and banded jaspers, have long been regarded ax a link between the Cuddapahs and the Dharwars, and the fact that such rocks are unknown among the normal fossiliferous systems throughout the world strengthens the idea that there were conditions existing in these very ancient times that have not been ictly repeated since, It is this line of argument that Mr. VREDENBUR relies on mainly to show that the Cuddapahs and Dharwars, having peculiur features in common, ought not to be separated by a great group-boundary line, 
We might readily give due importance to this argument, which hax of course always been kept in mind by geologists in India, The so-called jaxpers do not oceur in the Upper ( ‘uddapahs, and as there are marked unconformities among the various members of this system, one is justified in assuming à great range of time between the lowermost and the Uppermost Cuddapahs, which are some 20,000 feet thick. If therefore, one admitted the presence of the so-called banded jaspers as a bond between Cuddapahs and Dharwars one ought to go farther and draw a Ystem-boundary line above what are now known as the Lower Cuddapahs. No one who knows the Cuddapahs in their typical area would tolérate this. In spite of the lithological peculiarity oÙ the lower beds and in spite of the internal unconformities the Cuddapahs form à great natural stratigraphical unit, It is important also to notice that pebbles of banded jaspilite and brecciated veinstones oceur in the basement conglomerate of the lowermost division (Gulcheru quartzites) of the Cudda- pahs, 

At the present time everyone is agreed, L believe, in recognizing through out Peninsular India the great unconformity dividing the closely folded and foliated rocks of the Dharwar type below from the unfoliated and gently folded Cuddapahs with other such formations above. “In some instances,” to use Mr. VREDENBURG"S words, the foebly disturbed. broadly spreading, almost horizontal Kadapah (Cuddapah) strata are observed overlving the contracted Dharwar synelines, the Dharwar boundaries abutting at right angles against the general trend'of the Kadapah boundary and the uneon- formity therefore being of the most thorough kind." As to whether this line should be regarded as a group-boundary, separat- ing the Archæan from all other younger £roups, 62 whether it should be a mere 
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system-boundary line, subdividing the post-Arehiwan systems, secms to be 
the important point of difference between Mr, VRebEN CRE and the rest of 
us. In other words, have the Dharwars below this line more affinities with 
the erystalline gneisses and sehists or with the jaspilite- caring Cuddapahs 
above? 

In the first place, there are various members of the crvstalline sehiste 
which might well be merely metamorphosel Dharwars, Among these the 
quartz-iron-ore schists are most significant, corresponding chemiealls with 
so-called banded jaspers. These generally contain much magnetite, and be. 
cause of the magnetic charuc of the iron-ore they have been generally 
referred to as quartz-magnetite-schists, Chemical determination oÛ the ratio 
between ferrous and ferrie oxides show, however, that these so-culled quartz- 
magnetite rocks of the ervatalline complex often contain more of the sesqui- 
oxide (more hematite, that is) than the so-called quartz-hematite-sehists 
of the typical Dharwars.! 

There are other lithological eorrespondences between the Dharwars and 
the eryatalline schists, but these are of n less significant character, Horn- 
blende-sehists and epidiorites are common to both classes of rocks There is 
a comparative, but not general, poverty in limestones in both formations. 
Oceurrences of quartzites and tale-schists are often indistinguishable in both 
cases, While the mica-schists, kyanite-schists and the sillimanite-beuring 
sehists of the series, distinguished by TL. WaLkER as the khondalite series, 
might well represent some of the altered phyllite: of the Dharwars? 

It is not assumed that these para-schistose members of lue crystalline 
complex are certainly the direct products of the metamorphism of the Dhar- 
wars. In most cases they are probably older than typical Dharwars: but 
they show that there is no lithological contrast of a kind that would justify 
one regarding the Dharwars as the products of any fundamental change 
having occurred at this period in the dynamical geology of the rth. 
There is nothing so far to justify us in ov ruling the simple inference that, 
from a stratigraphieal point of view, the Dharwars are more closely related 
to the fundamental erystalline complex than with the unaltered and but 
slightly disturbed Cuddapahs, 

In the second place, there is a general and, so far as Lean remember, 
complete parallelism between the fold planes of the Dharwars and the folia- 
tion planes of the associated members of the erystalline complex. The assum- 
ed unconformity between the Dharwars and the basement complex is not 
based on an observed physical discordance: in some cases, so far as Lean find, 
these unconformities were taken for granted at a time when it was thought 
that all rocks of obviously sédimentary origin must necessarily have been 
laid down on the worn surface of the basement complex. In other cases 
conglomerates in the Dharwars have been taken as evidence of unconformities, 
and while some of these conglomerates are now known to be erush produets, 

LC TH Hortaxp, Mem, Geol, Surv, Ind., Vol, XXX (1900), pp, LH216, 145, 146 
TL Waiker, Men, Goo! S nd, Vol NNXEHIE Part 2 14 & 
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they seldom or 

include true gnoisses which must have Pre-existing crvstalline complex. 

Post-Cambrian record. 
Whatever tax be the domestic relations of the Dharwars 

all formed, folded, folia 
the deposition of the 

Puranas we have 

bers of the Archiun £roup, they were to prolonged denudation befo 
AS to the age of the 

What seen to bu ideal conditions for the and limestones, 
anv dav suel ay oceur. 
recognizable Palwozoie age, 
the 
Carboniferous age, 

Puranas come into contact 

have to give up slices, at any rate 
Reference to Table 

that drawn up by Dr, A. 
this Correspondence may be true us res 

TABLE 

AC Lawsox (1913), 
LARE SvrERIoR RéGiox. 

Upper Cambrian (Potsdam), 
Unconformity. 

{ Keweenawan (Nipigon) 
t nconformity 

Animikie Eparchœan Interval. 
“Algoman (granite-gnei 

lithie in Huronian) 
Trruptive contact 

{ Upper. 
Unconformity. 

Lower, 
(4 nconformity. 

Laurentian (granite-gneiss, batho- lithie in Ont 
Lrruptive contact, 

1 Keewatin 
{Coutchiching 

Algonkian: 

batho- 

£ |'Huronian: 

Ontarian: 

1 A long list of such sections is given in R. trict, Mem. Geol. Surv. Ind., Vol, XXV, 1895. 

never oceur at the base of a Dharwur section.! there are probably truc conglomerates among the Dharw 
bee met 

Such evidence curred within the Archæan group, breaks of terval between the oldest known crystalline Wars perhaps as great as, if le greater than, 

no determinable organic structures have been found; nd we may find it necess 
The oldest 
is the base of the 

One might well expect, therefore, 

rds the broad feature 

HOLLAND, 

Nevertheless, 
ars, and the pebbles 

amorphosed members of a 
indicates_ that breaks oc- a kind that indicate a time in- schists and the Youngest Dhar- 

that represented by the whole 

and other meme 
ted and exposed 

Purana group. 
no positive evidence, In spite of préservation of fossils in the shales 

but 
arx to Split off portions of determinable horizon with which 

Gondwana System of Permo- 
that some day we shall Of the upper Puranas. Vwill how that there between the classification aCeepted by the Geologic 

C2 Lawsox for the Lake 

is à very close correspondence 
l Survey of India and 
iperior region. While 

of these two 

V: 

TH. HorLaxn (1906), 
PENINSULAR IXpra. 

Pakvozoic. 
l ‘nconformity. 

| Vindhyan. 
Unconformity. 

Gwalior. 
Eparchæan Interval. 

Purana: 

{Post-Dharwar eruptives, 
Lrruptive contact 

Dharwar 

Unconformity. 
“Bundelkhand ” type of deformed eruptives 

Irruptire contact. 
“ Bengal” type of schists, 
Oldest gncisses, 

ARCHÆAX : 

B. FoorE's Geology of the Be llary Dis- 
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areas, both of which have remained u disturbed since early Palæozoic times, 
it is not to be expected that sue ail ai of formations will be extended in 
detail by further research in Le areas, Souci be understood, alko, that 
in drawing up these parallel table - there is no sages ation that the unconformi- 
ties and the  Snations actually correspond in a e each with each. 
very nature an aconformity in ce ie ust correspond with son 
of déposition in another. It is possible that in the Archsæan group there may 
be unconformities as great as that which we have referred to as the Eparchæun 
interval. The records below this interval, however, have been so mutilated 
as to make it now impossible to trace the unconformities over wide areas; 
thus, the so-ealled Eparchæan interval is given special prominence, not be- 
cause it is the greatest of the unconformities, but because it is the one horizon 
that can be recognized throughout peninsular India. Even this line becomes 
blurred and unrecognizable in the extra-peninsular areas, which have been 
subjected to great earth movements, especially in Upper Carboniferous and 
Cainozoie times. 10 is almost certain that some, or even most, of the forma 
tions grouped together as Archiæan in India correspond in age to those known 
as Arehæan in North America: and, because the word Archæan Conveys 
a definite impression to foreign geologists, we have decided to adopt it for 
the foliated basement complex of the Indian peninsula instead of using such 
a local name as, for example, Vedie, which naturally suggests itself because 
of the corresponding relationship between the Vedie and Purana literature. 
We should thus have in India four great natural groups. 

1. Vedie, which practically corresponds to the Archænn. and thus be- 
comes known; 

2. Purana, which roughly corresponds to the term Algonkian as originallv 
defined and still used by Lawsox and some other geologists, in spite of the 
abuse to which it has been subjected at different times: 

3. Dravidian, for the fossiliferous record stretehing from Lower Cambrian 
to the physical revolution which occurred in Upper Carboniferous times, and 

4 Aryan, for the record from the Upper Carbonifcrous base of the 
Gondwana system to modern times, this record being but locally dis- 
turbed. 

In dealing with fossiliferous rocks of marine origin it is possible in India 
to relegate fragments of the Dravidian and Arvan groups to the European 
Palæozoie, Mesozoie and Cainozoie eras. Except, therefore, as a means of 
expressing the broad facts of Indian geologieal history, the terms Arvan and 
Dravidian are rarely necessary. We are thus left with Vedic and Purana, 
the former of which might without risk of ins euracy be translated Archæan. 
Dr. L. L. FerMor! has suggested that the term Purana might be adopted 
by extra-Indian geologists to replace Algonkian and Huronian, both of which 
have been used in so many different senses as now to convey no precise or 
uniform meaning. Dr. FErMor's proposal might be useful so long as it is 
definitely understood that the Puranas of Didia correspond only broadly in 

1 Records, Geol, Surv, Ind,, Vol. XLI, 1912, p. 294, 
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age With the Post-Areh:æan and &enerally unfossiliferous Dre-Cambrian sedi- 

ments in other areas, 
Although we have arranged the Archæan formations into divisions which 

are roughly p "allel to those recognizec| by A. C, Lawsox for the Lake Super- 

ior region, it is important to remember that an age Succession for such rocks 

can be established only locally, and even locally there are often doubts, due 

to the fact that it is now impossible, in a highly disturbed and foliated un- 

fossiliferous series of sédiments, to distinguish Stratigraphical|y: upper from 

lower; still, it is probable that the classification based on lithological char- 

aCters corresponds aPproximately: throughout peninsular India with the 

assume order of age. 
Astothe deformed Cruptives which are found äsSociated with the schists 

and gneisses, we see no" present hope of ever being able to pass beyond à 

fication, Some of our &neissose granites are certainly older than 

Some Dharwars, others are certainly Younger. Names like Laurentian and 

Algoman are deliberately avoided, as most of these bathylithie masses 

are so placed as to make it impossible to Show their age relations to the 

Schists and &neisses. To these, aCcordingly, we give special names, distin- 

&üishing the eruptive Complexes which show an Unmistakable Consanguinit y: 

and belong to recognizable Petrographical Provinces, We thus have— 

O) The charnockite series? of PYroxenic roc , Which, though ranging in 

Composition from acid granites to pure PYroxenites, are Unmistakab]y- Parts 

of one great series of eruptives, (2) The Sivamalai series of nephelin venites and Corundum-syenites. 

(3) The £neissose granites of Bellary., North Arcot and Salem, w hic can 

be &rouped together Withr onable safety over different Parts of south 

peninsular India and probably Correspond to the granites of Bundelkhand.+ 

4) The kodurite series® of Dr. FERMor, which also Vary from acid to 

ultra-basie in Composition, being characterized by the Presence of Manganese- 

bearing Sarnets ancl äpatite, It would be Impossible to divide_ these Petrographical Provinces into 

post-Dharwar and Pre-Dharwar, and it is safer to allow them to be distinguish- 

ed as independent units in the great Archæan complex. A Similar System of 

classification Abpears to me to be Suitable to North American conditions, 

where the term Laurentian has been Cven more misused than Algonkian and 

Huronian, while it can only be rarely possible to use the term Algoman. 

Some of the &ranite-gneisses of Canada Can perhaps be shown locally to Le 
1 The terms Vedie, P, a, Dra : 4 1 Convenient]y represent four great 

eras in Indian &cological his l S Ù Y, as there is no confusion of mean 

ing about the te Are k 8 4 mental picture of Indian formations 

without the other three groupe| here i " place Purana, while 

the Europe, à terms, Pak Mesoz 4 ‘ainozoie would split Up such natural 

NS 
i natural division lines 

H. Hoctaxp, 
XXVIN, 1900, pp. 120, 242, 

IT, H, HorLaxp, M 
CX, Part 3, 1901 

#R. BF 

p. 29. ». Geol. Sury. X) 7. D. 22: Mon. Geol. Surv. 
1909, p. 243. 
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post-Huronian, just as some of those of India can be recognized as post- 
Dharwar, but there must be enormous masses among the so-called Laurentian 
which may be either pre-Huronian or post- Huronian, and probably both, 
The recognition of a petrographical province implies à geographical limit 
as well as a time factor: for a petrographical province indicates a well de- 
fined series of geological operations Within a limited time and in a l'm ted area, 
and such a definite geological effort might be conveniently recognized by a 
distinet nan 





SOME PROPOSALS CONCERNING THE NOMEN- 
CLATURE OF THE PRE-CAMBRIAN, ETC. 

BY 

J. J. SEDERHOLM, 

Director of the Geological Survey of Finland. 

DEFINITION OF PRE-CAMBRIAN, 

To avoid the ambiguity attendant upon the use of the word Pre-Cam- 
brian, either as a designation for all rock formations older than the Cambrian 
or as a term covering only the youngest Pre-Cambrian sediments, L propose 
that the Congress adopt the following definition: 

Pre-Cambrian comprises all formations older than the basal beds of the 
Olenellus horizon and may not be restricted to any minor subdivision of this 
complex. 

LIMITATION OF THE PRE-CAMBRIAN. 

As many instances are known where the horizon containing the Olenellus 

fauna is underlain conformably by other sedimentary beds, it is uncertain 

whether these ought to be included in the Cambrian or not. Some authors 

have preferred to call such sediments Eocambrian. In any case it is necessary 
so to define the limit between the Cambrian and the Pre-Cambrian that 
no considerable thicknesses underlying the Olenellus beds, nor any rocks separ- 

ated from them by an unconformity, may be included in the Cambrian (or Eo- 
cambrian). 

LOCAL SUBDIVISIONS OF THE PRE-CAMBRIAN. 

The Pre-Cambrian of every individual region may be subdivided on a 

structural basis, using the great unconformities as main dividing planes. 

The study of contact lines, especially those of the most widely distributed 
granites, will aid in determining the relative ages of rockmasses. Their 

correlation will be made more certain by detailed mapping from point to 

point. Where areas of Pre-Cambrian rocks are eut by political boundaries, 

teir correlation ought to be pursued irrespectively of these. 1 desire, there- 
fore, to propose the following resolution: 

The International Geological Congress expresses the hope that the govern- 

ments of those countries which 1. :sess contiguous areas of Pre-Cambrian rocks 

will promote the comparative ‘udy of such areas by forming international 

committees that will include representatives of the Geological Surveys of all the 

381 
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countries concerned, for the purpose of correlating the Pre-Cambrian formations in the different countries. 

HOW SHALL THE GRANIT AND OTHER PLUTONIC ROCKS BE CLASSIFIED? 
If the Pre-Cambrian rocks are subdivided in the manner here proposed, the difficulty arises that they contain not only sediments and intercalated eruptives (either effusive, or intrusive between the sedimentary layers, but Supercrustal in either case), but also plutonie rocks, 1e. such as were sub- crustal or infra trustal when th y solidified. When plutonie rocks are found penetrating a lower series B, and are overlain unconformably by à much Younger series C, they may be simply designated as post-B-—— jan and pre- C——ian. But as they are more intimately connected with B than with C, they may properly be placed in the same subdivision with B. The method which has been used in Canada to group together granitie rocxs of different ages in the same Laurentian subdivision is, I believe, at variance with the rules of stratigraphical nomenclature which have been followed elsewhere. It js difficult to see any advantage except convenience in such a “sack-designation.”"! It seems obvious that the Laurentian rocks, according as their relations to other rocks and especially to the sedimentary formations becomes better known, will be distributed in various subdivisions, D, F, ete., as post-D——jan, pre-F—— jan, ete. 

CORRELATION OF PRE-CAMBRIAN SERIES IN MORE DISTANT AREAS, 
In the absence of fossils or other criteria of a similar value it is, for the moment, impossible te correlate with any certainty the Pre-( ‘ambrian successions in regions remote from one another. It may be possible in the future to show that the climates of certain epochs have conferred the same characteristics upon the Pre-( ‘ambrian sédiments in different regions, that dynamical disturbances, and volcanie activities in different regions may have been synchronous, and that sedimentary series can be correlated on such bases, but none of these methods has yet been sufficiently elaborated to justify their use in making such wide correlations, 

DUAL CLASSIFICATION OF THE PRE-CAMBRIAN, 
In the absence of à world-wide chronological classification of the Pre- Cambrian it is not possible to divide this complex into major subdi isions analogous to those of the fossiliferous rocks, 
The commonest classification of the Pre-Cambrian recognizes two groups, one containing the sedimentary rocks, the stratigraphical and pet- rological characters of which have not been greatly obscured by metamor- Phism or anatexis, and the other such terranes where granitic and gneissie rocks predominate and where the schists of sedimentary origin are so com- 

ILaurentian as now used Méans practically that the granites to w hich the term js 
applied have not been determined as to age 
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plexly intermingled with granitie veins that the contacts with their former 
basements are frequently unrec-gnizable, 

In America these two great divisions are called Algonkian an 1 Archœan. 
It was thought at first that the Archæan might possibly be equivalent to 
Azoïie in its strict theoretical meaning, but it is now admitted by Van Hise 
and others that it includes highly metamorphosed sediments. COLEMAN 
thinks even that the proportion of sedimentary material in the Keewatin 
is no less than in the younger supercrustal rocks. The same names have 
been used in Fenno-Seandia and other regions. In Fenno-Scandia, Tônxe- 
BoHM wished to follow the first, strietly theoretical definition of Archæan, 
according to which it could include no sedimentary rocks. This would have 
caused the original term Archæan used in Fenno-Scandia to be superseded 
by Algonkian, However, the term Algonkian has been applied in that 
region chiefly to the younger, ungranitized Pre-Cambrian sédiments. Thus 
all the typical sédiments of the Kalevian, the Bothnian and an unknown 
quantity of pre-Bothnian formations are left in the Archæan. As the Ka- 
levian fills in a great measure the gap between the Jatulian and the Archæan 
proper, and exhibits both Algonkian and Archæan characters, the suitability 
of a dual classification is less apparent than in North America, and D have 
not, during later vears, used the term Algonkian at all, nor will Luse it in 
the future, No doubt the continued study of the older Pre-Cambrian 
sedimentary formations in America, especially in Canada, will also reveal 
other older series that fill up the gap in the succession which is so 
conspicuous in some parts of the Lake Superior region, 

As, however, the use of this dual division based on the structure of 
the Lake Superior region has been so fruitful, and as this division has also 
been made elsewhere, it -ems proper that it should receive the consider- 
ation of the Congress. It should be emphasized, nevertheless, that the 
Archæan and Algonkian designate definite types of the Pre-Cambrian rather than groups having definite time values. Rocks of Algonkian type in one 
part of the world may be equivalent to the Archæan instead of te 
\lgonkian types in another part. 1 propose, therefore, the following 
resolution: 

Where it has been possible to separate on structural grounds one or several 
younger Pre-Cambrian sedimentary series from an older basement complex 
containing schists which are more highly metamorphie and intimately inter- 
mingled with granites, the former may be prorisionally designed Algonkian, 
the latter Archœan, both terms being used without any implication of an equiva- 
lence with Archæwan and Algonkian in other parts of the world. 

POSSIBILITY OF THE USE OF GROUP NAMES MITH THEORETICAL MEANIN 

As long as it is impossible to correlate the Pre-Cambrian series in differ- 
ent parts of the world with approximate certainty, the introduction of terms 
of group rank and world-wide significance for divisions of this complex is 
more a theoretical than a practical question. Obviously, the name Ai- 
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gonkian, which is analogous in form to the names applied to systems, cannot always continue to be applied to a division of group rank. The Algonkian and Archæan are, no doubt, at least of the same magnitude as the younger &roups, and may possibly even comprise several groups. Various names with theoretical meanings have been proposed, such us Eparchæan, Proterozoic, Archeozoïc, Eozoic, Agnotozoie, ete, CHAMBERLIN and Sarist RY regard Archeozoice as an older group than the Proterozoie, while Vas Hise and LErru, in their important work, “The Pre-( ‘ambrian Geology of North America,” (he vade-mecum of every Pre-Cambrian geologist, recognize only one pre-Palwozoic group, the Proterozoic. If we add to the ’alwozoie, which already means something old an older Proterozoie, and an even more ancient Archeozoie, the form of this terminology, with almost as many comparatives as ultra-hyper-super-dreadnought, seems t0 violate the prin- ciples of good word-building.  W hy should the Pre-( ‘ambrian be added as appendices to the classification of the Younger groups, when they form a realm of no less chronological importance? 
Moreover, the ‘‘z0ie" character is proved in few cases, Which makes a general use of most of the : words difficult. This reason induced InvixG to propose the word Agnotozoie, which has ately been adopted also by Hau,. But, as L'have pointed out before, this word implies a contradictio in adjecto, the organisms being either Wanting, in which case the group is not zoic, or existing, in which case the term agnolus is not justified. [have tried to eliminate these difficulties by proposing the term Progonozoic, the group of the ancestral organisms: this can also be used in the modified form Progonic. However, I feel most inclined to propose the introduction of the latter term, not as à designation of the Youngest Pre-Cambrian, but as an equivalent for Pre-Cambrian, that would mean à declaration of independence on the part of Pre-Cambrian geology against the geology of the Younger groups, This seems justified by the fact that such different methods are employed in the investigation of these respective fields of inquiry. The Progonic could in such case be further subdivided, as I have proposed before, into Neo-Progonie, Meso-Progonic and Archeo-Progonic. 

But these proposals are new and have not yet undergone the ordeal of criticism, hence it would be unwise to Propose now the adoption of any such term. For my part I think it would be better to leave to the future the adoption of any theoretical names for the different Pre-Cambrian groups, or for the whole of the Pre-Cambrian. But if tne Congress should prefer to take any action on this point, L hope that it will consider the terms which L'have proposed. 

SUBDIVISION ON INTERNATIONAL MAPS. 

It seems desirable that more varied colours should be used for the de- signation of Pre-Cambrian rocks on international maps than have been used heretofore. This could be done, by using different shades of the same colour, without encroaching upon the colour-scheme for the Younger sedimentary rocks. At least three divisions would be necessary for Pre-Cambrian sedi- 
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ments, one for the formations which are mainly non-metamorphie (including the Keweenawan, Torridonian, Jotnian, ete.) one for metamorphie sedi- ments of Huronian or Jatulian type, and one for more highly metamorphie sedimentsof Archian type (including the Keewatin, Kalevian, Bothnian. ete.) Three different types of granites should be distinguished, a non-metamorphie type, a slightly metamorphic Archæan type, and gneissoid granites or typical gneisses. At least two designations are required for the basic rocks, one to include the non-metamorphic diabases, basalts, etc., the other for the corresponding uralitized metamorphie rocks (‘“metabasites”). Of course these groups should be genetic, thus including more or less metamorphic phases as well as the normal phases. À common designation for migmatitie rocks, with which could be joined the granulites (leptynites), is also desirable. Further, as it is impossible to subdivide all Pre-Cambrian areas in such detail, there should be a different colour for unelassified Pre-Cambrian. 





THE SUDBURY SERIES AND ITS BEARING ON 
PRE-CAMBRIAN CLASSIFICATION. 

ny 

\. P. COLEMAN, 

Professor of Geology, University of Toronto, Canada 

INTRODUCTION, 

The Huronian as defined by Sir WiLLiam Loan in IS63 was intended 
to nelude all of the Pre-Cambrian sédiments and cruptives below the Ani- 
mikie and above the Grenville series and the Laurentian granites and gneisses, 
In INS5 Lawsox separated the Keewatin, mostiy of voleanie origin, from 
the Huronian in western Ontario, and two vers later the Coutehiching, a 
series of sédimentars mien-schists and gnoisses Gradually the distinetion 
between Keewatin and Huronian was extended to other parts of northern 
Ontario and Quebec, the iron formation of silica interbanded with iron ore 
seTVINg as à characteristie indication of the top of the Keewatin, while a 
Wide-spread boulder conglomerate was considered to be the base of the 
Huronian. These two divisions seemed for a time to be all that were neces- 
sary, and Were accepted as fixing the relationships of the Pre-Cambrian in 
Ontario, 

A very serious difficulty arose before long in the application of these 
subdivisions, for it was found that in some places the basal conglomerate 
of the Lower Huronian rested unconformably on the Laurentian granite 
and gneiss and included fragments of them as pebbles or boulders: while 
other conglomerates, also supposed to be basal Huronian, had been eaught in 
the building of the Laurentian mountains and hence were far older than the 
Laurentian. 

In the earlier and less critical work these contradictions were over- 
louked, but ultimately an inevitable controversy arose as to the true relation 
of the Huronian to the Laurentian. President Vax Hise and others pointed 
to the basal Huronian conglomerate resting unconformably on the Laurentian 
three miles east of Thessalon; while Dr, BarLow and the present writer 
pointed with equal assurance to the Doré conglomerate near Michipicoten 
and other examples which were undoubtedly older than the Laurentian, since 
they had been eaught in synelines between the Laurentian batholiths, 

LoGax in his account of the Huronian in 1863 describes both the Huron- 
jan north of Lake Huron and the Deré- mglomerate as typical. He evidently 
considered them of the same age, and he included also conglomerates and 
quartzites of the Timiskaming region,! now described as the Cobalt series, 

1 Gcology of Canada, 1863, pp. 50-50. 
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The present Writer bus for some Veurs felt this difieulty to be Very erlous, and bus attempted to reconcile the two relationships by *üpposing two erux of uncient mountainbuilding one before the Huüroniun and the other after it, parts of thu original Huroninn having been left undisturhed the later revolution: or else by “upposing that the Laurentian mountain bling continued for à much longer Une in some localities than in others! These explanations were not really sutisfactory, an during the past three sumimers, while engaged in field work in the Sudbury region. n new explanation has forced itself Upon me. The conflicting relations of the Laurentian to the supposedls Huronian sédiments can be aveounted for best by supposing that there are tro series of different ages. This bus actually been proved to be the case in th Sudbury region, where an great sedimenturs series underlies the Huroniun but is Vounger than the Keewatin or Gren- ville series 
Before this was finalls proved at Sudbury, Montes Wisox haut set apart a Pontiac series in the provinée of Quebee and the Ontario Bureau of Mines bad defined a Timiskaming series below the Cobalt conglomerate generally considered to be Lower Huronian 
The evidence for a great group of sedimentars rocks equivalent in ex- tent and importance to the Huronian and lving between Huronian und Keewatin in age is now so complete that a new classification of the Pre. Cambrian formations of Canada becomes noce Ssurv. En this paper a brief account of the Sudbury series and its relations to the rocks above and below Mill be given, followed by an outline of the distribution of sedimentary formations probably of the same age in other parts of the Canadian Shield; and suggestions for à new classification will be presented, 

SÉDIMENTARY ROCKS OF HE SUDBURY REGION 

The rocks of the Sudbury region were first described in 1856 by Murray, who mapped Wanapitei river and other waterways which traverse the dis- trict. He called attention to the steepli tilted quartzite and the basal Hüronian conglomerate, but the true relationships were t00 obseure to be worked out in his rough traverses of rivers and lakes? He naturally made them all Huronian. The Sudbury region was mapped and described in more detail by Dr. BELL and his assistants in 1900, Put little heudway was made in working out the relative ages of the sedimentary rocks, since most ‘attention was given to the eruptives connected with the nickel ores % Much the same can be said of the excellent Work of Dr, BaRLOW in 1904, in which the eruptives were taken UP very Carefully, while the sédiments rec ved only brief mention! The present Writer in a report on the Sudbury nickel field, published in 1905, described the sedimentary rocks in the vicinity of 
1 Pres. Address, Geol Section, B,A.A,Se., 1910; and Methods of Classification of the Archwan of Ontario, Compte Rendu, Congrès Geol. Int. Xe Session 2 Rep. of Progress GS. C,, 1853-64. 145-190 
3 Ann. Rep. GS. C., Vol. V, IS90-1, Part F, 
#Ibid,, Vol. XIV, 1904, Part H . pp. 61-67 
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the nickel ranges with some detail and mentioned that they were older than the Laurentian and had been Upturned and penetrated by Laurentian granit Lt was shown also that the boulder conglomerate rose bling tillite north of Ramsay lake contained fragments of graywncke une Quartzite, so that it Was much Vounger than the other sédiments, Ax th whole region had always been described ns Huüronian, the gruvwacke al quartzite were con sidered Lower Huronian and the conglomerate was therefore placed in the Middle Huroniun 
More recent work proves that this was an error. Dr, Cons ENx and lus assistants have followed the Cobalt conglomerate, always louked Upon tx Of Lower Huroninn age, almost wit it a breuk to the Ramsay Lake con- glomerate: and the Present Writer has found conglomerate of tlu sutne kind resting unconformably on quartzite and other sedimentars rocks from Point to point untilthe typieal Huronian js re ached 100 miles west of Sud The conglomerate to the west of Sud y Is not us continuous as toward the northeast in the direction of Cobalt, but it is known to oceur in thirtoen Places to the west, sometimes in | ads half à mile or more in lengt} Iris probable that many apparent maps in the continuity will be filles ur since only the vicinity of the Sault Ste Marie branch of the Canadian Puciti railway was carefully studied. The basul Huronian conglomerate usually has à matrix of arkose 0 quartzite, and is readily distinguished from the upper conglomerate of the tvpieal Huronian region which often has à «lat matrix, 

The Unconformity is great wherever the contact of the flat-ving con- glomerate upon t teeply tilted quartzites beneath js exposed. The lower rocks haut bec tilted more or less Mmetumorphosed and deepls eroded befor the Huron hect covered them with boulder clay. 

RELATION OF THE SUDBURY SERIES TO THE LAURENTIAN 

Et has been shown that the sédiments here called the Sudbury series are much older than the Lower Huronian basal conglomerate, They are also older than the Laurentian granites and gneisses, as may be seen at various points where the two come together. Going south from Romford the first station east of Sudbury, along the Toronto branch of the Canadian Pacific railway, one crosses quartzites steeply tilted toward the southenst for two or three miles before reaching the Laurentian conta & which is very distinetly eruptive, The course granite or granitoid gnoiss penetrates the Quartzite, separating bed from bed and providing a good example of lit par litinjection; and dikes of ordinary granite and of pegmatite cut the quartzite Or quartz-schist in various directions. Similar relationships are found at Yarious points north of Lake Huron also. The quartzites, graywackes and lates of the Sudbury region are then much older tl an the Laurentian, and must have been deposited and consolidated before the batholithic mountains began to rise. 

ines, Ont., Vol, XIV, Part I, PP. 86-03 and 127-129, 



A. P. COLEMAN, 

WHAT GRANITES AND GNEISS ARE LAURENTIAN? 

Thus far it has been assumed that the granites and gneisses which en- close the Sudbury series or come up through them eruptively are Laurentian, but the question may be raised as to whether these rocks are truly of that age. There are granite boulders enclosed in some of the conglomerates associated with the Sudbury series, which imply older granitoid rocks, and it is probable that there were granites earlier than the Coutchiching also, How is one to discriminate between these different granites? 
The granitoid gneisses which have cut or upheaved the Sudbury series are continuous with those underlying the typical Huronian, the rocks actually named Laurentian by LoGax and MURRAY, as may be seen on the original Huronian map, and gneisses near Wanapitei are named Laurentian by Murray. The same is true of the granitoid gneiss of the Doré region, which LoGax speaks of as Laurentian, and which has upturned and pene- trated the Doré conglomerate. There is little doubt that the great batho- liths of granite and gneiss of the Rainy Lake region shown by Lawsox to have upheaved not only the Keewatin but also long bands of schist con- glomerate apparently of the same age as the Sudbury series, are continuous with the batholithic granitoid gneisses farther east which were named Lauren- tian by LoGAN; and no reason has ever been given why they should not be named Laurentian except that they are supposed to be later than the Huron- jan. Now that the conglomerates, quartzites, ete., which were caught in the building of the batholithic mountains are shown to belong to a series older than the Huronian, that objection falls, 
Probably the greatest period of batholithie uprise was that of the Lauren- tian as here defined, and from MY own experience in studying the relations in northern Ontario, I am certain that by far the greater part of the surface aiways coloured as Laurentian on our maps is of this age. No one has pointed out any important area of granite or granitoid gneiss that is undoubtedly older than the batholiths here assumed to be the true Laurentian; though there are many instances of later granites, less often of later gneisses, 
If granitoid rocks later in age than the Sudbury series and the schist conglomerates and other rocks that have here been grouped with the Sud- bury series are excluded from the Laurentian, there will be little left that can be called Laurentian, so far as our present knowledge goes. In any case, when à name has been applied too indiscriminately, so as to cover rocks of more than one age, the name should be retained for the larger part and not for a minor portion of the mixture. 
There have been granites formed in all ages of the world and there are, no doubt, magmas now cooling and solidifying as granites at great depths below mountain ranges: so that granite or granitoid gneiss cnanot be looked on as characteristie of any one period; and yet the tremendous formation of batholithie mountain ranges after the laying down of the Sudbury and other series of similar age is so far beyond anything of the kind known at any other period in Canada that it deserves a distinctive name, and should 
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retain the name Laurentian actually applied to certain areas of it by LOoGAN himself. 

RELATIONS TO THE KÉEWATIN AND GE ENVILLE. 

As the Keewatin and Grenville series also are older than the Huronian and Laurentian it might be suggested that the Sudbury series is of the same age as once or both of them, The Sudbury series differs 0 greatly from the Keewatin as to make it highly improbable that they were formed at the same time, The Keewatin is, in most regions, à characteristically voleanie formation with only subordinate amounts of sedimentary material, mostly that peculiar type of deposit called iron formation, consisting of interbanded jasper, chert or granular silicn with hematite or magnetite. Quartzite is seldom found in the Keewatin, On the other hand, the Sudbury series con- sists essentially of clastie materials, mostly quartzite, and is not known to contain banded silica and iron ore. 
As the Sudbury series has not been found in contact with undoubted Keewatin rocks the final evidence for à difference in age must be sought for elsewhere._ Farther to the west and north the Doré conglomerate, the conglomerate east of Lake Nipigon, and other similar conglomerates are almost certainly of the same age as the Sudbury series, since they too con- sist of clastie materials which have been caught in the Laurentian upheaval. As they contain many pebbles of jasper, schist, ete., from the adjoining Keewatin, they are clearly of much later age. The iron range sediments of the upper part of the Keewatin, Supposed to have been originally siliceous siderite, were transformed into jasper and greatly eroded before these western conglomerates were formed, and the lapse of time between them must have been great. 

Anyone who has compared the æreen-schists and banded iron ores of the typical Keewatin with the well Stratified, eross-bedded quartzites and arkoses of the Sudbury series will have no doubt of the entire distinetness of the two groups ci rock, and will feel convinced that the Sudbury sediments could not have been formed at the same time as the Keewatin schists and iron-range rocks of Moose Mountain 17 miles to the north. 
Rocks of the Grenville seric possibly of the same age as the Keewatin, come much nearer to the Sudbury series, From the last quartzite south of Romford to the first kyanite-hornblende-schist of the Grenville is little over a mile, and from this point Grenville rocks, greatly eut up by Laurentian eruptives, extend for at least cight miles to the south. Both have been in- volved in the Laurentian upheaval, but the two groups of rocks are extremely unlike. The Sudbury rocks show all their original structures as sedimentar- ies and generally have undergone only a comparatively slight metamorph- ism of the contact type, causing the formation of staurolite and chlorite, or more rarely, mi while the rocks of the Grenville series have been so profoundly metamorphosed that until recently they were supposed to belong to the ordinary eruptive type of Laurentian, 
The most widely syread Grenville rock is coarse hornblende- or biotite- 
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schist or gneiss containing numerous prisms of kyanite and sometimes garnets. 

Coarsely erystalline limestone with various silicates oceurs at one point, 
and glassy quartzite is found at the quartz mine a few miles south along the 

railway, which furnishes flux for the nickel smelters. Each type of rock 

in the Grenville is highly metamorphosed and only slightly metamorphosed 
in the Sudbury series. 

It is possible that the supposed Grenville rocks are merely a portion 

of the Sudbury series sunk to greater depths in the invading Laurentian 

magma and so more profoundly acted upon, Prof. T. L. WALkER once 

suggested. In that case the Grenville series should be lifted a stage and 

placed between the Keewatin and the Huronian. The Grenville rocks look 

so much older than the Sudbury series, however, as to suggest that they had 

already undergone metamorphism before the latter were formed. 

It might be supposed, finally, that the Sudbury series is of the same age 
as the Coutchiching mica-schists and gneisses which LawsoN has separated 

from the Keewatin of Rainy lake as an underlying sedimentary group. The 
Coutchiching schists differ in every way from the Sudbury rocks; they are 

usually far more completely metamorphosed, and are much older than the 

western schist conglomerate of Shoal lake, which contains pebbles of them 
though it is itself probably pre-Laurentian. For these reasons it is highly 
improbable that the Sudbury series is the equivalent of the Coutchiching. 

That the Sudbury series is older than both the Huronian and the Lauren- 

tian as they have been mapped and defined north of Lake Huron nas been 
shown conelusively; and the foregoing descriptions of its relations with the 

Keewatin, Grenville and Coutchiching make it almost certainly younger 

than those groups. If the western schist conglomerates containing jasper 

pebbles are of the same age as the Sudbury series, which is very probable, 
both are manifestly vounger than the Keewatin. 

From the evidence given in previous pages it will be seen that a distinct 

series of sedimentary rocks exists in northern Ontario, separated by a great 

unconformity from the Huronian above and having in many places a basal 

conglomerate resting unconformably on the Keewatin below. 

SIMILAR FORMATIONS TO THE NORTH AND EAST, 

Thus far the relationships of the proposed new serfes have been shown 

from observations of my own near Sudbury and in several other regions 

farther north and west, occurring from point to point for 400 or 500 miles. 

The conclusions reached are strongly confirmed by work done to the north- 
east by Dr. Mizzer and his assistants for the Bureau of Mines of Ontario 

and by Dr. Morcey E. WiLsox for the Geological Survey of Canada. 

About 100 miles northeast of Sudbury is the well known Cobalt region, 
with its important basal conglomerate in which rich silver ores oceur. This 

was originally classed by the Bureau of Mines as Lower Huronian but it 

was observed that the conglomerate enclosed boulders of a more ancient 

conglomerate. Some of these specimens of older conglomerate contain jasper 
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pebbles, so that it must have been formed after the Keewatin. This ancient 
conglomerate was found near Lake Timiskaming, to the east of Cobalt. and 
was called the Timiskaming series; and the Cobalt rocks were renamed the 
Cobalt series, since it was thought that their relations to the original Huron- 
ian were rendered uncertain by the discovery of the Timiskaming congloner- 
ate, which was evidently much olde 

The Timiskaming series has since been extended to the Porcupine 
gold region more than 100 miles to the northwest, where it occurs widely and 
ineludes quartzite and slate much like those of Sudbury, as well as schist 
conglomerate.! The Timiskaming series is cut by granites and gneisses 
having the appearance of Laurentian, 

Farther to the east, in the province of Quebec, the Pontiac series is 
described by MorLeY WiLsox as older than the Huronian and penetrated 
by the Laurentian. It includes conglomerate and arkose, generally s1eared 
and passing into mica-schist. Its relationship is not entirely certain as far 
as the Keewatin is concerned, but it probably corresponds to the Sudbury 
series in age, 

Thus formations consisting almost wholly of sediments older than the 
Huronian and Laurentian, entirely different from the Keewatin, and much 
vounger than the iron ranges of that age have been traced for more than 
600 miles across the Archæan of Ontario and Quebec. In extent and thick- 
ness they are more important than the Huronian and not far behind the 
Keewatin. They are equal in systematie importance t: either of these two 
great divisions of the Canadian Archæan and should be given equal rank 
in the classification. This does away with the formidable difiiculty hitherto 
met in accounting for what seemed contradictory relations of the Huronian 
to the Laurentian and enables us to arrange a logical system for the tangled 
groups of rocks making up the Canadian Archæan, 

It should perhaps be explained that the word Huronian is here used 
as equivalent to the “typical” or “original” Huronian as mapped by LoGax 
and Murray north of Lake Huron. It is not used as including the Doré 
conglomerate, Which LoGaN describes as Huronian.  LoGax never carefully 
studied the Doré region, since in his description he omitted more than half 
the width of the conglomerate? and he did not attempt to map it. As 
this conglomerate is separated from the rocks of the typical region by one 
of the greatest revolutions known in geology, including the elevation and 
afterwards the destruction of the great Laurentian mountain ranges, it is 
manifestly unwise to confuse the two under one name. Logan's brief re- 
connaissance work on Lake Superior must not bind geology for all time to 
an incorrect classification of the Archæan. 

CLASSIFICATION OF THE PRE-CAMBRIAN. 

Of the three regions called Huronian in the 1863 report of the Geological 

1 Rep. Bur. Mines Ontario, Vol. XXI, Part 1, pp. 219-221 
2 Idem, pp. 162-165. 
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Survey of Canada, only one was mapped by LoGaN and MurRay, that on 
the north shore of Lake Huron. Their map ineludes also the adjoining 
bays of Lake Superior but «loes not quite touch Point Mamainse to the north- 
west of Batchewana bay, where characteristie eruptive and sedimentary 
rocks of the Keweenawan oceur.  Toward the east the basal conglomerate 
of the typical Huronian extends over the Sudbury series, as shown in former 
pages. In the nickel basin of Sudbury an important series of sediments 
resembles in many respects the Animikie of Thunder bay and is probably çf 
the same age, though Dr. CoLcixs thinks this is unproven and would prefer 
a local name, Whitewater series. Not far to the north of the Sudbury 
series there is an area of the K__ ‘atin at Moose Mountain; and a little way 
to the south there are rocks of the Grenville series. Granites and gneisses 
mapped by LoGax and later workers as Laurentian and penetrating the 
Keewatin, Grenville and Sudbury series, but older than the Huronian and 
Keweenawaa 19cks, oceur at vrrious points. 

It will + seen that the region north of Lake Huron, if extended from 
Point Mansuuse to Wanapitei, a distance of about 200 miles, includes areas 
of every division of the Pre-Cambrian recognized in Canada, with the ex- 
ception of the Coutchiching and the Hastings series. It not only affords 
the most complete set of Pre-Cambrian formations known, but includes 
the most authentie examples of the earliest divisions recognized, the Huronian 
and Laurentian. The region may properly be looked upon as furnishing 
the standard for the classification of the Pre-Cambrian of Canada. It is 
centrally placed and supplies a connecting link between the Pre-C ‘ambrian 
north and west of Lake Superior and the Poreupine, Cobalt and Quebec 
areas to the northeast, as well as the Grenville and Hastings regions to the 
southeast. 

The following subdivisions have been distinguished in the region: 

Keweenawan (Mamainse, Sudbury nickel eruptive, ete.) 
Animikie (Interior of nickel basin, CoLzixs’ Whitewater series). 
Upper Huronian. 
Lower Huronian. 

Laurentian (In eruptive contact with earlier series). 
Sudbury series. 

Keewatin and Grenville series. 

If we separate the Laurentian as eruptive through the earlier but not 
the later divisions, we have the following arrangement : 
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(Keweenawan, 

| 

Discordance. 

|Animikie, 

Discordance. 
Post-Laurentian: ! 

| Upper Huronian. 

Small discordance 
| 

| Lower Huronian. 

| 
l Great discordance, 

[Sudbury series. 

Pre-Laurentian: : Great discordance. 

Les probably equal to the Grenville series. 

Whether the Keewatin and Grenville series are equivalent in age is uncertain, since they have not been found together. Mizcer and Kxiur put the Grenville immediately above the Keewatin in eastern Ontario with- out stating that there is a break between them.! 
It will be of interest to compare this column of formations with those worked out in other parts of the Canadian shield.  Fortunately advance copies of papers presented to the Congress by Lawsox for the region west of Lake Superior and by Coins for that east of Lake Superior are available, and recent publications by MILLER of the Bureau of Mines of Ontario? and by MorLey WiLsox for the general region are also of service. 3 
In the table given below Column No. Tistaken from LawsoN’s À Standard Scale for the Pre-Cambrian Rocks of North America (Advance edition): No. IT represents the results of the work of WizLuorr and the writer in the Michipicoten iron region, the names being adjusted to the later usage: No. HT embodies the classification given above in this paper: No. IV is compiled from reports of the Bureau of Mines of Ontario; No. Vis taken from Mor- LEY WiLsON's summary report to the Geological Survey for 1911 (p. 275): and No. VL is from the legend of a map of Hastings, Addington and Fron- tenace by Mizcer, KniGur and Rocers, published in 1913. 
The reasons for the arrangement shown in No. III have been given thove, The central parts, including the Huronian and Laurentian, are 

1 Guide book No. 6, Congrès ol. Int., XITe Session (1913), p. 56. 2 Rep. Bur. Mines Ontario, Vol. XIX, Part 2. 10 13, p. 48. 3 Jour, Geul., Vol, XXI, p. 305, ete, 
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authentie, having been mapped and named by LoGax and Murray them- selves. The parts above and below have been added by myself after more than ten summers of field work in the region. The correlation of No. II and No. IV with No. II is largely the result of personal examination of the regions, confirmed on the ( ‘obalt side by the work of Cour s, Who has traced the Cobalt conglomerate to Sudbury. As we get farther away from the central region the correlation grows less certain: but from personal study I feel reasonably sure that Lawso: Upper Huronian, the Seine series, is the equivalent of the Doré and Sudbury seri His Lower Huronian, the Steeprock_ ser S more problematie. It is not found in immediate re- lation to the Seine series and it is in general far less metamorphosed than that series, which Lawson puts above it, My own impression is that it may prove to be younger than the Seine series, perhaps equivalent in age to the typical Lower Huronian. These rocks are, however, 400 miles from the Michipicoten region and still farther from the typical Huronian region, so that one should be cautious in correlating them. The Quebec rocks of No. V are just across the Ottawa from the Cobalt region so that their cor- relation is very probable; while that of No. VI, at à considerable distance to the southeast, is more doubtful. 
It will be noticed that all the columns show granite or granite-gneiss with an irruptive contact above à great sedimentary series: and that four of them show an older granite-gneiss in irruptive contact with the oldest rocks of all, the Keewatin-( ‘outchiching or the Keewatin-Grenville series, While they agree in these respects, they differ in the names applied to the two ages of granite-gneiss, LAWsON and MiLLER using the name Laurentian for the older of the two and introducing Algoman and Lorrain, respectively, for the younger of the two. As the younger granite-gneiss undoubtedly named Laurentian by LoGan himself in the typical Huronian region and at Doré river, it seems natural that the same usage should apply in other re- gions, From my personal experience in northern Ontario L feel sure that much the greater part of the granitoid gneiss mapped as Laurentian is of the later age, ie. post-Sudbury or Timiskaming. The name Laurentian should be retained for the greater area, which is the later in age, and any new name introduced should apply to the smaller area of older granite-gneiss. In the classification given above no attempt has been made to combine the divisions into larger groups, since the most essential need is to determine the number of divisions and to correlate them in the different regions. Two interesting plans for larger groupings are given by LawsoN and CoLzixs in advance copies of Papers read before the Congress, both differing funda- Mentally from that of the International Committee on the Pre-Cambrian of Lake Superior, which has been in common use by geologists on both sides of the boundary for several Years. None of the three arrangements seems to me satisfactory in all respects and it seems better for the present to leave the classification as given above. 

In regard to Couuixs « fication (Column LIL in his paper) the divisions are essentially in accord with those given in Cotumn III on a former page 
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of this paper; though the names employed are in part different, since he was dealing largely with regions to the northeast of Sudbury. His Whitewater series is the same as the Animikie in my column, It is probable, though not a certainty, that the Whitewater rocks are really equivalent to the western Animikie.  CoLLixs’ extension of the term Huronian to include the Animikie and the Keweenawan seem to me of doubtful utility. I should prefer i& restriet the term Huronian to the ctual formations that were so named in the typical region in the beginning. These are quite definitely known as a whole, though LoGax and Murray hesitatingly placed some rocks with them which we now know are older and which should be exeluded. This well- defined group of rocks, the first Pre- ‘ambrian rocks to be studied and mapped with some care in the great Canadian shield, gives us a fixed starting point for a classification that should not be neglected. 
If the eruptive granites and gneisses are left out, the classification just given has the same number of subdivisions as that formerly proposed by the geologists of Finland for the Pre-( ‘ambrian of the Seandinavian shield;! they may be placed in parallel columns as follows: 

Keweenawan. Jotnian. 
Animikie. Jatulian. 

Upper. Kalevian {l PREÉ: 20Wer, Lower. 
Sudbury. Bothnian. 
Keewatin. Ladogian. 
Laurentian. Katarchtæan, 

Huronian 

SEDERHOLM, however, in advance copies of a paper presented before this Congress on Difierent Types of Pre-Cambrian Unconformities, states that the Ladogian, or second di ion, Was erroneously placed in that position, being only a more highly metamorphosed phase of the Kalevian.? so that the equivalent of the Keewatin seems to be wanting. But the regions are so far #part that it would be unwise to place too much stress on the parallelism. 

, Bull. Com. Geologique de Finland, No. 13, p. 153; and No, 23, p. 93. 2 Idem, p, 4. 



CLASSIFICATION OF THE PRE-CAMBRIAN FOR- MATIONS IN THE REGION EAST OF 
LAKE SUPERIOR.! 

BY 

W. H. COLLINS, 

Geological Survey of Canada, Ottawa, Canada, 

The Pre-Cambrian shield of North America, which occupies 2,000,000 square miles in Canada and the northern United States, is little known geologically except along its southern margin. The great iron, copper, nickel, and other ore deposits that oceur in this margin have caused a con- centration there of nearly all the detailed investigations that have been made, consequently the geological nomenclature and classification peculiar to the Pre-Cambrian shield has developed almost exclusively in this portion of it near the Great Lakes, Further, this marginal portion is separable into three regions either so isolated from one another or so unlike geologically that they have played distinct parts in the development of the geology of the Pre- Cambrian shield. In fact our knowledge of the Pre-Cambrian shield has been obtained almost entirely in these three regions. They are indicated on the accompanying map and, for present convenience, are called the St. Lawrence, Timiskaming and Lake Superior regions, the last named being sub-divisible into North Shore and South Shore provinces. Areas in euch region where detailed work has been done are shown in black. Thus the map presents the territory in which the present nomenclature of the Pre- Cambrian has evolved and the localities that have been critical in this evolution. 
It has never been difficult to correlate satisfactorily the sequences found in the various carefully studied districts within any one region. These districts are never far apart or can be linked together by study of the intervals between them, and the geological successions in each present many similari- ties that facilitate correlation. For several reasons most of the difficulties of correlation have arisen in trying to correlate the rocks of one region with those of another. The geographical interval to be crossed is large: the gcological conditions in the different regions, for instance the Timiskaming and St. Lawrence regions are very unlike: and finally, uniform classificat ions have been adopted in the past when gcological knowledge was very unequally advanced in the three regions. Thus the uniform classification formulated for the Pre-Cambrian shield in 1904 by the International Committee proved 

? Published with the permission of the Director of the Geological Survey of Canada, 
399 
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to be so highly specialized and exacting that its subsequent use in che least known region—the Timiskaming—has been attended with serious chance of error, although the same classification serves well for the better known Lake Superior region. 
This paper is restricted as much as possible to formulating a classification of the Pre-Cambrian in Timiskaming region alone, but this restriction is so dependent upon the discreteness of the Timiskaming region from the St. Lawrence or Lake Superior regions that it has been necessary to empha- size the separate existence of all three s0 far as the problem of Pre-Cambrian correlation is concerned. The St. Lawrence region has never had much in common with the Timiskaming region and may be allowed to drop out of question. But the discreteness of the Timiskaming and Lake Superior regions has not been regarded in the past, and rock classifications have passed back and forth between them to such an extent that the evolution of the nomenclature in use in the Timiskaming region cannot be understood without brief reference in the succeeding paragraphs to the Lake Superior region. Timiskaming region is separated from the South Shor province of the Lake Superior region by an interval of Palæozoic sediments 130 miles wide, The country between it and the North Shore province is underlain by Pre- Cambrian rocks, but these are 80 imperfectly known and consist so largely of granite-gneisses that ns yet they impede rather than facilitate correlation. This gap is 175 miles across. In this manner are the two regions geologically isolated. 

The first Pre-Cambrian classification {or North America was applied in Timiskaming region by Logan between 1848 and 1855 According to it! all the Pre-Cambrian formations were placed in two systems, Laurentian and Huronian. In the former were put the granite-gneisses and such sedi- mentary formations as were known to be involved in the gneissie complex— at that time, only the Grenville para-gneisses and crystalline limestones of the St. Lawrence region. The Hurozian was made to comprise all Pre- Cambrian sediments and associated intrusiv that unconformably overlay the Laurentian. Logan expressed the same view even more clearly in a later publication? in which he says: 
“The group on Lake Huron, we have coniputed to be about 10,000 feet thick; and from its volume, its distinet lithological character, its clearly marked date posterior to the gneiss, and its economic importance as a copper- bearing formation, it appears to me to require a distinct appellation, and a separate colour on the map. Indeed, the investigation of Canadian Geology could not be conveniently carried on withont it. We have, in consequence, given to the series the title of Hurouian. 
“A distinctive name being given to this portion of the Azoic rocks, renders it necessary to apply one to the remaining portion. The only local one that would be appropriate in Canada is that derived from the Laurentide = 

1 Esquisse Géologique du Canada 
? Proe, Am, Assoc, Adv. Science, 1857, Pt. 2, pp. 44-47, 
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range of mountains, which are composed of it, from Lake Huron to Labrador, 

We have therefore designated it as the Laurentian series.” 

Lt was almost inevitable, owing to the seanty existing knowledge of the 

country and to à prevailing conception that gneisses Were of sedimentary 

origin, that mistakes should have been made in locating the line etween 

Laurentian and Huronian.  LoGax himself placed in the Huronian certain 

green schists on the north shore of Lake Huron CT! «salon group) which 

are intruded by the gneiss, but which he thought las unconformably on it. 

Mennay madethesamemistakeregardingthesediments near Sudbury. Never- 

theless, LocaN'x reports of that time make it quite clear that he recognized 

elsewhere an important unconformity above the gneiss and ought to make 

this the boundary between Laurentian and Huronian. and he evidently 

maintained this opinion, fe. in his report of 1863, he still separated his Azoie 

(Pre-Cambrian) into these two divisions. He placed in the Palæozoie the 

Animikie and Keweenay an formations which we now regard as Pre-Cambrian, 

butitis per lear that his Huronian was understood to reach to 

the base of th: lilæozoic. 

From Los: v's time until ten years ago the Timiskaming region made 

slow progress in Pre-Cambrian subdivision, Some of this progress, more- 

over, was not in the direction that is being taken to-day. For instance, the 

green schists which Lo\x erroneously put in the Huronian were discovered 

to be unconformably beneath it; but, instead of excluding them from the 

Huronian they were called Lower Huronian, thus following Loc ax's evidently 

erroneous application of the term Huronian instead of following its precise 

definition. During this same time rapid progress was being made in the 

Lake Superior region, both in Canada and south of Lake Superior, where 

enormously valuable iron and copper ore deposits were furnishing an incentive 

to close geological research. Louan's terms were imported from Timiska- 

ming region, but were soon found inadequate for the refinements of such 

detailed work. They were not rejected, however, but were limited in mean- 

ing, subdivided and supplemented with new terms, until a complex nomen- 

clature eventually resulted. 

Consequently when, in 1904, the International “ommittee on Pre- 

Cumbrian Nomenclature re-introduced into Timiskaming region this highly 

specialized development of LoGan's classification, in an attempt to bring 

about a uniform Pre-Cambrian classification for the United States and 

Canada, difficulties arose. The arrangement was faithfully observed at first 

by the geologists working in Timiskaming region. For a few years 

following 1904 the new terms, Keewatin, Laurentian, etc., figured in the 

literature, positively at first, then interrogatively, and of late years dimin- 

ishingly as it became realized that the use of these terms required a greater 

knowledge of geological relations than was at hand. The Lake Superior 

classification, for such the uniform cela ification of the International 

Committee was essentially, was too refined for the needs of the less explored 

Timiskaming region and did not well suit the geological conditions local 

in it. Hence, less exacting local names began and continue—to replace 

those of the uniform classification as this fault became evident. 
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The opinion now exists among my colleagues in the Geological Survey 
who are interested in Pre ‘ambrian work, that instend of attempting to apply the highly developed nomenclature of Lake Superior region to the 
Timiskaming region, we «hould evolve, indepeudentiy and along similur 
lines, à nomenclature suitable to the growing needs of Timiskaming region 
and not in advance of geological facts. A uniform nomenclature eun be 
delayed until there is some equality in our knowledge of the Various regions 
to be correlated, The classification offered below is a result of this poliey, 
It is believed to express the essential facts that are known at present about the geological history of Timiskaming region, and it is hoped that, ax new 
data are acquired, it may be extended, with little or no correction, to give 
expression to these data. 

Pleistocene, Pleistocene, Pleistocene 
Cnconformity. 

Silurian (Niagara) Silurian (Niagara 
Unconformity Latest granite 

dykes 
Olivine-diabase 

Nipissing Keween- dykes, Nipissing diubuse, diubuse, | Keween- awan | Granite. Sudbury | awan Sudbury nickel- norite,ete 
bearing 

V  eruptive, 

Tntrusive contact 
AVErA 

Hüronian 
Onvwatin slate, 
Onaping tuff. 
Trout Lake con- 

glomerate, 

[Pre sford 

Animikie Whitewater series, 

Lorrain series, +: amsay Lake, Lo ne Huronian | R ÿ La . , Local un VU conglomerate. Cobalt series, conformity. 
Cobalt s4 

Unconformity and erosion Great unconformity. 
Laurentian granitoid gneiss. Lorrain granite Batholithie granite 

intrusives, 
Tntrusive contact. Intrusive contact 

Acid and basic in- 
trusives Sudbury serie: Huronian | Copper Cliff Timiskaming series, Timiskaming se 
arkose Fabre series etc MekKim greywacke 

Pre- 
Huronian Unconformity and erosion Unconformity 

{ Pebbles in Copper Granite< 
UC arkose Granite intrusives 

: - É z :n { Greenstone. - Lower Huronian (Keewatin). tn ER ro Keew: Porphyrite, et 
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Column L of this table is a statement of the Pre-C'ambrian sequence 

found by A. P. CoLEMaAx in Sudbury district! The oldest rocks in the area 
examined by Professor CoLEMAX are the greywacke, arkose and associated 

eruptives that constitute the Sudbury series. These are folded closely and 
intruded by batholiths of granite-gneiss. Both sediments and gneiss are 

unconformably overlain by a younger, much less metamorphosed conglomer- 

ate (Ramsay Lake conglomerate). There is a third, still younger series 

(Trout Lake conglomerate, Onaping tuff, Onwatin slate and Chelmsford 

sandstone), regarded as Animikie, but which is intruded and so completely 

isolated from the older formations by the great laccolithie body of norite 
with which the ore deposits of the district are associated that its relation to 

these formations cannot be certainly determined. The norite, together with 

the dykes and other intrusive bodies of diabase and granite, which intrude 
all the above formations, are regarded as Keweenawan in age. 

A. E. BarLow? believes that, outside the area in which CoLEMax worked, 

the Sudbury series is antedated by a schist complex of Lower Huronian 

(Keewatin) age. There are also granite pebbles in the Copper Cliff arkose 
that imply the existence of a granite formation older than that which invades 

the Sudbury series. These two members have been added in column I to 

CoLEMAN’"S table, 

Column II represents W. G. Mizzer's latest classification” of the Pre- 

Cambrianin Cobalt district. A schistose complex of volcanies and subordinate 
sedimentary matter constitutes the oldest group of rocks (Keewatin) in this 

district. Infolded with the Keewatin is à conglomerate (Timiskaming 

series). The Keewatin is invaded by a granite batholith (Lorrain granite), 

dykes from wuch also eut the Timiskaming conglomerate. Upon a greatly 

eroded surface of these older, greatly disturbed rocks lies a gently folded, 

little metamorphosed series of conglomerate, greywacke and quartzite 

(Cobalt series). The Cobalt series is intruded by sills and dykes of quartz- 
diabase ( ng diabase). 

These districts are 70 miles apart, and until recently the sequences found 

in them could not be certainly correlated. But the gap between them has 
been under investigation by the Geological Survey since 1908 and was finally 

closed last autumn. It was then found that the Ramsay Lake conglomerate 

in Sudbury district is equivalent to the conglomerate formation of the Cobalt 

series; also that the Nipissing quartz-diabase grades in this interval into a 

quartz-norite much like that found in Sudbury district. The Nipissing 

diabase and Sudbury norite may not be exactly contemporaneous, but 

the gradation from one to the other suggests that they originated 
by the same act of intrusion and are therefore of nearly the same 
age. It is possible now, with this information at hand, to correlate the 

geological columns of Sudbury and Cobalt districts and to obtain therefrom 

1 Rep. Bureau of Mines, Ontario, Vol. XIV, Pt. {II, 1905. 

2 Ann. Rep., GS.C., Vol. XIV, Pt. H. 

3 Engin. and Min. Jour., 1911. 
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a more complete sequence for the region. This has been done in column III. Certain modifications of columns 1 and II have been introduced in column III. 
1. As already stated, the Nipissing diabase, Sudbury norite, ete., are regarded as of the same general age though perhaps not exact equivalents Their areal distribution, general position in the Pre-( ‘ambrian scale and similarity of their lithological characters and associated ore deposits unite them with the Keweenawan formations south of Lake Superior, hence CoLe- MAN'S usage of this name is followed, 

2. The evidence for calling the Chelmsford sandstone, ete., Animiki ; does not seem to be as good, so, subject to Professor COLEMAN'< approval, the local name, Whitewater series, is substituted. 
5. Instead of using Cobalt series as it is used in column II, MiLer’s original definition! is reverted to and the sediments in question separated into a lower series of conglomerate, 1 vwacke and banded greywacke (Cobalt series), and an upper series of arkose, quartzite and conglomerate (Lorrain series). These two series are in apparent conformit: in most places, but an unconformity between them exists locally and, in addition, they appear to have originated under quite different conditions, the Cobalt series being terrestrial, perhaps glacial, and the Lorrain series sub-aqueous. These are the reasons for separating them. There is no disagreement with Dr. Mizer about the facts—only about their relative importance, As the Ramsay Lake conglomerate is the conglomerate formation of the Cobalt series, there appears to be no further need for this term, so it is dropped. 4. The name Sudbury series, though it does not appear in the report of 1905, has been recently adopted by Professor COLEMAN for the McKim greywacke, Copper Cliff arkose and associated eruptives, 5. No precise correlation is intended for the rocks bencath the Cobalt series—only a grouping of formations to express the similarity which exists among the Pre-Cambrian succes ions in Sudbury, Cobalt, Porcupine,? Fabre and other districts. In each of these there appears to have been a period of volcanic activity (Keewatin) which gradually died out and was suc- ceeded by sedimentation (Sudbury series, ete.) There is somewhat remote evidence of an erosion interval and granitie, perhaps batholithie, intrusions between these periods of vulcanism and sedimentation. And there is positive evidence of mountain-building, batholithie invasion and erosion after the deposition of the sediments, It has not been proved, however, that these Processes Were synchronous in the different districts, and this cannot well be done until our knowledge of the Sudbury, Timiskaming and other series is more extensive than it is at present. For these sediments are the formations in the pre-Cobalt complex which lend themselves most effectively to accurate correlation and that will have to be depended on for a solution of the matter. Se . 

1 Rep. Bureau of Mines, Ontario, Vol. XIV, Part II, 1905. 2 Rept. Bureau of Mines, Ontario, Vol. XX, Part II. 3 Rept, Bureau of Mines, Quebec, 1911, 



406 W. H. COLLINS. 

The formations in column III can be grouped, so as to express the larger 

geological relationships of Timiskaming region, into two major divisions. 

Allthe rocks beneath the Cobalt series are either greatly folded volcanics 
and sediments or great intrusive bodies of granite-gneiss. They are all 

notably crystalline and show in pronounced manner the effects of both contact 

and dynamic metamorphism consequent to mountain-building and batholithie 

invasion. The names crystalline basement, basement complex, etc., that have 

been applied descriptively to these rocks as a whole, indicate in some degree 

how conspicuous these common characteristics are. On the contrary the 
Cobalt series and other rocks that rest unconformably upon this crystalline 
complex are modern-looking, little metamorphosed sediments and intrusives. 

They lie in gently folded attitudes. They are nowhere intruded by batho- 

lithic granite-gneiss. So on the far side of the unconformity at the base 

of the Cobalt series batholithic invasion and mountain-building have stamped 

all the rocks with common metamorphic characters while on the near side 

there is no evidence of batholithic invasion, little evidence of mountain-build- 

ing (in Timiskaming region) and the rocks are correspondingly unmeta- 

morphosed. 
As might be anticipated, the unconformity separating two groups of 

rocks so unlike is regional in extent and of profound chronological value. 

At all known points in the region the Cobalt series rests upon a crystalline 

rock surface as maturely eroded and peneplain-like as the present sur- 

face of the region. The full chronological importance of the break is perhaps 

most apparent near Sudbury, where Cobalt conglomerate rests upon the 

upturned edges of the Sudbury series and upon the gneiss that intrudes the 

Sudbury series. In the interval between the depositions of the Sudbury 
series and the Cobalt series, the former was affected by orogenie movements, 

the granite batholiths were intruded and the mountains so formed were 

reduced to a peneplain. Some conception of the time required for these 

changes may be gained from a consideration of the Rocky Mountain region, 

where seemingly analogous processes have been in progress since Jurassic 

time at least and are still far from complete. There may be unconformities 
in the crystalline complex equal to that at the bas of the Cobalt series, but 
none equal to it are known in the Pre-C'ambrian above. 

The unconformity at the base of the Cobalt series is thus a conspicuous 

successional hiatus that separates the Pre-Cambrian of Timiskaming region 

into an older division characterized by batholithie invasion and extreme 
metamorphism, and a younger division showing no such invasion #nd subordi- 
nate metamorphism. There are no names now for these two divisions. 

The classification of 1904 does not recognize them, for, according to it, the 

term Huronian would be applied to sedimentary formations in both of these 
divisions. Logan recognized them in 1848 as they are recognized to-day and 
called them Huronian and Laurentian, though, hampered by a scanty know- 
ledge of the country and by a misleading conception of the nature of gneisses 

and schists, he did not always locate the plane of separation correctly. But. 
since LoGan’s tüiue, Huronian and Laurentian have been given different 

ind 
dou 
offe 
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méanings, Consequent|y these names cannot be used again in the original sense Without explanation. There seems to be only two Ways in which Locan's two terms may be retained: by following either the wording of his definition or the application of this definition. If the latter alternative be taken there is no justification for any present usage of either term, for none of these usages coincides with Loca S Butifthe wording of his definitions be applied to the data available at the present time, the names Huronian and Laurentian will then apply exactly to the sequences in column III, repectively above and below the unconformity at the base of the Cobalt series, Fortunately the term Huronian is now used in a sense not greatly dif- ferent from this. Huronian can therefore be applied to the upper division in column III without creating great confusion, If it is not applied to this division it should, according to the rules of nomenclature, disappear and this, considering its priority and long standing in geological literature, would be regrettable, 

The present usage of Laurentian by the International Committee is very different from that of LoGax, and a return to LoGax's usage would be attended by more confusion. Moreover, the crystalline complex in Timiska- Ming region is still so imperfectly known and its chronological significance is so much less definite than that of the Pre ‘ambrian above it that a term Co-ordinate with Huronian is ses rcely suitable for it. Our knowledge of the time significance of this complex is aceurately conveyed by the word pre- Huronian, where Huronian refers to all the Pre-( ‘ambrian above it. So, for the present at least, a re-instatement of the original term Laurentian may be left in abeyance, and pre-Huronian substituted for it. The usage ofthe terms Huronian and pre-Huronian in column III may now be summarized. Huronian is applied to all Pre-( ‘ambrian rocks in Timis- kaming region above the unconformity at the base of the Cobalt series. The lower boundary of this division is definite and unmistakable. The upper limit is not so sure forat present the Keweenawan is regarded as Pre-Cambrian and is therefore included in the Huroüian, but in case later investigation Should determine it to be Palæozoie, it would be removed from the Huronian. The upper limit of the Huronian is the upper limit of the Pre-( ‘ambrian, Whatever that may prove to be. Thisis a point which will doubtless be settled in some other Pre-Cambrian region, for in Timiskaming region the relations between Cambrian and Pre-( ‘ambrian are Poorly exempli£ed.  Pre- Huronian is applied to all the rocks beneath the unconformity at the base of the Cobalt series. It is entirely possible that the pre-Huronian may ventually be subdivided into two or more parts each co-ordinate with the Huronian, hence this term, pre-Huronian, is to be regarded as temporary one.! 

1 Since this Paper was prepared essen Y the same conclusions have been expressed 
independently by Messrs. W. G. MiLLer and C, W. Kxicur (Engineering and Mining 
Journal, June 7, 1913, pp. 1129-1133). The opinions advanced here are accordingly 
offered with added confidence, 





PRE-CAMBRIAN CORRELATION FROM A 
LAKE SUPERIOR STANDPOI: 

BY 

C. K. LEITH, 
Professor of Gcology, University of Wisconsin, U.S.A, 

Papers presented to this Congress and elsewhere recently have con- 
tained a bewildering variety of suggestions and contentions for revision of 
the nomenclature and classification of the Pre-( ‘ambrian of Lake Superior 
and Ontario. When one considers the nature of Pre-( ‘ambrian correlation, its 
dependence, not upon fossils, but upon lithology, sequence, conditions of 
deposition, metamorphism, relations to intrusion,—in short on physical 
conditions, —and especially when one considers how little is really known 
about problems of sedimentation, metamorphism and structure, so funda- 
mental to correlation, it is not surprising that there should be various ideas 
of correlation, and that earlier classifications should be modified or replaced 
by new ones, The variety of Suggestions which have been offered may, at 
first thought, give the impression that the subject is in the state of hopeles 
confusion. But analysis of the suggestions indicates that real progress 
being made. Their very number and the insistence with which some of them 
are urged, are indications of the virility of the attack on the problem. It is 
the purpose of this paper to discuss from the Lake Superior standpoint some 
of the proposed changes in correlation and names, in the attempt to single 
out if possible the real advances from the tentative suggestions. 

The several papers will be taken up seriatim and then together. 

A. C. LAWSON: A STANDARD SCALE FOR THE PRE-CAMBRIAN ROCKS CF NORTH 
AMERICA; INTERNATIONAL GEOLOGICAL CONGRESS, TORONTO, 1913. 

Most of the contentions of this paper are not new; they have been urged and considered for many years. This new and emphatic presentation of them 
by Dr, LawWsox seems to call for a restatement of the position of the Lake Superior geologists who have failed to adopt his suggestions. He cites the Lake Superior region as a type Pre-Cambrian region which should serve as 
a Standard for Pre-Cambrian nomenclature and classification, and proceeds to propose such a standard, ignoring, by implication, the fact that a standard bas already been established in the field and so well confirmed by the work of so many different geologists and mining explorations that most of it is beyond 
the hypothetical stage, and must be accepted unless disproved by equally 
careful and intensive work. The changes are urged on the basis of short examinations of one of the outlying Lake Superior areas, the Rainy Lake 

409 



110 €. K. LEITH. 

distriet, which has not been mapped in great detail except along the water's 

edge and is not nearly so well known as the great iron and copper districts 

of the Lake Superior region, which have been studied so elosely for so many 

years. They are not based on any new evidence developed in the best 

known parts of the Lake Superior region, in fact, they do not take account 

of results of recent work in these areas, 

Coutchiching.— Keewatin greenstones and green-schists, originally largely 

basaltie flows, with minor shreds of interlaminated sediments such as iron 

formation and slate, have been regarded as the base of the Pre-Cambrian 

succession of the Lake Superior region. Associated with the Keewatin in the 

Rainy Lake district is a series of micaceous and hornblendie slates and schists, 

some of undoubted sedimentary origin and some of which are schistore 

phases of the Keewatin basalts. To all of thes aists Dr. Lawsox gave the 

name Coutchiching. He regards the Coutchiching as lying beneath the 

Keewatin, and therefore would introduce the Coutehiching series as the 

lowest member of the standard Lake Superior succession. 

Considering the surficial nature of the Keewatin lavas and their known 

interlamination with sediments, there is no improbability that sediments 

may somewhere be found below it, but in spite of the fact that LawsoN’'s 

suggestion was made many Years 480, it has not found wide acceptance among 

students of Lake Superior geology for the following reasons: 

(1) In a schistose complex of rocks standing so nearly on edge, it is 

difficult to prove, in the absence of basal conglomerates, the sequence of 

adjacent beds. The fact that Coutchiching rocks in some places dip under 

Keewatin rocks cannot be accepted as conclusive, because in other places 

Keewatin rocks can be found to be dipping under Coutehiching rocks. In 

many parts of the Vermilion district there are great jasper beds interlayered 

with the Keewatin basalts, but mainly above them. Uneconformably above 

both is a series of Huronian sediments in part like the Coutchiching. In 

certain localities one could argue for the inferior position of the jaspers or 

Huronian on the same kind of evidence used by Dr. Lawsox in his Coutchi- 

ching problem, yet the “eal Vermilion sequence has been ascertained only 

by the most careful and detailed mapping, over wide areas, checked by min- 

ing and exploration development. Until this work is done conclusions based 

on summer reconnaissance trips within a limited area can be only surmises. 

(2) A large part of the series which La
wsox originally elassed as Coutchi- 

ching, in fact one of the largest areas he described as typical Coutchiching, 

he now admits is later than and unconformably upon the Keewatin. He 

“alls it the Seine series. This part of the Coutchiching he says is uncon- 

formably above another part of the original Coutchiching serie From a 

detailed consideration of his field work we are doubtful whether he has suc- 

ceeded in proving this unconformity. Fair consideration of his evidence 

must lead to the conclusion that this so-called unconformity between two 

parts of the original Coutchiching is largely inferred and perhaps influenced 

by the desire to prove such a situation. 

(3) Other parts of the original Coutchich
ing have been found to be merely 
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schistose phases of the Keewatin basalts and not sedimentary. These parts are now eliminated from the Coutchiching. More such parts are likely to be eliminated, 
(4) After taking from the Coutehiching the rocks above mentioned, it is doubtful how much, if any, of the series is left to meet Lawsow's definition of Coutchiching, 

If it should prove that there is a residuum of Coutehiching sédiments actually beneath the Keewatin of Rainy lake, it remains to be proved that they are below the lowest Keewatin, and that they are not _interbedded sédiments in the Keewatin on a somewhat larger scale perhaps than known sédiments in the Keewatin in the Vermilion and other districts. In this con- nection, the fact should be noted that the thickness of the so-called Coutchi- ching sédiments has not been determined and, in the nature of the « will not be determined for a long time, because folded and fissile slates give very little evidence of original bedding. It may not be said, therefore, on the basis of present evidence that the series is à thick one. In the event of some of the Coutchiching sediments being proved to be beneath the Kee- watin of this particular locality, the most that can be said is that here are sediments conformably beneath at least a part of the Ke in, with no evi- dence that they are anywhere near the bottom of the Keewatin, or that they constitute anything more than interlayered sediments. 
Lawsox seemed to recognize the fact that the Coutchiching series is closely related to the Keewatin and in fact a part of the series, when he suggested that both the Keewatin and Coutchiching be subordinated to a general term Ontarian. From our standpoint, if it be found that the Coutchi- ching is really below the part of the Keewatin found in Rainy lake, Keewatin is sufficiently general to include both. If, as we suspect, all the Coutchiching is found to be unconformably above the Keewatin, as LaAwsoN now admits that a large part of it is, there is still more reason for retaining the term Kee- watin for the basement, 
Lake Superior geologists are ifluenced by another consideration, and that is the existence, in the Vermilion district and its eastern extension into Ontario, to the southeast of the Rainy Lake district, of a series of sediments demonstrated to be unconformably above the Keewatin, and similar in many respects to the Coutchiching sédiments. The sequence has been proved beyond question, and is accepted by Lawsox in the paper under discussion. In reconnaissance trips through Rainy lake, Lake Superior geologists see a similar series lying in the same apparent relations to the Keewatin and are naturally slow to accept a conclusion that in so short a distance the sequence of two similar series should be reversed. They are rather inclined to take the ground that the more intensive Vermilion study indicates the probable sequence and that the Rainy lake mapping is more in the nature of a tenta- tive approximation of the situation, which may ultimately have to be super- seded. There is, of course, danger of too strong a bias being carried over from the Vermilion district, but te situation certainly warrants a conservative at- Btude in withholding judgment as to the real position of the Coutchiching 
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until detailed work has been done, Certainly, no evidence has thus far 

been presented which would warrant the introduction of the term Coutchi- 

ching into a standard Lake Superior classification, the units of which have 

all been proved by repeated and careful geological surveys, supplemented 

by a large amount of underground work. 

(5) These facts were all considered by an International Committee 

composed of representative geologists from the United States and Canada, 

and this committee refused to accept the conclusion of the inferior position 

of the Coutchiching. The Canadian members of the committee certainly 

cannot be used of any bias against Lawsos’'s views, having adopted them 

more or less in Canadian publications, and the reference to this committee’s 

report as a “triumph of diplomac; for the geologists who proposed it” is a 

weak answer to the statements of fact agreed to by the committee. 

Algoman.—LaAWsoN would introduce the general term Algoman, co- 

ordinate with Laurentian, for the batholithie acid intrusions into the Middle 

and Lower Huronian series of Lake Superior. If this be done, another gen 

eral term should be introduced to cover the batholithie intrusions into the 

Animikie, and still others to cover the several periods of basic intrusion. We 

see no need at the present time for the introduction of so many new names. 

The experience with the term Laurentian has been so unfortunate, in that 

it has been many times applied without sufficient evidence of age, that one 

is slow to offer additional waste-baskets in which to throw intrusives. There 

is no difficulty at present with the use of local names for these intrusives. 

In fact it would seem that the logical course for the future, as suggested by 

SEDERHOLM, may be rather to eut from the standard classification the term 

Laurentian, the only term applied to intrusive rocks, and to use merely local 

names for intrusions into the different series. However, the term Laurentian 

has become so intrenched in the literature and there are so many large areas 

for which the term Laurentian is a convenient one, that probably this logical 

course will not be followed for many years to come. 

In passing, it may be noted that Dr. Lawson argues for the restriction 

of the term Laurentian to the acid intrusions in the pre-Huronian complex, 

implying that this is a new suggestion. This restriction is the one which 

for twenty-five years or more has been used by the Lake Superior geologists 

and which wa: urged on the International Committee by these geologists. 

Lawsow's suggestion is, therefore, not for a change, but for the retention 

of the present standard usage of this term in the Lake Superior region. The 

International Committee approved this usage, but with the reservation that 

for present expedieney it would be necessary to use the term Laurentian in 

a broader sense, to include acid intrusives of several ages, for parts of Canada 

where the term had already been applied in this broader sense and where it 

was not yet possible to separate the periods of granitic intrusion. From our 

standpoint the restriction of the term is highly desirable to make it con- 

form to the present Lake Superior usage. 

Eparchæan Interval.—The most important of Dr. Lawsow’s contentions 

and the one which has been most urgently put forth in the past, is that the 
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great unconformity beneath the Animikie or Upper Huronian series should be used as the principal basis for class cation and regarded as the “ Epar- chæan interval.” The importance of this unconformity is fully recognized by all geologists who have studied it. Dr, Lawson quotes from Van Hise and LErrnH's account of it in emphasizing its importance, Lake Superior geologists have mapped and studied this unconformity with tie greatest care in connection with their detailed mapping of the Mesabi, Gunflint and Animikie districts where this unconformity is the most conspieuous, In fact these geologists have made almost the only detailed studies that have been made of these districts, Yet they have failed to put this unconformity: in the centre of the Picture, and are now told that their failure to do so has been a stumbling block to Lake Superior geology, and that thereby even their moral characters are under suspicion. Why is it, then, in spite of the re- cognition of this great unconformity, that it has not been interpreted as the great Eparchæan interval” 
On the north side of Lake Superior, Animikie or Upper Huronian rests nearly flat upon a highly tilted, highly metamorphosed and much intruded complex of igneous rocks and sediments. When traced to the south into Cuyuna district, only thirty miles south of the Mesabi, the Animikie series in turn becomes intruded by granite and is as much folded, metamorphosed and intruded as the sediments below. The same is true of the south side of the lake. Great intrusions of northern Wisconsin are found to be post- Animikie, and even highly metamorphosed terranes like the Quinnesec schists are now regarded as probably Animikie. The soft, vielding nature of the great mass of the Animikie has, in fact, favoured more intense metamorphism than in the older series. Furthermore, the principal deforma- tion of the south shore has been post-Animikie, rather than pre-Animikie, the Animikie sediments having been laid down as nearly flatlying Middle and Lower Huronian sediments. Southward from the north shore, therefore, the Eparchæan interval is not the spectacular and easily recognizable struc- tural discordance that is found on the north shore, 

When the unconformity is considered for the entire region it becomes “pparent that it is no more or less important than another unconformity, at between the Middle and Lower Huronian of the south side of the lake. ‘ that matter, notwithstanding its conspieuous character on the north Ste of the lake, it is difficult to prove that this unconformity is any more inportant than that between the Huronian or Keweenawan rocks. AIl of these unconformities are overshadowed by tie great one at the base of the Huronian series. It merely happens that on the north side of the lake, where Lawsox and his sociates have principally seen it, it has a spectacular emergence. Dr, Lawsox admits that there are other unconformities in the Pre-Cambrian sediments and presents no evidence to show that these are not fully as important as his so-called Eparchtæan interval.  W Ben asked why le selected one of the unconformities as the principal basis of classification, and ignored the others, he failed to answer, 
In the greater part of the Lake Superior region, particularly in the 
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Marquette, Menomince, Crystal Falls, Iron River and Gogebie districts, 

the rocks on the two sides of the unconformity marking this so-called Epar- 

chæan interval stand nearly parallel in attitude, with similar metamorphisi, 

and, as a group, have Huronian aspect. It is yet not at all certain what parts 

of the Huronian rocks of the south shore of the lake are to be finally correlated 

with the two divisions of the Huronian north of Lake Huron. Also there 

are parts of the Lake Superior region where rocks are Huronian in their 

aspect, but Where it has not yet been possible to subdivide them, or to correlate 

them with any one of the Huronian divisions. To make the pre-Animikie or 

pre-Upper Huronian plane the principal buis for the division of the Lake 

Superior Pre-Cambrian would leave sediments of identieal Huronian aspect 

both above and below it and would be an entirely arbitrary and imprac- 

ticable procedure that would not express the facts which a good classification 

should express. 

As a corollary to his emphaxis on the unconformity at the base of the 

Animikie, Dr. LaWsoN would give different group names to the sediments 

above and below. Those below he would call Huronian, those above Algon- 

kian. In other words, Huronian would be restricted to the present Middle 

and Lower Huronian, while Algonkian would be restricted to the present 

Upper Huronian or Animikie and the Keweenawan. Algonkian and Huron- 

jun would be coërdinate terms rather than Huronian being subordinate to 

Algonkian. Even if Dr. Lawsox were right about the dominant importance 

{the unconformity, the retention of these two terms in their new sense 

would introduce great confusion into the literature. In view of the fact 

that his insistence upon the dominance of this unconformity is due to luck 

of comprehension by him of the facts of the distriet as a whole, and espec- 

iully of the importance of other unconformities, the introduction of new 

terms has nothing to support it. They would fail to express the facts now 

expressed by the present € fication, For instance, in many areas ol 

undivided Pre-Cambrian sediments it would be necessary to call them 

* Algonkian or Huronian."" In places where the sediments are divided, we 

should eall part of them Huronian and another part identical lithologically. 

structurally, and in metamorphism, Algonkian. It would be an arbitrary 

division between series of like character. There would be exactly the same 

reason for using either of the other two planes of unconformity between 

Pre-Cambrian sediments as a basis for division between Algonkian and 

Huronian. 

In the earlier days of Lake Superior mapping, several geologists thought 

it desirable to restrict the term Huronian to the sedimentary series below 

the Animikie, but as knowledge of the region widened, it appeared that such 

classification would be applicable to only a very limited part of the region 

lose to the lake on the north shore, and would not be practieable anywhert 

away from the lake shore, either north or south, for the reason stated in pre 

ceding paragraphs. 

Emphasis on the pre-Animikie unconformity the principal basis o! 

classification of the Pre-Cambrian sediments of Lake Superior region is not 

au new suggestion. Several Canadian geologists, familiar principally witl 
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this unconformity as it appears on the north side of the lake, have made sug- &estions of à similar sort, The difference in emphasis on this unconformity baux been an unfortunate source of Controversy between United States an Canadian gcologists,  1t seems to us that this undue emphasis on the pre- Animikie unconformity has been due almost entirely to failure to look bee Yond the north shore of the lake and consider this Unconformity in its muni- festations on the south and west sides of the lake, Ifit were true, as has been argued repeatedly in recent Vears, that this unconformity everywhere separ- ates highly metamorphosed, intruded and folded sédiments and later, tlt- lving, little Metamorphosed, folded and intruded sédiments, then it would be reasonable to use it ns a practical basis of field classification, but this is true only in limited parts of the Lake Superior region, and is emphatieally not true When considered for the region as a whole, 

W. H. Couuss: A CLASSIFICATION OF THE PRE-CAMBRIAN FORMATIONS IN THE REGION EAST OF LAKE st PERION; INTERNATIONAL Gp LOGICAL CONGRESS, TORONTO, 1913, 
This paper is of especial interest as Summarizing the recent work of the Canadian Geological Survey in the area east of Lake Superior, Consider- able advances have been made in areal connections of formations, particu- larly betveen the Sudbury and the Cobalt districts. Mr, Couuixs makes an effective plea for the use of local names in the present stage of mapping in order not to have the Situation confused by the application of general terms from without, This is highly desirable, for While there is now sub- Stintial agreement as to local successions and names, there are a variety of 9Pisions as to how these should be so orrelated with the Huronian and other series of Lake Huron and Lake Superior. Mr, CoLLixs classification is as follows: 
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unconformity of the Pre-Cambrian and suggest general correlation only in 
the mest tentative terms, implying that most of the Cobalt and Terniskam- 
ing series may be found represented in the original Huronian district, and 
therelore may be called Huronian. The asignment of the Grenville to nm 
position below the Huronian ix based on its close association with rock 0 1j 
posed Keewatin age and upon the existence of limestones bencath the Cobalt 
and Sudbury groups of sédiments. Mizzer and Kuiowr's wort in the 
Grenville-Hastings area near Madoc, which is almost the first attempt to 
determine the structure and sequence of the Grenville, seems te bour out the 
conclusion that the Grenville series ix related to a greeniston sement and 
is overlain by sédiments of the Huronian type. The Grenville cru 
whole is separated areaily from the typical Huronian rocks and no puce 
been found where definitely recognizable type exposures of both re sn ju 
position, Until such places are found the assignment of the Grenvile t 
pre-Huronian period must be regarded ns tentative, 

AP. COLEMAN: THE SUDBURY SERIES AND ITS BEARING ON PRE AMBIRIAN 
CLASSIFICATION INTERNATIONAL GEOLOGICAL CONGRESS, TORONTO, LOL3. 

Rocks which had in earlier work been classed generally as Huronian in 
the Sudbury district are now divided into a lower series of quartzites and 
gray wackes, tilted, more or less metamorphosed and intruded by granites, 
lving unconformably below a flat-lving conglomerate Ramsay Lake) which 
has been traced by Couuixs into the basal conglomerate of the ( ‘obalt series, 
Unconformably above both are the little metamorphosed sédiments of the 
Sudbury basin (Whitewater series). COLEMAN calls the lower series the 
Sudbury series. He restriets the Huronian to the Ramsay Lake conglomer- 
ate. The upper series he calls Animikie, The granite and gneisses intrusive 
into the Sudbury series, but older than the Huronian or Cobalt series, are 
called Laurentian, on the ground that intrusives of this type constitute the 
greater part of what has been called Laurentian in the past and that granites 
and gneisses unconformably below and older than the Sudbury series are 
in such limited amounts that the restriction of the term Laurentian to them 
would be a depature from past procedure, The Sudbury series is regarded 
as later than the Keewatin on the assumption that the relations are the same 
as in the Michipicoten district, where the Doré conglomerate, or the supposed 
equivalent of the Sudbury series, rests unconformably upon the Keewatin. 
The supposed Grenville rocks and the Sudbury series occur within à mile of 
each other near Romford. Both have been involved in the so-called Lauren- 
tian upheaval. It is possible that the supposed Grenville rocks are merely 
a portion of the Sudbury series sunk to greater depth in the invading Lauren- 
tian magma, but they are regarded as probably older than the Sudbury ser- 
es, 

COLEMAN agrees with CoLLixs in e pursizing the break above the 
Sudbury series and in calling the Sud! ÿ series pre-Huronian. He differs 
from CoLLixs in not including in the Huronian the upper series, calling that 
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Animikie. The discrimination of Animikie from Huronian has also been 

made by LAWSsON. 

Monzey E. Wizsox: Tue SIGNIFICANCE OF RECENT DEV ELOPMENTS IX THÉ 

PRE-CAMBRIAS STRATIGRAPHY OF THE LAKE SUPERIOR-LAKE HURON 

REGION; JOURNAL OF GEOLOGY, vou. Xx1, 1913, pr. 385-98. 

WiLsox emphasizes the existence of a dual division of the Pre-( ‘ambrian 

through the area extending from the north shore of Lake Huron northeast 

through the Sudbury, Cobalt, Poreupine, Larder Lake and Mistassini dis- 

tricts, in all of which gently folded sediments, not affected by granite batho- 

liths, rest upon a highly metamorphosed, 
folded basement intruded by granite 

batholiths. In the first division be includes the Cobalt series, the original 

Huronian sediments and their equivalents. The lower series includes the 

Keewatin green-schists, closels associated with sedimentary rocks deseribed 

under various local names, Pontiac schist. Fabre series, Temiskaming series, 

Sudbury series, ete, all of whieh are intruded by Laurentian batholiths. 

The emphasis on the great plane of unconformity above the series affected by 

batholithie intrusions and the attempt to make this à basis for correlation 

and nomenclature Is similar to that argued by Coutaxs, but WiLsoN favours 

an enormous extension of this idea amely that this great plane of uncon- 

formity is the one beneath the Animikie on the north shore of Lake Scnerior 

and that it also extends under all of the Huronian formations on 4 -outh 

ide of Lake Superior. He bases his argument for the extension of this plane 

beneath the Huronian of the south side of Lake Superior upon (1) an assumed 

absence of batholithie intrusions in the Huronian or Animikie on the south 

side of Lake Superior; (2) on the possibility that in the limited areas of 

pre-Huronian schists of the south Shore of Lake Superior there may 

be sediments which have thus far been overlooked, corresponding to the 

Lower and Middle Huronian sediments on the north shore of the lake; (3) 

on the lithological differences between pre-Animikie sediments on the north 

and south sides of the lake. In view of the fact that all of the Huronian 

rocks on the south side of the lake, including the Animikie, are fundamentally 

metamorphosed and deformed by batholithie intrusions, as shown especially 

in the Cuyuna, Menominee and Florence districts, and in view ef the fact 

taat no trace of sedimentary series associated with the Keewatin beneath 

the Huronian has !een found in detail studies Over many Lake Superior 

areas, WILSON'S interesting suggesuion must be regarded as only tentative, 

without substantial basis of evidence, The paper was written without know- 

ledge of the recent discoveries of extensive batholiths into the Huronian rocks, 

which had not yet been fully discussed in literature, although they appear 

in accounts of the Cuyuna iron range. So far as the writer can see, there is 

no new evidence to Warrant change in the suggestion made some years ago by 

Van Hse and LEITH in Monograph LIL of the U.S.G.S., as follows: “It 

thus appears that the assignment of the rocks under diseussion (Lower- 

Middle Huronisn north of Lake Superior) to the general place of Lower 

Huronian and Middle Huronian is unquestioned. But as large portions of 
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these rocks may be land formations, they cannot be exactly correlated with 
the aqueous deposits of the Middle and Lower Huronian to the south. The 
deposition of land sediments may well have begun earlier than that of the 
aqueous deposits or it may have contiuned later.” 

GENERAL DISCUSSION, 

The main feature that is common to three of the preceding papers is 
emphasis on the existence of a great plane of unconformity in parts of On- 
tario and the Lake Superior region, separating an upper series of unmeta- 
morphosed and little folded sediments from a deeply eroded basement of 
highly folded and metamorphosed sediments intruded by granite batholiths, 
and the assumption, specifically stated or implied, that this unconformitv 
is the same in age in widely separated districts. 

With this essential idea as a basis, general terms are used for correlation 
on which the various writers show little agreement. COLEMAN restricts the 
Huronian to the lower of two series above the unconformity in the Sudbury 
district, using Animikie for the upper.  CoLLixs and WiLsoN are inelined 
to restrict the term Huronian to the series above this uneconformity.  WiLsoN 
argues that this unconformity really goes beneath the Huronian of the south 
side of Lake Superior. LawWsoN, on the other hand, earries it only beneath 
the Animikie, He would use the term Algonkian for the rocks above this 
unconformity and the term Huronian for post-Keewatin sediments below 
this unconformity.  Miizer and KxiGnr adhere rather closely to local 
terms, though they suggest correlation of sediments both above and below 
this plane with ‘ Huronian”’ sédiments of the original Huronian district. 

It is assumed that there is only one plane of unconformity of this sort, 
which is very wide-spread.  CoLLixs has traced an actual areal connection 
of this unconformity between the Cobalt and Sudbury distriets, and litho- 
logical and structural similarities prébably warrant its extension to certain 
outlying areas in Ontario and Quebec. This is a definite and satisfactory step 
in advance. That this plane is the same as that beneath the Huronian 
sediments of the original Huronian district or that beneath the Animikie 
of the north shore of Lake Superior, or that bencath the entire Huronian 
series of the south side of Lake Superior, is an assumption not based on areal 
connection, but projected because of certain erude similarities across wide 
areal gaps. So far as the Lake Superior region is concerned, there is no 
warrant for the use of this plane as the main basis of classification. One 
has only to recall the short distance of 30 miles between the Mesabi and 
Cuyuna districts, in which this plane of unconformity becomes tilted and 
folded by reason of batholithie intrusions into the series above this plane, 
the upper beds being fully as much metamorphosed, in some places more 
metamorphosed, than the beds below. Also throughout the southern central 
portion of the Lake Superior region, including the Gogebie, Marquette, 
Menominee, Crystal Falls and Iron River districts and northern Wisconsin, 
the simple and conspicuous elements of this unconformity are obseured by 
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folding and later batholithie intrusions. In this part of the region there is 

another unconformity within the Huronian sediments, of equal magnitude 

s0 far as anyone can tell. In this part of the region also, these unconformities 

are not more significant than the unconformity between the Keweenawan 

and Huronian. All are overshadowed by the great plane at the base of the 

Algonkian. These being the facts, anyone urging that the pre-Animikie un- 

conformity of the type observed on the north side of Lake Superior is the 

Eparchæan interval, which should be used as a main basis of classification 

for the Lake Superior region, virtually ignores such facts. 

If it is impossible to use such an unconformity as the main basis for 

classification and correlation between near-lving districts within the Lake 

Superior region, it is clear that any attempt to extend it across greater une 

known areas to the original Huronian and Sudbury districts is only a guess 

affording a very doubtful basis for correlation. The distances are much 

large than those m Lake Superior district in which remarkable changes in 

this plane are known. Considering the complete change in the aspect of 

the “ Eparchæan” unconformity within short distances in the Lake Superior 

region, which has been proved again and again by detailed study, it seems 

desirable in the present state of knowledge that the use of such a plane for 

purpose of correlation in Ontario should be tentative. It is entirely con- 

ceivable and probable that some of the highly folded and metamorphosed 

sediments in one area may turn out to be equivalent to the little folded and 

nearly flat-lying sediments in another, the difference being due to batholithie 

intrusions, Considering the wide-spread distribution of batholithie intrus- 

ions of at least three great periods in the Pre-C ‘ambrian, now definitely re- 

cognized, it would indeed be surprising if this situation should not be found 

in many parts of Ontario, and so far as it is found, the use of an unconformity 

rendered_conspieuous by batholithie intrusions in the lower series is not 

conelusive as a basis of classification and general correlation. 

Emphasis on lithology alone as a basis for correlation is now regarded 

by all as dangerous. The emphasis in the papers above referred to is not 

only on lithology but on structural and metamorphie characteristies and 

relations to intrusions. The basis has been broadened, but it is still not 

final. 

We conclude, then, that in eaeh of the Pre-( ‘ambrian districts above 

referred to, the general sequence and siructure are fairly well agreed to and 

there is little opportunity for dispute as long as local names are used. A 

probable exception to this is the assignment of the Coutehiching to a position 

below the Keewatin of Rainy lake. In the Lake Superior region it has been 

possible with reasonable certainty, to group the various formations and 

series into general divisions for the region as a whole. Within the Lake 

Superior region correlation still presents many problems, but as a whole it 

has been substantially checked by the work of so many men and organiza- 

tions, through so many years, that it is past the hypothetical stage. Corre- 

lation of certain Ontario districts which are not far separated has also reached 

a sound basis. When the attempt is made to correlate the Lake Superior 
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formations with those of the several Ontario districts, or those of widely separated districts in Ontario, such correlations in the present state of know- ledge must be regarded as largely preliminary and tentative, and certainly not sufficient to warrant sWeeping changes in general nomenclature in any district. There seems to be a tendeney to place too much confidence inthe maintenance of the uniformity of a plane of unconformity and the assump- tion that planes of this type found in different parts of the same région are necessarily one and the same plane, As a working hypothesis for near- lying areas, it is extremely useful. When this assumption of uniformity of such a plane, found in certain areas of Ontario, is carried over to the Lake Superior region, it runs squarely against à vast body of ascertained facts, It furnishes an insufficient basis or Warrant for any drastic revision of the division or correlation of the Lake Superior rocks. This classification has grown by a process of evolution during many years of laborious study of the area. However it may fit elsewhere, it certainly expresses the facts essentially for the Lake Superior region. If it be discarded or serious{y modified it will be as a result of studies of the Lake Superior regien itself, Inferences drawn from distant areas may be helpful and weleome, but not 
in themselves decisive. 

DISCUSSION SUR LES SUBDIVISIONS, LA CORR£LA- 
TION ET LA TERMINOLGGIE DU PRE-CAMBRIEN. 
A. C. LANE (Boston): Coriixs Paper has covered the decade of the introduction of the terms Huronian and Laurentian as divisions of the Pre-Cambrian. In the decade between 1860 and 1870, first-class geologists like CREDXER (in his Habilitationsschrift), 1 Brooks and PEMrELLY followed the usage of the introducers of the terms and divided the Pre-Cambrian _ {Vorsilurische, or Eozoie) into Laurentian and Huronian. It is a question of literary taste whether this well-fixed Usage, taken up by the great text-books g. that of Dax, should be overturned and whether, if new wine be found, it should not be put into new bottles, 
In all probability it will be found, if Newnerny tn SCHUCHERT'S theory that periods of geology »d by world-wide eyeles of sedimentation be true, that the Huronian iginally defined and mapped, covering the Animikie, contains three such cycles the Huronian may be divide& into Animikean and two other periods._ But why change the use of the te Huronian? This will lead to endless confusion. Give cach of the three cycles and periods its own name, 
Is it proved that, as Lawsox implies, the “original Huronian" near Sault Ste. Marie “ontains no Animikie? My observations there do not convinee me of this. It is also to be noted that the Animikie is mors disturbed on the south shore of Lake Superior than the upper part of the “original Huro. san.” 
A. C. LAWSON (Berkeley, Californin), replving to Professor C K. Lerru, said that Le had not ignored by implication the existing nomenclature and classification of the 
1 Die Gliederung der cozoischen Croruturischen) Po.» ensgruppe Nordamerikas, Halle, 1869 



422 DISCUSSION. 

Pre-Cambrian. On the contrary he had printed it in full and discussed it freely, pointing 

out its defects. The changes were urged not on the basis of short examinations of the 

Rainy Lake district, with detailed mapping nly along the waters edge, but after a careful 

re-study of the district and mapping on à tield seale of a quarter-mile to the inch, involving 

numerous traverses, and after a review of the literature of the Lake Superior geology, to 

which abundant reference was made in his paper, particularly to the latest statement 

given in Monograph LIL of the U. S. Gcological Survey. He exhibited a geological map 

of a portion of Rainy lake on a : alé of half a mile to the inch showing the evidence for 

his interpretation of the Archæan geology of that district, and stated that his detailed work 

in LOL had substantiated the evidence set forth in his report of 1SS7. He did not claim 

that the evidence as to the reality and stratigraphie position of the Coutchiching was 

new, but that it was true, that it had never been examined by his erities in the significant 

sections, and that it must be recognized whether it be new or old. 

Mr, Lawsox said that the real reason for the denial of the existence of the Coutchiche 

ing below the Keewatin was the peculiarly dogmatie doctrine, promulgated by the US 

Geological Survey, that no sediments oc: arred in the Archænan, that it was wholly igneous, 

This doctrine has in recent years been abandoned as untenable. Under its influence, 

however, it was first denied that the Coutehiching rocks were metamorphosed sediments, 

and subsequently, when their sedimentary character could no longer be doubted, it was 

asserted that they were above the Kcewatin, although the geologists who made this a 

tion never to0k the trouble to examine the sections at Bear's Passage and Rice Bay, which 

were described in the report of ISS? as proving the superposition of the Keewatin upon the 

Coutchiching. Mr. Lerra, he said, had advanced several formal reasons for the non- 

aceeptanee oÙ the stratigraphie position of the Coutchiching, but these were not worth 

diseussing in view of the unehallenged and positive field evidence easily observable at 

Bears Passage and Rice Bay. At Be: age the stratification of the Coutchiching is 

not confounded with the schistosity, the str anding nearly on edge; they 

form 2 well defined antieline with fat-ving strata in the axis and steepening dips on the 

flanks, passing beneath the Keewatin on both sides. On the west side they pass beneath 

the Keewatin at angles of from 20° to 30°. The section is, moreover, easily accessible, 

and it is psychologieally remarkable, 10 say the leust, that the geologists who deny the 

relations there revealed should not have viated the section during their different visits 10 

Rainy lake. Mr, Lerrs statement that "one oi the largest areas described as Cout- 

chiching is now admitted to be later than and unconformable upon the Keewatin” is 

Rrroneous, ax is shown by the map at his side. A relatively small strip of the roc s mapped 

as Coutehiching on Seine river Was found to belong te a later series, and the Coutchiching 

remains as mapped in ISS7, with but httle change 

As to the recognition of the post-Huroniun granite batholiths as Algoman, à term 

coûrdinate with Laurentian, Mr. LErru agrees that it is highly desirable to restriet the term 

to the pre-Huronian granites. But without a definite designation for th 
Laurentian ive, this restric- 
pest-Huronian Archæan granites, which are now known to be very extei 

tion cannot be made, as current usage up te this time clearly shows. The reference for 

all granites of Archaan age to the Laurentian under the guise of present expediency, 

when it is positively known that they belong to two widely separated ages, obscures geo- 

logical history and retards progress The desirability of restriction of the term Laurentinn 

being conceded, no further argument is necessary: 

Mr. Lerru's objections to the recognition of the E 

fact in the classification of the rocks of the Lake Superi + region do not weaken its im 

fact that there is another profound unconformity at the base of th 
but emphasi 

an Anterval as à dominant 

portanee, The 
Huronian, the Epi-Laurentian Interval, is freely recognized in the paper, 

has been laid upon the chan Interval, owing to the fact that Van Buse, LErni 

and others habitually slur it over and minimize Its signifieance by making the term 

Algonkian and Huronian straddle a great time break. L£ the Animikie strata, as everybod 

en were laid down on ‘a remarkably uniform peneplain—a fat plane bevelling alik 

4 and soft, resistant and non-resistant rocks" in the Mesabi, Animikie and G geb 

diatriets,itis clear that a large section of gcologieal time un presented by sediments 

involved, which finds no expression in the geological scale if the interval is to be spann 

like Algonkian or Huronian. The rocl properly called Huroniun 

certainly on the side of that interval and the Animikie on the near side, and the : 

seurities of the south shore are no warrant for ignoring a large fact which is as cleur ns d 

north <hore of Lake Superior. Mr. La ru’ contention that the Epi-Laurent 
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Interval is of equal ir portance is agreed to in the Paper which he criticizes, but no one ha. 
attempted to bridge that interval by a systemie name including rocks on both sides of it, 
since the Kecwatin was segregated from the Huronian, The introduction of the “great 
confusion into th literature" which Mr. Lerru deplores is not due to the recognition of 
the significance of the Éparchæan Interval and the taxonomie consequences which flow 
from it; but is due rather to the unwarranted, Unnecessary and vicious imposition of the 
term Algonkian upon the liters ture in such a way as to displace the term iluronian as a 
division of the Are à, and at the same time blur hopelessly the geologieal record, The 
term Algonkian well enough as à name for a system of Pre-Cambrian roc 8, but the 

SYstem to which it can apply is that embracing the Animikie and the Keweenawan, 
e on the far side of the Eparchwan Interval the term Huronian cannot be displaced 
The terms of the standard se ile as set forth in his paper Mr. Lawsox claimed are 

Expressions of geologieal fact. They represent major events in their ascertained sequence Being the most complete and unequivocal sequence Yet formulated, it is proper that it 
should be erected as à standard for Purposes of comparison and col tion. The only de. 
batable question is that of coôrdination, and his own view OÙ that is expressed in the tabu- 
lation of the paper. 

Professor LANE: Did not LoGax then describe these rocks as Cambrian? Dr. LAWSON replied_ that LoGax in the Geology of Canwta, 1863, did not class the 
Animikie as Huronian, but ns a later series C. K. LEITH (Madison, USA): Dr, Lawsox says he is glad to admit the existence 
of other unconformities posibly of the Eparchwan type. This is What we claim, Why 
then should the Unconformity at the base of the Animikie be made the principal basis of 
classification and nomenclature, Any arguments advanced for the etiphasis on one un- 
conformity will apply equally well to the other. J. J. SEDERHOLM Helsingfors): The Epar an interval seems to correspond to 
the great break which exists in some parts of andia between the Jatulian and its 
basement, The s here, we place the upper limit of the Archæwan at that break, but 
since the discovery of great thicknesses of K ian rocks, often directly underlving the 
Jatulian, L think we have less need of sueh a term 48 that proposed by Dr Lawsox L perfectly understand the reasons which have brought our Ca adian colleagues to 
adopt the present use of the term Laurentian, but Leontinue to think that it might be better 
to give it up altogether, Many goologists have thought till lately that there was in the 
Pre-Cambrian of northern Europe an oldest basement complex consisting mainly of gneisses 
and granites possibly older than all sédiments, Lonce shared that Opinion, But now we 
are aware that many of those gnoissose and granitie rocks Younger than certain sedi- 
mentary schists of the same region and we therefore CrX 10 map them with different colours 
according to their ages, 

A. P. COLEMAN (Toronto): The original Huroniun was very earefully mapped by LoGax and Murray, and was divided into upper and lower subdivisions The Animikie 
Was not ineluded in it The error of putting it into the Huronian was due to IRviNa's 
belief that the Animikie represented Logas's Huronian After careful study of the origi Lhave not found any granites or gneisses 
Penctrating them. Therefore L'eannot agree With Dr. Lawsos in defining the Algoman 
# granites and gneisses penet ating the Huronian A. E. BARLOW (Montre: D: Lam rather surprised that Dr, Coleman hould main- 
tin that there are no important batholiths later than the Hüronian, for in his most recent 
work, The Nickel Industry, he mentions that the nickel eruptive, presumably of Keween- 
Wan age, is eut by dykes of later gr + apophyses from and genetically connected with 
batholith which Pecuples at area of many square miles in the Sudbury distriet He 

further relates that the later olivine-diabase dykes, which the present speaker has alw 1ys 
regarded as differentintes of th: nick eruptive, are cut by little dykes of granite, Dr, 
COLEMAN also states his beliet that thus last éruption probably took Place somewhere in 
laléozoie time.” May Lthen ask Dr. C LEMAN if this is not à fuir and Proper interpreta- 
on of his latest description of the geology of Sudbury distriet Sir T. H. HOLLAND (Manchester), pointed out that some misunderstanding appeared 
CXISU as 10 LOGAN'S views regarding the relation of the Hüronian to the rest of the Pre 

Cambrian of the Great Lakes region. Locan first divided the rocks of the area into five 
£roups, drawing special attention to the great inconformity between the foliated and folded 
Eroups 1,2 and 3 below and the simply folded tormations 4 and 5 above The lowest two 
oups afterwards became the Laurontian hits tertainiy sodimentary formus 
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tions above became known as the Copper-bearing series, For the first ten yeurs after the 

Survey commenced in 1846, Loan tried to fit the Canadian rocks into the standard scale 

of Europe and thus relegated the oldest unaltered local sediments to the Cambrian. Butin 

1857 he felt compelled to separate his group 3 under a separate name, Huronian, limiting 

the term to the fol led sediments below the great unconformity, that is, below what were 

afterwards named the Animikie. ‘There is no doubt whatever that LOGAN very clearly 

distinguished between the Huronian and the “Upper Copper-bearing series” or Animikie. 

But in summarizing the reports of his assistant, MURRAY, Logax made the error of re- 

ferring to the Huronian at the mouth of the Karrir istiquia river, inatead of at the falls, 

which are some 20 miles from the shore of Thunder bay. This error became repeated in 

the Geology of Canada published in 1865, and numbers of geologists Were consequent| 

misled by supposing that the easily accessible rocks of Thunder bay represented LOGaAN’s 

original Huronian when, 1 4 matter of fact, they belonged to the “Upper Copper-bearing 

series” Most of the ubsequent confusion and controversy ean be traced to this simple 

clerical error, 48 Was pointed out by Dr. G, M. Dawsox when the British Association met 

in Toronto in 1897. 

The speaker agrecd with Dr. SEDERHOLM in objecting to the use of system names for 

intrusive bathyliths, and he recommended the systet introduced by him in India of re- 

cognizing by special names well defined petrographieal province among the Archæan 

intrusives. The recognition of à petrographieal province
 implied an age 88 well as an area 

and they thus had in India the charnockite series, the Sivamalai series, the kodurite series, 

ete. These might or might not wholly or in part correspond to the Laurentian of Canada; 

no one could settle such a point, and nothing would be gained by tempting the impossible 

task of correlating the Archæan intrusives of widely separated areas; analogies could be 

recognized, but not equivalence of age. 

A. E. BARLOW: Before reaching a decision regarding the formation of any com- 

mittee on Pre-Cambrian classification and nomenclature 1 would like to make a few re- 

In the first place the geologists invited to join such a committee should be men of 

ee with and interest in the subject. They should preferably have firm 

d after veurs of critical examination and study in various regions where 

Pre: s are :ypically exposed. My experiente with men of s0-called judieial 

mind has been that they üave no 6 mind” at all and are most conce ned in trying to reach 

some compromise decision. Truth will not admit of compromise, ‘The men, therefore, 

who are to compose such a committee should be chosen for fitness only, and not by reuson 

of their official position. L'oppose in the strongest manner any abandonment of the use 

of the term Laurentian at 4 time when we understand better than in the past, its true 

import. The use of names to designate as “series” certain locnl developments of these old 

erystalline rocks, urged by Sir THOMAS HOLLAND, SOUS to me only to add to the com- 

plexity of the subject, for we know t the nepheline- and other kali syenites found 

in the Laurentian massif and which are comparable with Houuaxp's Sivamalai series of 

India, are a peripheral expression of the more usual or prevalent irentian granites and 

gneisses, Lam de ply grateful that Archæan goologists of all countries are in such clos 

agreement on questions of interpretation and classification. At the same time Lam it 

heart y syinpathy with Dr. Lawsox in his determined stand for world-wide ognition of 

the importance of batholithie intrusion as representative of time and area in goologieal 

history and his emphasis 6n the great lapse of time represented by the purehæan and 

other intervals 

G. À. J. COLE (Dublin), asked his C: nadian colleagues to consider seriously whethi 

in justice to the origi il views and définitions of Sir Wu Los, the term Laurentian migl 

not be abandoned, except à representing an opinion which profoundly influent d the rend 

ing of the Archiæan succession all over the world. That reading having, in the progre- 

of research, become greativ modified, the name Laurentian ceased to be desirable, as 

could no longer be applied to the ancient st igraphieal horizons for which it was devisee 

Similarly, the greatly respected term Silurian, owing to various definitions given to it, | 

been abandoned by several Europ: 

Professor COLE also pointed out that Dr. Srauax had paturally base his ic 

of Pre-Cambrian rocks in Ireland on Irish publications of the Geological Survey 

British Iles, These, however, were now some 20 Yeurs old and the views expresset 

them had been departed from in many respects by gcologists in Ireland at the present d 

The gneiss of the northwest, for instance, Was NOW known to be intrusive in the Lo 

Foyle (Dalradian) series, and it was to be regretted that the only official statement Of 

} 
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fact occurred, so fur, in two minor publications of the Department of Agriculture for 1 land. He felt that it was th : duty of the Irish Survey, and thus his own duty, to rectify these matters at an early date. 
J- HORNE (Midlothiun), expressed amazement not only at the divergences of opinion but at the contradictory statements that had been made regarding the facts of North American Pre-Cambrian geology. He was of the opinion that names of formatior might come t6 have brouder signifieances than the conditions existent in the original locality would indi + Thus the term Lewisian is now s0 used that the rocks in the locality where this name was originally applied are no longer very typical. Dr. LAWSON repiying to Dr. Honxx. said that his statement that the Huronian was eut by granites was based upon Professes CoLEMAN’'s papers. A. P. COLEMAN: Dr, BanLow hus quoted Prof. CoLEMAN as contradieting Prof, CoLEMAX, and quite correct}. In earlier writings 1 followed the us belief as to the Huronian. Since then new light has come, placing the udbury series, which is cut by the Laurentian, below the Huroniun, Ts ve il explain to Dr, HORNE the appa tradiction 
T. C. CHAMBERLIN (Chicago), stated briefiy the grounds on which the Pre-Ci brian is divided into Proterozoie and Arebeozoie, to which allusion had been made, À portion of the Pre-Cumbriun sediment: present the produets of mature disintegration, while the earlier portions are usualls charnete rised by partial or immature d] integration, The former are best typified by the greut beds of Quartäite. st imply the complete disinte- gration 0! large quantities of Wurtébearing rock and the subseq assortment and re- duetion of its quartz particles. The shules and sehists imply the same process, but in their metamorphosed condition they ure less « asily and safely distinguished fror pyroclustie and other material of different omgin. Mature disintegration implies some restraining ageney that held the roek in place while low weathering process completed its work; otherwise the products of incomplete disintegration would have mingled with Quartz and given un arkose or equivalent product, In th later ages the chief r straining agency was the mantle of vegetation, so that this view favours the existence of a vegetal covering of the land as far back as great terranes of quartzite occur. By hypothesis the classification thus comes to have a semi-organie basis: but this 18 not essential to the classification whueh is based on the dominant processes attending the sedimentation, The Proterozoic is thus made to include terranes that boax great quartzite formations, The earlier formations not ko € cterized are grouped into the Are beozoie 

L. L. FERMOR (Culeuttu), refc ring to Dr, HonxE's par presented at the morning session, pointed out that Dr, HonxE had £iven à résumé of the various opinions held on the Lewisian gneisses, Moine schists and Torridoniun sandstones, but that he had omitted t mention What many were probably wishing to heur, namely, the équivalence of the Dyl- radian schists to the remainder of the Scottish erystallines. He asked Dr, Horse if ln would kindly express an opinion on this point 
Dr. FErsor also referred to thu interes'ing diseussion on the nomenclature of ti North Amerieun Pre-Cambrian rocks. He pointed out that the « assifiration ot the Pre- Cambrian rocks of India advocated by Sir TH. HozLaxD had been prepared at a tin when the classification of the American Pre-Cambrian was in à state of confusion. Since HozLAND's scheme had been put forward it had been tested by t} Indian Geological Survey and found to be of great use The majority of officers of that department found that Hostaxv's clusification was peculiarly suitable to Indix lhe speaker hud never n able to understand why some such similar scheme should not let ts ipplicable to North America. The great stumbling block had been the various statements prevalent to the relation of the Laurentian to the other members of the Pre-Comibrinn complex of North America. Professor LAWsON in his paper had now mude these lations perfectly lear by separating the Algoman from the Laurentian batholithic rocks. The speaker thought that Professor Lawsox Paper would be received with great « itisfaction by Indian geologists 

A. STRAHAN (London), the chairman of the meeting, observed that this met iii he close of à series of notable Papers and discussions on the problems relating to the Pro Cambrian rocks, He was indebted to Professor CoLE for Calling attention to literature “the E ambrian rocks later than that which he ad consulted. He also remark d'that, this Congres should be notable for nothing cle, it would be for the Higlue eact upon thix ibjeet By the discussion that had taken place, 
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THE INTER-GLACIAL PROBLEM IN THE 
BRITISH ISLANDS. 

BY 

G. W. LAMPLUGH, FRS. 

St Alba, England, 

In complying with the request of the Executive Committee of the present Congress by submitting the following contribution to the proposed discussion on inter-Cilacial periods, I should first mention that my views on the subject were fully expressed in a presidential address! to the Geological Section of the British Association at York in 1906, and have not since been modified in any essential particular, My criticism was then, as now, directed against the interpretation of the British drift deposits as being the product of alter- nating periods of glaciation and complete deglaciation. It has been an essential part of the inter-( 1 hypothe: pplied to Britain that the ice- sheets which covered most of the land and filled the neighbouring shallow sea-basins were melted out entirely during at least one warm inter-Glacial period and reappeared at a later stage. 
In the address referred to 1 dealt categorically with the evidence from various parts of the British Islands known to me from personal investigation, and showed that in such parts L had sought in vain for proof of any complete interruption of ial conditions during the period represented by the drifts. L'have since re-examined the crucial sections of the Yorkshire coast and some other parts of the cast of England, and have also been able elosely to investi- gate fresh areas in the Midland counties and in the borders of North Wales where it has been supposed that inter-Glacial conditions were represented; but again without finding any justification for the hypothesis. It is there- fore with increased confidence that 1 reiterate my former conclusions. In previously dealing with the subject, L'introduced references to the literature relating to the glaciated parts of Europe and North Amerien, for the purpose of showing that there is no general agreement as to the validity of the inter-Gilacial hypothesis in its application to other countries Hut, lacking sufficient personal knowledge, I did not then, and shall not now, attempt to evaluate the evidence from area outside the British Islands: and it is only by implication that the int r-Glacial schemes proposed for other areas come within the range of my objections to the hypothesis, Since however, the inter-Glacial idea was founded and elaborated prineipally on the 

iash Drifts and the Intergtac Problem. Rep. British Assoc. for 1906, Full references to the literature of the sui gect will be found in foot- notes 10 this address, and it is Uunnecessary for me to repeat them on the present occasion 
59= 124 
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British evidence, it is of particular consequence that the value of this evidence 

should be put to the proof. As our island Lay always along the outer limits 

of the Northwest-European area of glaciation, it is, of course, possible that 

the whole of our comparatively low-lying drifts may represent only a single 

stage of a series of successive glaciations elsewhere fully represented. If so, 

the hypothesis may yet prove to be correct for the drifts in some other areas, 

though inapplicable to the British deposits on which it was largely based. 

But, in view of the evidence of the earlier and later conditions to be gleaned 

from the beds below and above them, it seems to me unlikely that our British 

Glacial drifts can be thus interpreted. 

If we review the history of the inter-Glacial hy pot hesis in British geology, 

we find that the idea was first entertained to explain the presence of sands 

and gravels among the boulder elays. The glacial origin of our boulder 

elays was established long before it was recognized that the widespread sheets 

of wellstratified material associated with them might also be the produet of 

Jand-ice, and that such fluvio-glacial deposits were an essential outeome of 

the giaciation. It was thought that the sands and gravels must have been 

deposited in the sea, this opinion being fortified by the discovery that they 

contained fragmentary marine shells in many } lances, Shell-bearing gravels 

were found at elevations of 1,200 and 1,300 feet above present sea level on 

the flanks of the mountains of eastern Ireland and North Wales, so that it 

became necessary to postulate a submergence of this amount during some 

stage of the Pleistocene period. The stratified beds were seen to be often 

interealated with the boulder clays, and were therefore supposed to represent 

a single and definite stage of submergence, although it was pointed out by 

many observers that they recurred at different horizons in the Glacial series. 

A triple classification of the British drifts was thus established, compris- 

ing (1) a Lower boulder clay, produced by ice; (2) a Middle-Glacial marine 

series, deposited during the upposed submergence: and (3) an Upper boulder 

clay, produced either by land-ice or by floating ice. The “Middle-Glacial” 

submergence was at first thought to have been accompanied by cold condi- 

tions, ax the gravels often contained large boulders, and many of the shells 

were of boreal species; but the idea of à teriperate « imate during some part 

of the stage was afterwards propoundei to explain the presence of some 

hells and animal remains which were sapposed to indicate a temperature no! 

lower, and perhaps higher, than we have now. 

This simpler form of the inter-Gilacial hypothesis has been and is still 

held, though not very confidently, by many British geologists: but it has rarely 

of late been definitely advocated.  Difficulties in applying it became apparent 

wherever the drifts were closely studied, and led to many modifications and 

amplifications of the scheme, such as those proposed by SEARLES V. Woop ant 

his co-workers in the eastern and northeastern counties. Later, PROF 

Jaues GEIkIE, in his well-known writings on the subject, suggested a mort 

elaborate classification and correlation, in which several alternations 0! 

glacial and inter-glacial conditions were postulated; but his scheme has beer 

of th 
L 07 
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practically neglected as unworkable by British glacialists, except that it has been recently applied to some extent by Pror, KE. J, Lewis in hix botanical researches in the peat-beds of Scotland and the North of England. These deposits, however, we have been accustomed to class ns post-CGilacinl While there has been very little recent expression of opinion respecting the application of theinter-( il hypothesis to Britain there is still, probably, 4 general leaning toward the view that some interruption in the glaciation of our islands did occur, At the same time it is now admitted by most of the field-workers that the supposed “inter-Glacial” gravels are of fluvio-glacial origin, and that the evidence of a warm period separating two distinet and independent glaciations is vague and elusive, 

For my own part, although L began work on British drifts some thirty- five years ago with the impression that the inter-( ilacial hypothesis was firmly established, and therefore with na decided predilection in its favour, E found myself becoming more and more sceptieal of its validity as my field-investi- gations in various widely separated parts of our Islands proceeded, The cumulative effect of all the evidence known to me has been to bring me to the opinion that the great ice-sheets held their ground in the basins surround- ing our islands throughout the deposition of the drift-series, and that the supposed inter-Cilacinl deposits are indicative only of marginal fluctuations and of the independent culmination of separate lobes during the long period of glaciation. 

There is, indeed, one deposit among those which have examined, and only one, which at first sight seems to Sugkest inter-Glacial conditions. This is the estuarine silt or warp of Kirmington in North Lincolnshire, at from 60 to SO feet above present sea-level, which, as mentioned in my previous address, is closely associated with true Glacial deposits, and marks a pro- nounced alternation of some kind! The presence of estuarine conditions at this spot is difficult to explain on any hypothesis, but particularly so if we suppose the whole country to have been ice-free at the time: and mx former suggestion that the deposit was probably aceumulated in an inlet between the bare land on the west and the temporarily receding ice-front on the cast, Still appears to be the most feasible, and has been strengthened by re- exXaminations of the section. My reason for mentioning this section particu- larly is that it affords the best—perhaps the only —example of à deposit with indigenous fossils interealated with the direct products of ic 1 England, and is the best proof of an interruption in the glaciation. of some local con- sequence at least. It therefore deserves the scrutiny of any visitor seeking Brit:sh evidence in support of the inter-Glacial idea. 
It is impossible in a short paper of this kind to present an adequate 

1The most recent description of the Kirmington section is contained in the ‘Report oÙ the Committee for the Investigation of the Fossiliferous Drift Deposits at Kirmington, Liscolnshire, ete. Rep. British Assoc. for 1904 (1905), pp. : 
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discussion of the mass of scattered evidence on which my opinion is based:;! 

but 1 will attempt briefly to summarize the main reasons that have led me 

to conclude that the ice-sheets surrounding the British Islands lasted without 

interruption from the beginning to the end of the glaciation. 

1. The British drifts are pre-eminently favourable for study because of 

the unrivalled length of coast section in which they are exposed. In most 

other glaciated areas, the investigator has to depend upon sporadie sections 

and upon the untechnical and usually crude records of borings, together with 

the more or less ambiguous evidence afforded by topographical features, On 

the east const of England alone there are over 100 miles of sections wholly 

in drift, with 150 miles more in which drift forms a covering to the solid rocks. 

Similar exposures, though not so continuous, are found all along the eastern, 

and some parts of the western, <hores of Scotland; in Cumberland, Launéa- 

<hire and Cheshire; in Wales; around the greater part of Ireland, particu- 

larly on the eastern side: id around the Isle of Man and many of the western 

iands. With all this wealth of exposure, we might reasonably expect, 

somewhere on the coast, to have found definite proof of the postulated warm 

inter-Glacial episodes; yet, although these hundreds of miles of cliffs have been 

repeatedly investigated, they have not vielded, so far as Lam aware, a single 

example of the occurrence between the boulder elays of a deposit containing 

the remains of # contemporaneous flora or fauna indicative of temperate 

conditions, or of any conditions other than those which we know to accom- 

pany the borders of ice-sheets. In fact the only fossils as yet found in the 

int ed beds of the coast-sections are the fragmentary derivative shells 

already discussed. Neither is there any other kind of evidence apparent in 

these const-sections on which the inter-Glacial hypothesis can be soundly 

based. This absence of positive evidence in the best exposures testifies 

strongly against the hypothesis as applied to the British drifts. 

2. Owing to the wide range of diversity in the rocks of the British Islands, 

it is easy almost everywhere to deduce the general direction of ice movement 

from the constituents of the boulder clays; and the principal ice-streams have 

in this way been traced in most parts of the country. The drifts of the low 

coastal tracts show frequently that the major glaciation was effected by ice 

which moved inland more or less obliquely from the areas of the present sea- 

basins. 

Before the advent of the ice-sheets these basins were oceupied by open 

seas, as is proved by the occurrence of buried cliffs and shores beneath the 

a 

1The following publications contain the records of my detailed investigations in 

several districts: Drifts of Flamborough Head (summarizing work in Yorkshire) 

Quart. Journ, Geol. Soc, vol. xlvii, 1891, pp. 384-431; and the following offi al memoirs 

(Mems. Geol. Surv. Gt. Britian and Ireland), all except the first written in conjunetion 

With colleagues: Geology of the Ésle of Man, 1903; Geologu of the Country around Dublin, 

1903; . . . around Belfast, 1904; . . . around Cork and Cork Harbour, 1905; 

around Limerick, 1907; . . between Newark and Nottingham, 1908; . . . the Melton 

Mowbray District, 19095. . around Nottingham, 1910; . . around Ollerton, 1911 

Later official work has been done in Chesbire and North Wales, but the results are not yet 

published. 
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drifts, and by the admixture of transported marine détritus in the boulder clays wherever the ice from out of the basins h: impinged upon the present land-area. The Pre-existing marine déposits of the basins were occ: sionally 
swept forward in huge masses, along with similar masses of the underlying 
rock-formations, but Were more frequent]y disinte #rated and dispersed piece- meal among the other ingredients of the boulder clay,  Fromthe composition 
of the drifts we are able, therefore, readily to deduce the condition of the basins at the period preceding the glaciation. It follows that if the basins, after first having been filled with ice, had reverted to their original condition through the influence of à warm inter-( ilacial episode, and then for a second time, or more than twice, ha! been re illed by fresh ice-shes ‘s which again invaded the land, we ought to find as clear evidence for the previous state in the later boulder clays as in the « rer, Even Supposing that the basins had remained Pérmanently above sea-level during the interval, they must bave received freshwater and land deposits in quantity, which, like the previous marine sediments, would have left their traces in the boulder clays formed from them, since the work of an ice-shect js merely to amalgamate 

the material in its path. 
No such evidence is to be found in our dhifts. On the contrary, even where most complex, as, for example, on the cast const of England, the boulder clays carry proof in their composition that the neighbouring basin was ice-filled throughout the period of their deposition; the shelly fragments and patches of Sea-bottom are confined to the lowest boulder clays, repre= senting a single onset of the ice from the sen basin, while the upper boulder clays contaia boulders which prove that ice str aming outward from the hill- Country in the north of England was blocked on reaching the basin and diverted into a southerly course roughly parallel to the present coast-line. The barrier that caused this diversion could be no other than an ice-shect in the basin: and the effect of this barrier js very clearly traceable in the composition of every band of boulder clay above the shelly clays of Enst Yorkshire, That the blockade was continuous right up to the close of glaciation of this district is shown by the abundance of Cheviot rocks in the Uppermost (**Hessle”) boulder clay. Further proof of the persistence of this condition in the North Sea basin from the beginning to the end of the glacia- 

tionisafforded by the drifts of the eastern and northeastern parts of Scotland. An almost precisely equivalent condition of the Irish Sea basin is demon- Strated by the sequence of Glacial deposits exposed in a grand succession of coast-sections, on the one side in Lancashire, Cheshire and North Wales; on 
the other side, in the cast and northeast of Ireland; and, near the middle, in the Isle of Man. In these parts the shelly drift holds a varied position in the 
series in strict accordance with the local circumstances governing the general 
glaciation, but indicates no more than a single invasion of the old sea-floor; 
while the deposits, from bottom to top, are explicable only on the supposition 
that the ice-block in the basin lasted until the Uppermost Glacial deposits were 
accumulated. 

3. That there were minor vicissitudes during the long glaciation, causing 
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fluctuation of the ice-margins and local changes in the direction of the flow, is 

clearly recognizable in the composition of our drifts: but LE can find no evi- 

dence that any one of these vicissitudes affected the whole of the British 

glaciated area simultaneously, or reached the proportions in time and space 

postulated in the inter-Glacial hypothe I purposely leave out of account 

the question whether the small local glaciers, indicated by the latest moraines 

in a few mountain-valleys of Scotland, Ireland and the Lake district were the 

linering relics of the great glaciation, or were separated from that period 

by an interval of complete deglaciation, as it is fully realized that the geo- 

graphical position of our islands is such that comparatively slight meteor- 

ological changes would suffice again to produce small glaciers in some of our 

mountainous districts. The hypothetical changes required to melt out and 

then to restore the great ice-sheets that occupied the basins surrounding 

Britain are of an altogether different order of magnitude, and must, I think, 

have left plenty of evidence if they had really occurred. 

It has been urged that all ur nearly all traces of older glaciations may 

have been destroyed during later inter-Giacial and Glacial stages; but in the 

Midland and Eastern counties of England the existing drifts frequently overlie 

Mesozoic and Tertiary clays and sands that are fully as perishable as the 

drifts themselves; and in many sections the Glacial deposits comprise several 

different bands of boulder clay, with alternations of sand and gravel, proving 

that in this as in other areas of low relief toward the margin of ice-sheets, the 

predominant effect of glaciation was to Cover and protect rather than to 

destroy.  Moreover, both in Norfolk and in East Yorkshire the beds below 

the lowest boulder clay contain evidence of the beginning of ( ;lacial conditions 

and are, to all appearance, the original base of the Glacial sequence; while 

there is no reeurrence of simitar beds at higher horizons. 

4, In this discussion my vpinion adverse to the inter-Glacial hypothesis 

in its application to Brit ish drifis depends entirely upon my personal exami- 

nation of the field-evidence; and I do not desire to lay stress upon merely 

theoretical considerations. Nevertheiess, L think that even on theoretical 

grounds, the balance tells against the likelihood of more than one great ice- 

sheet having covered the low basins of northwestern Europe during Pleis- 

tocene times. 

As I have repeatedly urged in previous papers, the glaciation of the 

greater part of Britain and Ireland depended hardly at all upon the snow that 

fell upon high land, but almost entirely upon the snow that fell upon the 

broad surfaces of the i sheets themselves. As in Scandinavia and the 

Baltie, so also in the British Islands, the icesheds during the major part of 

the period were quite independent of the present watersheds, and in many 

places rose much higher than these. There is direct evidence in the Isle of 

Man, and confirmatory evidence in the east of Ireland and the northwest of 

England, that the “West British” ice attained in its central part an altitude 

of at least, over 2,000 feet above present sea-level, and may have approached 

3,000 feet. The height of the “East British’’ ice over the middle of the 

North Sea basin is less directly indicated; but that it is likely to have reacheil 
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a similar magnitude is implied by the extent of its splay over the eastern counties of England. These masses differed essentially from mountain-fed glaciers; in having practically no higher reservoirs to draw upon for their sustenance; and their history under vicissitudes of climate must have been entirely different, Severe climatal conditions must have been required for their initiation and early growth; but when their full dimensions were attained and their snow-covered domes rose up to between 2,000 and 3,000 feet above the basins, they could be sustained in these northern latitudes, and even augmented, under an amelioration sufficient to bring a return of mild climate to any bare land of low elevation in the same latitudes, There must, then, have been à very lengthy lag in the disappearance of the ice-shects after the amélioration of climate set in, and à corresponding lag in their rebirth and regrowth if the severe conditions had returned after an inter-Glacial period of mth. Consequently, even if the climatal changes were rapid, the time required to complete à eyele of deglaciation and reglacia- “ion in these northern latitudes would be very long. Anyvsuchlengthy interval could not fail to leave conspicuous evidence, both stratigraphical and physio- gaphical, in a marginal area like the British Islands, where its maximum duration would be attained. If such evidence had existed, it must have become apparent to very careful field-investigator of the British drifts. Far otherwise is the case: and L shall venture to state, from my knowledge of contemporary researeh in this country, that if the inter-Glacial hypothesis had not come down to us by inheritance. it would not have arisen Spontaneously from any recent work. 
5. Every increase in our knowledge of the conditions in ‘ tie and Antarctie Jands brings out more strongly the fact that the loc tion and extent of the existing ice-shects is determined by the amount of Biecipitation of snow or frozen vapour, and that there are many areas of bare land where the cold is no less severe, indeed sometimes more severe, than on the ice- fields. One cannot doubt that a somewhat Warmer climate in these regions if accompanied, as is likely, by increased precipitation, would bring about an actual extension of the present land-ice. Within certain limits, fuctuations of temperature are of little consequence as compared with fluctuations of snowfall: and the latter may cause oscillations of ice-margin contrarywise to the changes of actual temperature, The growth of a great ice-sheet must itself have a progressive influence upoa the local conditions of weather, which in turn have their reaction through increased or diminished snowfall. Hence the expansion or contraction of the limits of glaciation does not necessarily imply secular changes of climate, but may be due to strictly localized cireum- stances, 

For such instability of the ice-margins in Britain during the Glacial period there is plenty of evidence. Moreover, some of this evidence implies that the Eastern and Western sheets did not attain their maxima simul- taneously, but successively: the East British ice having shrunk considerably while the West British ice was Stillextending its borders. But every attempt to explain the phenomena by the application of the inter-Glacial hypothesis 2s 
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has proved hopelessly confusing, and has introduced difficulties and complexi- 

ties of classification for which, in my opinion, there is neither warrant nor 

necessity. 

Bearing in mind the inexhaustible possibilities of our drifts, and being 

aware of some anomalies not fully understood, I am ready to grant that new 

evidence may yet be found to re-establish the inter-Glacial interpretation in 

Britain. Meanwhile, in the light of present knowledge, there appears to be 

no valid reason for supposing that our islands have been more than once 

enwrapped by ice-sheets, however the case may stand in other countries. 



AN ESTIMATE OF POST-GLACIAL AND INTER- GLACIAL TIME IN NORTH 
AMERICA. 

BY 

A. P. COLEMAN, 

Professor of Geology, University of Toronto, Canada. 

INTRODUCTION, 

Various attempts have been made both in Europe and America to esti- mate the length of time since the Pleistocene ice-shects departed, but the results obtained by no means agree. Probably the most accurate chronology is that worked out skilfully and patiently by Baron DE ER and his assi ants from the terminal moraines and related marine clays of southern Sweden. To his estimate of 12,000 Years must of course be added the time required for the retreat of the ice from Germany across the Baltie, which would cer- tainly add some thousands of Sears and perhaps double the total. In America estimates of post-Gilacial time have been made chiefly from the recession of waterfalls. The falls of St. Anthony on the Mis ippi, for example, were estimated 30 Years ago by NH, Wixcnezz to have re- quired 8,000 years to do their work. In 1908, however, F. W NARDESON discovered new factors and lengthened the time, suggesting 30,000 years as more probable. ! 
Most attention has naturally been given to Niagara Falls, which has cut its way back for more than six miles from tie escarpment at Queenston Heights, and guesses and estimates of the time required have been made by various geologists from LYELL in 1842 to the present time. It is known that the falls have been receding at the rate of four or five feet a Year since the first surveys were made, The latest estimate of the rate, made by Dr. SPENCER, gives 4.2 feet per annum.? It seems an es sy problem to solve by dividing 4.2 into 64 miles reduced to feet. In reality the problem is so com- plex and hard to interpret that different students of the subject give results ranging from 7,000 to 40,000 Years, the latest estimate, that by Dr. SPENCER, being 39,000 years? 
Niagara has proved a Very uncertain chronometer because of the great variation in the volume of water at different stages in its history. It is intended in this Paper to present an independent method of deter- 

! Bull. Geol. Soe, Am., Vol, XIX, pp. 2? Evolution of the Falls of Niugara, y 
3 Ibid, p. 370. 
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mining the length of post-Glacial time, in which wave action will be used as ü 

chronometer instead of falling water. The basin of Lake Ontario has been 

oceupied by water at various levels ever sine the ice departed, and as the 

area of water has undergone little change and the shores eut by the waves 

have been of the same character, the Work done should be fairly uniform, 

It is intended later to compare post-Glacial with inter-Glacial work so as 

to form an estimate of inter-Glacial time. 

WATERS WHICH HAVE OCCUPIED THE ONTARIO BASIN. 

The basin of Lake Ontario was freed from ice long before the Wisconsin 

ice-sheet had melted from the St. Lawrence valley, so that the basin filed 

to a point much above its present level and 'overflowed eastwards pasi Rome, 

NY. into the Hudson. Lake Iroquois, which was thus formed, lasted long 

enough to form shore eliffs and gravel bars as strong and mature as those of 

Lake Ontario, so that the two lakes must have required about the same length 

of time to do the work. 

After the ice dam left the St, Lawrence valley there was a time when the 

Ontario basin was below sea-level, though there is no evidence that the water 

was salt. There are beaches at various levels corresponding to this stage, 

but none of them are ax well formed or continuous as those of Lake Iroquois 

or Lake Ontario. 

Lake Ontario began when the upwarping of its outlet raised the Thousand 

Islands region above the sea, and the differential elevation tow rdthe north- 

east has now progressed so far that the ‘ake stands 245 or 246 feet above 

sea-level. Whether the outlet is still rising very slowly or not is a disputed 

question, With the uplifting of the outlet, the surface of Lake Ontario has 

been backed up toward its southwest end, and there is evidence that the 

water has gradually risen at least 75 feet and probably 100 feet in the neigh- 

bourhood of Toronto. 

The Iroquois beach is deformed in a similar way but to a greater extent. 

Probably the motion was at first more rapid, and the deformation of the 

older beach, of course, sums up the effects of all the elevation from its begin- 

ning onwards. It now stands from 116 to 495 feet above Lake Ontario 

It will be evident that, with this rise of the waters toward the southwest, 

wave action must have attacked promontories progressively at higher and 

higher levels, thus producing a submerged inclined plane. With the attack 

upon the promontories went also the transport of materials building up bar: 

across the mouths of bays. 

The rate of attack on the promontories of boulder elay which make uÿ 

much of the shores of lakes Iroquois and Ontario must have been fairly uni- 

form, and the rate of building the sand bars must have progresse’ in a cor- 

responding Way. 

RECESSION OF SCARBORO HEIGHTS, 

Farmers along the Scarboro cliffs, which rise from 100 to 350 feet abore 

Lake Ontario, have long noticed that their fields were being encroached on 
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by the undereutting of the waves and also by thx carving of ravines by rain action, but until recently no estimate of the rate of récession has been made, Surveys of the Scarboro sbore were made long ago ns 17 , but the work was roughly done and the results are 100 Uncertain to be of much value In 1862 and 1863 the townsbip was carefulls resurveyed by Mr, F. F, Passe MORE, Who planted corner stones to fix the road allowances and the boundaries of properties. Toward the end of 1912, 50 Sears later, another careful Survey of the eliffs was made by Mes SPEIGHT and VaxNosrkAND on instructions from Mr, R. Ce Hans, Commissioner OÙ Works for the City of Toronto, to determine the rate of récession of the eliffs, lt was proposed to make a Püumping station and reservoir near the highest part of the eliffs, and it was neCesSarT to know how secure the site might be. Messrs, Spkicr and VaxNosrRaND ran 17 lines from the various Corner Stones to the edge of the cliff and these have been compared with Mr. PassuoRE's results, The récession at the 17 points, beginning at the south= West, Works out as follows: 8, 98, 93, 120, S5, 55, 19, 31, 50, 167, 199, 127, 128, 62, 39, 89 foct. IE the average of the 17 determinations be taken the recession during the 50 Years is 96,2 feet, which cquals 1.92 feet per annum. In considering the field results it appears probable that the first determination, 8, should be thrown out, since it is on Comparatively low ground at the south- west end of the cliffs. The three largest figures 198, 167 and 199, were found at points where ravines are being rapidly eut back, and they should be left out of the caleulation also, 
The other 13 measu ‘ements may perhaps be accepted as representing the normal ri,» of erosion: though two of them, 127 and 128, Were at points where incipient ravines oceur, making it doubtful w hether they should be used or not. Assuming the 13 measurements to be normal, the average rate of crosion in 50 vears is SI feet, which works out to 1.62 feet per annum. If the two highest numbers, 127 and 128, are omitted as being doubtful, the average rate of erosion in 50 Years is 72.54 feet, or 1.45 feet per annum. The next point to determine is the total amount of recession since the waves of Lake Ontario began their work, a point which at first glance might Scem very problematical, but wüich really proves fairly definite._ Sount- ings made off Scarboro heights to determine the location of à new intake for the Waterworks skow a gentle slope lakewards for 13,000 feet until a depth of about 100 feet is reached. Beyond this tie contours are crowded together and the depth increases rapidly to 175 feet, It appears that the soutiward extension of Scarboro heights ended there and that wave erosion began when the leve] of Lake Ontario ws about 100 feet lower than at present, The very gentle slope of 100 feet in 13,000 apparentl: corresponds to the slow rise of the water as the Cliff was cut back. If it Lad not been for this rise of water the work of undereutting the cliff wouid probably have grown slower and slower as the shore receded, but this seems to have counter- balanced the hampering effects of shoaling water. If the rate of recession worked out for the last 50 Years has held from the beginning at 1.62 feet per annum, the 13,000 feet have required 8,000 vears: 
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and at the slower rate of 145 feet per annum this would be lengthened to 

nearly 9,000 years, 

Et ix probable that Lake Ontario began its existence at a still lower level 

and at a greater distance than 13,000 feet from the present eliffs; but this 

earliest stage has not been certainly dl nonstrated. We may look on 8,000 

years as a minimum age tr the lake, with a probability that it has lasted for 

ü considerably longer time. 

THE BUILDING OF TORONTO ISLAND, 

Toronto is near the southwest end of Lake Ontario, with a reach of 140 

miles toward the east and less than 40 toward the southwest. Under these 

conditions the most effective wave transport will evidentliy be southwest- 
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ward during easterly gales. As Scarboro cliffs were undermined the clay 

would be removed by the undertow and the coarser materials, sand and 

gravel, would be transported uthwestward alongshore, ultimatelx building 

a spit across the mouth of Toronto bay. This inode of operation was ob- 

served by Sir SANDFORD FLEMING as early as 1850 and was excellently de- 

scribed by him at that time! His diagrams show a succession of stages in 

the destruction of a Scarboro promontory, with the corresponding growth 

of a spit to the southwest, ending with a map of the spit, or hook, and of the 

harbour in 1850. He added another diagram suggesting the probable future 

arrangement, which quite closely represents the present conditions 60 year 

later, if one omits the changes caused by man's work. Recent sounding 

1 Jour. Can. Inst., 1854, pp. 107 and 223, 
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how that the Seurboro promontors ext nded farther south than his dhingrumnr 

represent, but otherwise his work could hardy be improved upon, EXC pEM 

details 

oronte harbour, one 6f the best on the takes, has been of interest ever 

ince vessels began to ply on Lake Ontario, and bus been surveyed a number 

of times trous SIG to the present. Four of these maps CENTS INHI, INN2, 

AUD) have been re produced in a recent re port of the CHA Commissioner.! 

The sand und gravel advaneing southwestwurds front Re arbore heights 

fort un bar running nearty straight for six miles and then bending suddenls 

north for nearly two miles. ‘The so-called island is really nu suceesslon of 

hooks extending We awards, with <hallow lagoons between 

The regularity of the work has been interfered with by the delta of the 

emall river Don, which euts de enelosed body of water in two, forming 

Ashbridge’s bay to the enst and Toronto bay t6 the west, Duringthe known 

history of the harbour the continuits of the bar has been broken by storms 

at one point, making a shallow eustern channel into the bay, and the breach 

has later been repuired with materials advancing front the northeust. ‘The 

eustern outlet to the jarbour was found useful, and in 1900 the channel wus 

dredged out and protected on each side by eribwork extending southeust 

for 1800 feet, where soundings show a depth of 12 feet. 

At is evident that the eastern erib must interrupt the no! sal south- 

westward movement of the sand. The result of this has been to build up a 

triangular area of sand along the shore east of the erib, In 1910 the area 

of sand exposed had grown by 17 acres, ax reported by Mr. JG. SIVG, Rov- 

ernment engineer in “harge: and in 1913 a rough survey made by myself 

showed an increase 10 224 acres. From soundinge made before the pier 

was built it is known that the average depth of water Was four feet, and the 

sand rises now on the average one foot above water, giving à thickness of 

five feet for the sand aceumulated in 13 years Over the area now dry land. 

This works out to 14,060 eubie vards per annum: The land area is built 

up to a width of 600 feet on the east side of the eribwork, but the erib extends 

to 1.800 feet in all, where it reaches a depth of 12 feet of water. The part 

under water also must have arrested a large amount of sand, though there 

is no way of measuring UP the exact ameunt with our present data, since there 

are no recent rate soundings to «how how much the water has shoaled 

during the vers. It is known that some sand passes the southern end 

of the eribwork in deeper water, ginee dredging is necessary to keep the 

proper depth of the channel, but the amount is uncertain. Probably the 

thickness of sand set in motion diminishes ra} idiy with the depth, and it 

may be assumed that the sand moved west ward below water is not more than 

twice the amount proved to have been deposited on the area of new male 

land. Making this assumption, 42,000 eubic yards of sand are moved per 

annum. 

Surveys of Toronto island and soundings of the waters around it, com- 

1 Report of the Board of Commerce on Toronto Waterworks, 1912 
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bined with the results of bore-hioles showing the depth of ne sand, provide 
meuns of estimations the eubie conten. of the structure The uverage 
depth of the sand ie 107 feet and an estimute of the total bulk of the island loots up to #87,000,000 cubie vurds, This is probubis not over ‘he mark 
and may be considerabls under it. Divided bx 12,000 this gives sa round 
numbers 8,000 veurs 

In this estate ne ount ls been taken of the large amounts of sand 
in the shore deposits along \shbridge"s bay to the enst of tu islund, If 
these are included, the time will L4 greatiy lengthened. [t ist be adimitted 
hat the result just given is far from ve rtain, since LS Vers isa short period 
oÙtüme from which to determine the rate of transport of the sand, and the 
amount of sand transported under water may be greater than bus been ts 
sumed. At some time in the future the wok may be repeuted with mor 
exact data, giving greater ce rtainty than e 6 expected from the present 
rough estimate, 

LENGTH OF TIME SINCÉ TH ICE RETREATED, 

OÙ the two methods of estimating the age of Lake Ontario employed 
above, the one from the récession of Searboro lu ights is decid y the mose 
aceurate, but as the two results are much the same, the e uate formed 
from the rate of growth of Toronto island may be looked on rengthening the first estimate of 8,000 or 9,000 veurs, 

As mentioned before, the Iroquois beach at Toronto is about equal sn 
maturity to the Ontario beach, This may be seen from shore cliffs cut in boulder « in the northern part of Toronto and at Searboro, and also froun 
a study of the great hook-shaped gravel bar of Lake Erc quois in East Toronto, 
which has about the same size and shape as Toronte island, with a thickness 
of at least 100 feet, The wave work of the two lakes in the vicinity of To- 
ronto, as estimated above, demands therefore 16,000 or 18,000 vears, This does not, however, include the whole history of either lake. There is evi- 
dence at the Burlington gravel bar near Hamilton that Lake Iroquois began its work at a point 100 or more feet lower than the top of the bar. The East 
Toronto gravel bar, and the shore cliffs eut in boulder elay to the east and west of it, represent only the later work of Lake Iroquois, The earlier stages 
of much lower water must have required a large additional time. 

In the case of Lake Ontario also, there must have been an early low- Water stage before the water rose sufficiently to attack Scarboro heights and build Toronto island. This is proved by the fact that Lake Ontario began at 
sea-level and was gradually raised to its present height of 245 feet by the differential uplift of its outlet. How long a time should be allotted to these early low-water stages of the two lakes it is not easy to say; but they were 
probably much shorter than the well recorded later stages, 

There is another episode of great importance to be considered, that of 
the marine stage which intervened Fetween Lake Iroquois and Lake Ontario. 
The time required for it is difficult to estimate. When the glacier began to Withdraw from the northern side of the Adirondack mountains in New York 
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state there were spillways opened between the ice and the rocky slopes to 

the south, permitting an outflow at lower levels than Lake Iroquois, Lut 

these water levels were probably quite evanescent as compared with Lake 

Iroquois itself and have not left well marked benches. Still later, a Way Was 

opened past the Adirondaeks to the St. Lawrence valley at a time wlen the 

whole region stood much lower than now, and there was a continuous water 

level between the Ont ario basin and an extensioi of the Gulf of St. Lawrence. 

This has been named by Prof. FAIRCHILD Gilbert gulf and is supposed by 

him to have been salt water with a wide channel in the Thousand Islands 

region. It is probable, however, that the channel was narrowW, at least in 

early stages, with ice as its northern shore, since after careful seareh no beaches 

have been found where the shore should have been. This is corroborated 

by the entire absence of marine shells from the Ontario basin, though they 

are plentiful from the Thousand :<lands eastwards. The sea-level stage 

should be called Gilbert lake rather than Gilbert gulf, since the great river or 

rivers entering it kept the water fresh. 

Iu the Province of Ontario there are well formed beaches on the north 

side of the basin from Newtonville to the Bay of Quinte, near Kingston, the 

highest rising 127 feet above Lake Ontario; and there are bei 

marine shells east of Brockville 85 feet above it. In the State of New York 

a beach on one of the Thousand Islands reaches 140 feet! Farther north- 

east, at Montreal, there are marine beaches reaching, 560 feet above the sea, 

or 324 feet above Lake Ontario, but the difference is a” sunted for by the 

strong northeasterly elevation of that part of the continent. 

During the marine episode deposits of sand and elay more than 100 

feet thick were formed in eastern Ontario, and there was an elevation of 

85 feet or perhaps 140 feet in the Thousand Islands region. There were well 

formed beaches as well as thick sedimentary deposits made during thi: time 

and important crustal movement took place; but there is no means known 

at present by which to estimate aceurately the amount of time required. It 

could not have been less than some thousands of years. Four thousand 

years, Of half the time required by Lake Ontario to do its work, may not be 

an unreasonable guess for the marine stage. 

Summing up the whole matter, one begins with the most aceurate esti- 

mate, that of 8.000 or 9,000 years for the recession of Searboro heights, 

supported by the rate of building of Toronto island. To this must be add 4 

as many more years for the later stages of Lake Iroquois, which did an equiva- 

lent amount of work. For the earlier phases of these two lakes and for the 

marine interval one can only guess the time. It is probably not unreason- 

able to suggest 8.000 or 9,000 years, as in the former cases, making in all 

24,000 to 27,000 years for post-Glacial time. This is much less than Dr. 

SPENCER’S estimate of 39,000 years for the work of Niagara Falls. but agrees 

fairly well with TaxLor’s estimate of 25,000 or 30,000 for Niagara; it also 

agrees with FarmcHiLD’s estimate of 10,000 years for Lake Ontario and 30,000 

years in all since the ice left the Lake Ontario region in New York. 

1 Rop. Bur. Mines, Ontario, Vol. XIE, Pt. 1, 1904, pp. Z 
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It is believed that the time estimates from Scarboro and Toronto island and from the Iroquois beach are a trustworthy as that from Niagara Falls, but that the uncertainty as to the time to be allotted to the early lake and marine episodes seriously lowers the accuracy of the total  SARDESON'S guess of 30,000 years for St. Anthony falls corroborates the result. 
The 12,000 years obtained by DE GE£Er for Sweden cannot really be com- pared with the time at Toronto, since the distances from the glacial centres are so different in the two cases. The di ance of retreat to the ice-shed as shown on DE GEgr's map is about 600 kilometres or 370 miles:! while To- ronto is twice that distance from the Labrador glacial centre. 
De Grer finds 5,000 years for the retreat of 370 miles, and 7,000 for the time since the disappearance of the ice. If we double the length of retreat we add 5,000 years more, giving 17,000 years in all, very much less than the figures given above for Toronto. The time needed for the retreat from north Germany should of course be added in comparing with American conditions. The estimate of post-Glacial time in the Alps given by PENCK is from 30,000 to 50,000 years, whict corresponds more elosely to the results obtained 

li. America. 

LENGTH OF THE TORONTO INTER-GLACIAL PERIOD. 

The Toronto inter-Glacial formation has been studied for many years, and has been described à number of times? so that a detailed account of it is not required here. The most recent description will be found in brief form in the guide book to the geology of Toronto prepared for the present Congress. In this paper it is intended to bring together the points which have a bearing on the length of the inter-Glacial period, comparing them particularly with the estimate of post-Glacial time just given. 
The Toronto formation is the earliest and much the mo t important of the known inter-Glacial periods of Ontario. Its deposits rest upon the earli- est sheet of till, where that had not alreac 1y been eroded away, and are covered 

at Scarboro heights by a complex of four later till-sheets separated from one another in each case by from 25 to 40 feet of stratified sand and clay. It seems to correspond in position to the Aftonian beds of lowa and contains some of 
the fossil mammals described from that formation. It is almost certainly 
of the same age as inter-Glacial beds at Cayuga lake in New York state and 
near Lake Erie, and alsoof thesame age as the wide spread inter-Glacial brown 
coal deposits along the rivers flowing into James bay. 

The interval was characterized by a climate decidedly warmer than at 
present, as Was shown by the late Professor PEXHALLOw from the leaves and 
wood of forest trees from the Don. The materials have been gone over Very 
carefully within the past year by Mr. J. H. Wire of the Forestry Depart- ment of the University of Toronto, who in the main corroborates PEN- 

1 Compte Rendu, Cong. Géol. Intern., XIe Se: ion, p. (plate D). 
2G. J. HiNve, Can. Jour. IS7S, p. : e also A, P, CoLEMAX, Jour. Geol., Vol. IX, 1901, pp. 285-310; and Anterglacial Periods in Canada, Compte Rendu, Congrès Géol, Intern., Xe Session, 1906. 
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HALLow’s opinion, and suggests a climate corresponding to that of southern 

Pennsylvanis. The ssemblage of about 30 trees, including osage orange, 

locust, hickory, ete., implies long dry summers With shade temperatures reach- 

ing 90° or 100° Fahr., corresponding to a latitude four degrees south of 

Toronto. 

EVE OF THE TORONTO INTE -GLACIAL PERIOD. 

The earliest part of the inter-Glacial period, when there must have been 

a glacial lake corresponding to Lake Iroquois in post-Glacial times, has left 

no record. The inter-Glacial drainage had a base-level as low as Lake On- 

tario, when a small stream, probably not unlike the present Don, cut a channel 

200 paces wide through boulder clay and then 16 feet into the underlying 

Lorraine shale. The vertical walls of shale are about as high as those of the 

present cuttings of the Don, and it is reasonable to suppose that as much time 

was required to do the work, say 8,000 years. 

Don Beds (Un'os,efc.) 

À Bou/der Cley 

on Beds (V 
> Ÿ LE 

Lorraine Level of Don River 

Horizontel Scale oFFeet , CE 50 00 

Fic. 3.—Section at bend of Don. 

The river oceupying this valley deposited coarse shingle on the bottom, 

mixed with branches and trunks of red cedar, elm, oak and pawpaw, so that 

the climate was already warmer than at present, since the pawpaw does not 

reach the north shore of Lake Ontario now. The water level of the inter- 

Glacial lake then rose to 60 feet above the present, for what reason is unknown 

unless its outlet was warped up. Forty-five feet of Don beds were laid down, 

including several thin or thick beds of stratified clay with interbedded sand 

and fine gravel. The uppermost four feet of sand are reddened and cemented 

with iron oxide, implying a long period of oxidation. Trunks of trees are 

found at the bottom of the beds, and leaves as well as trunks and branches 

oceur at various levels above. How much time should be allowed for the 

growth of the elms, oaks, maples, sycamores and other forest trees one can 

on!+ guess. The trunks at the bottom must have been hundreds of years in 

growing, and those at higher levels as well as the oxidation of the upper sand 

must have demanded other hundreds of years. A thousand years for the 

whole Don period is a very low estimate. 

There was another rise in the inter-Glacial lake to a height 150 feet above 

the present Ontario and a bay stretched for 14 miles or more to the north of 
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Toronto, where a large river entered, draining the valleys of the present Upper Lakes, During the Scarboro period this river deposited à delta upon the Don beds just described. The peaty stratified elay and sand of the delta have a breadth of 183 miles and a known area of 60 square miles. Before Lake Ontario cut back Scarboro heights for two and à half miles, the area must have been much more extensive, 
At one section of the peaty "672 layers have been counted in 19 feet 6 inches, each consisting of à whitish Silty part and a darker clayey part, If these are annual layers, as seems certain, the whole length of time required for the 92 feet of clay at Scarboro was probably at least four times as much, or about 2,700 ve 
The 60 feet of stratifiéd sand which follow the clay were probably laid down in shallow water at a faster rate. At the moderate estimate of one foot in ten Years over the Many square miles of the delta this would require 600 Years. 
Adding up the amounts given above for the different deposits of the Toronto inter-Gla formation the total is 4,300 veurs. Eighty feet of thickly bedded sand and gravel formed by a powerful inter-Glacial river in the western part of Toronto are not included in this estimate, since their relations to the other beds are not clear. They were formed probably either before or after the events Mentioned above and so May increase the allotted time, 
After the Scarboro delta was formed the inter-Glacial lake was drained, probably by the sinking of its outlet, so that river valleys could be eut through the sand and clay. Three of these valleys are known, one several miles wide, in the Humber region to the west of Toronto, another about five miles wide from Highland creek to Rosebank, and a valley only à mile wide at the “Dutch Church,” Scarboro height. The two wide valleys appear to have been formed on the two sides of the former delta and May not have been very deep, though their relationships have not been worked out very certainly. The Duteh Church valley is beautifully exposed in cross-section in the cliffs at Searboro, so that its aracter is well known. The inter-Glacial stratified clay and sand rise to about 150 feet above Lake Ontario on each side of the ancient valley, and a well sunk at the Dutch Church showed that the boulder clay filling the valley goes 16 feet below the lake. The valley was 166 feet deep and 1,100 fect wide at the level of Lake Ontario, with gentle slopes on each side to the top of the inter-Glacial beds, where the width is about one mile, The valley seems to have been cut by a small stream, which would probably work fair Y rapidly through the upper sandy beds but very slowl through the tough stratified clay, over which small modern streams tumble as cascades. As the stream deepened its channel, the action of rain and weather beveled the sides of the valley to their present slope of 150 feet in 2,000 feet or one foot in 13 on the average, The valley was far more mature than any carved in the Toronto region in post-Glacial times. Tributaries of the Don which began their work at the Iroquois stage and have continued it during the life of Lake Ontario have 
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sometimes eut short ravines to a depth of 150 feet, with rounded surfaces 

in the upper part and steep walls at the bottom. The width is only a few 

hundred yards and the average slope of the lower part about 1 in 2 or 3 and 

of the upper part 1 ind4or5. They have decidedly the look of immaturity. 

jf the Don and its tributaries have been at work, as estimated on earlier 

pages. for 24,000 or 27,000 years the Dutch Church stream must have re- 

quired at least twice as long, say 50,000 years to shape its valley with sides 

sloping only 1 in 13, and the actual time may have been very much longer. 

= 

Section of Don valley; narrow part. 
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Section of Don valley; wide part. 

Lake Ontario 
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Section of inter-Glacial valley; Dutch church. 
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The period of low water probably came on gradually by the lowering of 

the outlet of the basin, and doubtless the early stages cf erosion of the delta 

were carried on with quite gentle drainage slopes and at a very moderate 

rate. 

In the sketeh of inter-Glacial pheno
mena just given an attempt has been 

made to estimate the probable length of time required for each operation 

recorded, resulting in a total of 62,000 years OF more; but no estimate bas 

been made of early and late parts of inter-Glacial time, whicn have left no 

record. The record begins with the carving of a valley in Lorraine shale 

in the same Way as rivers flowing into Lake Ontario are now doing; but there 

must have been a high-water stage at the beginning of the inter-Glacial time 

corresponding to Lake Iroquois in post-Glacial history, which would lengthen 

tb totai by perhaps 8,000 years; and there must also be an important gap 

at the latter end, where the record proves low water in the Ontario basin 

for the advaneing ice-sheet of the next glacial inva jon must have obstructel 

the St. Lawrence outlet, reversing the processes deseribed in the retreat 0! 
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the ice in post-Glacial times. If these be taken into account the duration of the Toronto inter-Glacial interval should be greatly lengthened, probably to 100,000 years or more. 
Post-Glacial time, whict has lasted at least 24,000 years, probably includes less than one-third of the stages recognized in inter-Glacial time; andit may be that we are now entering upon the long central portion of another inter- Glacial cycle. 
In the foregoing estimate of the duration of the Toronto inter-Glacial period no consideration has been given to two factors which add to the im- pression of its length. These are the climatic changes and the changes of level of the land. The climatic cycle runs from glacial conditions to a warm temperature stage and then back again to permanent ice. The change is equivalent to a shifting of latitude of no less than 25°, say from Ohio to Greenland. No matter what theory of the causes of glacial periods be adopted, the change of climate must go on slowly. Since historic times there has been no well marked variaton in Europe, and one cannot transform a climate with a freezing summer temperature into one with 100° Fahr. in the shade without plenty of time for the operation. 

Again the rise and fall of the land due to epeirogenie causes appears to to be extremely slow, and there is positive prouf of differential elevation to the extent of at least 166 feet during the Toronto formation. The rise of 166 feet in the earlier part of the inter-Glaciai period, the halt at the maximum point, and the sinking once more to the original level could hardly have been accomplished in any short period of time. Changes of level on so large a scale appear to require many thousands of years. It is probable that the downward shifting of level is to be accounted for by the load of ice, and the rise by the melting of the ice removing the load, but the adjustment in both cases may have lagged thousands of Years after the change of load. This has certainly been the case in post-Glacial times. 

E T OF THE INTER-GLACIAL DEPOSITS, 

The known extent of the inter-Glacial delta deposits at Toronto is 60 square miles, with a probable area very much larger than this; but one would expect that deposits of the same age, but perhaps on a smaller scale, should occur in other places round the Onterio basin. The inter-Glacial river flowing from the north was probably much the largest entering the lake, but other deltas must have been formed by smaller streams. The most important find of the sort is described by Miss C. J. Maury near Cayuga lake in central New York, where inter-Glacial materials contain many shells such as Unios, Anodons, ete. Comparing them with the shells of the Don valley no less than eleven species, more than half of those found, occur also in the Don beds._ The plant remains unfortunately are too poorly pre- served for identification. It is noteworthy that these inter-Glacial beds are at about the same level as the Don beds, and that the shells are largely forms belonging to Mississippi waters. ! 

Jour, Geo, Voi. XVI, 1908, PP. 565-7. 
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Mr. Frank COLLINS Baker refers also to a leaf of willow in juter-Glacial 

beds in Watkins Glen, which may correspond to the willow leaves obtained 

from the Searboro or cool climate beds.! 

Peaty matter with beetles’” Wings has been found by Dr. Hixpe and 

myself in a section on the shore of Lake Erie at Cleveland. It is of e3 etly 

the same character as the Searboro materials, and out of the four extinet 

beetles obtained there, two Ge ur at Searboro also, making it certain that 

the deposits are of the same age. 

OTHER INTER-GLACIA
L DEPOSITS PROBABLY OF THE SAME AGE. 

The most important inter-Glacial deposits in the United States are the 

Aftonian beds of Jowa and adjacent states, lying between pre-Kansan 

and Kansan sheets of till. The Aftonian is the oldest of the American inter- 

Glacial periods and corresponds in position to the Toronto formation, which 

has one till below it and four above. Many localities are known for the Afton- 

jan in various parts of lowa and in Nebraska and South Dakota, along both 

the Missouri and Mississippi rivers. The fossile include leaves and wood of 

a number of trees such as pine, elm, oak, ash and hickory. but the spec 

have not been certainly determined. The genera nearly all oceur in the Don 

beds. The mammals have been studied more carefully and cover 4 wider 

range than those of Toronto. They include mammoth and mastodon, à 

large bear, à deer like the Virginia deer, and Cervalces, all of which may be 

the same as the Toronto species? but Mylodon and the extinet horses of 

the Aftonian have no corresponding forms at Toronto. 

Dr. CALVIN and other geologists state that the climate Was at least as 

mild as at present in the Aftonian inter-Glacial period. Prof. HERSHEY 

estimates the length of the Aftonian interval at 50,000 years from the 

extent to which gorges Were eroded during that inter-Glacial period. 

While it cannot be proved that the Aftonian and Toronto formations 

are of the same age, the known evidence from position and fossils is favour- 

able to that view. If the Aftonien area, covering thousands of square miles, 

belongs to the same inter-Glaciai pt od, the recession of the ice begar: 800 

miles southwest of Toronto. 

Another widespread tract of inter-Glacial deposits lies 350 or 400 miles 

north of Toronto, along river valleys of the James Bay region, With an ex- 

tent from east to west of 100 miles and from north to south of 50. 

It includes 27 known outcrops of inter-Glacial lignite or peat. scattered 

over an area of several thousand square miles$  Logs of wood 17 inches in 

diameter have been found in the beds, but unfortunately the wood was great 

flattened by the we
ight of ice above it, even more $0 than the wood from the 

Don valley, and Professor PENHALLOW, who examined it, could not certainlY 

Sr VO OC RNIL ROLE p ASS 

2 SAMUEL CALVI Bull. Geol. Soc Am., Vol. XX, 1909, pp- 341-356; and \ 

XXE, 1911, p. 207. 
4 Interglarial Periods in Canada, Compte Rendu, Cong. Géol. Intern. Mexico, 1905 

and Bur. Mines of Ont., Vol XEE, 1904, Part 1, pp. 135-197, and
 Vol. XX, Part 1, pp. 234-S 
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determine the species. The general appearance of the wood and peat is 
much like that from the Toronto inter-Glacial beds, and the two sets of de- 
posits were probably formed at the same period, 

Professor BAKER is convinced of the long duration of the Mattagami 
inter-Cilacial deposits. ‘ Not only was there deposited a considerable thick- 
ness Of stratified clays and sand, but there was sufficient time for a great peaty 
or swWampy growth, as well as for trees of large size to mature, be buried and 
thoroughly carbonized before the next glaciation.""! 

The l'snite beds just mentioned oceur within 300 miles of the Labrador 
ice centre, Pushing southwestward the ice would reach the first lignite beds 
in 300 miles, the last in about 400 miies, while Toronto would be reached by 
an advance of 700 or 800 miles nearly south. The retreat of the ice when the 
climate changed would, of course, reverse this route, the Toronto region being 
set free first and the James Bay slope last. If the Aftonian region was in- 
included, the retreat and advance would be lengthened to 1,100 or 1,200 miles. 

It has been shown that one inter-Glacial period, the earliest in North 
America, probably included deposits extending from Nebraska to the north- 
castern part of Ontario, a distance of 800 or 900 miles, that the inter-Glacial 
period was very long, much longer than post-Gilacial time, and that during 
part of the time the climate was decidedly warmer than at present. After 
a withdrawal of 800 miles from its southwestern limit one can hardly believe 
that the remaining 300 miles to the glacias centre would resist the long con- 
tinued period of mild climate, particularly when it is remembered that the 
central area is a low plain, with no mountains on which remnants of the ice- 
sheet might maintain themselves as Alpine glaciers, 

The conclusion is irresistible that in at least this inter-Glacial period the 
Labrador ice-sheet completely vanished, to return again after many thous- 
ands of years when the earlier elimatic conditions were repeated. 

The Labrador ice-sheet was the greatest of the Pleistocene sheets of 
America and probably equalled the ice-covered area of northern Europe. 
If it was entirely removed by the inter-(ilacial change of elimate there seems 
no reason why any other ice-sheet should not disappear under similar con- 
ditions. Evidence of at least one great inter-Glacial inter “al has been found 
in many other regions, including tropical mountains and parts of the southern 
hemisphere; so that the climatic change which was powerful enough to re- 
move the largest American ice-sheet seems to have affected all parts of the 
world to an important degree. One inter-Glacial period seems to have been 
world wide, implying causes of a general character. 

1 Interglacial Periods in Canada, p. 237 





RECENT DATE OF THE ATTENUATED GLACIAL 
BORDER IN PENNSYLVANIA. 

BY 

G. F. WRIGHT, LL.D,, FG.SA 

Oberlin, Ohio, U.S.A, 

In 1881 Professor H. Canrvizz-LEwis and myself were appointed by 
Profe: or LESLIE to mark the Glacial boundary across Pennsylvania, The 

result. of our work are to be found in Volume Z of the Second Geological 

Survey of that State, and on the accompanying map. We set out with the 
theory that the Glacial boundary was marked by a distinct terminal moraine, 
but we soon perceived that in places the glacial ice had extended some distance 

beyond our terminal moraine. This we denominated the ‘‘fringe,” but as 

others preferred ‘“attenuated border,‘ 1 am willing now so to denominate it. 

Subsequentl\ Professor E. H. Wizzrams, of Lehigh University, delimited the 
boundary of the attenuated border as shown on the map and ccliected a 

great mass of important facts bearing upon its age. 

It has been generally supposed that our moraine marked the boundary 

of the nrea in this region which was covered by the so-called Wisconsin stage 
of advancement, and that the attenuated border corresponded to the Kansan 

stage in the west; also that an immense period had elapsed between the 
depositions on the attenuated border and those over the region to the north 

of our moraine. At first Professor CHAMBERLIN insisted' that the entire 
rock erosion of the rivers had intervened between these deposits. This 

would imply an enormous Interglacial period; for the rock erosion of the 
Allegheny river, extending for hundreds of miles, amounts to fully 300 feet 

in depth, and corresponding rocky gorges exist in the Susquehanna, Lehigh, 
and Delaware rivers. TL: ition, however, was in due time disproved 

by the discovery at Warren and in its vicinity of buried channels filled with 
the oldest débris, and of a gravel terrace extending continuously from the 

present bed of the river to the top of the bordering rock shelf about 300 feet 

high. At Bethlehem, just sbove Easton, it was also found that a deeply 
eroded rock gorge was filled with the oldest glacial débris? 

Furthermore, from the examination of the deposits themselves, Professor 

WiLzrams bas collected abundant of data to show that the interval between 

these deposits is comparatively short,—in fact that no hard and fast line can 

be drawn between the deposits north of our line and south of it. 

1'U-S.G.S. Bull. 58, pp. 30, 35; also Proc. Geol. Soc. America, Vol. I, pp. 472, 473, 
2G.F. WriGur, ‘‘Jce Age in North America, ”.5th ed., pp. 131-166. 
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1. Near Pottsville, where the mammoth vein of anthracite coal outerops 

in the oldest glacial region, the surface of the coal has been planed off by the 

ice movement so recently that there has been practically no oxidation of the 

surface, wiereas just south of this limit the ecal is oxidized and rendered 

useless to a depth of several feet. This would indicate that the cime since 
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the earliest invasion of the is a mere trifle compared with pre-Glne : 
time, 

2. The glacial deposits over the attenuated border, though for the m at 
part highly oxidized as compared with those north of the moraine, contain 
also a small per cent. of unoxidized pebbles, and it is clear that this unoxidized 
material must determine the date of the whole deposit, 1» ny cases, also, 
well rounded Canadian pebbles, deeply oxidized from the surface inwards, 
were subjected to ice action that wore off one side neurly to the core of 
unoxidized material, thus indicating that the oxidation of the pebbles was pre- 
Glocial, they being in their oxidized condition when picked up by the ice, 
Again, local pebbles ming with the more highly oxidized materials from 
the far north «how no gater signs of weathering or disintegration in the 
attenuated border than they do in the region north of the moraine. In the 
the case of Oriskany sandstone pebbles, this fact is very noticeable in passing 
northward from Bethlehem, near Enston, to the region north of the mornine 
Again, it is occasionally found, as at Warren, that the calcite oceurring 
in the glacial deposits in the form of shells has been les hed away less in 
some portions of the attenuated border than in some places north of the 
border. 

From these facts, which have been gathered in abundance by Professor 
WiLLraMs, it is evident that we have in the attenuated border, together with 
the great amount of m terial from the far north which had been oxidized in 
pre-Glacial time, a considerable amount of local material which does not show 
an excessive amount of oxidation, but which became mingled with the more 
highly oxidized material and was spread out ‘na common deposit. The 
larger percentage of unoxidized material north of the moraine follows natural- 
1y from the fact that it was collected afte- the first removal of the oxidized 
mass. One has but to pass anywhere from the glaciated to the unglaciated 
region to see how great was this original blanket of loose soil produced by 
long pre-Glacial oxidation, It is no uncommon thing to find granites and 
gneisses in the unglaciated region disintegrated to a depth of 100 feet: while 
in the glaciated region there has been no perceptible disintegration of the 
granitic areas which were planed and scratched by the ice, 

It is significant that, according to Professor H. L. FaircuiLD,! there 
are no indications in New York of any Interglacial deposits, so that, what- 
ever may be true of the states in the Mississippi valley, there is no evidence 
in the eastern states of long Interglacial epochs. Even the oldest deposits 
in Pennsylvania are separated from the youngest by a comparatively short 
interval. The fluctuations of the ice front in the Mississippi valley were 
probably of comparatively short duration, for they must all come within the 
date assigned to the deposits over the attenuated Glacial border in 
Pennsylvania. 

1 Presidential address Gool, Soc, America 1913. 





THE SANGAM( INTERGLACIAL STAGE 
MINNESOTA AND WESTWARD,. 

LL4 

WARREN UPHAM, Dec, 

St, Paul, Minn., U.S,A 

Throughout the long Glacial period of growth, culmination, and decline of the North American and European ice-sheets, the climate responsible for this snowfall and ice accumulation fluctuated to such an extent that the boundaries of the continental glaciation were alternately extended and check- ed or drawn back. The large series of recognized extensions or invasions and alternating recessions of the ice boundaries in North America is recorded, with the names of the successive Glacial and inter-Glacial stages, in the followir._ : italogue, which has been taken from the third volume of C'HaM- BERLIN and SALISBURY's text book, Geology (1908), and arranged in chrono- logic instead of stratigraphie order: 

+ The sub-Aftonian, or Jerseyan, the earliest known invasion, 
+ The Aftonian, the first known inter-Glacial interval. 

3. The Kansan, or second invasion now recognized,. 
+ The Yarmouth, or Buchanan, the second inter-CGilacial interval, 
. The {linoian, the third invasion. 

ÿ. The Sangamon, the third inter-{ ilacial interval. 
+ The lowan, the frurth invasion, 
+ The Peorian. the fourth inter-Glaciel interval. 

9. The earlier Wisconsin, the fifch invasion. 
10. The fifth interval of deglaciation, as yet unnamed, 
11. The Later Wisconsin, the sixth advance. 
12. The glacio-lacustrine sub-stage. 
13. The Champlain sub-stage (marine). 

Following a suggestion of the late Professor SAMUEL CALVIN, the prefer- able name Nebraskan, was sabsequentiy proposed by Prof. B, Suimek! for the first of these stages. 
Without attempting a general description of our North American glacial and modified drift deposits and a discussion of the evidence they afford for cach of the stages and sub-stages o1 the Ice Age enumerated in this list, this 

1 Bull. Geol, Soc, America, Vol. XX, Dec. 24, 1909, p. 408: also Science, Jan, 14, 1910 
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paper considers especially the Sangamon inter-Glacial stage, and endeavours 

to show, from the character of the drift series and from changes of river 

courses, that it was a very important interval in the Glacial history of southern 

Minnesota. Further, I believe, and shall present arguments later in this 

paper to prove, that the desiceation interval in the history of the Quaternary 

lakes Bonneville and Lahontan in the Great Basin of interior drainage of the 

western United States, which oceurred late in the history of these lakes, 

though anterior to the maximum rise in their relatively short final stages, 

coincided with the Sangamon stage. According to this view, one of the 

latest extensive stages of secular climatie change during the great Ice Age— 

attended by the drying up of lakes and far recession and readvance of the 

boundaries of the North American ice-sheet—followed the Kansan and 

Ilinoian and preceded the Jowan drift deposition. 

In twelve counties of southern Minnesota, wells in the glacial drift 

encounter inte “lacial beds containing wood, layers of peat, and oc sionally 

shells of fresh- «er and air-breathing molluses, which layers are underlain 

and overlain by til, the direct deposit of an ice-sheet. These counties, 

described by the state geologist. Prof. N. H. WiNCHELL, and the present 

writer in Volume Lof the Final Report of the Geological and Natural History 

Survey of Minnesota, are, in their order from east to west, Fillmore, Mower, 

Freeborn, Steele, Faribault, Martin, Jackson, Cottonwood, Brown, Redwood, 

Lyon, and Rock counties. 

Professor WINCHELL records many such well in Mower county and 

adjacent parts of Fillmore county that penetrate a bed of peat carrying 

pieces of wood, thought to be pine and cedar. This inter-Glacial peat bed, 

varving from about one foot to six or eight fect in thickness, lies at 20 25 feet 

beneath the surface of LeRoy and Grand Meadow townships and the city 

6° Austin. In other parts of this county it oceurs at depths of 35, 45, and 

50 feet. It probably is cont inuous with the extensive inter-Glacial forest bed 

of Aftonian age in northeastern Jowa, which was studied early and well 

reported by MCeGEE. The other counties to the west have less abundant 

records of wells that pass through or into inter-( slacial forest and peat beds, 

which would indicate that there they were largely removed by the erosion 

of the ensuing stiges of renewed glaciation. 

Impressive evidence of a later prolonged inter-Glacial stage- correlated 

with the Sangamon stage in Hlinois—having interrupted glaciation in the 

southern half of Minnesota, is supplied by the exceptional chains of lakes in 

Martin county, one of the central counties in the southernmost tier of this 

state. These chains of lakes are three in number and are named the East, 

Central, and West chains. 

South creck receives the outflow from the East chain, which extends 

in a somewhat irregular northerly course for 12 miles from the Jowa line. 

This chain comprises ten lakes, varying from à half mile to two miles in 

length, with from a half to two-thirds as great widths. These lakes are bor- 

dered by rolling areas oftill. Their shores ascend 30-40 feet, mostly by quite 

steep slopes. The spaces between the lakes are, in some cases, marshy and 
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as Wide as the narrower parts of the lakes, but in others, adjoining lakes are 
connected by contracted channels, such as might have been cut by the out- 
flowing stream, Thus the series does not oceupy depressions in any well- 
marked continuous valley. 

The Central chain includes about 20 lakes, and extends 22 miles in 
an almost perfectly straight N.-$. course, from Perch lake, three miles south 
of Watonwan county, to lowa lake which is crossed by the state line, This 
series Of lakes lies three to six miles west of the East chain. Its outlets are 
South, Centre, Elm, and Perch crecks, all flowing eastward. 

The shores and the country on both sides of the Central chain of lakes, 
as in the case of the East chain, consist of till, which rises to a moderately 
undulating expanse 30 to 40 or 50 feet above the lakes, Though forming a 
very distinct, straight series, these lakes do not occupy a well-defined con- 
tinuous valley, for its width varies from one mile or more to less than aneighth 
of a mile, and it is interrupted in three places by water-divides, the lowesi 
points in which are 10 to 15 feet above the adjoining lakes. Silver and Iowa 
lakes are the headwaters of South creek and have their outlet by a stream that 
runs nearly along the state line to the south end of the East chain, The 
middle part of the Central chain, reaching 12 miles from Summit lake to the 
Twin lakes, is tributary to Centre creek; and its portion farther north, 
excepting Perch lake, is within the belt drained by Elm creek. 

East Chain lake, though dammed, has a depth of only 15 feet, and 
probably none of the lakes of that chain are much deeper. The maximum 
depths of some of the lakes in the Central chain are reported as follows: 
lowa lake, 15 feet; Silver lake, the deepest of this series, about 50 feet ; 
Halls lake, 20 or 25 feet; Budd's lake, 16 feet, and Lake sseton, at Fair- 
mont, 8 feet. 

The West chain of lakes is less distinetly connected than the East and 
Central ehains, from which it also differs in having the longer axes of some of 
its lakes transverse to the course of the chain, and in having shorter series of 

joined with it as branches. Tuttle’s lake at the south end of the chain 
lies on the state line, about four miles west of Iowa lake, the south end of the 
Central chain.  Thence the West chain reaches 20 miles northwesterly, then 
nine miles northerly, and then northwest and west for eight miles to Mountain 
lake in Cottonwoo county, its whole extent being 27 miles, Its successive 
portions from south to north are tributary to the East fork of Des Moines 
river, to Centre and Elm creeks, and to the South fork of Watonwan river. 
This West chain comprises about 25 lakes, extending through a region of 
moderately undulating till, the direct deposit of the ice sheet, with no note- 
worthy areas nor unusually thick included layers of water-deposited gravel 
and sand, which, indeed, is true of all this county. 

The lakes of the south half of the Western series lie only 10-20 feet 
below the average level of the adjoining land, which rises in long, gentle 
slopes from their shores.… Northward, in Cedar, Odin, and Mountain Lake 
townships, the contour is nearly like that along the East and Central chains, 
the lakes being bordered by bluffs of till, of moderate or often steep ascent, 
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30 to 40 feet high, the crests of which are at the general level of the slightly 

undulating drift sheet. In Mountain lake an island, which has given this 

name, rises with steep shores and table-like top about 40 feet above the lake, 

and has similar outlines to those of the surrounding bluffs and upland. Much 

of this lake is now filled with grass and reeds. 

A series of four lukes, stretching west-northwest four miles in Lake 

Belt township, lies somewhat west of the direct course of this West chain, 

and may be regarded as a braneh of it; and two miles east of this lake belt, 

another series of seven lakes, very plainly a branch of the West chain, diverges 

from it, and reaches almost due north 12 miles from Tuttle's and Alton lakes. 

To these seven, as 4 continuation of the same branch, ought perhaps to be 

added four other lakes, which are situated four to nine miles farther north. 

It seems diffieult to explain the origin of these remarkable lake basins 

inthe drift. So far as they extend, they have the aspect: of eroded valleys 

such as have been commonly formed by the rivers of this region, but some of 

them are separated by divides of till as high as tle country around. Thus 

they no longer form continuous channels, which must have been their original 

condition if they are parts of ancient watercourses. Nowhere else in the 

glacial drift have I found chains of lakes, bordered and occasionally divided 

by areas of till, without notable deposits of modified drift, and not oceupying 

distinct valleys of former streams. Yet these series of lakes, plainly connect- 

ed, converging in their course toward the south, and one of them receiving 

tributary branches, are related to each other as are confluent rivers. Their 

origin cannot be referred to the ordinary causes and conditions which pro- 

duced the irregularly scattered lakes of drift-covered areas; but, excepting 

this arrangement of its ;, Martin county is not distinguishable from the 

surrounding region of drift. 

The explanation of these series of lakes which appears most probable is 

that they mark interglacial avenues of drainage and occupy portions of valleys 

that were excavated in the till after ice had long covered this region and had 

deposited most of the drift sheet, but before the last Glacial stage or epoch 

again enveloped this area beneath a lobe of the continental glacier, partially 

refilling these valleys and leaving along their courses the present chains of 

lakes. They prove that the long, severely cold period, during which icefields 

reached south to northeastern Kansas, St. Louis, and southern Illinois, was 

succeeded by a milder inter lacial climate, which melted the ice from southern 

Minnesota and again permitted plants and animals to oceupy the land. 

But the surface till of northeastern Iowa and southeastern Minnesota, 

bearing its many large boulders and bordered by loess, and the somewhat 

later terminal and recessional moraines which are traced across the northern 

parts of the United States and in southern Canada, show that another great 

epoch of cold once more buried this region under ice. This, however, did 

not extend so far south in the Mississippi river basin as before. This latest 

ice accumulation was divided at its border into vast lobes, one of which 

was about 300 miles long and 100 miles wide, as indicated by the space in- 

closed by its first moraine, and probably from a tenth to a half mile thick. 
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This lobe lay upon the area that stretches from the head of Minnesota river 
southward to central Iowa, including Watonwan and Martin counties. Its 
width at this latitude, at the time of formation of its outermost, Altamont 
moraine, was from Albert Lea on the east to Worthington on the west along 
the southern edge of Minnesota, 

In Martin county these three chains of lakes, and the principal branch 
of the West chain, appear to show that, between the time of greatest extent 
of the ice and the date of the last glaciation here, inter-Glacial rivers were 
carried southward in four confluent valleys to the East fork of Des Moines 
river. The present drainage is mostly transverse to this course and tributary 
to Blue Earth river; but the watershed and slope: ‘at now turn it away from 
the Des Moines are so slight that, if the existiss streams had channels from 
north to south, such as were probably eroded along the lines of these lake 
chains during the recession of the margin of the ice-sheet that reached to the 
farthest limit of the Glacial drift, they » old continue to flow southward 
to the Des Moines. Probably all of this ec. à, excepting perhaps its north- 
eastern township was, d..-ing a long inter- ‘i"cial epoch, included within the 
Des Moines basin, which still embraces a part of it at the southwest. The 
last glaciation doubtless added considerably to the drift, but did not entirely 
remold its topographie features; so that here even the inter-Glacial water- 
courses that were eut in the drift are little changed in some portions. They 
retain their steep bluffs and the present series of lakes. This interpretation 
is strongly confirmed by features of the valley of Minnesota river which scem 
to be explicable only by assuming similar causes. 

Other evidences of this Sangamon inter-Glacial stage in Minnesota may 
also be cited. Somewhat the same conclusion as we derive from Martin 
county seems to be enforced by the section of the drift just southwest of New 
Ulm, in Brown county, about 40 miles north of these chains of lakes. 

Again, Rushseba township in Chisago county, about 50 miles north of 
St. Paul and Minneapolis, contains a considerable tract, some five or six 
miles long and nearly as wide, which is underlain at some depth by reddish 
modified drift. This drift was spread by streams flowing down from the 
receding northeastern lobe of the ice-sheet, forming for a time a land surface 
which bore timber, and was subsequently overspread an ice lobe whose 
current was from the northwest to the southeast an st. The overlying 
vellowish gray till, which spread as a continuous nearly level and nearly uni- 
form bed only 10 to 20 feet thick over an area at least five miles in diameter, 
contains plentiful limestone fragments carried from the northwest. In this 
respect it is in remarkable contrast with the red till deposits beneath, which 
came fron., the northeast, contain no limestone and took their red tint from 
the shales and sandstones of Lake Superior. One well in this area encountered 
peat an@ decaying fragments of wood in a water-deposited clay beneath the 
gray till, and entered gravel and sand at the top of the older underlying 
modified drift, thus testifying that a land surface with peat and forest trees 
existed there previous to the very latest glaciation, which brought the vellow- 
ish gray till. 
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Yet farther north, at Barnesville, Clay county, on the southern part of 

te area occupied by glacial Lake Agassiz, about 190 miles northwest of St. 

Paul and Minneapolis, a well penetrates through 12 feet of till into quick- 

sand, ‘containing several branches and trunks of trees, thought to be tama- 

rack, ap to eight inches in diameter, which lie across the well and which, 

together with the inflow of water, prevented further digging”” This well is 

in the till area of the village of Barnesville and 
about 80 feet below the highest 

beach of Lake Agassiz, which passes from south to north about three miles 

east of this village. 

At the time of my survey of that region, in 1888, I considered the oceur- 

rence of this interglacial bed wi
thin the area of the glacial lake as good

 evidence 

that the ice-sheet in that inter-Glacial stage Was melted back at least far 

enough to give outflow into Hudson bay from Red River valley, thus draining 

off the inter-(Gilacial forerunner of Lake Agassiz. Subsequent studies and 

general reasoning, however, lead me to hold now the different view that 

probably the earlier inter-Glacial lake in this valley may have eut its southern 

outlet, at the site of Brown's valley, to a lower level than the well in Barnes- 

ville: or that the attitude of the land was then unlike what it is noW, having 

ther ich an ascent from south to north that the Barnesville locality in that 

inter-Glacial time was above the general surface of the region at Brown's 

valley, into which the Warren river, outflowing from Lake Aga: , eut its 

deep continuous valley. So Enow think that we have, in the section of this 

well, only evidence of an ice retreat (that is, a departure of the outer part of 

the ice-sheet) nc rthward to halfway between the south and north boundaries 

of Minnesota. 

The duration of the Sangamon inter- ilacial stage in southern Minnesota 

in thousands of years has ben estimated by Prof. N. H. WincneLL! from his 

explorations and studies of the pre-Glacial, inter-Glacial, and post-Glacial 

valleys eroded by the Mississippi river in and near Minneapolis and St. Paul. 

He estimates this time at about 15,000 years. He thus regards the latest 

prolonged inter-Glacial stage here to have been nearly twice as long as the 

post-Glacial period, which he estimates at only about 8,000 years, from 

observations of the rate of recession of St. Anthony falls between Fort 

Snelling and Minneapolis. Confirmation of this estimate of post-Glacial 

time is supplied from Similar measurements and studies of Niagara falls and 

gorge by GILBERT, Weéur, and the present writer. Through these and 

other computations We obtain also approximate measurements of the dura- 

tion of the entire Ice Age, a theme to which we shall return near the end of 

this paper. 

From the admirable studies of GILBERT and Russezr on Lakes Boi 

ville and Lahontan, in Utah and Nevada, and from the Quaternary history 

of Lake Mono, in California, it is ascertained that the somewhat moister 

climatie conditions that produced the remarkable enlargement of the lakes 

1 An Approrimate Enterglacial Chronomeler, Am. Geologist, Vol. X, Aug. and Nov, 

1892, pp. 69-80 and 302. 
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in the Great Basin were attended with increased snowfall and glaciation 
upon the contiguous mountain ranges. The two stages of great rise of these 
Pleistocene lakes, separated by the intervening stage of their desiccation, 
when they were nearly or wholly evaporated away, are doubtless correlative 
on more northern and eastern parts of our continent with two divisions of 
the Ice Age that were marked by abundant snowfall and ice accumulation, 
while the interval of desiccation has its analogue eastward in an inter-Glacial 
stage of fluctuating retreat and readvance of the ice boundary. GILBERT 
writes of Lake Bonneville, as foliuws 2? 

“The Bonneville basin originated by distortion of the earth's crust, 
and came into existence long before the Bonneville epoch.  Lattle is known 
of its earliest climatie and ph; 1 conditions, but it was comparatively 
dry for à long period immediately preceding the formation of the great lake. 
During this period, alluvial cones were formed about the bases of all its 
greater mountain ranges, and the smaller ranges were wholly or partly buried 
by valley deposits. The valley deposits may have been entirely alluvial, 
but wer: probably also partly lacustral, the lakes being of small extent. 

“Pure followed two epochs of high water, with an interval during which 
the basin was nearly or quite empty. The first of these epochs was at least 
five times as long as the second. The second scored its water mark 90 feet 
higher than the first, and would have encroached still farther on the basin 
sides had it not been checked by outflow. During the epoch of outflow, the 
discharging current eroded the rim, and thus lowered the lake 375 feet: 
and after the outflow had ceased, the water fell by desiccation, with one 
notable interruption, to its present level in Great Salt lake. The inter- 
Bonneville epoch of low water was of greater duration than the time that has 
elapsed since the final dos°, cation. 

“The history of the Bonneville oscillations is, moreover, closely 
paralleled by that of the Lahontan oscillations, and it is believed that they 
belong to a series of climatic changes affecting not only these two basins but 
the adjacent subdivisions of the Great Basin. . .. 

“The moraines of three Pleistocene glaciers descend from the Wasatch 
mountains to the level of the Bonneville shore-line; the moraines of four 
glaciers descend from the Sierra Nevada to the level of the old shore-line 
of Mono lake; and the relations of these moraines to the shoies of the lakes 
and the associated deposits indicate that the maximum stage of the lakes 
coinecided elosely with the epoch of maximum glaciation. 

“The phenomena sustain the theory that the Pleistocene lakes of the 
western United States were coincident with the Pleistocene glaciers of the 
same district, and were produced by the same climatie changes. It follows 
as à corollary that the glacial history of this region was bipartite, two maxima 
of glaciation being separated, not by a mere variation in intensity, but by 
à cessation of glaciation.” 

When we compare the time ratios noted by GILBERT for the stages of 

2US.GS., Mon. I, 1500, pp. 316-318. 
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these ancient lakes with the estimates of CHAMBERLIN and others for the 

stages of the Glacial period, it is evident that the very long time of the first 

rise and high water of the lakes is to be correlated with the Nebraskan, 

Kansan, and Illinoian stages of glaciation, taken together, while the separat- 

ing inter-Glacial stages preceding the Sangamon stage have no recognized 

representation in the lacustrine records. The ensuing long stage of a warmer 

and dry climate, during which these Quaternaryÿ lakes may have entirely 

disappeared, coincided with the Sangamon inter-Glacial stage, and both the 

Quaternary history of the Great Basin and that of the Mississippi river in 

the vicinity of the Twin cities (Minneapolis and St. Paul), studied by 

WixcnELL, give evidence that this stage was longer than the Postglacial 

period from the final melting of the continental ice-sheet to the present day. 

In the second and higher, but relatively brief rise of the Quaternary lakes, 

estimated by GILBERT to have lasted no longer than a fifth part of the <lura- 

tion of the earlier rise, we have the western recurd corresponding to the 

Jowan and Wisconsin stages of renewed growth of the continental ice-sheet. 

In 1895! I referred this principal late inter-Glacial stage in Minnesota 

to the time immediately preceding the Jowan stage of advaneing glaciation. 

One year before, Mr. Frank LevererT had first recognized the Ilinoian 

drift sheet as newer than the Kansan drift, being divided from it by an interval 

which, three years afterward, he named the Yarmouth inter-Glacial stage. 

In the same paper, pres ed before the Iowa Academy of Sciences in Decem- 

ber, 1897, he also proposed the name Sangamon inter-Glacial stage, from 

Sangamon county and river in Illinois, for the interval dividing the Hlinoian 

till from the Lowan till und loess. The discrimination of these several drift 

sheets and divisions of the Ice Age, and the detailed description of the Hli- 

noian drift sheet, are published by Leverett in Monograph XXXVIH, 

United States Geological Survey, 1899, entitled The Illinois Glacial Lobe. 

Coming next to the great quest ion whether the Pleistocene ice-sheets of 

North America and Europe were wholly melted away and later renewed, as 

is argued by Professor JAMES Grue and less decidedly by CHAMBERLIN, 

we cannot adduce sure proofs for such conclusions from the central areas of 

these great ice-sheets on either side of the Atlantic ocean. The interior of 

New England and of Bntish America, like the central parts of Sweden and 

Norway, have not :'et revealed a sequence of glacial deposits and intervening 

fossiliferous beds of somewhat temperate faunas and floras such as to give 

any conclusive evidences of complete departure of the ice-sheets and their 

subsequent renewal over neariy all of their former areas. Broadly speaking 

only the peripheral parts of these two immense ice fields yield proofs of 

successive stages of glaciation that are separated by old land surfaces and 

fossil-bearing stratified beds, either of modified drift or of alluvial, lacustrint 

or marine sedimentation. 

Minnesota, which lies somewhat far back from our southern limits ci 

—_—————— 

1 Climatic Conditions shown by North American Interglacial Deposists, Am. Geol: 

gist, Vol. XV, pp. 273-295; with a map. 
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maximum glaciation, has well ascertained proofs of a recession of the borders of the North American ice-sheet that Wasgreatenoughtouncoverthesouthern half of this state, and of renewed_ snowfall and ice accumulation until the borders of our continental ice sheet again reached southward as far as the lowan and the Wisconsin drift, The earlier glaciation appears surely to have lasted much longer than the later lowan and Wisconsin stages, Thus our Pleistocene ice age was much diversified and even Very complex, Yet I would now more confidently ascribe all our North American drift formations to one prolonged and continuous Glacial period, with great fluctuations of the ice border, especially in the interior of the continent, than to regard our Ice Age as two-fold or three-fold, in the sense Of having had its vast ice sheet wholly melted aWay, or even nearly so, with ensuing renewal of snow and icefields, 
Geologically very rare, an ice age would scarcely be duplicated with so nearly the same limits of ice extension upon half of our continent. The same general conelusion is also, as Ethink, applicable to the European glaciation. Almost inconceivable geologic duration divided the Permian and Pleistocene ice ages. In this most recent and geologically short ice age, which has ended, as L believe, within the last 10,000 to 5,000 years, and at the threshold of the historic period, L cannot think that the Stupendous climatie changes implied in the glaciation could permit complete repetition of these continental ice sheets in America and Europe, and extend in each case to so nearly the same raximum in the earlier and later parts of the Glacial period. It is better, until proofs are obtained in the central regions of the drift areas on each continent, to regard their time of glaciation as one and continuous with much areal oscillation, such as is proverbial of weather, during both the general stages of growth and departure. 

While greau uplifts of the continental areas which became enveloped by snow and ice were apparently the chief cause of the Glacial period, the astre- nomic cycles of the precession of the equinoxes, and the accompanying nutation, especially during a period of much increased eccentricity of the earth's orbit, may have produced alternating stages of growth and temporary decrease of the ice sheets._ Thus the views of DAx4a and of CROLL may jointly supply the true theory of causation of this exceedingly complex Ice Age. 

Among the last Papers written by the late Prof. SAMUEL CALVIN geologist of Iowa, are two! treating of the glacial and interglacial ser lowa, and most fully of the mammalian fauna of the Aftonian inter-Glacial Stage. His estimates of the comparative ages of the older and newer drift Sheets impress me strongly with a belief that the whole Glacial period was Very long, as measured by thousands of years. Even after greatly discount- ing his conclusions, we May reasonably attribute to the Nebraskan, Aftonian, Kansan, Yarmouth, and Illinoian stages a com àed duration of probably 200,000 years. This was represented in the Great Basin by the first period 

1 Bull. Geol. Soc. of America, Vol, XX (910) 
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of Lakes Bonneville and Lahontan, and comprised all of the last astronomie 

period of except jonal ecc
entricity of the path of the eartli in its annual course 

around the sun, from about 240,000 to 80,000 years ago, besides continuing 

perhaps through half of the ensuing time. 

The Sangamon stage We may provisionally estimate to have extended 

from about 40,000 to 25,000 years ago, if we accept the computation of 

Wiscnezz for its duration in southern Minnesota from his study of the 

changed Pleistocene and present courses of the Mississippi river in and near 

Minneapolis and St. Paul. This was the time of inter-Gilacial desiceation of 

the Pleistocene lakes in Utah and Nevada. 

Later advances of the ice border, up to the culmination of the lowan 

stage, probably oceupied about 10,000 years. Next came a depression of the 

continent, bringing the chief stage of loess deposition in the Missouri, Mis- 

sissippi, and Ohio valleys, with wind transportation of loess to the uplands. 

This stage was closely followed by a slight uplifting of the land, and by the 

geologieally rapid wane of the ice-sheet, this wane being attended with the 

formation of marginal moraines whenever climatie fluctuations covering à few 

years or a few decades caused the ice boundary to halt in its general recession, 

or for some time to readvance. The loess-deposition stage, the ensuing 

moderate uplift of this region, and the Wisconsin stages of waning glaciation 

and morainie accumulations, up to the complete disappearanee of the last 

remnants of the ice sheet on its central and northern areas in Canada, may 

also have together occupied about 10,000 years, from about 15,000 to 5,000 

years 440. 

Within these stages of lowan advance and Wisconsin recession and 

departure of the ice fields, together estimated at about 20,000 years, was the 

last and larger rise of the lakes in the Great Basin. During a geologically 

very short and late part of the glacial recession, glacial Lake Agassiz and 

the contemporary and later glacial lakes in the St. Lawrence basin hau à 

duration probably no longer than 1,000 to 2,000 years, 07 perhaps even 

5.000 years for the very complex history of the St. Lawrence glacial lakes 

Whether the very remarkable Don and Scarboro interglacial formations 

near Toronto, Canada, described by HINDE, COLEMAN; and others, are efer- 

able to the Sangamon stage, or, as Ï have argued! to glacial fluctuations in 

the Wisconsin stages, remains to be determined by further observations ant 

studies. What is known of the extent of glacial retreat in the Sangamon 

stage and of ensuing Jowan readvance in the upper Missi ippi basin--most 

fully ascertained in southern Minnesota] tifies a belief that this inter- 

Glacial stage had some expression farther east toward the Atlantic coast 

Evidence of it should be sought around all the boundaries of our continental 

glaciation. 

In several former papers treating of the causes of the Ice Age. Lhave 

attributed the snow and ice accumulation to great uplifts of the land arei- 

giving to them a cool and SnoWy climate throughout the year. From the 

depths to which pre-( jlacial land valleys are n0W submerged beneath the sea 

1 Am, Geologist. Vols. XV ani XXVE, May. 1995 and Nov., 1901. 
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level on the consts of North America and Europe, it is known that the eleva- tion of the glaciated portions of these continents wus 3,000 to 5,000 feet higher than now, 

The depression from the high altitude, gs Was remarked by I iNA, would transfer the southern Part of the ice-sheet from a climate resembling that of Greenland to the temperate climate of southern Canada and the northern United States, Marginal melting then would push back the bound- ary Of the ice and thus give to its front an increased Stcepness of slope, whereby any slight halt or readvance due to a series of Years of unusual cold and snowfall would become recorded in 4 marginal moraine, The predominantiy wasting ice border rose probably to an altitude of 5,000 fect within 100 miles from its edge as it was being melted by the warm Wisconsin and Champlain climate, the altitude of the land being somewhat lower than now. If the retreat of the ice shect from the northern nited States and Canada vceupied, as D think, about 5,000 Years, disappearing carliest from the upper Missouri and Mississippi basins, and latest from New England, the province of Quebec, and Labrador, then the extension of a warm temperate flora and fauna could well keep pace with the glacial recession, so that, as on the waning Malaspina ice-sheet of Alaska, a flora like that of the same latitude today, and concomitant temperate Matnmalian, avian, mollusean, and insect life, may well have thrived up to the very boundary of the ice, or perhaps, in the case of the plants, mammals, birds, and insects, even extending, as in Alaska, upon the drift-covered ice border, In the Alps the glaciers end only a few hundred feet from productive fields and gardens of flowers. Still more like the conditions of North America and Europe during the recession of their Pleistocene ic -sheets is the vast fertile plain of India, which enjoys 4 tropical climate, while within a short distance along its northern side, and farther west and east for an extent of 1,500 miles, runs the almost impassable Himalayan range with valleys bearing glaciers and summits crowned by perpetual snow. The proximity of the very cold Himalayas does not brin,, frosts to the neighbouring tropical plain. In like manner, the ice sheet in the Sangamon stage, or in a late part of the Wisconsin Stages, still lingering on the northern half of the Red River valley, northern Ontario, New York, and New England, probably did not cause a very frigid limate to prevail in the winters, nor nights of frost in the summers, on the windward low region of southern Min- nesota and parts of the basin of the Laurentian lakes, whence the ice had recently retreated, 



WARREN UPHAM. 

DISCUSSION. 

J. H. LEES (Des Moines, US.A ): The period of 25,000 years, estimated by Mr. 

Uruan for the interval between the close of the Sangamon inter-Glacial stage and the 

present is too short to include the lowan and Wisconsin Glacial stages, the Peorian inter- 

Glacial stage and the present post-Glncial stage. With regard to the proximity of vege- 

tation to modern ice- and anow-fields, this is governed at the present time by differences 

of altitude while the areas covered by and adjacent to the continental ice-fields were all 

evidently low-lying 

The period covered by the erosion of the valleys now oceupied by the chain lakes of 

southern Minnesota embraces the Iowan and the Peorian as well as the Sangamon stage, 

hence it cannot be taken as an index of the duration of the Sangamon stage. 



UBER GLAZIAL UND INTEKGLAZIAL IN NORDDEUTSCHLAND,. 
von 

W. WOLFF, 

Kgl. Landsgeolog, Frobnau b. Berlin, Deutschland. 

Die Eiszeit fand in Norddeutsehland ein leicht hügeliges Bodenrelief mit teilveise ziemlich tief eingeschnittenen Stromtälern vor. Wir kennez, mit Ausnshme eines kleinen Gebietes an der rheinisch-nicderlindischen Grenze, kein+ pliozünen Mecresablagerunger, auf deutschem Boden. Die letste grosse Meeresinvasion hat sich im Miocän von der Nordsee aus voll. zogen und das Niederrheingebiet (bis gegen Wesel), den nordwestlichen Saum von Westfalen, dus Gebirgsvorland bei Ibbenbüren und Osnabrück, das nordwestliche Hannover bis Nienburg a, d. Weser, Walsrode und Lüne- burg, dus Elbtal bis nahe an Wittenberge, den westlichen Teil von Mecklen- burg bis gegen Rostock und das ganze Land Schleswig-Holstein, sowie das südwestliche Jütland bedeckt. Zu gleicher Zeit existierte eine mediterrane Bucht in Oberschlesien. Das jetzige Ostseegebiet war ein flaches, Skandi- navien mit dem Süden verbindendes Festland, und die schwedischen Flüsse erreichten Westpreussen, Pommern und das nürdliche Brandenburg, Die Entwässerung erfolgte damals Wahrscheinlich südlich der Ostsee in einem nach Westen gerichteten Stromsystem, dessen Ursprünge in Schweden und Nordrussland lagen.  Während des älteren Pliozäns bestand in Nieder- schlesien, Posen und dem südlichen Westpreussen ein grosser Binnensee, desser rüumliche Beziehungen zu den pontischen und levantinischen Schichten des europäischen Südostens noch nicht näher untersucht sind. Am Ende des Miozüns war das Meer weit ins Nordseegebiet zurückge- wichen und das Land hatte sich erhoben. Von den Rheinmündungen bis zur russischen Grenze finden wir zahlreiche Stellen, an denen das Quartär tief unter dem Meeresspiegel in Hohlformen der tertiären Landfläche hinab- greift. Obwohl nun in den grüseren Stüdten die geologisch wertvollen tiefen Brunnenbohrungen ziemlich dicht stehen, genügt ihre Zahl doch noch nichtzurgenauen Abgrenzungdieser Hohlformen nach allen Richtungen, sodass man nicht sicher entscheiden kann, ob es sich um Erosionsformen oder tek- tonische Einsenkungen handelt, 1. richt aber in vielen Füällen eine grüssere Wahrscheinlichkeit für Erosionsformen, so namentlich in dem sehr genau bekannten Untergrunde von Hamburg. Man darf also vermuten, dass in das emporgestiegene Tertiärland die Flüsse sich entsprechend tie! nitten hatten.  jiese Hebiig und Erasion dürfte Maximum erreicht haben, denn wir :nde 
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Posener Binnensee trocken und die zentrale Depression dieser Ciegend 

nordwärts ins Baltikum verlegt. Zum ersten Mal bemerken wir so in der 

Prügluzialseit eine Andeutung der Ostseemulde, und es ist deshalb kein 

Wunder, wenn die älteste Vergletscherung, die dieser Periode unmittelbar 

gelolgt ist, sich als ein baltischer Eisstrom erwelst. 

Die Punkte, an denen die Basix dex Quartärx unter den Mecrexpiegel 

hinabreicht, verteilensieh übersümtliehe Küstenprovinzen Preussens, Mecklen- 

burg, die Hansestädte und Oldenburg; sie setzen sich einerseits nach Nieder- 

land, andererseits nach Dünemark fort. In Ostpreussen kommen sie noch 

in der Nähe der éstlichen Grenze vor: in West preussen erstrecken sie sich bis 

an dus Thorn-Küstriner Urstromtal, in Brandenburg bis fast an die sehlesisehie 

Grenze, in Hannover bis über das Allertal, im Emsgebiete bis an dus ältere 

Gebirge. Denkt man sich dus Quartir abgedeekt, so würde das Mer in 

der Umgebung von Nord- und Ostsee weite Flichen einnehmen, aus denen 

landeinwärts immer dichter gescharte Inseln herausragen würden. Die 

innersten Mecresbuchten würden bis nahe an dus mesozoische Gebirge 

Mitteldeutschlands vordringen. Ihre tiefste Lage scheint die Diluvialbusis 

in cinigen Teilen von Schleswig-Holstein und in unteren Elb- und Wesergebiet 

au besitzen, so 2. B. bei Hamburg etwa 250 m und bei Bremen mindestens 

200 m unter dem Meeresspiegel. Im baltischen Küstengebiet hebt sie sich 

im ganzen gegen Osten, doch kommen noch in Kônigsberg Tiefen bis zu 129 m 

unter Meeresspiegel vor. 

Um nun zu einer Gliederung der über diesem Grunde ausgedehnten mäch- 

tigen Diluvialbildungen Norddeutschlands zu gelangen und die Frage zu 

lôsen, wieviel Eis- und Zwischenciszeiten an der Ablagerung derselben 

mitgewirkt haben, kann man zwei Wege einschlagen.  Entweder geht man 

vom Ursprungsgebiet der Vereisungen zur Peripherie vor und sucht an der 

Oberfläche die Grenzen der einzelnen V'orstüsse, oder man prüft eine môgliehst 

grosse Anzahl von Querschnitten dureh dus gesamte Quartär und sueht in 

ihnen nach marinen, lukustren, Huviatilen oder kontinentalen Schichten und 

Verwitterungszonen interglazialer Herkunft, die eine Trennung der einzelnen 

Moränendecken ermôüglichen. 

Die erste Methode hat zur Voraussetzung, dass die verschiedenen Verg 

letscherungen, die etwa existiert haben, nicht vollkommen kongruent gewesen 

sind und mit dem Alter an Intensität abgenommen haben. Die Erscheinun- 

gen rechtfertigen diese Voraussetzung in einem gewissen Masse, Es bestelit 

kein Zweifel darüber, dass sämtliche Ausbreitungen des Inlandeises von den 

alten fennoskandischen Formationsschild ausgegangen sind und weit über 

die deutsche Ostseeküste nach Süden und Westen übergegriffen haben 

Man bemerkt zunächst, dass die jüngste Eisinvasion im inneren Kreise 

hüchstem Masse vom Ostseebecken abhängig war. Die Küstenlünder sin: 

erfüllt von frischen, wenig verwitterten Moränenhügeln, die in breiter Zoi 

das Baltikum umkränzen.  Nur in diesen Ländern findet man jene überur- 

unruhigen, seenreichen Lehmhügelgebiete, die lokal als .bucklige Welt 

bezeichnet werden, und nur in ihnen auch die geschiebe- und kiesreiehe 

End ni geren Ninne, an welche sich grosse Vorsandebenen a: - 



CHER GLAZIAL, END INTERGLAZIAL 1N NORDDEU 1 SCNLAND, 409 schliessen., Sie zeugen Von einem besonders lebhaften Kampf 2Wischen Es 
und Klima, einem Kampfe der Wiederum nur denkbur ist, Vent das Kilima 
keineswogs sebr kalt und trocken, dus Eis aber in lebhafter Bow ung von 
einem hohen und unerschôptlichen Nübrgebicte war, Hierbei «ei eimerkt, 
dass die norddeutsehen CGluzialisten den Begritt “Endmorine: 
nicht mehr so eng faxsen wie im Beginn der Spe rechnet ausser den Steinwällen ur Grundmorinentandehaft "d die Verhältnisse vx CFWelsen. Neben den | Eisrandes, die sich durch eine &anze Provins erstrecken kônnen 
‘ne grosse Zahl lokaler Rückzugemorinen Ablagerungen in der 
der Endmor 
Es is 

è Kegenwirtig 
#ialuntersuchungen. Man dl Kieshügeln auch grosse * leile_ der sog, h. hügeligen Lehml andsehaft duzu, Wen agen Stirnwällen des station ren 

gibt ex aber 
und Unrégelmissig orientiorte r Stromausbrüche, 

die dus Hild 
HnensYsteme auf den Karten ausserordentlie} 

komplisioren. Un manchen Gegenden fast unmôglich, aus diese Gewirr von End- 
Morinen die kontemporanen nt einiger Sicherhoit heraus zu finden. So 
sind es denn mehr die Krossen fundtäler, 08. Urstromtäler,” 

Wie 
neuerer Zeit besonders von KEtcnack und Waux die eine feste ( rdnung in die Rekonstruktion 

der E Phasen hineinbringen, obwohl auch sie vielfach Se mit Bezichung auf Léventrrs Ausführungen in seer Vergloichenden 
Studie über dus Curopäische und nordamerikanische Glazialgebiet bemerkt, 
dass auch in den cireumbaltisehen Gebieten Deutsehls ns Grundmoränen- 
ebenen cinen bedeutenden Raum cinnehinen, Em Hint Endmoränen ausgebreitet, bezeugen Sleee Auflésung der Jüngsten Eisdecke 
In tote Felder, welche die Ausbildung cines stetigen SsYstems 
teils in langen Talgräben, teils in Tunnels mit Osfüllungen ermôglichten, 

Die blockreichen, steile 
ù then sind ein beson- 

deres Charakteristikum der weiteren Umgebung der Okstsce, Sie reichen in 
Ostpreussen } 

irenze und noch etwas über dieselbe hinaus, des Thorn-Küstriner Tales, in Brandenburg 3erlin, und hôren im Westen schon vor der Nirgends sind sie éinheitlicher und klarer ausgeprägt, als im 
der cimbrischen Halbinsel, wo sie dus holsteinische Seengebiet 

und die schleswigsche und jütische Fôrd nlandsehaft umkrünzen. 
Finzen westlichen Teil der cimbrischen Halbinsel, in H Westfalen und Niederland, in der Provinz Sachsen, Posen gibt es keine Blockmoränen, die sich mit den grossartigen circumbal- 
Uschen vergleichen lassen : vielmehr bestehen die Endmoränen dieses ticferen 
Binnenlandes vorwiegend aus Sand- und Kiesanhäüufungen mit zcrstreuten 
Geschieben oder aus Aufpressungen älterer diluvialer und tertiärer Sedimente, 
die mehr oder weniger Stark mit Geschiebesand überschütte Diese aufrällige Erscheinung darin, d 

Nühe der alten Schmelz 

Ustomosieren, Forner 

in Westpreussen bis in die Nähe bis in die Gegend nôrdlich von E Niederelbe auf, 
éstlichen Teil 

Im 
annover, Oldenburg, 
Südbrandenburg 

und 

t sind, 
findet zum grossen Teil ibre Erkl Hochgefilden auf der Nordse jenseits des Mecres 

deutschem Ge 
egsehritt, Je 

ärung 
ite der Ostsee 

keine Geschiehe mehr biet nur über f toni Weiter es nach Süden kam, 

ass das von den steinigen herabfiiessende Inlandeis 
tinahm, sondern auf 
Bôden hir * und sundige 

umsomehr verarmte 
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seine Grundmoräne an groben Bestandteilen._ Die skandinavischen Fels- 

stücke wurden auf dem langen Wege grüsstenteil rmalmt, und man findet 

sie deshalb landeinwärts in immer geringerer Durchsehnittsgrüsse und Zahl. 

Erst auf dem Felsgrund der mitteldeutsehen Gebirgsränder fand das Eis 

frische Fracht, aber hier hatte e an Müchtigkeit und Erosionskraft stark 

eingebüsst. Dennoch trifft man hier, besonders in der Nähe von festhankigen 

Pässen, wieder Blockmoränen in denen nun dus deutsche Material vorwiegt. 

So beschreibt z. B. BARTLING eine Endmoräne aus Blôeken von Karbonsand- 

stein bei Hôrde in Westfalen, unfern der äussersten Eisgrenze. 

Die zweite Ursache des Blockreichtums vieler cireun 

moränen ist aber offenbar die rasche Bewegung und energische Schme 

des Ostscegletschers. Indem grosse Eismassen in verhältnismässig kurzer 

Zeit zur Einschmelzung gelangten und namentlieh ihre Innenmoränen von 

den entstehenden Wassermengen kräftig aufbereitet wurden, konnten sich 

stellenweise Nester und Hügel aus Blockpackung bis zu 20 m Dieke und 

30-40 Grossgeschiebeinhalt bilden. 

Diese Endmoränen und die mit ihnen in genetischer Einheit verbundenen 

.Grundmoränenlandsch: ften”’ sind durch kurze, steile Buckel ausgezeichnet, 

denen nicht minder k ftig modellierte Hoblformen, Kessel, Trüge und 

Rinnen entsprechen. Diese Hohlformen beherbergen zahllose offene Was- 

sertümpel, kleine Seen, Sümpfe und Moore, und das Entwiässerungssystem 

ist noch wenig durehgebildet. Je weiter man sich aber von ihnen in der 

Richtung zur Peripherie des norddeutsehen Glazialgebietes entfernt, um so 

einfacher und ruhiger werden die Formen der Hühenzüge und der Gelinde- 

mulden. Die Moränenhügel, die ausserhalb der grossen Vorsandebenen im 

westlichen Jütland, Schleswig und Holstein, in Nordhannover jenseits der 

Elbe und in der südlichen Mar auftauchen, haben ein ganz anderes Aussehen 

als die eben beschriebenen. Sie sind breiter und mächtiger gewôlbt, im all- 

gemeinen weniger steil, und sind von einem vollendet organisierten Ent- 

wässerungsnetz durchzogen. Die ursprünglichen Täler und Gründe 

verflacht, ihr Gefälle ist ausgeglichen; oft aber sind die erhabensten Mi 

durch ein sekundäres Sehluelitentensvstem ticf zersehlitzt, das in der strengen 

Gesetzmässigkeit seiner Erosionsformen zu den regellosen primären Hohl- 

formen in schärfstem Gegensatz steht.  Zwischen der Weser und dem Rhein. 

im mittleren Hannover, in Sachsen, der südlichen Mark und in Sehlesien 

dehnen sich weite und sehr flache Glazialgebiete aus: grossere Moränen- 

massive sind hier nicht häufig, Seen und steilwandige Glazialtäler fehlen fast 

vüllig. Das Land ist gunächst sandig und beherbergt ausgedehnte Inlands- 

dünen, und dann stellt sich über den ausgebreiteten Moränenbüden ein neue* 

Element ein, der Lüss. Wir finden ihn vor den Weserbergen von Osnabrück 

ostwärts, bei Hannover und Braunschweig, südlieh der Elbe von Magdebuï« 

an, im Süden des Glogau-Baruther Lrstromtales und von der Oder bis zur 

Weichsel unterhalb Warschau. Vom Léssbeginn bis zu den äussersten Gren- 

gen der nordischen Diluviums «ind die Oberflächenformen, soweit nieht der 

wachsende Einfluss des älteren Untergrundes ihnen kräftigeren Ausdruck 

gibt, in besonders hokhem Masse geglättet. Schliesslieh keïlt sich die Morün- 
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man fast nur dort, wo das Eis mit de. im ent &enverfenden Flüssen 
kämpfte, Mit dem nordischen Schutt sisson à in diesen Gegenden 
grosse und ausgede + Massen_einhei äiseher Elussseiimente, 2. B. am 
Niederrhein, an der Wes und Saale. Die Wanderung von der Ostsee zur äussersten Glazialgrenze führt den 
Forscher über die bereits erwWähnten grossen Randtäler hinweg, die den Som- 
merwässern des Eises und den von Süden kommenden Flüssen als Ausweg 
zur See dienten. Da das natürliche Gefälle nach Norden den Gewässern 
verbaut war und nur éisfreie Zonen von ungefähr gleichbleibender Hôühenlage 
zur Verfügung Standen, bildeten sich vornehmlich Randseen (Stauseen) 
aus, die durch Überläufe Miteinander in Verbindung traten.  Erst allmählieh 
konnte durch Erosion der Wasserpässe ein leidliches und vielfach recht 
unvollkommencs Längsgefälle hergestellt werden, und gewôhnlieh liefen 
die Längstäler trocken, sobald das sich in eine nôrdlichere Zone zurück- 
kezogen und tiefere Landschaften freigegeben haste, Ein normal durchge- 
bildetes_ Flusstal nimmt von der Quelle bis zur Mündung Proportional der 
Wasserführung an Broite zu. Die gl en Randtäüler aber zeigen, wie ein 
Bliek auf WAHNSCHAFFES Karte lebrt, diese Proportion keineswogs : ihre 
Unteren Abselinitte sind nicht bedeutender al die mittleren und oberen. Im 
mittleren und ôstlichen Norddeutsehland ist die Zahl der Randtiler rüsser 
als im Westen, wo sich der Raum zWischen Gebirge und Küste ein wenig 
verengt. Das grüsste von ihnen, das sich aufwärts reich verästelt, indem es 
der Mehrzahl der übrigen als Endlauf dient, ist das Elbtal: ausser ibm hat 
im Nordwesten nur noch das Allertal eine geschlossene Prügung. Soweit 
die grossen Randtäler ihre Bogen nach Süden ziehen, gibt es keinen Lüss: 
dieser hält sich vielmehr ausserhalb des Breslau-Magdeburg-Bremer Talzuges, 
Dagegen beschränken sich die cireumbaltischen Blockmoränen auf die Re- 
gionen nürdlich des Thor-Eberswalde-Hamburger Urstromtales, Wenn nun die Frage gestellt wird, ob und an weleher Stelle des Ridius 
von der Ostsee bis zum Rande des Gl ialphänomens der Roisende eine 
Vergletscherungsgre n2e kreuzt, so wird man an diese zwei auffälligen Zonen 
denken: die Aussenscite der Jungendmoränen oder die Anfan linie der 
Lüsslandschaft. Dennoch messen die norddeutschen Quartärgeologen 
keiner von beiden genau diese Bedeutung bei, Was nämlich Zunächst das Kriterium der Oberflächenformen und ïhres 
Ve rwitterungszustandes anbetrifft, so ist der Übergang Von einem Landschafts- 
tYpus zum anderen nicht überall und nicht in jeder Hinsicht scharf. Die 
Gireumbaltischen Endmoränen ichnen sich allerdings dureh besondere 
Frische der Erhaltung aus. Aber schon KErLHaCR hat (in Hinterpommern) 
grosse Unterschiede des Verwitterungsgrades in einer und derselben Glazial= 
lindschaft nachgewiesen. Die Geschiebesande der jüngsten Moränenland- 
schaft sind, je nach Kombination der Faktoren (Klima, Hühenlage, Grund- 
Wasser, Vegetation) nicht selten ziemlich tief und intensiy verwittert, derart, 
duss alle Kalkgeschiehe fehlen und feldspathaltige Gesteine, z, B, Granit, zu 
Gris zerfallen sind. Beispiele dafür habe ich Sowohl in der Nähe der 



472 
W. WOLFF. 

schleswigschen wie der west preussischen Ostseeküste  beobi . Die 

Geschiebemergel-Grundmo
ränen sind nicht selten ausserhalb der baltischen 

Moränen ebenso Î sch, ja noch frischer erhalten wie innerhalb derselben, 

Levererr und vor ihm bereits v. Lisrow und andere Autoren haben auf 

diese Erscheinung an einigen mitteldeutschen Ortlichkeiten hingewiesen. 

Auf der cimbrischen Halbinsel findet man bei Schulau und Wedel unterhalb 

Hamburg sowie bei Bredstedt und Tondern Geschicbemergel mit äusserst 

geringer Entkalkungstiefe, die sich nur wenig von denjenigen Osthol- 

steins oder Alsens unterscheiden, obwohl sie um ein langes Stadium, wenn 

nicht um eine ganze Eiszeit älter sind. Selbstverständlieh kann diese E 

scheinung nicht die Regel sein, aber der Verwitterungszustand allein lässt 

sich keineswegs als sicheres Kennzeichen inkongruenter Moränendecken 

verwenden. Auch die Lagerung von frischem Geschiebemergel auf entkalk- 

tem Sand beweist nicht immer ein wesentlich hôheres Alter des letzteren, 

Ich habe im westlichen Schleswig-Holstein ôfters beobachtet, dass in solehen 

Füllen der Sand erst nach Ablagerung der Geschichemergeldecke 
infolge 

der Grundwasser- und Grundlufthewegungen 
entkalkt ist, und dass diese 

Entkalkung sowie eine gewWisse Ferrettisierung auch die Basis des Geschiebe- 

mergels bis etwa 05 m Hühe ergriffen hat, Häufig haben innerhalb des 

Sandes_feinkürnige und feinporige Schichten ihren Kalkgehalt bewahrt, 

während die grüberen ausgelaugt sind. Dies ist un oberen Glazialdiluvium 

von Hamburg durch zahlreiche Bohrungen konstatiert. Wenn man annehm- 

en wollte, dass das gesamte Glazialdiluvium von einer einzigen Verglet- 

scherung herrührte, die stufenweise von den Aussengrenzen gegell ibr 

Ursprungsgebiet zurückgewichen würe, so würden sowobl die Verwitterungs- 

erscheinungen des Ober- und flacheren Untergrundes wie der mebr oder 

minder frische Zustand der Obe chenformen damit in Einklang befunden 

werden künnen. Auf grosse Entfernung sind die Unterschiede bedeutend, 

auf kleine wenig auffällig. Am weitesten scheint die Verwitterung in den 

Moränenflächen Schlesiens und Westfalens und in den hôchsten Flussterrassen 

des Rheinlandes (4. B. der Rubr) und des Wesergebietes vorgeschritten zu 

sein, 

Was den Lüss betrifit, s0 ist er ohne Frage eiszeitlichen Ursprungs und 

bezeichnet sogar ein Maximum des Gle alklimas.  Wenn auch seine nürd- 

liche Verbreitungsgrenze ziemlich scharf ist, so fehlt es doch nicht ganz an 

Übergängen.  Dazu gehôüren cinerseits die lôssähnlichen Feinsande der 

nürdlichen Lüneburger Heide und des Flämings, andererseits die zerstreuten 

Anfänge von Lôüssbildungen im südlichen Oldenburg und südüstlichen Nieder 

land. Esist nicht notwendig anzunehmen, dass der oberflächliche Lü von 

älteren Lôss sehe ich hier ab—sich nur während des Maximums einer Vereis 

ung und nicht auch no“h während der frühesten Rückzugsphasen derselben 

gebildet haben kann. Wenn aber letzteres der Fall gewesen ist, so fallen 

Lôss- und Gletschergrenze nicht zusammen, sondern der Lüss deckt einen 

Teil der Hinterlassense aft des Gletschers. Auch ist der feine Lüssstat? 

erst in einer gewissen Entfernung von seinen jeweiligen Ursprungsgebie
ten 

niedergefallen, nämlich dort, wohin ibn die Eiswince trugen und wo ein bo- 
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Stimiater, offenbar lokal scharf umgrenzter Vegetationstypus ihn festlegte, Du er ferner ein äolisches Aufbereitungsprodukt ist, muss er in seinen Urs- prungsgebieten gleichaltrige grôbere _ äolische Sedimente zurückgelassen haben. Als solche sehe ich die ausgedehnten Gefilde von Binnendünen in Norddeutschland an, die von Niederland bis zur russischen Grenze die Räume zwischen den cireumbaltischen Moränenstaffein und der Lüssgrenze durchschwärmen, bes nders die weiten Randtäler und deren Nachbarschaft. Die Aussenseite (les norddeutschen Diluviums bictet_also keine hin- länglich sicheren Merkmale einer Zonengliederung die verschieden weit landeinwärts geschrittenen Vergletseherungen entsprüche. Sie kann eben- sogut mit einer cinmaligen, staffelfôrmig zurückgewichenen wie mit einer mehrfach fundamental erneuerten Vergletscherung in Einklang gebracht werden, 

Die Annahme mehrerer_ getrennter Vergletscherungen beruht auch heute noch in erster Linie auf dem Vorkommen der Taterglasiatablagerunge n in verschiedencn Slufen und Zonen, und selbst die äussere Begrenzung der Vergletscherungen wird mehr hiernach als nach morphologischen Elementen bestinint. Dre; Vergle tscherungen kommen in Frage. Am wenigstens ist die tie vergrabene ersle crforseht. In Westdeutseh= land hat sie nicht den vollen Raum der zwciten eingenommen. Man rechnet zu ihr die am Grunde der tiefen_tertiären Hoblformen unter Hamburg! liegenden Glazialbildungen, welche vorwiegend aus Kies und Lokalmoränen mit baltischem und vereinzeltem norwegischen Gesteinsmaterial bestehien; ferner gleichartige Gerüllkiese unter Bremen, sowie unter Aurich und Papen- burg in Ostfriesland. Vermutlich gehôrt ihr auch das ältere “Granddilu- vium” von Niederland an. Welche der altdiluvialen Schotterstufen des deutschen Niederrheingebietes ihr entsprechen künnte, ob die Schotter im Liegenden der “Tegelenstufe FLIEGELS älteste Diluvialschotter -oder die Hauptterrassenschotter, erscheint mir noch recht unklar.  Etwas weiter im Osten soll die älteste Vergletscherung der zWciten kaum nachgestanden haben. GRuPE glaubt sie im Weser-, Leine- und Vorharzgebiet woit VOrge- drungen zu schen, Sr T und WEISSERMEL beschreiben sie aus der Saale- gegend, Tierze ist geneigt, ihr gewisse Ablagerungen in Schlesien zuzuweisen, Im Berliner Untergrund hat sie schüne und mächtige Grundmoränen unter dem altinterglazialen Paludinenlager hinterlassen; in West- und Ostpreussen. findet man sie in demselben Verhältnis. Merkwürdig ist der frische Erhal- Hungszustand der ältesten grundmoränen unter dem Berliner Paludinenlager, Von Anbeginn unter dem Grundwasserspiegel gelegen, sind sie niemals ierrettisiert und zeigen deutlich, wie sehr die älteren quartären Verwitter- ungszonen von lokalen Bedingungen abhängen. 
Zur ersten, offenbar langen Interglazialzeit gehürt eine grosse Anzahl 

1 Dem ältesten Glazial haftet viel Problematisches an. Es ist z. B. schwer zu er- 
klaren, warum es die Tert iärtäler so wenig eingeebnet hat. Dieselben sind unter Hamburg 
Hit ätussert steilen und scharfen B schungen erhalten und tra en nur auf ihrer Sohle eine 
schwache Moräünendecke, darüber feinen Sand und Ton. Erst die zwcite Grund- 
morüne hat sie samt dem Plateau vüllig eingedeckt. 
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von Ablagerungen in Nord- und Mitteldeutsehland. Die Nordsee scheint 

in einem frühen Stadium bereits der ältesten Vergletscherung entgegenge- 

wirkt zu haben. In den sinkenden Gebieten von Niederland bis zur Nieder- 

elbe lagerten sich fuvioglaziale oder Beckensedimente in Gestalt mächtiger 

Feinsand- und Tonschichten ab, die sehr qua zreich und kalkarm sind und, 

sofern sie Derivate des weichenden ältesten Eises darstellen, beweisen, dass 

dieses dort wenig mächtig und nicht im Stande gewesen ist, dem aufgenom- 

menen einheimischen Material ansehnliche Mengen nordis cher Gesteinstrüm- 

mer beizumengen.  Endlich griff die Nordsee weit ins Landgebiet ein und 

schwemmte über diese Schichten im Niederelbgebiet ihre muschelre ichen 

Sand- und Schlickabsätze. Die Fauna dieser 1 arinen Sedimente ist teils 

subarktisch und boreal, teils vollkommen gemässigt, und es ist wahrschein- 

lich, dass die letztgenannte die jüngere ist. Mit den Flachseesedimenten 

wechsellagern die alten Torte von Ütersen, Prisdorf, Hummelsbüttel, Flott- 

beck, Lauenburg und anderen Orten der Umgegend von Hamburg. Es ist 

wahrseneinlich, dass aueh die marinen Diluvialbildungen des üstlichen Sehles- 

wig, von Rügen, West- und Ostpreussen und Posen dieser altinterglazialen 

Meerestransgression angehôren. Die Fauna all dieser und der niederelh- 

ischen Vorkommen enthält trotz naher Verwandtschaft keine der spezifiseh 

jungpliozänen Formen des Amsteliens von Niederland oder der jüngsten 

Cragschichten von Norfolk.  Hingegen ist in ihr der von NoRDMANN in 

Dänemark zuerst erkannte Tapes aureus var. eemiensis weit verbreitet. 

In Westpreussen Hisst sich die Gleichaltrigkeit des marinen Diluviums mit 

dem Paludina diluviana-Lager nachweisen, das in zahlreichen Bohrungen von 

der Altmark bis nach Ostpreussen angetroffen ist. Dem Paludinenlager 

entsprieht im Gebiet der Saale und Unstrut in Thüringen der Corbicula 

fluminalis-Schotter. Es ist von Interesse, dass man zu Obornik in der Provinz 

Posen auf sekundärer Lagerstätte im jüngsten ( alkies sowohl Conchylien 

des marinen Diluviums (Cardium edule) wie Corbicula fluminalis und Paludina 

diluviana in Gesellschaft von tertiären Conchylien gefunden hat. 

Von der zweiten (mittleren) Vergletscherung wird angenommen, dass sie 

allein das gesamte norddeutsehe G ialgebiet vollkommen ausgefüllt hat, 

vom Westufer des Niederrheins bis zu den Sudeten.  Nach meiner Ansicht 

müssen ihr am Niederrhein die Hauptterrassenschotter äquivalent «ein: 

vielleicht korrespondiert die dortige Mittelterrasse mit einem etwas späteren 

Stadium.  Ferner gehôrt der ältere Lôss am Niederrhein zur Gefolgschaît 

der zweiten Vergletscherung. 

Vornehmlich ausserhalb der cireumbaltischen Blockmoränen gibt es 

nun zahireiche limnische Ablagerungen, die faunistisch und floristisch von 

den sicheren Postglazialbildungen abweichen und sowohl deshalb wie wegen 

ibrer Lagerungsverhältnisse als ein jüngeres, aweites Interglazial angesehen 

werden.  Faunistiseh sind sie gekennzeichnet durch gross diluviale Säug 

tiere wie Mammut, Wollnashorn und Riesenhirsch, sowie durch einige 

Binnenmollusken wie Paludina Duboisii und gewisse Belgrandia-Arten 

floristisch nehmen sie eine Sonderstellung ein durch die Führung von Pice 

ercelsa ‘n jetzigen Führengebieten sowie von Brasenia purpurea und Dul 
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chium spathaceum. Die Flora ist vollkommen gemässigt und unterscheidet sich scharf von den in Schmelzwasserbecken der Endmoränenlandschaft cingeschwemmten Dryas-Floren und deutlieh auch von den etwas mehr 
temperierten Floren der spätglazialen Allerüd-Schwankung und der ostpreuss- 
ischen Interstadial-bildungen. 

Dennoch ist die Frage offen, ob alle die: “‘jüngeren Interglazialbild- 
ungen”’ zusammengehôren, Im südlichen Jütland (Brôrup), am Kaiser- 
Wilhelms-Kanal (Beldorf, Bornholt) und bei Schulau, Ollsdorf, Winter- hude, Steinbek und Lauenburg in der Hamburger Gegend liegen über den 
fraglichen Torfschichten lediglich Sande oder Kiese, niemals echte Grund- 
moränen. In einigen Fällen, z. B. bei Schulau, enthalten die Sande viele Steine bis zu Kopfgrüsse, aber keine Urossgeschiebe : an andern Orten, 
2. B. bei Beldorf, Bornholt und Winterhude, enthalten sie nur Kies und feines Gerôll, Ist es demgemiäss schon fraglich, ob sie überhaupt von einem 
Gletscher überschritten sind, so ist est vollends undenkbar, dass dieser Gletscher mächtig und ausgedehnt Renug gewesen sei, um die Elbe zu über- 
schreiten und das 100 Meter hohe Plateau der Lüneburger Heide bis in die Näühe des Aller-Weser-Talzuges zu bedecken.  Nun kommen aber in der Lüneburger Heide bedeutende dimente von Süsswasserseen (Kalk, Kiesel- 
gubr) vor, die zwar ebenfalls keine typische Grundmoränendecke, aber doch mächtigere Geschiebesande mit grüsseren Blücken tragen. Während an den 
südholsteinischen Torfen nur geringe Lagerungsstürungen zu beobachten sind, die durch das Gewicht der Decksande hervorgebracht sein künnen, 
zeigen sich an den Kieselguhrlagern Stauchungen von krôsserem Ausmass und glazialem Habitus. Ich kann mir deshalh nicht vorstellen, dass diese mit jenen gleichzeitig entstanden sind und habe den Eindruck, dass die nürd- lichen und die südlichen #1 terglazialschichten verschiedenen Schwan- kungen angehôren, Merkwürdig sind die marinen Schichten, die im Eï ler- gebiet üstlich von Beldorf unter denselben Lagerungsformen auftreten, wie der “‘Interglazialtorf.” Man hat im Kaiser-Wilhelm-Kanal etwa 9 m unter der Landoberfläche Marine Schichten gefunden, die von zieinlich mächtigem geschichteten Sand und darüber einem rezenten Torfmoor bedeckt_ sind, ihrerseits aber auf Kies und Geschiebemergel lagern. Es fehlt ihnen eine Moränenbedeckung, und ZEIsE erklärte sie deshalb als altalluvi le Ablage- rungen im Innenwinkel emer tie landeinwärts grelfenden *Eiderfürde Später machte Norpuaxx darauf aufmerksam, dass inre Fauna derjenigen der *Eemschichten” von Niederland entspricht und dieselbe auffallend £rosse Var, eemiensis des Tapes aureus enthält, die man in den marinen Diluvialbildungen von Schleswig, den südwestlichen dänischen Inseln un«| Westpreussen findet. Diese Varietät war bisher in sicheren Postglazial- ablagerungen des Nord- und Ostscegebictes nicht gefunden. Neuerdings aber hat H. : CHÛTTE in Oldenburg dieselbe in Baggersanden aus der Näühe der Insel Wangerooge vor der Oldenburgisehen Küste entdeckt, und zZWar findet man sie dortselbst vollkommen im Bercich des tieferen Alluviums. Es liegt somit kein Grund mehr vor, sie | ausschliesslieh diluvial zu erk- liren. Ich muss auch bekennen, dass mir die Lagerungsverhältnisse der 
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Eemformation in der .Gelderschen Vallei” und anderen Gebieten an der 

Südersee durehaus nicht unbedingt beweiskräftig für ein diluviales Alter 

derselben erscheinen. Ein Hauptargument für letzteres war die Erklärung 

der die Eemformation bedeckenden rheinischen Niederterrasse als Xquivalent 

der jü 4 ung Norddeutschiands, Allein welehes sind die Reweise 

für diese Erklärung?  WUNSTORF hat neuerdings in seiner Arbeit über den 

niederrheinischen “Schotterlehm"" das chronologische  Dilemmua definiert, 

in welches der Stratigraph gerät, Wenn er die Nicderterrasse nicht als post- 

glaziale sondern jangglaziale Talstufe rechnet. 

In der südlichen Umgebung von Berlin kommen bei Motzen und Phôben 

ähnliche Torflager wie die eben behandelten vor, welche Skelette des Riesen- 

hirsches enthalten und von Konchyllagern mit Paludina Duboisi begleitet 

werden. Diese Torflager werden jedoch von echtem Geschiebelehm, wenn 

auch in geringer Müächtigkeit, bedeckt. Sie haben also tatsächlich einen 

schwachen Eisvorstoss über sich ergehen lassen. Indessen glaube ich kaum, 

dass dies derselbe Eisvorstoss HeWesen sein kann, der seitwiärts bis Halle 

vorgedrungen sein soil, Bei Phôüben, unfern Potsdam, liegt der junge Inter- 

glazialtorf in einer weiten, von Staumoränen umgebenen Ebene, die gegen- 

wärtig noch fast ebense aussieht wie zur Interglazialzeit. Überhaupt waren 

die grossen Talflächen bezw. Becken der südlichen Umgebung von Berlin 

nicht allein zur Spät- und Postglazialzeit, sondern wahrscheinlich schon in 

einem etwas früheren Stadium, der sog. jüngeren Interglazialzeit, vorhanden. 

Ja. es ist merkwürdig, dass auch in der durch die mächtige Hauptverseisung 

von diesen Perieden geschiedenen älteren Interglazialzeit an derselben Stelle 

grosse Nicderungen mit Flüssen und Seen bestanden haben, in welchen sich 

das Paludina diluviana-Lager entwickelte.  Nirgends in Norddeutschland 

haben wir deshalb ein so vollkommenes Diluvialprofil wie hier. Die Bohr- 

ungen bei Phôben zeigen uns in der Tat in einem und demselben Bohrloch 

awei stratigraphisch und faunistisch_ verschiedene Interglazialhorizonte, 

den unteren der Paludina diluviana und den oberen der P. Duboisii. Diese 

wertvolle Festsellung ist das Verdienst von MENZEL und SOENDEROP. 

Es ist nicht meine Absicht, in diesem kurzen stratigraphischen Überblick 

alle Aquivalente der beiden Berliner Interglazialhorizonte aufzuzählen. 

Diese Aufgabe ist ausserdem sehr kompliziert und führt zu wenig sicheren, 

kritisch antastbaren Resultaten. Man hat versucht den Horizont von 

Rixdorf, Motzen, Phüben, Lauenburg, usw. mit stratigraphischer Mitteln 

nordwärts in das cireumbaltische Blockmoränengebiet zu verfolgen. Man 

benutzte dazu Teilungen der Grundmoränen, Auslaugungszonen der Sand- 

mittel, Grundwasserhorizonte usW., War aber stets Zu weiten und gewagten 

Sprüngen über Cebiete genôtigt, in denen diese Kennzeichen fehlen. Fo 

parallelisierte man z. B. Torflager, die bei Kiel von mächtiger Grundmoräne 

bedeckt sind, mit den fast freiliegenden von Beldorf, usw. Wie weit dies 

berechtigt ist und eine jüngste, vollkommen neue und selbständige Verglet 

scherung des cireumbaltischen Gebietes zu beweisen vermag, sei dahingestellt 

Es ist immerhin merkwürdig, dass cinige Torfiüze auch innerhalb der cireum 

baitischen Biockmoränen kaum stärkere Bedeckung tragen wie die äusseren 
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2. B. bei Voile, Flensburg, Schleswig und Greifswald, eine Bedeckung die, wenn sie wirklich glazial ist, doch im Missverhältnis zu der Mächtigkeit der vermeintlieh kontemporanen Blockmorünen stoht, ES bleibt als gewiss bestehen, dass die Ablagerungen, welche zur jüng- cren Interglazialperiode &erechnet werden, eine ausse ordentiiche Mis igung des Klimas beweisen: ob diese Mässigung nur einmal vorgekommen ist und das ganze Gebiet der Hauptvergletscherung gleichzcitig ergriffen hat, oder ob sie in Form zonarer Sehwankungen sich Wiederholte und dem Spätstadium der Haupteiszeit nachrückte, erschoint mir ungewiss.  Ebenso ungewiss erscheint mir eine Transgression des Mecres in dieser “‘jüngeren Inter- glazialzeit"; die Tapes-Schichten der “Eiderfôrde” und vielleicht auch dicjenigen der Gelderschen Vallei dürften postglazinl sein und keinesfalls mit den altdiluvialen von Ostschleswig und Westpreussen Zusammengehôren, Die Grenzen der J'ünigsten, dritten Ver isung Norddeutschlands werden mit mehr oder minder grosser Wahrscheinlichkoit von der Nicderelbe zur Aller und in die Magdeburger Gegend gezogen. Von dort laufen sie über den Fliming, dann etwa auf Grünberg in Schlesien, Lissa und Jarotschin in Posen und die W ichselgegend nôrdlieh von Warschau hinzu. Näüheres über den westlichen Teil findet man bei STOLLER, über den mittleren bei MENZEL, Kettnaer, Wigcers und Anderen, über den ôstlichen bei Trerze und Beur. E, Werra gibt sinen abweichenden, im kanzen noch weiter südwärts vorgeschobenen Verlauf an. 

Jüngere Fundamentalvergletscherungen kennt man in Norddeutschland nicht, wohl abe zahlreiche Rückzugsstaffeln und Schwankungen, In der sog.  ‘‘’Allerüd-Oszillation von Dänemerk und Schleswig-Holstein vermag ich nur lokale, von einander verschiedene und nicht länderweit konteniporane Erscheinungen zu erkennen. 
ES ist bisher nicht gelinven, sichere Verbindung zwischen den von PENCK und BRückNER behaupteten vier alpinen und unseren drei norddeut- schen Vergletscherungen herzustellen: der Versueh, dies dadureh zu erreichen, dass man in Norddeutschland eine Vergletscherung einschiebt, muss unter allen Umständen missglücken. 





EARLY PLEISTOCENE MGLACIATION IN THE ROCKY MOUNTAINS OF GLACIER NATIONAL PARK, MONTANA.: 
BY 

WM. C. ALDEN, 
United States Geological Survey, Washington. 

With a map, 

Glacier National Park comprises that part of the front range of the Rocky 
Mountains in Montana lying between the line of the Great Northern railway 
and the International boundary. Immediately adjacent to it on the east 
is the Blackfeot Indian Reservation and to the north is Alberta. Investi- 
gations by the writer and Mr. JE, Tomas in connection with the survey 
of Glacier Park by the United States Geological Survey in 1911, and by the 
writer and Mr. EUGENE Sregixc R in connection with a geological survey 
of the Blackfeet Indian Reservation in 1912, showed that the so-called “ quart- 
zite gravels"” which Cap remnants of the Tertiary Peneplain, to which Mr. 
BaiLey Wicis has given the name Blackfoot Peneplain, are in reality glacial 
drift that was deposited by an extension of the Rocky Mountain glaciers 
on to the plains in early Pleistocene time an! prior to the dissection of this 
pencplain. The relations of these deposits and their modification by weath- 
ering indicate that this extension of the Mountain ice occurred as early as the 
Kansan if not the pre-Kansan extension of the Continental ice-sheets into 
the northern Mississippi valley. 

The relations of these high-level tracts to the sent drainage lines are shown on the acc the Chief Mountain, Browning, and Blackfoot s Ê topographie 
map published by the US. Geological Survey, the Contour interval being 
100 feet? The remnants of the early mountain drift are on either side of 
Belly river, on Kennedy ridge east of Chief Mountain, on Swift Current and 
Boulder ridges to the north and south of Swift Current creek, on Hudson 
Bay divide and St. Mary ridge east of St. Mary river and lake, on Milk 
River ridge and other ridges bordering Milk river, on the ridge south of 
Cutbank creck and on the ridge north of Lower Two Medicine lake. The 
fat tops of these high-level deposits stand at elevations of 5,300 to 6,300 
feet above sea-level and at beights above the Present drainage lines ranging 
from a few hundred to 1,600 feet. 

The high mountain range on the west is shown on this map by the broken- 
es 

1 Published by permission of the Director of the United States Geological Survey. 
2 The contour interval on the Blackfoot sheet js 20 feet, 
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line shading, two large, composite, glacial catehment basins being ditfer- 

entiated. From the southern one of these Two Medicine glacier spread out 

broadiy upon the plain (over the stippled tract} at the | or Wisconsin 

stage, of glaciation, renching a distance of nearly 40 miles from the contin- 

ental divide and at one point ret hing the limit of extension of the contin- 

ental ice-sheet which centred in the Keewatin plateau. The area covered 

by the continental ice is shown by the line-hading of the nort nd eust parts 

of the map. Tke high, flat-topped_ tracts carre vins the eurlx 

are shown on the map by the heavy and lighter shuding are the 

remnants of the highest, or Blackfoot, peneplain and of à second, lower, 

plain. 

The late Wisconsin age of the drift of Two Medicine glacier is indicated 

by the freshiness of the drift and the une roded surface of its moraines 

The deposit of early Glucial drift is exposed in a fresh searp at the west 

slope of the highest part of a ridge north of Two Medicine lake. Here tlu 

evidence of long exposure to vathering is particular! well marked. Th 

deposit consists of 150 fout of te pieal glacial till compoxed of a reddish elaves 

matrix and pebbles and boulu. of white, velowish, pink, and red quart- 

gite, maroon and green siliceous argillite, diorite, and buff and gray limeston 

all derived from the mountains to the west. The pobbles and boulders range 

in size from <mall to masses six feet in length and many are beautifully 

striated. The limestone pebbles have been almost entirely removed by solu- 

tion from the upper part of the deposit, though plentiful 15 to 20 feet below 

the surface. The caleium € rbonate carried down by the percolating Watet 

and redeposited has cemented the drift below to a firm, hard, tillite con 

glomerate, whieh projects in ledges and towers from the step slope.  Similat 

tillite was observed in several of the other exposures where the high-levi 

drift was thiek. The smaller valley next north of this ridge is 1,000 to 1,200 

feet deep, and contains no glacial drift. 

At the last stage of jaciation, glaciers extended down Lake creck and 

Cutbank valleys, € seed and reached 10 miles from the mountain front 

Fi, 1.—View looking west ward to Rocky mountains across remnants of the highest 

ot Blackfoot peneplain from à point 10 miles east of Duck lake. The valley of Midille 

Fork of Milk river (in middle ground) is eut 400 to 500 feet below these remnants of the 

high-level plain. (From photograph.) 

This ice spilled through aps in Milk River ridg the north but barely 

reached the flat top of the old drift at one place 1,6 feet above the pre-ent 

Fig. 1, which is drawn from à photograph, is a view looking west\ ird 

a distance of 20 miles or more from à point on one of the high. flat-topred. 
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drift-capped_remnants of the Blackfoot peneplain. This shows the whole 40 miles of the mountam front of Glacier National Park, from Chief morntain on the right or north to Marins pass on the south, rising above the disseeted Blackfoot peneplain. The valley of Middle Fork Of Milk river in the middle ground is eut 500 fvet deep in tu upturned and beveled shales and sandstones that underlie this plain, although the stream does not head in the mountains and receives no drainage therefrom. In the middle background may be sect the crest of St. Mary ridge lving athwart the Mountain gorge in which lies Upper St, Mary lake 
Fig. 2 is a view looking northeastward from à point on the flat top of 

FiG, 2, View northeastward from Browning-Babbh stage-rond on the crest of Milk 
ridge showing th tions of the second peneplain, in foreground, to a remnant of 
st, or Blackfoot peneplain, in background. ({ ro photograph, partly diagrammatie 

in foreground.) 

the main part of Milk River ridge, on à second, lower, drift-capped Plain to & drift-capped remnant of the highest plain, 20 miles from the mountain front, 

Atthe time when this carly drift was deposited the ice heuding in st. Mary and adjacent valleys evidentls extended directly northeastward on to the Blackfoot peneplain (PL D, By the time of the Inst great extension of the ice, so deep and broad a trough had been developed west of st, Mars ridge and the Hudson Bay divide that St Mary glacier, instead of exXtending tastward on to the high-level Plain, was diverted northward down St, Mary valley into southern Alberta. The St, Mary lakes now lie 1.600 feet below the crest of St. Mary ridge, The ice completely filled the valley and laid a lateral moraine upon the early drift which in places forms the upper 200-300 feet of the ridge, In the vieinity of Duck lake, where the crest is lower, the Ice extended à short distance on to the upland, leaving its wWellmarked aine encireling the lake basin, The ice did not, however, override the rest of Hudson Bay divide beyond a point north of Duck lake. At this 
point, which is 1,300 feet above St. Mary river, the moraine begins to de- send the eroded north slope of the ridge. At the place shown in Fig. 3, the moraine of the later drift is 200 feet below the flat top of the divide and a few miles farther northeast it is 400 feet below the crest of the ridge, This Hudson Bay divide is capped With the so-called Quartzite gravel. At some places it has the composition of glacial till; and as far castward as traversed bYthe writer, where the gravels had net beet romoved by erosion—4 distance il 
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of nearly 15 miles from the point where the later moraine crossed--striated, 

glacial pebbles were found in the deposit 

The old drift is exposed in the marginal searp of the flat top of Swiit 

Current ridge 1,100 to 1200 feet above the present stress In Kennedy 

ride I ED, the narrow remnant of Thu high divide five miles enst of 

Chief mountain and 900 feet above the ereek on the south; und in searps at 

the top of the dope eust of Belly river, 1,300 10 1600 feet above this 

streuimn. 

Lhut nu very long time intervened between the deposition of the earlier 

and later drift is evident from tin topographie relations described ti 

View looking eastward from a point about + miles north of Duck lake, show 

ing relations of the terminal moraine of St, Mars glacier, of Wisconsin st ge of glaciation, 

to the north salope of the Hudson Bay divide on whose top lies pre Wisconsin gl acial drift. 

also clear from the degree of modification of the older drift by weathermg. 

On Two Medicine ridge, as already state, where there is a thickness of 150 

feet of till, and on St, Mary ridge, where there is, in places, nearly 300 feet of 

early drift, the limestone pebbles and boulders have been for the most part 

removed by solution from the upper 15 to 20 feet of the deposit, and the drift 

below has been cemented by depostion of € lcium carbonate to a hard tillite 

conglomerate. The same is true in other places wlere the de posit is thick. 

Where it is thin no limestones are found, they having been entirely removed 

by solution, The diorite pebbles are in a state of disintegration and the 

glacial strie have been remov by etehing from almost all the pebbles, ex- 

cepting only the densest fine-grained siliceous rocks, the greenish so-called 

argillite. Some of the latter were found 20 miles out from the mour 

front on the isolated remnant shown in Fi 2. These are typieal gli 

pebbles, some of the strie being as sharp and fine as could be eut by an 

engraver's too! 

The gravel capping the isolated Horsethief and Eandslide buttes, 30 to 

40 miles from the mountain-front, is of the same character as that neuret 

the mountains, but we did not find any striated pebbles at these places. 

It is evident that a very lirge amount of erosion of the plains has beet 

ace on inee the deposition of this early drift. Not only has there beer 
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dissection of the highest plain, remnants of which are shown keavily shaded 

on the map (PI. D), but there also was developed a second, lower, extensive 

flat plain, whose remnants, capped by similar early drift, are shown on the 

map by a lighter shade. In this were eut valleys several hundred feet deep 

with broad bottoms representing a third stage of peneplanation, and into 

these third plains Wisconsin and post-Wisconsin streams have eut sharp, 

inner valleys. 
In this brief paper a full diseussion of the phenomena and of the rela- 

tions with the deposits in southern Alberta can not be presented. A more de- 

tailed discussion is presented in the Bulletin of the Geological Society of 

America, Vol. XXIV, 1913. 

Where the streams headed in the mountains, almost all traces of the 

high-level plains have been removed. The mountain waters which would 

otherwise have been tributary to Milk river have been captured for the Hud- 

son Bay system by St. Mary river, so that in the Milk River basin are the 

best preserved drif capped remnants. Yet even here the amount of erosion 

has been great. North of the International boundary no such remnants 

are known to the writer, excepting in the vicinity of Belly river. On Oldman 

and Belly rivers deposits of pre-Wisconsin drift of the Keewatin ice-sheet 

have been found by Dawsox and MCCONNELL and also seen by the writer 

in places in the valley bottoms. This early continental drift is not known 

to be as old as the high-level drift in Montana but from the faet that this 

drift is down in the valleys instead of on remnants of high-level plains, it 

may be inferred that in the region north of the boundary more erosion had 

already been accomplished than in Montana, before the early glaciation 

occurred. It is thus possible, if not probable, that the exeavation of St. 

Mary valley below the level of the highest plain was begun before the early 

mountain ice extended eastward on to this plain, A comparison of the 

capacity of the catchment basin of Two Medicine glacier of the last stage 

of glacier extension with that of the catchment basin of the ice which de- 

posited the older mountain drift farther north shows them to be approxi- 

mately equal, and inspection of the topography also seems to indicate that 

the ridges and valleys overridden by Two Medicine glacier were such as to 

offer about the same amount of retardation to the ice movement as would 

have been offered by St. Mary ridge when St. Mary valley was 800 to 1.000 

feet less deep than it is now.  Hence L think it must be conceded that St 

Mary valley has been deepened at least 800-1,000 feet, and that a corres 

pondingly large amount of seulpturingof the mountain mass has been accomp 

lished since the early Pleistocene glaciation. 

There are some indications that the drift on the second set of high-level 

plain remnants was deposited at a distinct stage of mountain glaciatio: 

intermediate between the glaciation of the highest or Blacktoot plain and tir 

extension of the glaciers down on to the third set of plains at the last, 01 

Wisconsin, stage. The evidence in regard to this, however, is not regardel 

as conclusive. 
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MAP OF PLEISTOCENE DEPOSITS ON PLAINS BORDERING THE ROCKY MOUNTAINS INTHE REGION OF GLACIER NATIONAL p. AHK, MONTANA, 
By Wm. C. Alden and Eugene Stebiner, U. 8, Geological Survey, 

1912, 
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LE COM AENCEMENT ET LA FIN DE LA PÉRIODE GLACTAIRE, 

PAR 

N. O. HOLST, 

Retraité de Ja Service géologique de Suède, Stockholm, Suède, 

Dr. NX. 0. HoLsr hat dem XII Internationalen Geologenk ngress eine 
\bhandlung ‘Le commencement et la fin de la Période glaciaire" éingesandt, 
lie in einem der nächsten Hefte von ‘ L'Anthropologie gedruckt werden soll! 
nd deren wichtigster Inhalt kurz folgender ist: In einer früheren Arbeit ‘ Der Alnarpsfluss, hat Hozsr südschwedische Flussablagerungen beschriehen, die haupt- 
ichlich aus einem gleichmässig feinen bernsteinführenden pliocänen Fluss- 
ind bestehen, Der Sand enthält $0 90€ Kicselsäure (im wesentlichen 
uarzkürner), Aus etwa hundert Tiefbohrungen hat sich mit voller Deut- 
‘hkeit ergeben, dass diese Ablagerungen recht Mmächtig sind und dass d ussbett somit Millionen von Kubikmete us. Derselbe ist vollkommen Sleinfrei. Unmüglich künnte dies der Fall sein, 
nn der Fluss eine Moränenbedeckte Landschaft durchstrômt hâtte. Wenn mit in Südschweden keine Spur einer Vergletscherung gefunden ist, die älter 
re als der Alnarpsfluss, cine ältere Eiszoit also nicht dagewesen ist, so kann e solche noch viel weniger in Weiter südlich gelegenen Gebieten aufge- 
ten sein. Der Alarpsftuss réumt also endgültig mit allen älteren oder rcänen Eiszeiten auf. 
Der geWaltige Alnarpsfluss, der auch hinsichtlich seiner Grüsse sehr wohl en Vergleich mit dem Cromerfluss (dem vorzeitliel on Rhein) erlaubt, ist 

| Süden gekommen und muss das Bernsteinland Ostpreussen berührt en, wie der Bernsteingehalt des Flussandes beweist, üsse von Norden gehabt, wie cinige nordische | beweisen. Das Inlandeis war bereits im An nem etwas späteren Stadium dem Fluss ein jähes Ende bercitet zu haben. 1 hat also hier eine sehr scharfe Grenze zwischen den pliocänen, präglazialen, den quartären. glazialen, Ablagerungen, welche hnlicher Mi htigkeit überlagern. Die fossile Flora im Flussbett hat ZWar sekundär auch einige ältere, ter- Arten aufzuweisen, ist aber im ganzen dieselbe wie diejenige des Forest- _weshalb die Ablagerungen des Alnarpsflusses zum Pliocäin gezogen en müssen, sofern man diejenigen des Cromerflusses dorthin rechnet. 
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Vorstehendes hat HoLsr bereits in einem Aufsatz “Der Alnarpsfluss"” 

auseinandergesetzt. In sciner neuesten, jetzt_ vorliegenden Abhandlung 

geht er in derselben Richtung weiter. 

Die Ablagerungen des Alnarpsflusses sowohl wie des Cromerflusses 

gehôren dem Horizonte an, der dureh die Muschel Corbicula fluminalis und 

deren_ wärmeliebende Begleitmollusken charakterisiert wird. Es werden 

Beweise dafür beigebracht, dass dieser Horizont in England, Belgien und 

Norddeutsehland  (Thüringen) als pliocän,  bezw._ durchaus präglazial 

angesehen werden muss. 

Der Corbicula-Horizont ist aber ungefähr der gleiche wie der Hippopo- 

tamus-Horizont, und damit gleichaltrig ist auch die “ältere diluviale Fauna” 

mit Machairodus, Trogontherium, Ursus spelæus, Elephas antiquus, Rhino- 

ceros Merckii, Cervus euryceros und andern Näugeticrarten. Diese Fauna 

wird also gleichfalls pliocän und präglazial. 

Ein ganz anderes Geprüge hat dagegen die Fauna der ( ilazialperiode, und 

sie ist deutlich_charakterisiert durch das Auftreten der hochnordischen 

Tiere in Mitteleuropa. Charakteristische Tiere für die Ei zeit sind unter 

den Fischen der Lachs und die Lagopus-Arten unter den Vôgeln.  Grosseren 

Wert für die Feststellung der Grenzen der Eiszeit hat jedoch die zugehôürige 

Säugetierfauna, die besser bekannt ist. Charakteristische  Arten sind: 

Ovibos moschatus, Elephas primigenius, Rhinoceros tichorhinus, Cervus tarandus, 

Myodes lemmus. M. torquatus, Canis lagopus und Gulo borealis. Solange 

als diese hochnordischen Arten in südlicheren Gegenden ausse 

eigentlichen nôrdlichen Heimat auftreten, dauert die Eiszeit an, aber nicht 

rhalb ihrer 

länger. 

Wendet man diese geologischen Resultate auf die Archacologie an, so 

ergiebt sich, dass das ( ‘helléen präglazial wird, das Achenléen und der Beginn 

des Moustériens der Übergangszeit zur Glazialperiode angehôrt, während 

der spätere Absehnitt des Moustériens in den Hôhepunkt der Eiszeit fällt. 

Die Eiszeit dauert sodann während des ganzen Palüolithieums bis zum 

Sehluss des Magdaléniens an. Während der Mitte der Eisz it, bezw. 

während des Aurignaciens und Solutréens vollzog sich indessen die grosse 

baltische Oscillation! des Inlandeises, die während des Magdaléniens durch 

einen geringeren Vorstoss des Eises bis zum baltischen Hôühenrücken abgesch- 

lossen wurde. 

Hozsr, welcher sich JAMIESONS Ansicht über die Fähigkeit des Inland- 

eises, durch seinen Druek Landoscillationen hervorzurufen, anschliesst 

erklärt, dass die Entstehung der Eiszeit auf tertiären Landhebungen beruht 

und ihre Beendigung auf den vom Eixe selbst verursachten Landsenkungen 

Man kann also sagen, dass die izeit ihre eigene Existenz vernichtet hat. 

1In Anbetracht der grossen Übereinstimmung zwischen dem allgemeinen Verliif 

der Eiszeit in Europa und Nordamerika muss die grosse baltische Oszillation ihr deut- 

liches Gegenstück auf dem letzteren Kontinent gehabt haben. Sollte dies etwas anderss 

in als diegenige, von der Hixpe-CoLEMaAxs schônes Profil bei Toronto Zeugiis 

ine nicht ferne Zukunft wird sicherlich eine endgültige Antwort auf di 

Frage bringen. (Zusatz während des Druckes, von N. 0. Hosr.) 
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Aber eben deshalh, kann die Eiszeit nicht von so langer Dauer zewesen 

sein, wie man gewWôhnlieh vermutet, [hr Beginn, und damit zugleich der 
Beginn des etwas weiter zurückliegenden Paläolithicums muss  unscrer 
Zeit näüher gerückt werden, als das bisher keschcohen ist. Dafür sprechen: 1) 
die geringe Zahl der fossilen Menschenreste aus der Paläolithischen Zeit; 2) 
die geringe Mächtigkoit der pal ithischen Schichten: und 3) die unbedeu- 
tende Variation der Fauna und Flora nach Beginn der Eis it. Während 
PEXCK den Beginn der paläolithischen Zeit 200,000 Jabre zurückverlegt, 
begnügt sich Hozsr mit 30,000 Jabren als Maximum für den gleichen Zoit- 
raum. 

Auch der Menseh hat in dieser Zoit wenig variiert. Die Entwicklung, 
die in den verschiedenen Paläolithischen Rassen gipfelte, liegt näümlich jen- 
seits des Paläolithieums. Die niedrigst stehende dieser Rassen, der Neander- 
taler, mit seinen bithecoiden Charakterzügen ist ein aussterbendes Relikt, 
der so zurückgeblieben ReWesen Zu sein scheint, dass es üfters AUS aft 
keWesen ist, ob er irgendwie in der Lage war, soin Blut mit den Vorfahren 
der heute lebenden Menschen zu mischen. Die Urbildung des Lenschen liegt woit jenseits des Paläolithicums und 
kann deshalh nicht in Europa vor sich Beékangen sein. Es ist Wabrseheinlieh, 
dass sie in der Heimt der anthropoiden Affen erfolgte, auf den Sundainseln 
oder in Xquatonalui ik. WOo Orang Utang, Gorilla und Schimpanse zu 
Hause sind, 

Zwischen dieser Urbildung und dem ersten  Auftreten des Men- 
schen in Europa liegt ein weiter und noch unbekannter Weg, dessen Auf- 
klärung gewiss eine schwere, aber für die kesamte Menschhoit sicherlieh 
ausserordentlich wichtig Aufgabe ist. Für die Külturvôlker des zwan- 
Zigsten Jahrhunderts dürfte es ein würdiges Ziel sein, an der Lüsung dieser 
Aufgabe gemeinsam zu arbeiten, 
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UBER ERDG SCHICHTLICHE KALTEPERIODEN, 
VON 

W. VON LOZINSKI, Pu.D, 
Lemberg, Üsterreich, 

EINLEITUNG. 

Seitdem man die Anzeichen von Klimaänderungen in der geologischen Vergangenhoit erkannte une insbesondere die grosse Ausdehnung von eins- tigen Inlandeisdecken festste ite, trat die Erklirung des erdgeschichtlichen 
Klimawechsels in den Voruergrund der paläogeographisehen Forsehung. Das paläoklimatische Problem, welches zu häufig auch Nichtgeologen in die 
Diskussion hineinzog, hat eine Unzahl von “ Eiszeithypothesen ” gezcitigt, 
von denen jedoch viele den geologischen Tatsachen so wenig Rechnung tragen, dass man sich dem Verdacht nicht entzichen kann, es hätte dem 
Urheber bloss dus eine Zicl vorgeschwebt, die Spekulationen über die Ursachen 
von Eixzciten um einen neuen Gedanken zu vermehren oder sich in der 
Auflüsung von mathematischen Aufgaben zu versuchen, Von derartigen 
Eiszeithypothesen müssen wir selbstverständlich absehen, wenn wir auf dem Boden der dureh geologische Einzelforschung &egebenen Tatsachen bleiben 
und denselben gerecht werden wollen, Schon nach einer flüchtigen Umschau 
unter den bisherigen Erklärungsversuchen der crdgeschichtlichen Klima- 
Wand.ungen bleiben nur wenige Hypothesen (eigentlich Gruppen von Hypo- 
thesen, wenn wir verschiedene Modifikationen berücksichtigen) zur engeren Wahl übrig.  Aber noch von denjenigen Hypothesen, die auf ernsten Grund- 
lagen aufgebaut wurden, erweist sich ein Teil nach näherer Betrachtung 
als unzulänglich. So ist es zunächst mit der Gruppe von sog. astronomischen Hypothesen der Fall, welche die E eiten durch Anderungen in den Bahnele- 
Menten der Erde zu erklären versuchten.  Genaue Berechnungen haben 
gezeigt, dass Schwankungen in der Schiefe der Ekliptik oder in der Exzen- 
trizität der Erdbahn bei weitem keine so durchgreifenden À nderungen im 
Wärmehaushalt der Erdoberfläche herbeiführen kônnen,! wie wir für die 
durch Eiszciten registrierten Kälteperioden in der geologischen Vergangen- 
heit verlangen müssen. ES wurde von EknozLu ausführlich dargetan, dass 
Schwankungen in der Schiefe der Ekliptik nur Klimaänderungen von kleinerer 
Amplitude herbeiführen künnen?.  Ebenso kommen Polverschiebungen, 
dh. entweder Verlegungen der Erdachse oder allmähliche Verschiebungen der 
fusseren Erdschale, bei der Erklärung der erdgeschichtlichen Klimawand- 
Re 

1 Haxx, Handb, d. Klimatologie, 3 Auf, (1908), Bd, LS. 368 fr, :KHOLM, On the Variations of Climate, Quart. Journ. Roy. Meterool, Soc., Bd, 
XXVIH, 1901, S. 36 fr. 
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à noch heute ihre 
lungen in Betracht, wiewohl diesbezügliche Hypothe 

Anhänger haben. Freilieh ist es nicht ausgesehlossen, dass im Laufe der 

Erdgeschichte die Lage der Pole innerhalb gewisser Grenzen schwankte und 

nicht mit Unrecht wird angenommen, duss sie zur Diluvialzeit von der gegen- 

wäürtigen abwich! Wenn wir aber die paläoklimatischen Probleme mit Pol- 

verlegungen erledigen wollten, so hütten wir-wie Kokex bemerkt nicht 

nur in allen Perioden, nein, in allen Schichten, Spuren der Eiszoit 40 

erwarten."? Indes kommt es bei der Erklärung des Klimawechsels der 

Vorzeit wesentlich auf die Frage an, warum in gewissen Perioden der 

Gegensatz der Klimazonen bis zur Ausbildung von Inlandeisdeeken sich 

verschärfte, in anderen Perioden dagegen soweit abgeschwächt wurde, dass 

man fast von einem gleichmässigen Klima auf der ganzen Erde sprechen 

kann. Da lassen uns die Polverschiebungen im Stich, Desgleichen versagte 

auch der Versueh, zu der Verbreitung der Spuren der permischen Vercisung 

eine entsprechende Lage der Pole zu rekonstruicren À 

Nach Ausschaltung der genannten Hypothesen bleiben zur weiteren 

Betrachtung eine Reïhe von Erklärungsversuchen, die ich als die geographis- 

chen und die thermischen Hypothesen einander gegenüberstellen môchte, 

Diese beiden Gruppen von Hypothesen bilden, sozusagen, zwei Lager, in 

welche gegenwärtig die meisten und die angesehensten Stimmen über die 

Ursache der erdgeschichtlichen Kälteperioden geteilt sind, 

DIE GEOGRAPHISCHEN HYPOTHESEN UND DIE ROLLE DER GEOGRAPHISCHEN 

FAKTOREN. 

Unter dieser Bezeichnung fasse ich die Erklärungsversushe zusammen 

welche von der Voraussetzung ausgingen, es seien die erdgeschiehtlicher 

Vereisungen nicht durch eine allgemeine  Erniedrigung der Temperatur 

sondern durch lokale Vermehrung und Anhäufung von atmosphärisehen 

Niederschlägen in fester Form bedingt gewesen. Letzteres sucht man am 

einfachsten durch bedeutende Hebungen von einzelnen Teilen der Erdkruste 

au erklären (Elevationshypothese).  Andere dagegen nehmen für die Ei- 

zeiten eine besondere Verteilung von Land und Meer an, im Zusammenhange 

womit die Vereisungen auf Ânderungen im Verlauf der Meeresstrümungen 

oder in der atmosphärischen Zirkulation zurückgeführt werden. Zunächst 

haben wir die Tragweite dieser Faktoren zu bewerten. 

Für die Beurteilnug der Rolle von Hbungen kommt es darauf an, où 

wir mit einer regionalen, einheitlichen Inl& « risdecke, oder mit einer lokalen, 

in getrennte Eisstrôme differenzierten iebirgsvergletscherung zu tun habe: 

Im ersteren Fall kommt die Hebung überhaupt nicht in Betracht, da de 

grossen Inlandeisdecken nicht von hochgelegenen, sondern im Gegenteil von 

L'Hoëves, Altere und neuvre Ansischten über Verlegungen der Erdachse, Mit: il 

Geolog. Ges. in Wien, Bd. I, 1908, S. 197. 

2 Kokenx, {ndisches Perm, N f. Mineralogie, ete, Festband, 1907, S. 5: 

3PENcK, Die Eiszriten Australiens, Zeitschr, d, Ges. f. Erdkunde zu Berlin, 

XXXV, 1900, S. 262 
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relativ flachen Gebieten ausgingen.! Hoi den lokalen € Len dagegen ist es ohne weiteres klur, dl der Sehncegrenze die 

dauernden Firm Stimmte und die unerläüssliche Bedingung ibrer ist die Hôhentage nur als 

icbirgsvergletscherun. a cine entsprechende Hôhentage über 
anhäufungen vorhe. 

Existenz war Gleichwohl Prädisposition, keinesfalls a Ausbildung von ciszeitliehen Firmansammtungen 40 betrachten. Sind doch 
die Gebirskerne der Hoben 1 atru oder der deutsehen Mittelgebirge Riesen- 
gebirge uxw.) Kegenwärtig nicht Vergletsehert, obwohl die crhaltenen Toile 
ibrer prägluzinten Hochtlüchen Deweisen? dass sie noch heute ungefapr tur 
gleichen Hôhe wie in der Diluvialzeit eMporragen. Ohne cine entsprechende 
Depression der Firngrenze, somit ohne eine Erniedrigung der Temperature 
ist die ciszoitliche Vergletseherang von Gebirgen undenkbar, Die Hypothesen, welehe Vormalige Vercisungen durch kalte Mecres- 
Strémungen bzw, dure Ablenkung von Warmen Stromungen in Zusummen- 
hange mit ciner geäünderten Verteilung von Landmassen erklären Wollen, 
stehien im M iderspruch init dem Legenwärtig zu beobachtenden Eintluss von 
Meeresstrémungen auf die Vergletscherung der änstossenden Festlandse 
gebiete Das kalte Strémungen nicht eine stürke dern viclmehr ein trockenes Klima herbeiführen, arme Küstengobiot von Ecuador und Peru, hingewiesen hat? Eine lokal Weitergehende Vergletscherung d nur im Gefolge von Warmen Strémungen auf wie es die Von Alaska, Patagonien und Neu-Sceland beweisen. D, einer Ablenkung des Golfstromes von der skandinavise} eine Zunahme, sondern eher ein Rückgang der jetzigen LL 7° ‘Warten, 

intstehung von 

er als Craiche der 

re Vergletseherung son= 
Zeigt am besten dus régone Woraul Puit mit Recht 

ugegen tritt 
bekannten Beispicle 
anaeh Wire im Falle 
ion Westküste nicht 
ieldvergletseherungg 

£benso künnten auch durehgreifende Anderungen in der n Zirkulation hôüchstens nur eine lokale Vergletscherung « aber cine so weltweite Verbeitung von Ve Wie sie aus der Diluvialzeit vorliegt, Der Ann Zirkulation zur Diuvialzeit von der heutige sprechen die Resultate, zu denen die scherung in der cinzelnen ( 

atmosphär 
begünstigen, 

reisungsspuren herbeiführen, ahme, es soi die atmosphärische ‘A verschieden £eWesen, wider- Erforsehung der ciszeitlichen Verglet- iebirgen geführt hat, Es ergab sich überal] ein 
“0 auffallender Ps lelismus der éiszeitlichen und der £egenwärtigen 
Schneegrenze, dass Wir mit Parrsoy wiederholen dürfen: “Es herrschte 
dieselbe klimatische Harmonie, nur einige Oktaven tiefer, \nderung der atmosphärischen Zirkulation trat erst in des E breitung des nordeuropäischen Inlandeises ein, antizvklonale System von trockenen Winden 

Eine zvitweise 
'olge der Aus- 

als an seinem Rande das 
zur Herrsehaft kam. Die 

LV, Lozixskt, Über die Lage unit die Ausbreitung des nor Jahrb, f Mineralogie ete 1911. Bd. IL, s 30 FT. ? Über die Prüglaziale Hochflüiche des Riesengebirges val. meine 
in Geolog, Zentralblatt, Bd. r.33. Piper, Über die permische 4 Zentralblatt f. Minoralogie ete, LOS, SN. 350. 

4 Val. auch die Ausführungen von G. E 8R (Hann, a.a.0. 370). 
 Panrscy, Die zeil in den Gebir, *Hropas, Gcograph, Zeitschr., Bd, X, 1904, 
55. 

NX 
rep. dilur. Intandeises, 

Ausführungen 

86e 
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Hypothese, dass die diluviale Eiszeit dureh eine durchgreifende Ânderung 

der atmosphärisehen Zirkulation hervorgerufen war, wie sie von HARMEn 

ferner sur Annahme führen, dass die Vereisung 
aufgestelit wurde, müsste 

nicht gleichseitig, sondern alternierend 
Nordeuropas und Nordamerikns 

erfolgte, wozu jedoch kein Grund gegeben ist. 

Dureh die Faktoren, welche in die geographischen Eiszeithypothesen 

hineingezogen wurden, künnten wir bloss eine Vergletscherung erklären, 

deren Hinterlassensehaften in kleinerem oder grüsserem Umfange lokalisier‘ 

Nachdem jedoch die fortschreitende  Einzelforschung gezeigt hat, 

hen Glazialspuren auf vier Kontinente vertuilt sind, die- 

wurden die 

würen. 

dass die permise 

jenigen der diluvialen Eiszeit aber die ganze Erde umspaunen 

geographisehen Eiszcithypothesen ohne besondere Vorausseizungen unhalt- 

bar, So tauchte die 

scherungen in der gemässigten Zone und sogar in den Tropen nicht als eine 

selbstündige Erscheinung, sondern als eine Folge der allgemeinen Avküblung 

rdamerikanisehe Inlandeis zu betrach- 

einen erkaltenden Einfluss auf ihre 

Vergleich 

Meinung auf, es seien die ciszcitlichen Gebirgsverglet- 

durch dus nerdeuropäisehe und des 

ten! Dass eine ausgedehnte Eistlache 

Umgebung ausüben musx, uaterliegt keinem Zweifel, Zum 

arkung von grüsseren Meeresteilen, die dureh 

anis eine starke Eisdecke tragen (Hudsonbai, Ochots- 

kisches Meer), auf dit angrenzenden Teile der Kontinente angeführt werden. 

Jedenfalls aber müssen einem solchen Einfluss des diluvialen Inlandeises 

Grenzen gesetzt werden,und unter keinen Umständen 

würe es môglich eine so gewaltige Vergletscherung, wie diejenige der Alpen 

oder so entiernte Gletscherspuren der Diluvialzeit, wie in der Balkanhalh- 

insel und in den Tropen, bloss auf eine Fernwirkung des nordischen Inland- 

eisex zurückzuführen. 

Während der von Hozsr vertretene Gedanke an eine unbeschränkt( 

sen Inlandeises fast vereinzelt blieb, suchten imder 

phischen Eiszeithypothesen der Schwierigkeit, die 

itung von diluvialen Glazialspuren erwuchs 

dass die diluviale Vereisung nicht überul 

Mussgabe der in Betracht kommende! 

künnte die erkaltenc 

mehrere Monate des : 

gewisse, nicht allzuweite 

Fernwirkung des nordi 

Verfechter von geogri 

aus der weltumspannenden Verbrei 

durch die Annahme zu begegnen, 

gleichzeitig war, sondern jeweilig nach 

grographischen Faktoren (Hebungen u.a.) eintrat. Wenn man behauptet 

duss der Anfang und die Dauer der diluvinlen Vereisung in verschiedenen 

Gebieten nicht genau gleichzeitig waren, s0 ist dieses ohne ”’weifel gan 

berechtigt und bedeutet eine erwünschte Reaktion gegen den starren, sozti 

iozentrischen Standpunkt, wonach der Verlauf der diluvialen Eisz 
sagen alpir 

# Schema der alpinen Phasen hineing 
in den verschiedensten Gebieten in du 

r, The Connection of the Glacial Period with Oscillations of the Land, Geol. Mi 

zine. Dee, 4, Vol. VIIL, 1901, S. 21 4-215. 

Wourr, W. Zur Kritik der Inte rglazial-Hypothese, Naturwiss. Wochenseh 

N.F. Bd. 11, 1902-3, $. 303. 
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QLCIETT ACHICHTLIOHNE KÂLTE PERIODE 103 ungen wird! Num entsteht aber die Frage, in wie Weiten Grenzen die 
Ungleichzcitigkoit der diluvialen Vercisung sich bewegen kann. Es ist eigentlieh nicht richtig, wenn Man von der Ge Wir im Nchatten der Eiszoit leben. 2 Wird doch vom « Standpunkte eine Eiszeit jede Pe 

enWart sagt, dus 
rdgeschichtlichen riode genannt, in welcher s'asiale Ablage- 

rungen sich bildeten. Dunach wire ein Geologe in der je rnen Zukunft 
vollkommen berechtigt, auch auf unsere Zeit als eine Eisseit zurückzublicken. 
Wenn der Nachweis von glazialen Bildungen als ein Kriterium vormaliger 
Eiszeiten gilt, so Müssen, mit W, Rasa rt auch die Gegenwart, wie abge- 
schwächt ire Glazialerscheinungen &egenüber der Diluv iulzeit auch 
der letzteren 20 einer quartüren Eixzoit Eiszeit in dieser Sinne zcigt tatsächlich eine in verschiedenen Gebieten, In Gebirgen, die eine grüssore oder in hôühcrer &eographischer Broite Vergletscherung früher cinsetze oder südlicher &elegenen ( 

sind, mit 
Die quartire 

it der Vercisung 
Hôühe erreichen liegen, muss selbstverstindlieh e n und viel linger dauern, icbirgsrücken, In den Alpen dauert die quartäre 

Eiszoit heutzutage, Während sie in den Gebirgen des variskischen Bogens, der 
Hohen 7 usw, lingst verklungen ist, Auch bei den grossenh Inland- 

i en War die Dauer der tatsüchlichen Vercisung von der &cographischen 
Breite des jeweligen Punktes, bzw. von seiner Entfernung vom Ausbroitungse 
2ntrum abhängig, wie ieh CS an einer anderen Stellet 44 Veranschaulichen 
versucht habe, Die Ungleichzcitigkeit. welche für die bermischen Glaziale 
SPuren in Australien angenommen wird, Jüset sich am ungezWungensten in 
derselben Woise erklären. 

Die zcitlichen Abweichungen im Verlauf der quart unmôglieh duhin umgedeutet werden, d dureh lokale, &eographische die Eiszeit als eine 
als ganz s 

Zusammenfassen, 
Ungleichzcitigkes 

ine 
als in niedrigeren 

tt 

ären Eiszoit künnen uss die Ursache der Fi Bedingungen herbeigeführt war, allgemeine Kälteperiode auffasson, lbstverständlieh Voraussetzen, dass die sichtbaren Anzeichen der 
T peraturerniedrigung nicht überall gleichzeitig auftreten und ihr Ende 
elhmen, sondern lokale Zeitunterschiede aufweisen werden, je nach Massgabe 
der Préexistierenden Leographischen Verhäültnisse, db. der Hôhe 
£raphischen Breite und der Mecresferne, Mit volléem Reeht sagt Hatrnar: 
Nicht die Eiszoit war lokal beschränkt-diewar allgemein-, nur die Wirkungen 

Waren, dureh lokale Verhältnisse bedingt, verschieden "6 Es braucht kaum 

rnanhäufung 
Wenn wir 

so Müssen wir doch 

, der geo 

IMit welcher Leichtfertigkeit eine Parallelisierung mi dem alpiner 
Kommen wird, beweist eine Arboit von LUCERxXA Dos ter der Vutka 
Verhandl, d. naturf, Ver, in Brünn, Bd 48, 1909), keit hüchstens nen Meter betrügt, ohne rase” bezeichnet werden, 

© Frecn, Studien über d. Klima d. gcolog. V'ergange nheit, Zeitschr, d. Ges. f. Erdkunde 

24 Berlin, 1902, $, 615. 
3\ Ramsay, Orogenesi. A, Nr: 11, Helsingfors, 1910 1 Mitteil. d. Geolog. Ge, in Wien, Bd, IL, 1904 SJ, W, Gn ÉGORY, Climatie Variations, ( 1906, s. 120-421, 
°Havryar, Reisen in Bolivien und Peru, Miss Verôffentl. d, Gex f. Erdkunde zu 

Leg, Bd VI, 1911, 8. 175. 

1 Schema vor- 
ine des Gesenke #, worin Flussterrassen, deren Michti weiteres als “’Büblterrasse" oder “Gschnitzter. 

s und Alim Ofversigt af Finsku Vet. Soc., Forhandl., Bd. : 

), NS. 179, 
‘ompte rendu X. Congr. Géolog. Intern. 
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alimähliches Sinken der Sehnecgrenze die hüher 

erôrtert zu werden, duss eit 

ebenden oder in hôherer Breite gelegenen Gebir, 

goit nicht vom gegenwärtigen, sondern 

rnten Zeitpunkte überblicken, so wäre es leicht einzusehen, 

intunterschiede im Vorkommen von Glazialspuren immer- 

à sind und aus dem Rahmen der 

Die obere 

hinaufstr 
ge am ehesten treffen 

muss.  Künnten wir die quartäre 

von einem enfe 

duss die lokalen Ze 

estimmten Grenzen eingeschlosser 

f abgetrennten Quartärperiode nicht fallen. 

ir noch die Gegenwart Z4 rechnen 

n wir nirgends 

hin in b 

erdgeschichtlieh schar 

Grenze der quartären Eiszeit, zu der W 

haben, liegt in der Zukunft. An der unteren Grenze aber finde 

ein Hinabreichen von Glazialspuren in die Plivozänperiode. Die Annahme, 

dass der Anfang der quartären Vergletscherung an Südabfall der Alpen in 

die Pliozänperiode falle, ist von PENCK widerlegt worden und der kürzlieh 

aufgetauchte Gedanke, es hätte die Ausbildung des nordeuropäischen
 In- 

landeises schon in der Plozänzeit oder noch früher begonnen À enthehrt 

jeder Begründung.
 

Die Ansicht von der Ungleichzcitigkei
t der quartären Vereisungen hat 

insbesondere durch die L ntersuchungen von J. B. TYRRELL über die Zeitfolge 

der Glazialablagerung 
in Kanadaÿ an Boden gewonnerm. Indes scheint die 

Ungleichzcitigkeit der Vereisung in Nordamerika nicht so weit Zu gehen, 

es Tyrrell gefolgert hai, indem er ein allmähliches Vorrücken der Verci- 

von Westen nach Osten annahm4 eh môchte der Auffassung 

nde gegenüberstellen. 
Dass zuerst die quartäre 

Vergletscherung des gebirgigen Westens eintrat, ist ganz selbst verständlieh, 

da eine allmähliche Erniedrigung der Temperatur und der Schneegrenze ami 

allerersten die hôher gelegenen Teile der Erdkruste betreffen muss. Erst 

äter, als die Abküblung vorgeschritten War, konnte im Osten, im flachen 

.chen Plateaus eine ausgedehnte Inlandeisdecke ich 

is rückte nach Westen bis an das Felsengebirge 

Dasselbe war in 

wie 

sungsherde 
von TYRRELL die folge 

Gebiete des Lauren: 

herausbilden. Das Inlande 

heran und drängte seine V'orlandvergletsch
erung zurück. 

Skandinavien der Fall, wo zunächst eine Vorlandvergletscher
ung dureh die 

Firnanhäufung im Hochgebirge gustande kam und nachher durch das von 

Osten herantretende Inlandeis_ verdrängt wurde. Es haben ferner die 

Untersuchungen von Tynrezz gezeigt. dass die Ausbreitung des nordameri- 

kanischen Inlandeises zuerst VO Keewatiner Zentrum im Westen der 

1 Die Alpen in Eixzeitaller, Bd. JU, S. 777, NO6. 

2 KRISCHTAFOWITSCH
, Sur la dernière periode glaciatie, 

Géologie ete. Bd. 24, 1910, 294, 293. 

Das Vorkommen von Fragmenten kristalliniseher Gesteine (wohl aus dem Grund- 

gebirge der ukrainischen Platte) im oberpliozäinen Kulk von Odessa, worauf à Krisch 

sch beruft, kann hôchstens auf einen ransport durch das Grund 

hindeuten und würde somit die herrschende Ansicht bestätigen, dass eine 4 

Temperaturernic dr
igung bereits zur Pliozänzeit einsetzte. 

33. B. TYRRELL, The Glaciation of Nerth Central Canada, Jour. Geol., Vol. VE, 1895 

1898. 

ACamoux (The Montana Ice Lobe. . Prof. Papers US. Geol. Survey. Ne 50 

1906, p. 54) ist dagegen zu dem Ergebnis kommen, dass sowohl die Vergletscherun#
 les 

Felsengebirges, W ich die Ausbreitung des Inlandeises vom Keewatiner Zentrui in 

1 Kätteperiode 
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ÜBER ERDGESCHICHTLICHE KÂLTEPERIODEN, 495 
Hudsonbai aus erfolgte, und bercits erheblich zurückgegangen War, als das Labradorisehe Ausbreitungszentrum im Osten der Hudsonbai zur vollen Geltung kam, Aus einer solchen Verlegung des Ausbreitungszentrums der nordamerikanischen Inlandeisdecke_ kann man jedoch nicht den Sehluss zichen, dass auch der E‘nfluss derjenigen Faktoren, welche die Entstehung, des Inlandeises bedingten, im Laufe der Zoit sich verschoben hätte, Denn es darf dieses Problem nicht in der Weise aufgefasst werden, als sel von jedem der beiden Zentren je eine Inlandeisdecke in gewissem Zeitabstand ausgebreitet worden. Vi, hnehr haben wir hier mit der Erschoi- nung zu tun, dass im Berciche einér Inlandeisdecke. nachdem ihre Ausbildung durch eine Temperaturerniedrigung cinmal bestimmt war, mit der Zeit die Lage des Ausbreitungzentrums sich versehob, und zugleich die Ausdehnung sowie die Begrenzung des nordamerikanisehen Inlandeises eine erhebliche Anderung erfuhr. Am nächsten liegt der Gedanke, dass diese Anderungen innerhalb der nordamerikanischen Inlandeisdecke_ qureh geophysikalische Faktoren herbeigeführt wurden. Wie weit die Lage und die Ausbreitung cine Inlandeisdecke, sobald_ klimatische Bedi:: ingen ihre Entstehung crmôglichen, von der Massenverteilung auf der } doberfläche geregelt werden, babe ich an dem Beispiele des nordeuropäischen diluvialen landeises darzulegen versuclt.! 

Es wäüre ferner noch folgendes über den Begriff des »Ausbreitungszen- trums” einer Inlandeisdecke zu bemerken, Man soll sich dasselbe nicht etwa in der Weise vorstellen, als wenn die Wirkungen der Temperaturab- aline nur dieses relativ sehr kleine Areal als einen Sozusagen Angriffspunkt Letreffen und auf demselben eine übermi sig anschwellende Fimanhäufung veranlassen würden. Das Ausbreitungszentrum ist nur das Gebict, von dem die Eisbewegung nach allen Seiten ausstrahlte. Da die Gegenwart uns kein Beispiel einer Inlandeisdecke in statu nascendi bietet, sind über das Werden eines Inlandeises bloss Spekulationen môglich. Ich môchte annehmen, dass hilandeisdecken— nachdem die erfürderliche Temperaturerniedrigung goge- ben war—aus der Firnanhäufung in ausgedehnten, relativ flachen Gebieten he lVorgegangen sind.  Als die Eisdecke zunahm, trat allmählich das seitliche Abfliessen des Eises in allen Richtungen nach Massgabe der orographischen Gestaltung der umrandenden Gebiete ein. Dabei musste selbstverständlich din zentrales Gebiet bleiben, von welchem die allseitige Bewegung des Eises scheinbar ausging und gegen welches zu die Sebrammrichtungen in der feligen Unterlage konvergieren, Meines Erachtens nach war die Lage dieses zentralen Gebietes wie auch seine ( iestalt, ob es ein dem geometrischen Ideal gleichkommendes “Zentrum”' oder eine langgezogene Eisscheide bildete—nicht durch den lokalen Maximalbetrag der Temperaturabnalime, Sonlern vielmehr durch die orographischen und geogphysikalischen Bedin- Eüngen der Ausbreitung des Inlandeises bestimmit. Mit der Zeit konnten die cop vsikalischen Faktoren der Eisausbreitung eine Anderung erfabren und infolgedessen auch eine Verlegung des zentralen Gebictes erfolgen, wie mit dem nordamerikanisehen Inlandeis der Fall war. 
1. Lozixskr, Über die lage, u.su., S, 37 1. 
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DIE PERMISCHE EISZEIT. 

Wenn die vorstekenden Ausführungen gegen die geographisehen Hypo- 

thesen gerichtet waren, so soll anderseits die Rolle, welche die geographischen 

Faktoren für den lokalen Verlauf einer Vergletscherung oder Vereisung haben, 

Von geographischen Faktoren hängt der Umfang 

sung ab. Sie entscheiden ferner, ob überhaupt 

bei ciner Temperaturerniedrigung die dauernde Firnanhäufung eintritt, wie 

es das Beispiel des zur Diluvialzeit nicht vereisten Nordasien zeigt. Dem 

lokalen Einflusse geographischer Faktoren ist es zuzuschreiben, dass die 

Verbreitung der heutigen wie der diluvialen Gletscher bzw.  Inlandeis- 

gebiete in Bezug auf die Pollage eine so unregelmäs ige und vom Verlauf der 

Klimazonen abweichende Anordnung aufweist, wie es v. Kerxer! betont 

hat. In viel hüherem Grade ist letzteres mit der Verteilung der permisehen 

Glazialspuren der Fall, so dass man immer wieder zu der Ansicht verleitet 

wird, es sei die permisehe Vereisung lediglich auf geographische Faktoren 

zurückzuführen. Dass die allgemeine Abkühlung der Permzeit nur im 

Bereiche des indoafrikanisehen Kontinentes die Ausbildung von Inlandeis- 

decken zur Folge hatte, kann zum Teil der Mitwirkung von geographischen 

Faktoren zugeschrieben werden. Anderseits aber ist noch der Umstand in 

Betracht zu zichen, dass die Ausbildung von regionalen Vereisungen neben 

allgemein klimatischen Bedingungen auch dureh geophysikalische Faktoren 

bestimmt werden konnte, worauf der innige Zusammenhang der vorzeitlichen 

Inlandeisdecken mit Gebieten, die unmittelbar vorher eine langdauernde, 

aller Wahrscheinlichkeit hin- 

nicht übersehen werden. 

und die Dauer einer Verei 

tiefgreifende Abtragung erfahren haben, mit 

zuweisen scheint 

Bei der Beurteilung der geographischen Verbreitung von Spuren einer 

<o wcit zurückliegenden Eiszeit wie die permische muss noch die relative 

Erhaltungsfähigkeit von Glazialspuren in Betracht gezogen werden. Auch 

Jinsicht ist zwischen Vereisung und Vergletscherung zu unter- 

hnte Vereisung, die in einem flachen Gebiete sich 

dass 

in dieser E 

scheiden. Für eine ausgede 

11 bis zum Meere reicht, ist die Chance viel grüsser 

r Schichtenfolge sich erhalten werden. Eine Verglet- 

scherung dagegen, mag sie von getrennten Karmulden oder von einem 

fjeldartigen Firnplateau genührt werden, hinterlässt ihre morphologisehen 

ätze im Innern des Gebirges bzw. Hochpleaus.  Noweit die 

and nach aussen nicht hinausgreifen, werden 

des Gebirges selbstverständ- 

ausbreitet und eventuel 

ihre Ablagerungen in de: 

Spuren und Al 

Glazialspuren über den Gebirgsra 

sie bei der späteren Abtragung und Einebnung 

lich für die geologische Überlieferung vollständig verloren gehen.  Wenn 

aber der reichliche Eisabfluss zu einer flichenhaften Vorlandvergletscherung 

führt, so sind dadurch— was die Entstehung der Glazialablagerungen anlaingt 

auf kleinem Raume ungefähr dieselben Bedingungen gegeben, wie sie cine 

regionale Inlandeisdecke in einem weit grüsseren Umfange hervorbringt. 

1y, Kerxen, Sind Eiszeiten durch Polverschiebungen zu erklären? Verhandl. € kk. 

geolog. Reichsanstalt in Wien, 1909. S. 265-266. 

2 v. Lozixski, a. a OS. 
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"HICHTLICHE KÂLTEPERIODEN. 497 Die Aufschüttungen, die in diesem Falle deckenartig im flachen Vorlande 
ausgebreitet werden, sind, im Gegensatz zu den Glazialspuren im Innern des 
Gebirges, in viel gcringerem Girade der Gefahr ausgesetzt, nachher der Abtra- 
gung vollständig anheimzufallen. Bedenkt man die weitgehende Verebnung, 
welche die Gebirgserhebungen der Vorzeit erfahren haben, so wird es ganz 
klar, dass nur von grossen Inlandeisdecken sowie von flächenhaften Vor- 
landsvergletscherungen aus den weit zurückliegenden Perioden Glazialspuren 
in der Schichtenfolge sich erhalten konnten. Was wir von der Verbreitung der unzweideutigen GI ialablagerungen 
aus der Permzoit wissen, deutet allenthalben auf ausgedehnte Inlandeisdecken 
hin. Nun drängt sich die Frage auf, ob nicht auch die Gebirgserhebungen 
der Permzeit vergletschert waren, ES lässt sich weder dafür noch dagegen 
der Beweis erbringen, nachdem die damaligen ( icbirge in den darauffolgenden 
Perioden bis zum innersten Mark abgetragen Wurden, Die Môglichkoit 
aber, dass die Gebirge der Nordhemisphäre zur Permzeit vergletschert 
Waren, ist meines Erachtens garnicht ausgeschlossent und würde die 
scheinbar abnorme Vertoilung der bisher bekannten permisehen Gla ialspuren 
auf der Erde wesentlich ergünzen. Bei dem vereinzelten, neuerdings von 
FREcH gewürdigten Geschiebefund im tiefsten Rotliegenden von Westfalen.? 
den Philippi mit zu &rosser Entschiedenhoit als cine pseudoglaziale Ersehei- 
nung bezeichnete,s ist eine glaziale Entstehung doch môglich.  Froilieh) 
muss die lokale Beschränkung dieses Vorkommens noch ein gewisses Beden- 
ken erregen. Es ist aber zu erwägen, ob die Gerôllmassen, aus denen die 
Konglomerate des Rotliegenden aufgeschüttet wurden, wirklich in ibrer 
kanzen Ausdehnung rein Juriatiler Herkunft sind, wie Man ganz allgemein 
annimmt. Mit vollem Recht wird hervorgehoben, dass die fluvioglazialen 
Deckenschotter im Alpenvorlande_ die vollkommenste Xhnlichkeit mit 
Schotterfläc} en, die am Rande von nicht vergletschert ReWesenen Gebirgen 
durch Flüsse aufgeschüttet wurden, zeigen und von solchen kaum zu unter- 
scheiden sind Die fuvioglaziale Entstehung von Schotterfeldern im 
Vorlande wird lediglich dureh ibre innigste Verbindung mit Moränen an den 
Talaustritten verbürgt.  Denken wir uns aber die Alpen mit ihrem ganzen 
Schatz von Glazia Ispuren vollständig eingeebnet, so werden bloss die Schot- 
terdeeken im Vorlande übrig bleiben, die in der Tat eine glaziale Fernwir- 
kung" wie Penckÿ sie nennt—darstellen, die jedoch als solche nach Abtra- 
£ung der dazu gehôürigen Glazialspuren im Gebirge kaum erkannt werden 
kKünnten, So môchte ich es für sehr Wabrscheinlich halten, dass die Kon- 
glomerate des Rotliegenden zum Teil und Jedenfalls in beschränktem Umfange 
als eine fluvioglaziale Ablagerung im Vorlande der variskischen Gebirge nach 

! Den gleichen Standpunkt vertritt Paiuippr, Über Cige paloklimatische Probleme, 
NX Jahrb, f. Mineralogie u.s.w.  Beil, Bd. 1910, S. 129, © Frecn, Über das Klima der geolog. Perioden, Ebda. 1908, ILS, 76-77, 

3 Pizrppi, Ebda., S, 127-129. “Hiser in Zcitschr, f. Feisen in der Schweiz, Bull, de 293-994 KY, S{udien- 
» 1908. S, 
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Art der subaipinen Deckerschotter entstanden sind! Da das Rotliegende 

mit Porphyrergüssen verknüpft ist, konnte man an eine ähnliche Becinflus- 

sung der fuvioglazialen Akkumulation durch Vulkanausbrüche denken, wie 

sie bei den Sandrbildungen Islands zur Geltung kommt und auch für die 

. Rolisteinformation”” Patagoniens? angenommen wird. Gibt man nun 

die Müglichkeit einer zum Teil fuvioglazialen Entstehung der Konglomerate 

des Rotliegenden zu, so rückt der vereinzelte Geschicbefund von Westfalen 

in ein anderes Licht. Es ist denkbar, dass während der fluvioglazialen 

Akkumulation im Vorlande ein Gletscher, dank besonders günstiger Bedin- 

gungen, weiter aus dem variskisehen Gebirge hinaustrat und den lokal be- 

schränkten Moränenrest hinterli 

DIE DIASTROPHISCHEN PERIODEN. 

Die Elevationshypothese, welche die vorzeitichen Vergletscherungen 

lediglich durch eine bedeutende Hebung des betretieuden Gebietes erkliren 

môüchte, scheitert an der Tatsache, dass die Glazialspuren der Diluvialzeit 

eine weltweite Verbreitung aufweisen, und auch die Ausdehnung der per- 

mischen Eiszeit weit über die Grenzen einer lokalen Erscheinung hinausgeht. 

Dieser Schwierigkeit versucht W. Ramsay zu begegnen, indem er meint, 

n der grüsste Teil der Erdober- es hätten die “orogenetischen Phasen,” in de 

fläche von Krustenbewegungen erfasst wurde, infolge der weitgehenden 

Verschärfung des Reliefs der Kontinente eine allgemeine Verschlechterung 

des Klimas auf der ganzen Erde herbeigeführt?  Dass in gewissen Ab- 

schnitten der Erdgeschiehte, die ich als diastrophische Perioden bezeichnen 

môchte, Krustenbewegungen in einem sehr grossen Umfange eintraten und 

dass dadureh die klimatischen Verhältnisse, in erster Linie die Niederschlags- 

verteilung beeinäusst wurden, unterliegt keinem Zweifel. Es ist jedoch eine 

allgemeine, für die Eisziten erforderliche Temperaturerniedrigung in der 

unmittelbaren Folge von diastrophischen Perioden kaum anzunehmen.  Wenn 

wir die gegenwärtige Erhebung der Kontinente ins Auge fassen, so geht 

Asien voran, dessen mittlere Hühe ungefähr dreimal so gross ist als die Europa 

und noch diejenige von Nordamerika erheblieh übersteigt.  Gleichwohl bleibt 

Asien an Ausdehnung der gegenwärtig eisbedeckten Gebiete weit hinter 

Europa und Nordamerika zurück# Zur Diluvialzeit, als grosse Teile von 

Europa und Nordamerika mit Inlandeis bedeckt wurden, war dieser Gegen- 

satz noch viel schärfer ausgeprägt.  Anderseits ist darauf hinzuweisen, dass 

die jüngste Kreidezeit, für die wir aus dem grossen Umfange der oberkret: 

chen Transgression eine weitgehende Einebnung der Landflächen zu folgern 

1 Bei der bed: den Mächtigkeit der Konglomerate des Rotliegenden muss 1 in 

allerdings cine Senkung de: der Verschotte ung unterworfenen Gebirgsvorlandes vo 

setzen, Wie es PENGK und BRüCKkNER (Alpen im Eïiszcitalter, Bd. II, S. 792-790: 

von über 200 m erreicht. 
20, NonpExskJoLD, Die Polarielt, 1909. 
3 W. Ramsay, a. a. O. 
4 Vgl. die Zusammenstellung in Hess, Die Gletscher, 1904. S. 114. 

S. 107-108. 
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haben, doch eine Periode allmählicher Klimaabkühlung War. So sprechen 
Tatsachen kegen einen direkten Zusammenhang von Hebungen und 
Kälteperioden. Es drüngt sich aber die Frage auf, ob die diastrophischen 
Perioden _ indirekt cine allgemeine Temperaturernicdrigung veranlassen 
künnen. Ein solches nabm CHAMBERLIN an, indem er mit diastrophi Perioden einen gestoigerten Verbrauch des atmosphi durch die Zersetzung der Silikate und durch die Zusammenhang brachte,! 

Bekanntlich haben zweimal im Laufe der Erdgesehichte, 2 paläozoischen Zeit und in der Mitte der ausgedehntem Umfange Statigefunden, Solange man die 1 orographischen Erhebungen mit der Faltung ursächlie jene beiden Phasen der Schichtenfaltung zugleic} bildung, in denen dus Relief der Erdoberfläel.e eine bedeutende Verschärfung 
erfahren sollte. Indes haben die neueren Forsehungen gelebrt, dass die 
Auftürmung der Gebirge mit der Schichtenfaltung nicht Zusammenfällt, 
dass vielmehr letztere grésstenteils auf dem Meeresboden sich vollzog. 
Die Heraushebung der Gebirge dagegen geschah durch vertikale Bewegungen, 
von denen die bercits ilteten Schichtenkomplexe nachträglich Mmanchmal 
erst nach einem grüsseren Zoitintervall ergriffen wurden, Wir dürfen duher 
die Phasen der ausgedehnten Schichtenfaltungen nicht zugleich als Perioden 
einer hochgradigen Akzentuierung des Reliefs der Erdoberf Wennes auf die Beurteilung des Reliefs der ErdoberfläcLe Perioden ankommt, so wäüren dazti Schwankungen der Mee gecignet, Eine Transgression von bec 
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säure durch die Auflüsung von Kalk und die Zersetzung von Silikaten voraus- 

setzte Bei der Betrachtung der Kohlensäurehypothese in einem folgenden 

Absehnitt wird der Eintritt von Eiszeiten in der geologischen Vergangenheit 

noch einen anderen, meines  Erachtens viel wichtigeren Zusammenhang 

ergeben.  Bedeutet doch der Verbraueh der Kohlensäure durch Zersetzung 

baw. Auflüsung der Gesteine auf der Landoberfläche noch nicht einen 

Verlust der Atmosphäre, da er von der gleichzeitigen Kalkabscheidung durch 

Organismen in den Meeren gewiss aufgewogen wird. Vom Standpunkte der 

konnten nur die ältesten, präkambrischen und kam- 

Verbrauch der atmosphärischen 

In 

Kohlensäurehypothese 

brischen Vereisungen dureh den gesteigerten 

Kohlensäure infolge von ausgedehnten Landhebungen erklärt werden. 

der ausserordentiich bewegten Zeit des Präkambriums und des Kambriums 

fand eine Kalkausscheidung aus dem Mecrwasser durch Organismen in 

grüsserem Mass noch nicht statt und infolgedessen gab es auch keinen Ersatz 

der Kohlensäure, die bei der Zersetzung von Silikaten auf den Landflächen 

der Atmosphäre entzogen und in lüslichen, dem Meere zugeführten Verbin- 

dungen gebunden wurde. Ich môchte der Ansicht von Day entgegentreten, 

es sei das präkambrische Meerwasser kalkfrei ge n? Mit viel grüsserer 

Wahrscheinlichkeit wäre anzunehmen, dass das Meerwasser bereits zur prü- 

kambrischen Zeit einen gewissen Kalkgehalt besass, die Meeresorganismen 

dagegen die Fähigkeit der K abscheidung sich noch nicht angecignet haben. 

Seitdem aber zur Silurzeit die Kalkausscheidung durch Meeresorganismen in 

vollem Umfange einsetzte, bieten die dabei frei werdenden Kohlensäuremen- 

gen einen reichlichen Ersatz des Verlustes, welchen die Auflüsung von Kalk 

und die Zersetzung von Silikaten auf der Landoberfläche herbeiführt. 

DIE LOKAL UND ERDUMSPANNENDEN EISZEITEN. 

ziten, die durch Ablagerungen glazialen Ursprunges überliefert 

Men lediglich die extremsten Kälteperioden der geologischen 

Ausserdem aber finden wir in der Vorzeit auch Perioden 
er Erd- 

Die Ei 
wurden, ste 

Vergangenheit dar. 

mit schwächerer Temperaturerniedrigung, die zu Vereisungen auf d 

oberfläche nicht führten und dureh keine oder hüchstens lokale Glazialspuren 

registriert wurden. In Ermangelung von glazialen Bildungen kann man 

solche schwächere Kälteperioden zunächst aus den Veränderungen der Tier- 

und Pflanzenwelt vermuten. So ist eine Temperaturerniedrigung für die 

Liaszeit anzunehmen, worauf die Betrachtungen über fossile Insekten 

hinweisen. Diese Abkühlung des Klimas an der Wende der Trias-und 

Liaszeit war von allgemeinem Charakter und hat auch die Meeresorganismen 

betroffen, sodass eine tiefgreifende Umprägung der Ammonitenfauna erfolgte. 

Eine ähnliche Abkühlung des Klimas, die zu Ende der Kreidezeit ihren 

1 CnamBeruiN, a. a. O., S. 568-569. 

2 Dax, The limeless Ocean of Precambrian Time. Am. Journ. of Science. Vol. 173, 

1907, p. 113. 

Vgl. hierzu STEINMANN, Die kambrische Fauna, 

S. 72. 
3 HanpunscH, Die fossilen Insekten, 1908. $. 1168-1169. 
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tiefsten Punkt erreicht hat, kommt e dung der organischen Welt 
Beziehung ist die 

benfalls in der einschneidenden Umbil- zum  Ausdrucke.! In Paläogeographischer Abküblung an der Grenze der Trius- und Liaszeit, wie 
auch diejenige der jüngeren Kreidezeit durch das Eindrigen von mitteleuro- 
päischen Faunenelementen in die mediterrane Region ausgezeichnet, Die 
liassische Fauna der Nordalpen zeigt bekanntlich einen überwiegend mittel- 
europäischen Charakter. Ebenso dringen in der oberen Kreide Mitteleuro- 
päische Formen in das Karpatengebiet vor? und erreichen erst in Kleinasien 
unter 41° n. Br. die Südgrenze ihrer Verbreitung.3 Neben Verschiebungen und Veründerungen der Organismen dürfen 
unter Umständen auch gewisse lithogenetische Merkmale als Anzcichen von 
Külteperioden Verwendet werden. Eine regellose Verstreuung von Gerôllen 
in feinklastischen oder kalkigen Ablagerungen kann manchmal Transport durch das Grundeis der Flüsse, mas hindeuten. Es ist aber in solchen der Transport von derartig vel 
rendes Wurzelgeflecht sie 
Merkmal von 

auf einen 
somit auf cine Abkühlung des Kli- len die grüsste Vorsicht geboten, da treuten Gerüllen ebe sogut z. B. durch flottie- h erklären lässt$, Das sicherste lithogenctische Abkühlungsperioden 

bietet die weitverbreitete von feldspathalt igen, detritären Sedimenten, wie ic] des Rotliegenden zù begründen versuchte— ins einen lüngeren Transport von seinem Ursprungsort in unzersetztem Zustande 
zu überstehen hatte. Nun finden wir, dass das regionale Vorkommien von 
Arkosen, bzw. von klastischen Ablagerungen mit reichlichem z, T. kaolini- 
siertem Feldspatdetritus auf das genaueste mit Perioden einer Klimaabküh- 
lung sich deckt. Die unterpermischen Arkosen, die eine weltweite Verbrei- 
tung haben, fallen mit einer ausgedehnten Vereisung Zusammen.  Ausserhalh 
Europas, wo permische Glazialkonglomerate sich erhalten haben, lässt sich 
der zeitliche Zusammenhang der Arkosenbildung mit der Vereisung direkt 
beweisen,? Während der mesozoischen Zeit hat zweimal e Akkumulation von Arkosen Stattgefunden, zunächst im Unterlias, Wozu die 
Arkosen in den Grestener Schichten der Nordalpen und der feldspatreiche 
Hürsandstein Schonens gehôüren, dann aber in der oberen Kreide (Kaolin- 

Ablagerung 
hes bez üglich der Arkosen 
fern der Feldspatdetritus 

ine Weitverbreitete 

1 FRECH, Die wichtigsten Erg 1905, N, 74, 
2 Wisxiow: 

cbnisse der Erdgesehichre, Geograph. Zeitsehr, Bd. XI, h Über die oberex none Flyschfauna von Les 22yny. Boitrüge zur Geol, 
U. Paläont, Ost.-l ng. Bd, XX, 1907, S. 204. TFRECH, Gcolog. Bob. OR poutischen Gebirge. NX. Jahrb f. Mineralogie usw., 
1908. Bd. I, S, 11, 

1 Wie KALKowskY für einen bestimmten Fall annahm. Geolog, Ges., Bd. XLV, 1893, $, 83. Vel. Feux, Über “inige norddeutsche Gescheibe, £, (3 Febr, 1903). 
Sy, Lozixsk, Zur Bildungsweise der Konglomerate des” Rotliegenden, Jahrb. 4kk. 

Geolog, Reichsanstalt, Bd. LXI, 1912, $ 214-215 7 Man beachte das Vorkommen von Feldspatdetritus in der Talchir-Stufe (vel. 
Kokex, Indisches Perm U.8.w., $. 492). Nach GUILLEMAIX (Zeitschr, d. Deutsch. Geolog, 

s., Bd, LXII, 1911. Monatsber, $, 217) wird in Uruguay dus permische Glazial un- 
Mittelbar von Arkosen überlagert, 

Val. Zeitschr, d. Deutsch. 

Sitzungsber. d. Naturf. Ges, zu 
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sandstein in der spanischen Provinz Valencia! Arkosen und ;kuolinisehe 

Arkosenbildung im Unterlias 
Sandsteine”” in Kleinasien?). Die regionale 

und in der Oberkreide war, aller Wahrscheinlichkeit nach, durch eine Klima- 

abkühlung bedingt, die wir im vorstehenden für diese beiden Zeitabschnitte 

dem Verhalten der organisehen Welt gefolgert haben. Es ist nicht 

Akkumulation der unterdevonisehen Arkosen 

*) mit einer Klimaabkühlung zusammen- 

Alter der Glazialspuren aus der “Table 

aus 
ausgeschlossen, dass auch die 

der Ardennen (‘arcose d'Haybes” 

hing, insofern das unterdevonische 

Mountain series” in Südafrika sich bestätigen würde. 

In Antetracht der schon früher hervorgehobenen Beispiele aus der 

Gegenwart (Alaska ua), wonach dureh besondere Bedingungen eine aus- 

nahmsweise tief, sogar bis zum Meeresniveau hinabgehende Vergletscherung 

hervorgerufen wird, haben wir mit der Mäüglichkeit zu rechnen, dass 

geographischen Faktoren unter günstigen Umständen eine lokale 

herbeiführen kônnen. Während einer Abkühlung des Klimas, die zu schwach 

war, um Vereisungen von grôüsserer Ausdehnung hervorzubringen, konnte 

durch das ürtliche Zusammenfallen von geographischen Faktoren, wie z. B. 

n Meeresstromungen an gebirgige Küstenstriche, 

Wenn wir Spuren von Eis- 

rten wollen, so müssen Wir 

das Herantreten von wärmere! 

dennoch eine lokale Eiszeit zustande kommen. 

zeiten aus der geologischen Vergangenheit bewe 

gionalen) und lokalen Eiszeiten unterscheiden. Die 
zwischen allgemeinen (re! 

Hinterlassenschaften der ersteren sind übe! 

fläche verbreitet, wie es für die permische und die quartäre Eiszeit der Fall 

ist. Von lokalen Eiszeiten dagegen kommen nur vereinzelte, räumlich 

beschränkte Spuren vor. Als eine solche lokale Eiszeit ist die unterdevonische 

Vereisung aufzufassen, deren Spuren nur aus der “Table Mountain series”? 

in Südafrika bekannt sindé Es ist müglich, dass während einer jedenfalls 

nicht allzu weitgehenden Abkühlung, die zur unterdevonischen Zeit stattge- 

funden zu haben scheint, worauf die Differenzierung der Meeresprovinzen im 

Unterdevon hindeutet, infolge besonders günstiger geographischer Bedingun- 

gen eine lokale Vereisung sich herausbilden konnte. Der Abkühlung an der 

Grenze der Trias- und Liaszeit dürfte jene lokale Vereisung in Zentralafrika 

entsprechen, deren Spuren im Niveau der “ Lubilache Formation” gefunden 

Ob auch die Abkühlung, die am Schlusse der Kreidezeit ihren 

hte. zu einer lokalen Vereisung führte, ist sehr fraclieh, 

r einen grossen Teil der Erdober- 

wurden.t 

tiefsten Punkt erreie 

und es werden die angeblichen Glazialspuren aus de 

Geolog. Ges., Bd. LXIIT, 1911, $. 410). 
1 Nach Ewap (Zeitsehr. d. Deutsch. 

bda. Bd. LXII, 1940, S. 489, 511. Prec 
2 Bera. Geolog. Beob. in Kleinasien, E 

Geclog. Beob, im pont. Gebirge, $. 

Mitteil. d. Geolog. Ges. in Wien, Bd. IL, 1910. 

3 Rogers—De Tor, Antroduction to the Geol. of Cape Colony. 2nd Ed 

A. Central African Glacier of Triassie Age. Jour. Gec 

9, p. 3 

4 BALI-SHALER, 
1910, 

r Oberkreide von Austri- 

3. Kossuar, Calog, Unters. des Vilajets Trapezunt, 

Vol. XVII, 
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ÜBE R ERDGESCHICHTLICHE KÂLTEPERIODEN, 503 lien! und von Spitzhergen? nicht mit Unrecht angezweifelt, bei genaucrer Untersuchung die glaziale Natur werden, so würde cbenfalls ein Bei Inwieweit die ältesten E iten von einem regiona Charakter Waren, läüsst sich vorläufig nicht mit aller Siche Es scheint aber die Präkambrische Eixzoit von einem allge &ewesen zu soin, Während die kambrischen Glazi lokalen Vereisungen herrühren, 
Vom Standpunkte € 

Sollte cinmal 
unaweideutig festgestellt piel von lokalen Eiszeite, n vorliegen, 

n oder lokalen 
rheit entscheiden 
Mmeinen Charakter 

alspuren viclleieht von 
ines allmählichen Wärmeverlustes de auch die Ansicht Vvertreten, es hätten “im Laufe der Erdg Vereisungen an Intensität Zugenommen ‘,? begründet. Nach dem Gess 

Quartären Eiszoit zwe 

r Erde wird 
eschichte die + Eine solche Annahme ist nicht agten_treten zw en der Permischen und der Perioden der Abkühlung (Lias, Oberkreide) von 

kleinerer Amplitude hervor. Es ist daher irgend eine konstante Intensitüts- 
zunahme der erdgeschichtlichen Külteperioden nicht vorhanden. 

DIE KOHLEN AUREHYPOTHESE, 
Die fortschr itende Untersuchung der diluvialen rungen, insbesondere der Alpen (nach P EÉrgebnis, dass die ciszeitliche Firnanhi 

( iebirgsvergletsche- ENCK!), führt immer wieder zu dem iufung nicht durch üb eréässige Zunahme 
i 

der Niederschlüge, sondern durch cine Temperaturerniedrigung zu erklären 
ist. Ebensowenig trifft die Annahme Zu, es sei das nordeuropäische Inl rgletscherung in Alaska in Gegenden mit ..  Dureh die Entdeckung einer arktischen izien zWischen 50° und 50° 30 n, Br.s 

andeis 
nach Art der heutigen Vorlandsve 
üppigem Waldwuchs vorgedrungen 
Diluvialflora im nordôstlichen Gal die Ansicht von Naronsr, dass eine Glazialfora auch den des_ grossen nordischen Landeises umsäumt hat"6 in vollem Unfange 
bestätigt. Angesichts der immer mehr sich häufenden qu wir die diluviale Eiszeit und die älteren E ben. Zur Erklärung der le: 
Xuderungen der von de 
Siurehypothese übrig. 

Die Ansicht, dass Eiszeiten eine Folge von Xnde Sonne zukommenden Wärr 
geologischer 7 wie auch 

wird 
äussersten Rand 

atsachen müssen zeiten als Kälteperioden ansprec- tateren bleibt nur cine engere Wahl zw schen r Sonne cingestrahiten Würmemenge und der Kohlen- 

rungen der von der nemenge Waren, wurde neuerdings sowohl von Von meteorologischers Seite in den Vordergrund 
 — 

lBast Boiträge zur Geol. Australie 8, Zvitschr, d. Deutsch Geolog, Goes. Bd 

LXI, 1909, 
2 Garwo fiREGORY, Contributions to he glacial Geo of Spitzbe ren. Quart 

Journ. of the Gex :. Soc, Vol. LIV, 189$ p. 217. 1v. Wourr, Die vulkan. Kraft, Zcitschr, d. Deutsch. Geolog, Goes, Bd. LX, 190$ 

S. 456, 

# Alpen im Eïszcitalter, Bd. III, S. 11 15-1146. 5SzAFER in Bull, Acad. d. Se, de Cracov , Ser, B, 1912 SNATHORST, Die Entdeckung einer JS # Glazinlhora in Sachse n, OI 
Veti tiskaps Akad. Fôrhandl., Jg, LI, Stockholm, IS94,S, 540. Pure, Über tinige palacoklim. Proble me, + 168 fr.  ARCTOWSKI, L'Enchaine ment des variations climatiques, 1909, S. 36, 

Éversigt of Kongl 
u.s.u, À 
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gestellt.  Duss in der Vorzeit die Menge der von der Sonne ausgestruhlten 

Wärme Schwankungen unterliegen konnte, ist kaum zu leugnen. Wir haben 

aber kein Mittel noch einen Anhaltspunkt, um solche Anderungen im Laute 

der Erdgeschichte zu kontrollieren! und auf ihre Brauchbarkeit für die 

Erklärung von Eiszeiten zu prüten. Es wäre noch zu beweisen, ob Sechwan- 

kungen der Sonnenstrablung von solcher Amplitude und von solcher Dauer 

sein künnen, um eine zur Bildung von regionalen Inlandeisdecken not wendige 

'emperaturernie lrigung herbeizuführen. Anderseits  stellen sich einer 

ursächlichen Verknüpfung von Eiszeiten mit dem Rüekgange der eingestrahl- 

ten Sonnenwärme ernste Schwierigkeiten entgegen. Bei einer Intensitits- 

abnahme der Sonnenstrahlung wäre eine gleichmässige prozentuelle Tem- 

turerniedrigung aut der ganzen Erdoberfläche zu erwarten. Indes finden 

wir, duxs bei erdgesehichtlichen Klimaabkühlungen die Temperaturerniedri- 

gung von den hüheren Breiten gegen den Aquator zu abnahm, und im Ein- 

klange dumit der Gregensatz Von Klimazonen schärfer ausgeprigt wurde, 

Dieses spricht ohne Aweitel zugunsten eine! Xnderung der von der Erdober- 

fiche ausgestrahlten Warmenge im Sinne der Kohlensäurehypothese À 

Einen weiteren Fingerzeig gibt uns die Betrachtung des Einflusses des 

Diluvialklimus auf die Vorginge der mechanisehen Verwitterung. Die 

ullgemeine Verstürkung der Frostwirkungen, die in den diluvialen Block- 

bildungen zum Ausdrucke kommt, wurde «elbstverständlich durch eine 

bedeutend_ vermehrte Häufigkeit der Temperaturschwankungen um den 

Nullpunkt hervorgerufen.  Letzteres Würe aber schwer zu erklären, wenn 

ingestrahlten 

Falle bloss eine Tempera- man die diluviale Kälteperiode auf eine Verminderung der e 

Sonvenwärme zurückführen würde, da in dem 

ture iedrigung vorausgesetzt werden dürfte. Es kommt jedoeh bei der 

Entstehung von Blockbildungen durch die gesteigerten Frostwirkungen in 

erster Linie nicht auf die absolute Temperaturernicdrigung sondern auf 

einen häufigen Wechsel von Auftauen und Wicdergefrieren des Wassers an. 

r der Bedingung müglich, dass zur Diluvialzcit 
Ein solches war aber nur unte ser War, 
die Durchlässigkeit der Atmosphäre für die Wärmeausstrahlung gri 

und es erwächst ein gewichtiges Argument zugunsten der Kobhlensäurehypo7 

these} 

So werden wir auf die Kohlensäurehypothese gewiesen, die in letzter 

Zeit durch eine scharfe Kritik sowohl vom physikalischen, wie vom geolo- 

denkliches Schwanken geraten ist. Während 

der Streit von physikalischer Seite sich um die Frage nach dem quantitativen 

Ergebnis der Wärmeabsorption durch die Kohlensäure bewegt, wird von den 

Gegnern der Kohlensäurehypothese zu häufig übersehen, dass bei der Absorp- 

tion der von der Erdoberfläche zurückgestrahlten Wirme neben der atmos- 

phärischen Kohlensäure auch der Wasserdampf zur Geltung kommt. Man 

kann zugeben, dass Schwankungen des atmosphärischen Kohlensäurese- 

gischen Standpunkte in ein be 

1 Vgl. auch die Bemerkun ron HAXN (a. a. O., S. 368). 

2 Chamberlin, a. a. O., $ 

3%, Lozxxkt, Die Periglaziale Fazies der 

rendu du XI. Congr. Géol. Internat., Stockholm, 1910. 
mechanischen Verwitterung. Connie 

S. 1052. 
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haltes allein einen xo &rossen Einfluss auf die W berfläche nicht hervorbringen würden, Klimawechsel notw 1dig erséheint, es wird aber dieser Eintluss dureh gleich- zeitig und in demselben Sinn crfolgende Xnderungen der Atmosphäre erheblich_ verstäürkt. säurehypothese vom physikalischen Standpunkte nicht im Rahmen dieser Betrachtungen liegt, môchte ich die physikalische Grundlage durch die Untersuchungen von Eknozut, die auffallenderweise von den Gegnern der Koblensüurehypothese nicht gewürdigt werden, als gegeben betrachten und nur die geologische Seite einer Betrachting unterzichen, Den schwachen Punkt, an dem die chen Standpunkte zunäehst angegriffen wurde, bildete ihre ursprüngliche Verknüpfung mit der vulkanisehen Tütigkoit deren Zu- und Abnahme im Laufe der Erdgesehichte in erster Linie den jewciligen Koblensäuregehult der Atmosphäre bestimmen sollte, Indes hat sich der vermutete Zusammenthung von Küälteperioden mit den Minima der vulkanischen Tätigkeit nicht be- stätigt. Für di periische Eiszeit schoint cher das Gegenteil der Fall zu sein? und ebensowenig ergibt sich für die Diluvialzeit ein solcher ,,Tiefstand' der vulkanischen Tütigkeit, wie ibn Frecn voraussetzte zur Diluvialzeit tütig gewesenen Vulkangebieten, die men bezeichnet wurden, muss man die jüngsten Eruptionsphasen im franzüsischen Zentralplateau (nach GLANGEAUD), tin der Eifel, in Sieben- bürgen, sowie im Jordantal (nach Blanckenhorn $ hinzufügen. Olhne Zweifel wird unsere Kenntnis von diluvialen Vulkanausbrüchen sich in der Zukunft Inmer mehr erwcitern, was insbesondere von Südamerika® Umfange zu erwarten wäre, 
Wenn die Annahme eines wesentlichen Rü æanges der vulkanischen Tätigkeit während der Eiszeiten Versagt, so erwächst zunächst die Frag dieses gegen die Kohlensäurehypothes spricht._ Die Intensit chen Tâtigkoit, wie s aus dem Umfange der gleichze: beurteilt wird, ist für den jeweiligen Kohlens ohne Belang. Kohlensäureexhalationen sind doch keine Begleiterscheinung der vulkanischen Ausbrüche, sondern treten erst als die letzt Phase der ausklingenden Vulkantätigkeit auf. Wie das häufige Auftreten von Süuer- lingen im engsten Zusammenhange mit tertiüren Vulkanen zcigt, künnen Koblensäureexhalationen um einen beträchtlichen Zcitraum die éruptive Vulkantätigkeit überdauern. So ist auch das Auftreten einer vorzeitlichen Lavadecke  innerhalh des sedimentären Schichtenverbandes absolut 

ürmeverhältnisse der Erdo- 
Wie es für den crdgesehichtlichen 

des Wasserdampfgehaltes 
Da ein Eingehen auf die Kohlen- 

Kolilensäurehypothese vom geologis= 

Zu den wenigen, 
von FRECH als Ausnah- 

in grüsserem 

e, ob 
ät der vulkanis- 

itigen Lavaergüsse 
iuregehalt der Atmosphäre 

LEkhoiM, Cher Emission und Absorption der Wärme, Meterolog, Zeitschr, 
Juhrg. 19, 1902, 

LP, Über cinige palacoklim. Proble me nai 112-113 3 Frecu, Über das Klima der geolog. Perioden N. Jahrb, f. Mineralogie usw., 1908 4 Geolog, Zentralblatt, Bd. XII, Nr. 1798. Bd. XIII, Nr. 74 ff. 5 HLaxc NHORN, Veues zur Geo. Palästinas, Zeitachr. d. Deutsch. Geol, Ges, Bd 
UNIT 1910, 8, 459, 

"NORDENSKIGLD, Die Polarwelt, 1909. 8. 107-108 
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gehalt der Atmosphiüre dureh 

kein Beweis, daxs gleichzeitig der Kohlensiure 
Da übrigens Koblensiure- 

vulkanisehe Exhalationen Lereichert wurde. 

exhalationen im letzten Gefolge der eruptiven Tütigkeit sich über einen 

langen Zeitabstand erstrecken unel keine s0 rasehe Zu- oder Abnahme wie 

die Vulkanausbrüele aufweisen, mochte ich mit Kokex! annehmen, dass der 

Lutluss der Kohlensiure uux dem Erdinnern zur Atmosphäre 1m Laufe der 

Erdgeschiehte weitgehenden Sehwankungen nicht unterworfen war, 

Dem stündigen Lotus endegener Kol lensiure ist eia ebenfalls kontinu- 

h der atmosphärisehen Kobhlensiure bei der Zersetzung der 

Silikate und lnwandlung in Kurbonate gogenüberzustellen, Auch von 

dem Betrag dieses ständigen Verlustes dürfen wir mit Recht voraussetsen, 

duss er im Laufe der Erdgeschichte keine wesentlichen Xnderungen erfubr, du 

dus kristalline Grundgebirge während jeder geologisehen Periode doch in einen 

gewissen Umfange entblüsst und der Einwirkung der atme sphäriscnen Kob- 

lensäure zuginglieh war. Nur in der präkambrisehen Zeit, wo die auftauc- 

henden  Kontinente zum grüssten Teil aus kr allinem Grundgebirge 

bestanden, konnte der Verlust der Atmosphäüre an Kohlensüure einen abmorm 

hohen Betrag erreichen und es ist môglich, da s dudurch die präkaml risehen 

V'ercisungen hersorgerufen wurden. 

Abgesehen aber von der präkumbrise à Zeit liegt die Annahre um 

r Zufluss endogener Kohlensiure wie der Verbraueh 

der atmosphärischen Koblensäure bei der Zersetzung von Silikatgesteinen 

keine so grossen Anderungen erfubren, um den Kohlensüuregehalt erheblieh 

Ebenso dürfte auch für die Kohlensiuremenge, die bei der 

Auflüsung von Kalkgesteinen guf der Obertläche der Festländer zur Umwand- 

lung des cinfachkohlensauren Kalkes in Kalkbikarbonat verbraucht wurde, 

das Freiwerden von Kohlensäure bei der Kalkausscheidung im Meer einen 

entsprechenden Ersatz geboten haben. Soweit es auf die genannten Fak- 

toren ankomint, haben wir für die Vorzeit mit einem ständigen Kreislauf von 

Kohlensüure zu rechnen, bei welehem der Kohlensäuregehalt der Atmosphäre 

nur in beschränkten Grenzen schwanken würde. Anders dagegen steht es mit 

lem Verlust an atmosphärischer Kohlensäure bei der Kohlenbildung. In 

jenen Perioden, die dureh reichliche Kohlenbildung ausgezeichnet waren, 

wurden dadureh der Atmosphäre bedeutende Kohlensäuremengen auf die 

Dauer und ohne Ersatz entzogen. Die Verarmung der Atmosphüre an 

Kohlensäure im Gefolge einer ausgedehnten Kohlenbildung konnte erst 

nach längerer Zeit dureh den endogenen Zufluss ausgeglichen werden. Ein 

zcitweise erheblich gesteigerter Zufluss endogener Kohlensäure kommt kaum 

inlich vor. 1m vorstehenden wurde bereits betont, d ùs quanti- 

vulkanisehen Kohlensäureexhalationen in keineni 

ange der Lavaergüsse steht. Danach liegt di 

ler Kohlensäuregehalt der At mosphäre im Lauie 

igerungen über einen gewissen, in engen 

rfuhr, dagegen zeitweise, wesentlieh 

ierlicher Verbraue 

nächsten, dass sowohi de 

zu becinflussen. 

wah 

tative Ergebnis von 

Verhältnis zu dem Umf 

Annahme am nächsten, dass « 

der Vorzcit keine erbeblichen Stel 

zen schwankenden Normalwert € 
Gren 

1Kokex im Zentraïbiatt für Mineralogie uew., 1000, S. 539. 
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unter denselben und #War im Zusummentange mit Kohlenbildung herabyge “drückt wurde, In der Tat tritt im Laufe der E von Eisseiten  byw, Kälteperioden mit der Kohlenbilqun bervor, Man erkennt es an deutlichsten, Wen man versucht, die Schwan- 
kungen der Koblenbiltung (D) und des Vorzeitlichen Kilimus O) dure] 
Kurven darzustellen, wie ox hier für die Zeit seit dem Karbon Unternon mer 
Wird. Dass die bértuisehe und die Quartäre  Eixzoit 

einer ausgedehnten 

rdgesehichte der zcitliche Zusammenhang 
& unverkennbar 

auf Perioden einer _— Po . 

PES 
d 

s 
_ 

LA \osses® v La ses Le, 1 sm 

PPLLLELE TR 
LITE 

larbon | Jerm 1 Aras | Je : freicte 1Éaryons Krgon. Quarts 
rig. 1. Schwankungen der Kohlenbildung (D) und des vorzéitlichen Klimas D. 

uxgedehinten Koblenbildung folgten, ist lingst aufgefallen und vielfach 
rortert Worden, Diese beiden palioklimatisehen Minima _ficlen ieht mit dem Héhepunkte der K hlenbildung ZUsamen, sondern traten 
it einer gewissen Verspätung ein, die am Wabrscheinlichsten d n Wäre, dass der Einfluss der Mecre, und 2War die Abgabe absorbierter iure ihren Verbrauch bei der Kohlenbildung bis zu einer Lewissen 
renze kompensicren und dadureh_ die Abnahme ohlensiuregehaltes verzôgern konnte, Wenn auf die oberkarboniseh- 
terpermische, sowie auf die mitteltertiäre Periode der reichlichsten Kohlen- 
häufung die schärfsten Külteperioden, d.h, die permische und die quartüre 

eit folgten, xo wird die Annahme berechtige, dass die Vorzeitlichen 
lteperioden auch in Bezug auf den Grad der Klimaabkühlung und even- 
auf die Ausdehnung der Vereisung von dem Umfange der vorangehenden 
blenbildung abhängig waren. So wWaren Küälteperioden, denen Kohien- 
lung in besehränkterer Ausdehnung Vorausging, von keinen oder nur von 
alen Vercisungen begleitet. Bei der Klimaabkühlung an der Wende der 

- und Jurazoit springt der zcitliche Zusammenhang mit der rhätiseh- 
rliassischen Periode_ der Kohlenanhäufung in die Augen, Mit tuffolgenden, fast vollständigen Rückgang der Kohlenbildung fäüllt eine 
Ar ng des Klimas von längerer Dauer Zusammen, Die Tatsache, ériene der Kkarpatischen Geosynklinale der medite. \üheren Jura und in der Unteren Kreide sozusagen seinen Héhepunkt 
cht, Weist ohne Zwcifel auf eine Erweiterung der wärmeren Klimazonen 
! Norden hin. Letzteres kommt auch darin zum Ausdrucke, dass um itte der Jurazeit die regionale Differenzierung der Pflanzenwelt wesent- 
ibgeschwächt wurde und—wie es Goritax betont-  viileicht überhaupt 

jedoch 

adureh zu 

des atmosphärischen 

dem 
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die relativ gleichriässigste Pflanzenverteilung auf der Erde” herrschte.! 

Die Kohlenbildung der Wealdenzeit hat das Klima zwar unmittelbar nicht 

becinflusst, müglicherweise aber die oberkretazische Küälteperiode vorbereitet, 

die im Cenoman einsetzte und gleichzeitig mit der erneuten Kohlenbildung 

ihren Tiefpunkt am Schlusse der Kreideperiode erreichte. 

Wenn wir auf altpaläozoische Zeit zurückgroifen, so lässt sich für die 

unterdevonische Kälteperiode ein Zusammenhang mit der Kohlenbildung 

nicht festellen, abgesehen von der Môglichkeit, dass die Graphitlager der 

metamorphen Kedimente auf eine vordevonische Periode der Kohlenbildung 

hindeuten. 

Dass die Perioden der Kohlenbildung die darauffolgende Abkühlung bis 

zu einem gewissen Grade becinflussen konnten, gab SoLGER zu, wobei er aber 

annahm, es wäre auch die Kohlenbildung ihrerseits durch eine Klimaab- 

kühlung bedingt.? In ähnlicher Weise hat später Pruerr Eiszeiten und 

Kohlenbildung als Folgen einer Abkühlung aufgofasst % Es sei aber darauf 

hingewiesen, dass die Flora der Stcinkohlenzeit noch ein gleichmässig wWarmes, 

mindestens subtropisches Klima andeutet.* während die Abkühlung erst in 

der Permzeit erfolgte.  Olhne Zweifel war die Periodizität der Kohlenbildung 

von irgend einer Ursache abhängig, und am nächsten liegt der Gedanke 

an einen ursächlichen Zusammenhang mit den orographischen Verhältnissen. 

In diesem Sinne ist ein indirekter Einfluss der diastrophischen Periode auf 

üas Klima der Vorzeit nicht ausgeschlossen. 

DIE INTERGLAZIALZEITEN. 

Die Vielheit der quartären Eiszeit und die Interglazialzeiten bilden den 

<chwachen Punkt, an dem die meisten Eiszeithypothesen scheiterten.  Nur 

die Kehlensäurehypothese erôffnet uns die Müglichkeit einer ungezwun- 

genen Erklärung der mehrfachen Wiederkehr von ,.Eiszeiten”, wie es zur 

Quartärzeit der Fall war. 

Eine Verknüpfung der Interglaziaizeiten mit der Koh.ensäurehypothese 

hat bereits CHAMBERLIN versucht, indem er auf den Umstand hinwies, dass 

durch die Ausbreitung von Inlandeisdecken grosse Gebiete des Grurdgebirges 

der subaërischen, mit dem Verbrauch der atmosphärischen Kohlensäure 

verbundenen Zersetzung entzogen wurden5 Wie richtig diese Voraussetzung 

aach ist, do dürften dabei keine so grossen Kohlensäuremengen in Betracht 

kommen, um das Schwinden einet ausgedehnten  Inlandeisdecke und 

nachdem der entblüsste Untergrund wieder der Zersetzung unter gleichzeiti 

gem Verbrauch der atmosrhärischen Kohlensäure augänglich wurde—di 

erneute Auxbildung einer Inlandeisdecke zu erkliren. 

In der Auffassung von CHAMBERLIN erscheint eine Interglazialzeit al 

Palacobotanik.— {Handwôrterbueh der Naturwissensehaften, Bd, VII 

FAT OU de 
2SoLGEr, Die fuore, Zeitschr, &. Ges. F. Erdkunde zu Berlin, 1905, S. 715-716, 

3 Puuuvrt, Cher einige palacoklim. Probleme usw. SAT. 

4 GorHan, a a. O.,S. 455, 
SCuamnenis, À Group of Hypatheses on Climatie Changes, Jour. Gel, Vol. 
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ht wurde, so gelangen wir « Priori zu der Annahme, 
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Anhäufung Von vegetabi hem Material, Wodurch_ bede 
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Raum zur 
utende_ Kohlen- In zweiter Linie kommt reichlich ausgebroitete und nachher ätgesteinen in erhôühtem M ass der ng zugänglich wird und diese Vor- 

ederholung der diluvialen rstens die älteste achfolgenden dagegen an äss ZWeitens der Wechse 

Vereisung 
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sich ausbreitete, Das Auftreten von jüngsten, frischen Morine 
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glazialzeit müssen wir verlangen, dass sie- selbstverstündlich in grüsserer 

Ausdehnung— durch interglaziale Bildungen sowie durch eine tiefgreifende 

Verwitterung der Ablagerungen der vorausgehenden Eiszeit angedeutet sei. 

Diese Bedingung wird von der letzten Interglazialzeit in so weiter Verbreitung 

erfüllt, dass wir sie mit vollem Recht als eine allgemeine Erscheinung an- 

sprechen dürfen. Im Gegenteil scheinen Interglazialzeiten, die aus einer 

morphologischen Untersuchung von einzelnen Gebirgsvergletscherungen 

abgeleitet werden, einen ungleichen Wert zu haben und zum Teil aur lingeren, 

aber doch untergeordneten und lokal beschränkten Rückzugsstadien zu ent- 

sprechen. Wie unver slich und elastiseh die morphologische Betrachtung 

allein bei der Feststellung von Intergl: zoiten ist, zeigt der Umstand, dass 

man einerseits die diluviale Vergletsenerung der Hohen Tatra, für die aus 

der Aufeinanderfolge von tiefzersetzten und frisehen Moränenbildungen nur 

zwei Eiszeiten sich ergeben,! in das viergliedrige alpine Schema hineinzwingt 2 

anderseits aber den glazialen Formenschatz der Alpen neulieh durch eine bloss 

aweimalige Vergletscherung zu erklären versucht.?  Wenn wir die interglazi- 

alen, ptlanzenführenden Ablagerungen der Alpe überblicken, so finden wir, 

dass sie—mit Ausnalhime eines einzigen, wahrscheinlieh zur vorletzten Inter- 

glazialzeit gehürigen Vorkommens ausschliesslieh der letzten Interglazialzeit 

gufallen{ Diese Beschränkung der meisten Interglazialablagerungen auf das 

Niveau der letzten Interglazialzeit darf keinesfalls in dem Sinne erklärt 

werden, es seien die Ablagerungen der älteren Interglazialzeiten dureh darauf- 

folgende, neuerliehe Vergletscherungen vernichtet worden. Sonst Wäre es 

kaum einzusehen, Warum nur der allgemeine Gletschervorstoss der jüngsten 

Eiszeit gegenüber den Ablagerungen der letzten Interglazialzcit sich so 

rücksichtsvoll erwiesen hätte. Vielmehr müssen wir die zoitliche Verteilung 

der alpinen Interglazialz iten als primär betrachten und daraus folgern. 

dass die letzte Interglazialzeit, der die meisten intergls jalen Ablagerungen 

gufallen, gegenüber den älteren Interglazialzeiten der Alpen eine hühert 

Bedeutung Lesnss. 

In Bezug auf das Problem der Interglazialzeiten haben wir ebenfall- 

awischen regionalen Vereisungen, d. h. Inlandeisdecken und lokalen Gebirgs- 

vergletscherungen Zu unterscheiden. Eine regionale  Vereisung, die ein 

groseres Gebiet umfasst, ist selbstverständlieh von schwächeren Klimac-- 

zillationen weniger abhängig und nur weitgehenden Klimasehwankung ti 

unterworfen. Dementsprechend sollen Versuche einer allgemeinen Gliede- 

rung der quartären Eiszeit nicht an das mine Schema anknüpfen, sonde 

Lparrscu, Die Hohe Tatra zur Eisrit, Berichte d. Süche. Ges. d. Wise Phill 

KI, Bd, LX.  1908.—Ein drittes Sehotternivean, aus welchem Parrsct (ebda. SL 

auf die Moglichkeit drfachen Vergletscherung schlicst, stellt in Wirkliel 

cine priglaz agerung dar, die neulich von pe Marroxse (Bul 

wéogr. Histor, et deser. 1911, S, 403) in ihrer weiteren Ausdehnung verfolgt wurde 

® Lucuxs, Glazialgeolog. Unters. d. Liplauer Alpen Sitzungsber, d. kais. Aku 

Wie, Mathenaturw., KI. Bd. CXVIL (1) Wien, 1908, 5. 799-800. 

3 pausare, Physiologische Morphologie. Mitteil, d. Geokr. Ges. in Hamburg 

Bd. XXVI, 191 260-261. 

Apesek-Bréckxer, Die Alpen im Eiszcitalter, Wd. HS. 1157, 1159 
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ÜBER ERDG SCHICHTL, ÎCHE KÂLTEPERIODEN. îll von ehemaligen Inlande 
in Bezug auf die Zahl 
nordeuropäischen Inl 

isdecken ausgehen, Angesichts der der Interglazinlperioden zwischen des andeis sieh ergiebt,! müsse letzteren gesicherte Gliederung vorzichen und an awei Intergla 
festhalten. Gebiresvergletscherungen dagegen, die dualisierten Karmulden_ ge ährt werden, Klimaoszillationen empfindlich, die unter Umständen chenfalls als Inter- 
glazialperioden zur Geltung kommen künnen.  Hüchst Wahrscheinlieh wird 
die Zahl von Iterglazialperioden. die 

letscherung aufweist, 
von lokalen &eographischen Faktore 

Divergenz, welche 
n Alpen und dem n wir die im Gebiete des 

ialperioden 
On einzelnen indivi- sind auch auf Untergeordnete 

cine Gebirgsverg 
n beeinflusst, 

DER EINFLUSS VON KÂLTEPERIODEX avr DIE TEMPERATURY ERHÂLTNISSE DER 2RESRÂUME 
Bekanntlich rührt die von dem kalten Polarw: 

Einfluss der Sonnenwärme entrückt, Erdgeschichte cintrat, wurden die Mecrestiofen Zu erstenmal mit k: 
Wasser ausgefüllt. Es taucht aber die Frage auf, ob die niedrige 
der Mecrestiefen seit der ältesten Külteperiode unverändert bis 
Wart sich erhält. Zu häufig wird die Meinung xeäussert, 
Temperatur des ozcanischen Tiefeny es auf die Sonnenw: 

niedrige Temperatur des Tiefen Wassors der ( Leane 
ser her, das in die Mecrestiefen cindringt und dem AS die erste Käülteperiode in der 

item 
Temperatur 

auf die Gegen- 
dass die niedrige 

Zeit besteht. 
Vassers seit uralter ärme ankommt, für welche die &résseren Tiefen unzu- 

gäünglich sind, wWäre diese Ansicht kaum antastbar, Vorausgesetzt natürlich, 
dass die ozeanischen Becken seit der frühesten Zeit tief £enug Waren, Ex 
kommt aber die eigene Wärmestrahiung der Erde hinzu, mit der Wir zu 
rechnen haben, sobald lingere Zoiträume in Betracht kommen, Genügt 
doch die von der Erde abgegebene Wärmemenge Gährlich rund 4 Gramme 
kalorien pro 1 em), um von Meeresb:den aus durch Konvektion eine 4000 m 
hohe Wassersäule in 75000 Jahren um 10° zu erwärmen. ES würe kaum änzunehmen, en vollständiger Ausgleich der sodass die zirkumpolaren Gebiete eines «tropischen” Klinn 
würden, Andererseits aber unterliegt es keinem Zweifel 
Paläoklimatischen Maxima die Temperaturzun chen Breiten am grôüssten war, wodureh die erheblieh abge hwächt wurde und ein, mildere. 

Soweit 

dass in den Warmen Perioden der Vorzoit Temperatur auf der Erde st attgefunden habe, 
as sich erfreuen 

+ dass während der älime in hüheren Keographise Differenzicrung der Klimazonen die irkumpolaren Gebiete vom heutigen bedeutend hatten, Folglich musste auch die Zufubr kalten Wassers von « 
£&enden her zu den Mecrestiefen zurückgehen und auf Ling 
auihôren, Bei der Linge der gcologischen Zciträume 
W brscheinlichkeit annehmen, neperioden die 

in der Tat Warmeres  Klima aufzuweisen 
len Polarge- 

ere Zeit hin günzlich 
dürfen wir mit aller dass Jeweilig Während der Vorzeitlichen 

Temperatur der Meerestiefen durch Konvektion der 
EWanvxe HAFFE, Über die tscherkunde, Bd. V, 1911 

licderung der Gi £:( lasialbildungen N'ordie uschlanuts, Zeitscher, 
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um einen 
vom Meeresboden aus allmählich 

Inwieweit dabei eine Umkehrung der Wärmestrahlung der Erde 

namhaîten Betrag erhôüht wurde. 

Wasserzirkulation in Meerestiefen”, 

und die Durchwärmung des ozeanischen Tiefenwass 

ist schwer zu beurteilen. 

Die vorstehende Betrachtung führt zu dem Sehluss, dass die Tempera- 

turverhältnisse der Meerestiefen von den Klimaänderungen beeinflusst 

werden. Während der vorzeitlichen Kälteperioden wurden die Meerestiefen 

wogegen in den dazwischen 

wieder mit kaltem Wasser ausgefüllt, 

ine erhebliche Temperaturerhôhung des ozeunis- 

wie sie CHAMBERLIN verlangt,! eintreten 

rs beschleunigen konnte, 

inmer 
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Tiefenwassers eintreten musste, 
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chen 
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kohlensaurem Kalk dure 

rer Temperatur gunimmt? hätten wir vor allem 

Erscheinungen einer gesteigerten Kalkauflüsung zu erwarten. Dazu gehôrt 

Zerstürung von Cephalopodenschalen, wie 

amenzelkalke"# und in der Adneter 

ise fallen diese Ablagerun- 

ich aus anderen 

infolge ein 

rungen hinterlassen kann. 

das Meereswasser bei tiefe 

die einseitige Korrosion oder 

azies der devonischen ,,Kr 

Merkwürdigerwe 

perioden, die wir 

Kramenzelkalke”"_tritt im 

auf und reicht bis 

man es in der | 

Fazies des alpinen Liast findet. 

gen des tieferen Meeres in Abkühlungs 

Gründen vorausgesetzt haben. Die Fazies der 

Unterdevon, also gleichzeitig mit einer Klimaabkühlung 

: Oberdevon hinauf, wodureh angedeutet wäre, dass im Gefolge 

der unterdevonischen Kälteperiode die niedrige Temperatur 
der Meerestiefen 

bis zur jüngeren Devonzeit sich erhalten konnte.  Ebenso entsprechen die 

gleichen Erscheinungen in Liasablagerungen jener Klimaab kühlung, die wir 

ungefäühr an die Grenze der Trias- und Jurazeit setzten. 

Der grosse Einfluss, den Klimaänderungen auf den 

Entwicklungsgang der organischen Welt hatten. ist insbesondere von FRECH 

gewürdigt worden  Dass Bewohner des Landes und auch diejenigen der 

oberen Wasserschichte der Ozeane, soweit die Wärmestrahlen der Sonne 

von erdgeschichtliehen Klimaänderungen betroffen 

Nun sahen wir aber, dass aueh die 

entzogenen Meerestiefen docti 

Klimaschwankungen 

Dauer und Amplitude 

in dus untt 

vorzeitlichen 

eindringen kônnen, 

en, ist ohne weiteres begreiflich. 

aren Einfluss der Sonnenwärime 
Gefolge von 

wurdi 

dem unmittelba 

säkularen  Temperaturänderungen | Im 

unterworfen sind, soweit letztere die entsprechende 

sea circulation, Jour. Geol., Vol. XLV, LM 

1x, On a possible rerersal of deep= 
polar-Expedition, 1901 53 1 CHAMBERL 

Puuuerr, Deutsche Si 
2Vgl. die Ausfübrungen von 

Bd. IL, S. 608. 

3 precu, Die Karnischen Alpen, Halle 1894, S, 288-290 

Zur heteropischen Differenzierung 
191 

4 WNNER, 
les alpinen Lias, Verhandl, d 

Geolog. Reichsanstalt, 886, 

5 Frecu, Über die Gründe des 

Biologie, Jahrg. Li, 1906, 

Geolog. Tricbkräfte und 

Aussterbens der vorzeitlichen Tierwelt, Arehiv für 

à die Entwicklung des Lebens, ibda Juhrg. VI, 1909. 
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erreichen. Es hat ABez auf die Bedeutung der Temperature ozeanischen Tiefenwassers infolge von Kälteperioden für die Tiefscefauna hingewiesen,! 

Wenn von dem Einfluss der erdgeschichtlichen Te der Meerestiefen auf die Entwicklung ihre auch in Betracht die Geschwindigkeit, mit welcher eine Abkühlung bzw. 
Erwärmung des ozeanischen Tiefenwassers infolge einer Klimaänderung sich 
vollziehen kann, Aus der eingangs beispielsweise angeführten Berechnung 
müssen wir annehmen, dass eine Erwärmung der abgekühiten Meeréstiefen 
durch die Wäürmestrahlung der Erde äusserst langsam erfolgt und somit einen 
viel lingeren Zeitraum erfordert, als der umgekehrte Vorgang, d, h. eine 
Abkühlung der ozeanischen  Tiefen durch das éindringende_ Polarw beim Eïintritt ciner Kälte periode. Von einschneidender die Organismen der Mecrestiefen kann nur eine Z ammenhang mit Kälteperioden in relativ kurzer Zeit sich vollzieht. Bei 
einer Erwärmung der Mecrestiefen dagegen, die während einer Wä meperiode 
durch die Wärme rahiung der Erde äusserst langsam und allmählig erfolgt, 
erscheint ein weitgehender Einfluss auf die Entwieklung der Organismen 
kaum môglich. So ist auch eine derartige Erwärmung eines Mecresbeckens , Wie sie von Noëruie für das , plützliche Aussterben achiopodenfauna ahgenommen wird? nicht denkbar. Inwieweit das Tiefenwasser eines Ozeanischen Beckens in 

Polarwasser währe 
auch von der morphologischen ( 

rniedrigung des 
Umpragung der 

Mmperaturänderungen r Fauna die Rede ist, so kommt 

r 
Bedeutung für 

Abkühlung sein, die im 

niederen 
nd einer Küälteperiode 
iestaltung des Meeres- das durch genug hohe submarine Rücken adurch vor dem Eindringen des kalten Wassers bieten mehr oder weniger geschützt werden, Dafür Mittelländische Meer ein allgemein bekanntes abgeschlossenen Meeresbecken in niederen geo- der Einfluss von Küälteperioden erheblich abge- 

chen Breiten konnte 

Die Entwicklungsgeschichte der marinen Organismen zeigt . dass in der Umprügungsperioden, die oft mit einer -explosiven Entwick- 
rioden einer aüsserst Das Zusammenfalle 

Klimas bzw, mit r paläozoischen und der mesozoischen À in bekannte Tatsuche, dass käülteres M 

nwaren, mit langen Pe 

n der Umprägungs- 
Eiszoiten, wie am 

2 erklärt sich durch die LérWasser reicher an Sauerstoff ativ kurzer Zoit erfolgende Ab “einbrechen einer Kälteperiode 
kühlung 

die wenig wider- 

lAner, Die Anpassungs formes der Wirbetiere an das Meeredihen Bd: XLVIIE, 19078, $ 419 2 Lethea Geognosliea (Trias). S. 530 
? Val. auch die treffichen Bo Zxitsebr, d Deutsch, Geolo 

Sehriften d. Ver 

merkungen von Paitirpr, (her das Problem der Schich- Ke Ges,, Bd, LX, 1908, S : 
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standsfähigen Organismen vernichtete, wurde augleich durch die reichlichere 

Nahrungsproduktion im kälteren Wasser ein rasches, buchstäblich ,,explo 

Aufblühen und Ausbreiten von anpassungsfäühigen Tiergruppen 

Während der Wärmeperioden dagegen musste, infolge einer 

en Becken, die Menge 

sives” 

begünstigt. 

langsam fortschreitenden Erwärmung der ozean 

Sauerstoffs und des Planktons, somit auch die Nahrungsproduktion im 

asser zurückgehen, sodass an Stelle der jühen Umprägungsperioden 

sserst ruhige und langsame Umbildung der Meeresfauna trat. 
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FIELDS OF OUTFLOW OF TH AMERICAN ICE-SHEE 
NORTH 

CL 

WARREX 1! PHAM, Dec. 
St. Paul, Minn., USA. 

Glacialists are indebted to the late Dr. Geological Survey of Canada, for the Years 1886 to 1890, of two cent 
sheet was accumulated in greater depth than el ‘onsequent|y, it flowed outward on all sides One of these areas embraced the 1 portion of Hudson bay, and the LT Lak Superior and Winnipeg to Great I this large northeastern or Laurentide centre of outflow the southward, castward nd northward te the limits of glaeiation the ice from this area outflowed to the limit of the base of the Rocky mountains, where L find lions of the drift in Alberta and on Pence rive Was confluent with ice 

mountains, 

"EORGE M, Dawsox of the earliest recognition, published in the ral areas upon whaeh the North American ice- 
sewhere, and from which, 

urentide highlands, J ames bay, a 
part of the \rehæan region from ive and Great Bear lakes. From 

ce-sheet crept 
Westward, 

Arehwan boulders at or near 
- from Dr, Dawsox's observa- 
r, that it abutted against and and southeastward from the Rocky nts of the ice-sheet flowe 

ral part of British Columbia, -sheet Pourimg outward fro: 

flowing eastwar 
The other area whence ct In every direction was the north-cent The portions of the ice. 

were named, respectively, by Dawson the I flow glaciers, Toward the south, west flow extended to the boundaries of our gl through passes in the 
ably over-topping th 
above the s 

1 radially 

m these two centres 
aurentide and Cordilleran out- and northwest, the Cordilleran out- aciated area: but, Pouring eastward Rocky mountains, and in the Peace River region prob- highest summits, which are only about 6,000 feet a, the Cordilleran ice pushed across a narrow belt adjoining the 

Mountains to a Maximum distance of nearly 100 miles, and there (on land 
about 2,500 feet above the sea) became confluent with the Laurentide ice. 
The two united Currents thence passed southward and northward frou: the 
Interior tract where the confluent ice was thickest, In 18961 Published a small map of North America, show ing these grand 
livisions of its glaciation.! This is also used, with delineations of the surface 
ärcas of the Kansan, Hlinoian, lowan, and Wisconsin drift-sheets by 
Levererr.? 

1 The Glacial Lake Agassiz, À SC © The Hlinois Glacial Lobe 
S. Mon, XXV, (1896) * USGS Mon NXXVIII, (1899) 
515 



516 WARREN UPHAM. 

The discrimination of two chief areas of ice accumulation and outflow 

within the great expanse of te Laurentide glacier east of the Rocky moun- 

tains, since named the Keewatin and Labrador areas of glaciation, was sug- 

gested by Mr. J. B. TYRRELL from his observations on the west side of 

Hudson bay, Lake Athabasca, and Churchill river. This was first shown by 

CHAMBERLIN in 1894 on a map of the North American ice-sheet, which forms 

the frontispiece to the chapters he contributed to the largely rewritten third 

edition of Prof, JAMES GEIKIE’s8 admirable work, The Great Ice Age. This 

little map, with some modifications and additicr f the names of the Cordil- 

leran, Keewatin and Labrador ice-sheets, which ere merged into one continent- 

wide mer de glace, is reprinted in CHaAm:E"1N and SaLisBURY's Geology 

(1906, Vol. III, p. 329). 

Keewatin, the Algonquin word for the northwest wind, was the name 

applied to a former governmental district of Canada, lying west of James 

and Hudson bays and extending north to the Arctic sea. This distriet, under 

the present civil divisions of Canada, forms parts of Ontario, Manitoba, and 

the North West Territories, 

The name Labrador, as here used, refers evident ly to the great peninsula 

bounded by the Labrador coast of the Atlantic ocean on the east, by the 

Gulf of St: Lawrence on the southeast, and by Hudson strait and Hudson 

and James bays on the north and west. Labrador proper, however, as the 

name was originally used and is now governmentally restricted, comprises 

only a limited northeastern tract of this peninsula. 

Professor CHAMBERLIN wrote of these central and eastern areas of our 

continental ice-sheet, as follows:! 

“Perhaps the most plausible hypothesis at present is that glaciation on 

the American mainland set in independently in Labrador and in the region 

northwest of Hudson bay, perhaps in more than one locality, and that these 

nuclei grew until their borders coalesced, submerging the Hudson Bay region, 

and at length developing a great arcuate zone of accumulation along the 

Laurentian uplands from the coast of Labrador all the way round to the 

Arctic ocean, embracing at the maximum of glaciation a great reservoir of 

ice, as Dr. Bell has expressed it, in the Hudson basin. It is pt ssible that the 

ice over this central basin grew to be a central embossment, but there is no 

evidence that it was ever so dominant as to cause the ice to push eastward 

over the Labrador plateau. An areuate zone of accumulation, in a more 

restricted sense, has been a favourite conception of some American glacialists: 

but is doubtful whether it could have originated as such, and the conception 

cannot be pushed very far in view of the bundant evidence of transportation 

from Hudson bay south-southwesterly across the Laurentian tract, but not 

in the opposite direction. 

“There seems no present ground for believing that the Laurentian 

uplands between Hudson bay and Lake Superior were even gatherng 

grounde of such dominance as to produce a northerly movement of the ic 

1 The Great Ice Age, 1894, pp. 733-4 
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FIELDS OF OUTFLOW op THE NORTH AMERICAN ICE-SHEET, 517 The views thus stated glacial drift in the United the Keewatin glaciation ws from the contiguous Roc 
and with the furthe 

em accordant with all that is known of the States and Canada, except that the west side of 18 doubtless confluent with Cordilleran glaciation ky mountains, as is shown in the reprint of the map, Tr exception of the Patrician glacier Mr, TynreLL's Paper in tLe present session of this During the maximum stages 0; sippi basin the southe 
Kansan drift, and the 
fields brought the Ilinoian drift. Thes regarded as considerably different in in southeastern lowa à part of the} Illinoian till, with interve beds._ But it see 

+ made known by 
Congress, f the continental ice-shcet in the rnmost part of the 

most southwestern €: 

Missis- Keewatin glaciation spread the Xtension of the Labradorean ice- e diverse drift-sheets have been age, because at Yarmouth and elsewhere Kansan till :. overlain by the edge of the ning deposits of stratificd sand and clay and peat ms to me more probable that the Kansan and Tlinoian drift. 
sheets are in &eneral of synchronous deposition and represent respectively 
the Contemporaneous &reatest extensions of ice accumulation and outflow 
from these central and es 

al glaciation. 
astern areas of continent The belt of confluence 

{the Keewatin and Labra- 
dorean ice.fielqs, characteri 

“ overlapping, interstratifica- lift brought from the northwest and north 

tion, and intermingling of the « with that brought from the extends along or near the Mississippi 
river from the Southern borders of the drift up to the large driftless aren of 
southwestern Wisconsin, Beyond the driftless area, this line or belt of 
confluent ice 8 erth-northwest war through Minnesota to the 
vincinity of Winnipeg in Manitoba and onward along the avis of Lake 
Winnipeg, 

ields stretelic 

I have described! rema.kable deposits of interbedded and co 
mingled till ünl modified drift of Wisconsin age in this belt at 
Minneapolis, Which came from the northwest and the former are mar) ed by bluish colour at consider: are vellowish gray through Weathering, with Pebbles. The latter 
liestone, 

nfusedly 
and near 

northeast. The 
able depths but Superticially 

plentiful limestone boulders and are predominantiy reddish and tontain little or no 
In the city of St, P, aul, for three miles from the st to Lake Como, the l atest minor fluctuation of the Gused the reddish till from the thickness to five feet or more limestone pebbles that came trom the northwest. ed'over à width of a half-mile or more, \n opposite and much greater over] Upon à large tract Previously oceupied 1x the Labradorean ice 

Wisconsin Stages of general Wane of glaciation, is Win the next 40 or 50 miles The ice flowing from the Wright, Hennepin, 

ate capitol northwest 
line of glacial confluence 
from one or two feet in 
10dified drift filleq with 

This verlap can be obsers 

* northoast, 4 arvVing 
to lap over vellowish nl 

ap that brought the Keewatin ice 
during the 

served in many sec tions north from St. Paul and Minneapolis West extended its lormer limits CastwWard across Anoka and Sherburne counties OÙ Minnesota. to st. Am. Geologist, Vol, XXV, May, 1900, pp. 2 6: with a 
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Croix river, and into the adjoining edge of Wisconsin, puxhing back the ice 

current that came from Lake Superior, and covering the red till brought by 

that ice with the characteristie bluish gray till from the northwest and west. 

This change in the course of the line along which the eurrents of the 

ice-sheet met is due to the changed meteoro- 

During the increased ice-melting attendant 

upon the recession of the ice-fields, the prevailing westerly winds, as they 

swept over the western side of the ice-sheet upon the Coteau des Prairies 

and eastward, became more laden with moisture than in the earlier part of 

this Wisconsin stage, when there was comparatively little melting on the 

surface of the ice; and the increased temperature enabled these winds t 

carry their moisture farther than when the ice had its greater extent. Dur: 

ing this earlier period rain and snow were precipitated more upon the western 

side of the ice: but later, by reason of the causes here mentioned, the precipi- 

ast part of the lobe of the ice- 

valley to central 

west and east portions of the 

logieal conditions of this time. 

tation probably became much greater on the e 

sheet that extended southeastward from the Red River 

Jowa. Before this, Lake Minnetonka and central Wright county had been 

the limit where this ice-flow was stopped by the opposing ice-current from 

Lake Superior: but now, because of the relatively and perhaps absolutels 

greater thickness of this part of the ice fowing from the northwest, its current 

pushed baek that which opposed it on the enst and covered the red till brought 

by that ice with blue till containing abundant limestone boulders. 

The line where these Keewatin and Li radorean ice-fields moving from 

the west and from the northeast now met, lies in the southern part of Mille 

Lacs, Kanabec and Pine counties, Minnesota, and even beyond the St 

le of Chisago county, fully 75 miles east of the lin 

But it scarcely reaches into Wa ington and 

mained covered with ice 

Croix river at the eust sic 

where they formerly met. 

Ramsey counties, showing that these counties re 

that cume from the northeast. This persistence of the ice-flow from the 

northeast near the margin of the area that was ice-covered at that time 

and also in Stearns and Morrison counties, to the north of the changed por- 

tion of the line of glacial confluence as is proved by the character of the driit 

in these counties, seems quite consistent with the explanation by meteoro- 

that covered the intervening 
logical agencies of the change in source of the ice 

Lto the St. Croix river 
district, from Wright and Hennepin counties eastwar( 

and the edge of Wisconsin. 

Great changes of glacial currents during t 

of the Ice Age are known by the overlapping, interdeposition and sometines 

confused mingling of the Keewat in and Labradorean drift formations, as here 

described for considerable tracts in Minnesota. In other areas of the moraine- 

bearing till-sheets of Wisconsin age, equally remarkable changes of ‘he 

glacial boundary and of ice-currents are proved by discordant and interseet nf 

courses of the moraine belts. All these changes of glacial eurrents and inter 

bedding or discordance of drift deposits inply probably no extensive w h- 

drawal and re-advance of the ice front, such as may be properly accepter as 

evidences of a noteworthy inter-Glacial stage. 
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FIELDS OF OUTELOW OÙ THE NORTH AMERICAN je E-SHEET, 519 
In the far longer part of the lee braskan, Kansan, and Ilinoian stages of transportation, and deposition of drift and Yarmouth stages of retreat of the ice boundaries, we Cannot doubt that 

similarly extensive changes of the glacial Currents and of the limits or the belts 
of confluence of the Keewatin and Labrador ice-sheets t00k place, South of 
the Wisconsin driftless arog glacial deposits OCCUPY à breadth of nearly 200 
miles, where all the land was enveloped at some Une, and mostly at two or 
more times successively, by one or the other of he ice-fields that flowed 
respectively from the northwest and the northeast, or alternately by each of 
these iee-fields, 

The stages during which the gr and the southern Margin of the drift long probably 50,000 to 75,000 Years in the Nebraskan stage an 
equally long in the Kansan and Hlinoian stages of glaciation, that we may 
readily believe much fuetuation in the limits of glaciation from the north- 
West and the northeast to have occurred On that expanse, orinthe confluent 
belt of these ice-currents, 

Age, which Comprises the Ne- ice accumulation and erosion, + and also the Intervening Aftonian 

‘at eXpanse between that driftless areg shects, were enveloped in ice were so 
probably 

During the mikd Aftonian inter-Glacial “Cars or more in length, all that region w Again in the Yarmouth int deposition to the 

Stage, perhans 10,000 or 15 000 as relinquished by th . from an carly part of the Maximum extension ofthe overlying Hinoian drift in south- 
castern lowa, an interglacial 1 and surface may have been exXposed loc, 
through 10,000 years, or berhaps four or five times as long, w hile the gres 
part of this « “panse between the Wisconsin driftless aren al the glacis 
drift border remained enveloped in ice, Indeed, we max attribute to the 
Kansan and Hlinoian stages à ConteHporancous Continuance of 75,000 Vears, 
more or less, ending some 50,000 or 40,000 Years ago. Minor ostillations of 
their glacial boundaries, or of their confluence, may have allowed the Yar- 
mouth interglacial beds to be ox erridden by tie Margin of the 
lobe only half as long ago as the time of the Kans: CaLvix estimated the relative ages of the in that vi nity. 

The entire time of glaci of its Glacial stages, probabl Clacial stages, 1 believe that, during some important or well de 
0Ù peripheral deglaciation of the drift area, even for hundreds of mil. back 
from the drift boundary, an unmelted central Part of the Continental ice- 
sheet Continuously covered à great interior region. However 
the processes of glacial erosion of the land surfa drift may have been near the 

ice-sheet 
Kansan drift 

Ulinois glace 
in drift deposition there, ; Kansan and Hlinoian diift-shects 

ation of our continent, or the aggregate duration Y far exceeded the aggregate duration of itsinter- 
fined stages 

interrupted 
and transportation of the margin of our continental area of gl 

Central portion was subjected to more St unbroken period of the Ice Age, 

That this age in North America wa Cars, is proved by the glaci 

tiation, its 
iction, berhaps an 

ation during hearly all 

continuous ice- drift erosion and transport 

s very long, as Measured in thousands 
of 

al transportation of roek fragments fr m beds 
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ast shore of Hudson bay, where it nar- 

arried for fully 1,000 miles 

west side of the Wisconsin driftless 

on of the basal part of the ice-sheet 

nts may have averaged 100 feet 

ripheral tracts, we see 
ames 

he southes 
of a peculiar format ion on t 

This rock has been €: 
rows to form James bay. 

southwest to North Dakota and to the 

Granting that the rate of moti 

rs and rock fragme 

ral estimate even for its pe 

d for the journey from Hudson and J 

More probably the average annual 

istance, during which the ice boun- 

ing drift fragments, would be 

and thus 100,000 or 

area! 
bearing these boulde! 

yearly, which seems a libe 

that 50,000 years would be require 

bays to Steele county, Minnesota. 

drift through this long d 

»f these slower mov 

hird of the above estimate, 

progress Of the 

daries were far in advance € 

not more than a halforat 

150,000 years would be required. 

It is also noteworthy that in the latter part of this journey, a Labra- 

à of predominant Keewatin glacia- 
d far into the area 

a meagre admixture of Labradorean drift was borne 

atin side of the driftless area. 

Cordilleran glaciation attained its gre 

1d next spread to its farthest limits, 

e-sheet had successively far with- 

Labradorean ice- 

s east of Hudson 

dorean ice-current invade! 

tion, and in consequence 

far southward on the Keew 

Tyrrezr? has argued that the 

est: that the Keewatin ice-fie 

continental ic 

ared, when the greater 

atest 

extent earli 

and that these parts of the 

drawn, or perhaps nearly disappe: 

field, in its turn. grew outw 

bay and covered the eastern half of 

of New England, and the provinces of Ne 

well as Newfoundland. are mapped by TYRRELL as outside t 

ice-sheet and are evidently regarded as belonging to other, 

later, fields of snow and ice accumulation and outflow. 

Against this view, which is partly presented again by Mr. TYRRELL in 

ages 389-391 of a publication in 1910 of the Eleventh International Geologi- 

cal Congress, I must cite the outermost and very old Jerseyan drift, in New 

Jersey and Pennsylvania, probably contemporaneous With the oldest 

braskan drift-sheet in the Mississippi basin, which extends 

ian inter-Gilacial beds né rly to the maximum limit 

subdivision of the Glacial period 

drift-sheets,—the former on the 

and the latter on the southwestert 

ntially contemporaneous and 

development of these vas! 

ard in all directions from a nucleu: 

our glaciated territory. The greater part 

w Brunswick and Nova Scotia, as 

he Labradorean 

and presumably 

recognize.l Ne 

south beneath the Afton 

of glaciation there. In the next great 

I regard the Kansan and Illinoian 

southern part of the broad Keewatin area, 

order vf the Labradorean glaciation,—as esse 

produced respectively by the farthest southward 

divisions of our continental ice-sheet. 

During the later Ilowan and Wiscons 

formerly much elevated land sank beneath its ice 

climate was restored at the margin of the ice, c£ using it to be melted rapidly, 

ad in great abundance in the Missouri, Mis sippi, and Ohio 

ilar conditions within both the Keewatin ail 

Also the well developed marginal mo- 

of the ice-sheet, when the 
in stages 

-burden and a temperat® 

loess was spre 

basins. This implies sim 

Labradorean areas of glaciation. 

Et Mon. XXV, p. 131. 

2 Jour. Geol., Vol. IV, 1806, pp. SH-815; ibid, Vol, VI, 1898, pp. 147-160, with maps 
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FIELDS OF OUTFLOW OF THE NORTH AMERICAN ICE-SHEET, 521 raines of Wisconsin age, that mark the boundaries of the Waning ice-fields, 
were amassed in a continuous and Contemporaneous series from the Atlantic 
Coast at Nantucket and Cape Cod, westerly by Long Island, through northern 
New Jersey, Pennsylvania, southern New York, Ohio, Indiana, Hlinois, 
Michigan, Wisconsin, Minnesota, lowa, and the Dakotas, into Manitoba, 
Saskatchewan, and Alberta, Distributed across the southern border of New 
England and of the western extension of the Labradorean glaciation, and 

' 

through a vast extent of the Keewatin drift area, these moraines demonstrate al period witnessed Contemporaneous Position over fully two-thirds of the width of » 0, the latest extensive Cordilleran glaciation, 
including local alpine glaciers south of the continental] ice-fields, appears to be 
correlative and Synchronous with the late Wisconsin Stage of all the drift 
region east of the Rocky mountains. 

It is thus evident that throughout the Ice West, central and eastern parts of North expanded to nearly the full limits of our continent-wide drift-bearing area. 
We cannot reliably picture how the aceunulations of snow and ice 

began to form the great North American mer de glace, Prol ab] it grew fre mn 
several central areas of relatively 

ry long period 
abundant SnoWfall, until a ve of continental glaciation ensued, continuous from the Atlantic to the Pacific. 

We can discern more clearly, by the Courses of striation and travel of 
drift boulders, in what directions the ice-borders finally receded, because 
Cverywhere the latest, the most distinct, and usually the most plentiful 
striation was directed berpendicular to the more or less irregularly: indented 
and lobate boundaries of the departing ice-fields. The currents of the latest 
striation upon the axial tract of the great Labradorean arca moved south- 
westerly for 1,500 miles from western Illinois, Wisconsin, and northeastern 
Minnesota, across Ontario and Quebec to the plateau and Mountains of 
Labrador because the climatie conditions that melted away the ice-sheet 
Upon that great region acted Progressively from west to east, thus swecping 
back the ice boundary over nearly half the width of the continent, The 
southwestern glacial currents and striations in the Miss ssippi basin long 
äntedated those on the Laurentide highlands and in Labrador. Probably 
no drift transportation can be traced from Labrador (the Coastal region 
aüdjoining the Atlantic north of Newfoundland) Very far westward. Professor G. F. WRIGHT has found boulders of red jasper Conglomerate 
near Cincinnati in the north edge of Kentuc Y, where they were deposited 
alter a glacial journey of about 500 miles nearly due south from their Parent 
ledges north of Lake Huron and about the mouth of Lake Superior. In 
Vermont, New Hampshire, and Maine, Professor CH. Hrrcncocx finds that 
the glacia] Currents passed southeasterly across the highest Mountain peaks, 

Looking broadly on the southern outline of the continental] ice-shect, 
We See that, east from the Mississippi river and the Wisconsin driftless area, 
It is indented by a wide embayment that has its apex in southwestern New 
York. West of that gres 

of the ice-border Was a field of 

that the closing stage of the Glaci and intensely active drift de Our continent, Farther wesi 

Age the ice-fields of the f far America, wer Contemporaneously 

at re-entrant angle 
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as shown by its axial transportation of the boulders noted by 

glacial outflow 
This L would name the Ontario ice-field, from 

Warrant south of Ohio river. 

the Canadian province where it gathered on the north. 

East from its great angle the ice-front turned again southward, passing 

through northeastern Pennsylvania, across New Jersey, and along the axis of 

Long Island to Martha’'s Vineyard and Nantucket, in a massive loop which 

continued beneath the present sea-level, running probably northeast and 

north to near the southeast corner of Maine. This was the front of the 

Quebec ice-field as it may be named from the province of Quebec, its great 

northern gathering ground. Its drift was borne southeast a6ross the moun- 

tains of New England. 

Yet farther east an ice field of simila 

Brunswick, Nova Scotia, at 

may be named the Nora Scotia ice-field. 

Much of the Gulf of St. Lervrence Was probably outside the lobate 

sheet in its maximum extent, 4s IS indicated by the 

area covered New r outline but less 
This 

id Cape Breton and Prince Edward islands. 

boundaries of the ice 

unglaciated Magdalen islands. 

Newfoundland appears to have been independently glaciated, having 

had only a row glacial isthmus of connection northward with our conti- 

nental ice-sheet. 

These several southern fields of gl 

Newfoundland ice-field, Were appendi 

glaciation, which it seems desirable to ret 

history. as its verity is vindicated by the 

the east coast of Hudson and james bays for a thous 

sialoutfow, excepting the independent 

ges ofthe great Labradorean area of 

ain in our general view of the glacial 

actual transportation of drift from 

and miles southwest- 

ward. 

DISCUSSION. 

J. W. EVANS (London) remarked on the fact that Dr. UPnam had postulated 

a velocity of from one-third to one-half of a hundred feet per annum for the material: 

transported by an ice-shect. The sf + had calculated that the velocity of an 

1,000 feet thick with a slope of 1° at a height of one foot above the base would be t 

of .000,6 of a foot per diem or out one-fifth of a foot per annum (The Wearing Do 

of the Rocks; Proe. Geol. Assoe., Vol KXIV, 1913, p. 277). The velocity is roughly propor- 

tional to the depth of the ice, the slope of the surface and the height of the 

ported above the glacier floor. It follows that the velocity referred 10 | 

would require the material to be transported at a consid le height #bove the base :! 

any reasonable values for the thickness and slope of the ice were assumed. 
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THE PATRICIAN GLACIER SOI TH OF HUDSON BAY 
BY 

J. B. TYRRELL, M, A, FRS.C. 

Toronto, Canada. 

About à quarter of à century northern portion of North Ame cast of the Rocky: mount basin of Hudson bay, had been covered during the Gil vast Sheet of ice. Dr, G. M Dawsox, late Director Survey of Canada, applied the name Laurentide glacie and a little later, the name Cordilleran which more or less completely covered the Rocky mountains, In 1894, after having spent ten Years in the country southwes 
of Hudson bay and cast of the Roc Y Mountains and the gr kenzie river, L indicated for the first time the existence and po: centre, or githering ground for ice, in northern Canada, radiated outwards to all points of the compass, another summer in une far northern portion of C Keewatin glacier to the great ice-sheet which h bay. à hich, at its greates interior portion of the American continent. In other® Papers published at castern portion of Car 

outward-moving ice 

ago glacialists considered that all the 
ains, including the 
al period by one 
of the Geological 

to this great ice-shoct, glacier was applied to the ice-sheet 

t and west 
valley of Mac- 

tion of a glacial 
from which the ice In 1895, after ho ‘y spent 

nada, L'appli : e name? dits centre west sf Hudson \d over such à Vast area of the 

extension, spre: 

à somewhat late r date à showed that the da was not covered at ny one time by à single great -Sheet, but that the ice of the Glacial period cast of the 
Rocky mountains had had at least two gathering grounds Of dispersion. One of these, Iying west of Hudson bay “ountry then known as the District of Kcewatin, I had cale centre of glaciation. For the other, which probably had its centre in Labra- 
dor, L'proposed to continue to use Dr. DawWsox's name of Laurentide glacier, 
restricting it to the glacier which had its gathering ground in Labrador and 
nt 

or centres 
and within the 
dthe Kecwatin 

19. B, Tyreu. Notes on the Pleistocen. of the ep, 1894, pp. 304-309, and map. YRRELL, À Second bedition through the Barre n Grounds of Northern Canada, 

Geog. Journal, Vol VI, 18 P. 439. London. ÉJAB RELL, The Genesis of Lale The Glciation of N 

Sorth-tvest Territories of Canada, 

lgassiz, Jour, Geol, Vol, IV, 1896, pp. SL1-815. orth Central Canada, Jour. of Geol, Vol. VI, 1898, pp. Report on the Country betireen “Habasca Lake and Churchitt pin r, 
M, Vol. VIIT, Part G, 1895, Gcol. Sur. Report on Dubawnt, Kazan and Fe rauson Rivers, Geol, Sur. Can., Vol, IX Part F, 
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which radiated outwards frora a centre somewhere in that vast peninsula, but 

as Dr. Dawsox, who was then my superior officer in the Geological Survey, 

objected to this restriction of his name, E used the term Labradorean glacier 

instead. This mace three great areas of ice accumulation and dispersion in 

the northern portion of North America, namely, the Cordilleran in British 

Columbia, the Keewatin in the country west of Hudson bay, and the Labra- 

dorean in the country east of Hudson bay. 

While making these sub-divisions, 1 distinctly remember having sug- 

gested, though L cannot recall having put the suggestion on record, that 

quite possibly there had been another centre of glaciation south of Hudson 

bay, but that nothing was yet known of it. 

From that time until last summer I had no opportunity oi revisiting 

Hudson Bay or of extending my observations of more than fifteen ,ears ago. 

Last summer, however, 1 descended the Nelson and Hayes 

York Factory, situated 6 the west shore of Hudson bay, in N. Lat. 

acting in the capacity of Commissioner for the Government of the Pro- 

vince of Ontario to choose and define eertain lands which had been allotted 

to it by the Dominion of Canada. After having fulfilled this duty, 

my course took me eastward along the shore of Hudson bay for 240 miles, 

then southward up Severn river and across the Height of Land to Albany 

river. This river was travelled for 100 miles or more until the head waters 

of Winnipeg river were reached, and then these waters were followed to 

the Transcontinental railway at Graham or &ioux-Lookcat. The total dis- 

tance covered in canoes and boats on the homeward journey from York 

Factory, was about 1,000 miles and a considerable part of this was over 

routes previously unexplored. My duties were not those « £a geologist but, 

nevertheless, it was impossible for me to close my eyes to the geological 

conditions and phenomena which presented themselves day after day. It 

is now my intention to briefy enumerate some of these conditions. 

On the whole the country is low-lying. The number of hills which rise 

more than 100 feet above the general level is comparatively few and most 

of these are well-known land marks with distinctive names. The highest of 

them, known as “The Hill,” or Chacutinow, and situated near the banks of 

Hayes river, was found to have an elevation of 465 feet above the river at 

its base, or 950 feet above the sea. 

While the country is flat-lving and without prominent elevations, it 

has a fairly regular rise for several hundred miles southward from Hudson 

bay: south of which it flattens or descends to some extent as it reaches th 

region of the Great Lakes. The southern portion of this country south o! 

the Height of Land is exceedingly rocky. In many places hardly a trace € 

soil has been left on it, and such vegetation as is able to grow on it—chiefl 

spruce and banksian pine— sends its roots down into the eracks in the rocl 

and thus appears to be growing directly out of the bare smooth rock i!- 

self. The hollows between the rocky knolls are partly filled with sand ar! 

boulders. Where sand and boulders are absent, the hollows are filled win 

water, thus forming the lakes which are found in almost countless numbe s 
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in that northern country: The rock is rounded into roche moutonné sur- 

faces, but these surfaces are usually weathered, so that the direction of 

motion of the ice during the Glacial period could not be determined except 

As will be seen later, however, the shapes of 

guides for determining the direction of move- 

this rocky countr\. 
from the contours of the hills. 

the hills are not always safe 

ment of the ice. Little or no elay can be seen anywhe
re in 

A few sand plains and sand ridges may be seen here and there where 

streams flowed southward from the face of the glacier that advanced from 

the north, and deposited their burden of sand where they were able to 

spread out over the rocky ground: but no extensive € iglacial lakes 

were formed in which the finer and more elayey ediments could settle. 

North of this higher and more rocky country, lies the gentle northward 

slopi towards Hudson bay. In travelling down the regular eanoe-toute 

from Lake Winnipeg towards Hudson bay the greatest height attained is on 

Lake Winnipeg itself, at an elevi ion of 710 feet above the sen, and the slope 

from that iake to the salt water of Hudson bay is fairly regular throughout. 

But cast of Lake W innipeg the land is considerably higber, for the water- 

shed between the Albany and Severn rivers has an elevation of 1,470 feet 

above the : while hills in the vicinity are from 100 to 200 fect higher. 

This clevation, being at the source of rivers flowing northward, eastward and 

southward, is perhaps the highest ground in the whole district of Patricia. 

North of it the land is much more attractive in character than that to the 

south of it, and there are considerable areas where the underlying rock is 

overlain by good clay loam or sandy till eurrying but few boulders, Such 

country extends down to an devation of about 600 feet above sea-level 

while below that level it becomes more generi Ily and evenly covered with a 

great sheet of till from 10 to 100 feet in thickness. At a somewhat lower 

level this till is overspread by marine beds of sand or clay, or of both. 

The rock underlying most of the higher country js à reddish gneiss, 

but here and there are longitudinal areas, often of considerable extent. 

underlain by green diabases, gabbros and basalts, which for the most part 

would seem to be of Keewatin age. 

As the shore of Hudson bay is approached, limestones of Ordovician and 

Silurian age lving in a nearly horizontal attitude are met. I had the pleasure 

of making two nice collections of fossils from these limestones last summer, 

one from the Ordovician limestones of Shamattawa river, and the other from 

the Silurian limestones of Severn river. ÀS might be expected from the 

remoteness of these areas from other known outerops of similar rock, many of 

the species of fossils were new: 

The limestones are hidden everywhere except in the valleys by a € 
cring 

of clay or till. 

Lwas very much 

because other travellers who had pa 

that during Glacial time 

this ice 

Labrador. and consequently 46r05s 

pleased to have the opportunity of seeing this country 

ssed through adjoining areas had reported 

it had been covered by a vast field of ice, and that 

had persistently moved southwestward, probably from a centre in 

a portion of Hudson bay before it had 

reac} 

slope 

form 

of al 

forme 
proba 

certai 
The j 

isties 
ing se 

selves 

W 

of Hu 
seen, à 
the Se 

where ! 

but in 

dences 

On 

to be 

These g 

over th 
the roc] 

No: 
these 

clear, in 
first pac 

second g 

lorm gro 

Therefor( 
the lower 

First. 

striaticns 
and where 

Begin 
ascending 
limestones 

Point, for | 
the middle 
an air for 

its surface; 
Washed Ft 



THE PATRICIAN GLACIER SOUTH OF HUDSON BAY, 527 reached this region. The ice had therefore définit slope from the Bay. Asthe highest of the formed immediately after the retrent of the jee of about 400 feet above the Present sca-level, and as these deposits were 
formed at or below sea-level, the bottom of the glacier itself was in all 
probability at that time below sea-level, and the glacier was therefore 
certain extent being buoyed up by the water which was The journey, therefore, gave me an opportunit isties of till or boulder la which h ing slope Partis below sea-level, selves later were 

y travelled Up « regular 
Marine deposits, which were 
have an elevation at present 

to a 
beside and around it 

Y Of studying the character- 
ad been deposited or formed 

Other conditions whie unknown to me at that time. We have seen that there are of Hudson bay; 

ON 4 ris- 
h presented them- 

4 few exposures of limestone ne. then for à long distance inland th seen, and that the next rock which we the Severn, was b: 
“here to be 
but in the 
dences of t} 

ar the Shore 
at no hard rock is to be met with, both on Hayes river and on Evidences of glaciation were every ugh they were not always readable: areas, where no rocks are expose, the evi- iation were not so apparent or clear, . the most conspicuous evidence were _the grooves and strise 

made by a glacier pushing 

ire, Smooth granite. 
seen on the rocks exposed, the 

extensive intervening 
1e direction of gl 

On the rocks themselve 
to be found, of course, 
These grooves, ete, were 
over the rock, and this | 

es Of glaciation 
left by the glacier. 

sand, boulders, ete., aver of sand and boulders which Was pushed over 
the rock is what js here called till. Now, in s.me places there are two or three distinct layers of till, one of ving immediately on the rock, while another one is higher and may be 

ated from the lower one by à bed of clay, sand or even lignite. It js 
clear, in such Cases, that the lower bed has not been moved since it was 
first packed down on the rock by the glacier, and it js also clear that the 
second glacier, which packed the second till on top of the first would not, 
form grooves and stris on the rock which lay under the undisturbed till, 
Therefore the grooves and striations represent the direction of movement 6° 
the lower till where two or more tills re present, 

these 

sepe 

STRIATIONS, 

First, as to the direction in which the till was moved, as shown by the 
Stations and grooves on the rocks wWherever the rocks have been uncove ed, 
and where the markings can be detected, Beginning at the mouth of Severn rive äscendingit for twel 
limestones are 

r where it flow: iato Hudson bayand nty-eight miles, Limestone rapids are reached. Silurian 
bottom of the valley at this is cut through the till to the underlying rock, In valley, where the limestone has been exposed to the water 

air for the longest time, the glacial markings have been removed from 
IS surface; but at the sides of the valley, where the till has but recently been 
Washed aWay, the general surfa 

W., showing 

exposed for a mile or more in the Point, for here the river he the middle of the 
an 

ace of the rock is scored S, 55° 
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the direction of movement of the last or Labradorean glaciation, while, in a 

few dépressions, scotings of an earlier glaciation, running NX. 5° E., are quite 

plain. The till overlving the rock at this place was without any horizontal 

dividing line, and probably all belonged to the Labradorean perl [R 

For seven miles farther up the river glacial grooves and striæ were Verx 

abondant lose to the foot of the overtying bank 6f till on the east side of 

and all were trending from X. t0 NX. 

learly shown by the rounded 

à aides towards the 

As the udjoining 

the river-_the side on which I walked 

10° W. The direction of movement Was often € 

faeing towards the south and the broker 

fractures opening northwure, ete. 

and much slidden, it was impossible for me to 

at my disposal, but it is probable that a 

from the south, which is here cale the 

kan that this till supported the later 

ted it from reaching and scoring 

if the bottom till had been absent. 

sides of the knolls 

north, the erescentie 

diffs of till were wooded, 

ine them very closely in the time 

lower till, formed by the glacier 

Patrician glacier, rests directly ontheroe 

Labradorean glacier in this place and previ 

the underlying rock as it would have done 

Thence for 20 miles scorings were not observed, after which the rock 

al strine of the Labradorean glacier running 60 W. 

at the uppermost limestone exposure 

ist at the south end of the linie- 

it has been protected from 

k to the north, it shows th 

exumne 

was found to show gl 

The general surface of the limestone 

6: Fawn river is also similarly scored, but it 

stone hill, where the rock drops away and where 

the Labradorean glacier by the slightiy higher roc 

Pat n gluciation running N. 10° E. 

this limestone no rock is exposed on Fawn river for 75 

and the bani.s are cliffs of till, in whieh there 

 dividing it into upper and lower portions 

is sometimes found with the upper 

South of 

miles measured in a straight line, 

ÿs usually a distinet horizontal li: 

Just beneath this line a boulder pavement 

sides of the boulders flattened and <cored, showing that the pressure of tu 

upper on the lower till has been severe, and that the planing action has been 

The directions of the scorings on several of these boulders 

This would indicate that the upper 

r till was of 1 

considerable. 

were NX. 102-209 W.. or the opposite. 

Patrician glacier, and that the lowe 
of these tills was that of the 

às not yet been deter- 
still older glacier, the direction of movement of which h: 

mined. More observations, however, would be necessary to decide this que-- 

tion. 

At the lowest exposure of granite on Fawn river the grooves and strii 

of the first glaciation run N. 30° W. while those of the last glaciation run *. 

40° W. South of this none but the scorings of the last (Labradoreun 

glaciation were seen until we reached the twelfth portage, after whieh te 

first gliciation was recognizable at several of the rapids and portagrs 

running N. 15°-30° W., while the last was running S. 40° W. 

On the shores and islands in Trout lake the conditions are very charac- 

teristie and their meaning is unmistakable. The islands are rocky knolls 

ing above the surface of the water. Instead of showing strong stoss nd 

is common throughout most of northern Canada, they slone ge tly 

sides, occasionally showing a little broken cliff towards the west 
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TUE PATRICIAN GLACIER sOt TH op HUDSON AY 529 On écloser examination they are seen to have been strongls scored, first by a 
glacier which came from the southeust an moved N, 25° 40 ww. and which 
was eleurly the Patrician glacier, sn aterwarde 4 the 1, ibradoren glacier 
MOVIE N, 35° 40° W The sume conditions sr Vient on the shores, but 
the conditions for showing te two glaciations are no always so ideul us on 
the islunes, 

Inche countr outh of Trout Jake thé conditions ns shown 56 the 
SCOTIRES re not always tx ele a al distinet ax in the Country north of it 
We passe to the west of the wc ntre of the Patrician glacier, and its Moving 
ice doubtloss SWUNg further to the West and later to the south of west 
Néarer to the direction of the later Labradoreun glicier, At the same time 
the Dlanket of til left où the country is much thinner than further north ane 
1 often inermittent, 0 that the rock surfaces have not been Protecte by jt 
and are Consequentiy more w there and do not préserve the scorings like 
those further north. In no » re the two &iacintions distinetiy re 
Cognizel on the same rock in the country ti of Trout like From Trout like south ; Windigo lake, n distance of 90 miles, glucin] 
SCOriNgS, y Ving from S. 202 W to N, 65° W., Were observed in thirteen dif- 
lerent ioealities. Most of these trend , 55° Wund undoubtedlr are mark- 
ings of the Labradoreuin glacier, but some, and 6 pecialls two on Makoop 
like that trend Wind N, 65° We were probably made by the Patrician 
glacier, 

On Windigo like the SCorings ary from N, 3° Witos. 15° E, und would 
to have been made by the Labradorenn glacier when it ti rminated at 

‘at moraine which crosses the Country south of tft ak Whether or 
not the Labrador “un glacier ever extended south of his great moruine, 
Mhich E have later called the Agutua Mmoraine, is somewhat Uncertain On Cat river above Lake St, Joseph the direction of strittion is about 
SN, 55%405° and LT have no means of telling whether those strixe 
and grooves were caused by the Patrician or the Labradorean glacier: but 
“CIS reasonably certain that the Patrician glacier, lving on the high lands 
south of Hudson bay, must have fowed southward and southwestward, and 
it does not yet seen equalls certain that the Labradoresn £lacier must 
bave extended southward over the same slope, For a long distance west of Severn river the country is but slightis ex- 
blored and no critical examination of the glacial conditions has been carried 
out. 

At the lower Limestone rapids on Shamattawa river the surface of the 
limestone is rough and weathered “ght up to the edge of the till, and it is not 
improbable that it was r er subjected to severe sc oring. At and near the los ‘Xposure of granite on Hayes river several placial 
Scorings are apparent. The oldest ones Varv from NS, 65°-K, 85° VW. and 
“ere formed cither by the Patrician or the | abradorean glacier, while the 
liter ones trend $. 20° E. and have doubtless been formed by a readvance 
U the Keewatin glacier. Farther Upstream, on Oxford lake and vicinity, 
:e direction of Labradorean glaciation is s. 59° W. 
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along Severn river from its 
The till varies considerably in character 

Ltothe mouth of 
source to its mouth, and throughout the country Westwar 

Nelson river. AÏ this country slopes wrudualls northward towards Hudson 

1.400 feet down to sea-level, giving it an average 
bay from an elevation of 

tricinn glacier descended this 
décline of ahout five feet to the mile. The l 

from the south northward, while the later Labradorean glacier, on the 
slope 

southwestward, forming a great 
contrary, ascended it from the northenst 

moraine neur the summit. 

On the upper part of this slope, 

is often more or less morainie in character, The 
above the level of Trout lake, the till is 

irregular and uneven an 

> of the rocky knolls often rise above it and may be bare of cluy, 

boulders or detritus of any kind, the trees or other vegetaton in such places 

growing directly out of eracks in the rock. Nevi rtheless, the depressions in 

the roeky surf: are usually filed or partly filed with a pebbly or stony 

elav. Where there are no rocky prominences the whole surface may be 

covered with this elay, so that no rock may be observable in the country 

Unlike the country further south, the takes 

Jar dépressions in the clayey sur- 

Lsustained by barriers of large 

rounded to} 

for long continuous distances, 

do not oceupy rock-basins but rather irregu 

face, and the outlets are usually protected an 

rounded boulders, 
a short distance north of Trout lake, 

Similar conditions prevail for à 

iully, so that in the vicinity of the last expo- 
and then they change very matt 

sure of granite on Fawn river, the tributary of 

: becomes covered with a great sheet of elayey 

Thence the till extends continuously down the 

av, though for the last few miles it is cove 

severn river which Eexplored, 

the count 
till containing 

comparatively few boulders. 

river to the shore of Hudson ba 

by later marine sédiments, 

A similar sheet, or a continuation of the same sheet of till, extends down 

Hayes river from the vicinity of Swampy lake, at an elevation of 500 feet, to 

the shore of Hudson bay at the mouths of Nelson and Machichi rivers, though 

the lower part of Hayes river itself appears to flow in an old valley where the 

till was either particularly thin, or where it was not deposited. Similar till 

oceurs on the lower portion of Shamattawa river and on Machichi river, whieli 

is a small stream just cast of Hayes river: but thence eastward across tlu 

country to Severn river very little is known about the character of th 

surface deposits. 

The till in all these localities is very similar in € 

ay composed of subangular grains of quartz and lim 

stone mixed with a large amount of partly decomposed argillaceous material 

and occasionally with small fragments of marine shells. It contains man 

emall, slightiy angular pebbles and a relatively small number of boulder 

many of which are more or less distinetly scored with glacial markings. Ti 

boulders are chiefly of granite, but sor : are of a brownish gray, caleareous 

on which rounded spots weather out to a whitish colour, givin£ 

ter, Asaruleitis 

a highly culeareous el 

quartzite, 

‘ben 
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FU PATRICIAN GLACIR ROUTH OF HUDSON HAY, 541 
them à charneteristie occllur Hppearance others white and rod sandstone 
Silurian limestone, 

üre of red conglomerate, green dinbase, by dec ironstone, The till is unstratitios breuk out into angular masses 0 
is seen to be divic 

and fossiliferousx 
lits lower ane harder portions € roughly cubicul shape, In some led into an Upper and lower portion by n distinet horizontal line of division, though both portion Vers similar in character except that the upper js usually a little durker and more oxidized, On the Severn ant Fawn Mers the upper till commonts the lower, with n PaVement of «tried boule 

On the Hayes and Shumattawn rivers there is usuulls sand between the two becs of CIE, w ith moss and fragments of coniferous Wood in the sand and in the bottom of the Upper (ill indicating that the Pressure and scoring wus lighter here than on Severi vs In consequence of being nearer to the western Margin of the glacier, 
With regard to the 

country est of Seve 

potes it 

te directly on 
lers at the top ot tu latter 

4 layer of stratified 

extension of the continuous s heet of till into the en river, there is no dout 1 about its occurrence m Winisk river, 95 miles to the cnst for the description given by Mr, Mclxs Es of the glacial deposits along its bunks, show that thos agree elosely with those in the country through which Etre “elled.! 
In my opinion there is no Güestion that this till is prim + ne deposit which huis been kneaded by un overriding glacie along with pebbles and boulders into a homogencous mass: and further that the general extension of this greut sheet of till over the CoUntrx up to a level of about 500 feet above cle se relationship to the former extent of the pre-Glacial or inter-Glacial marine sedimeuts from which it } largely derived. Judging from the char pebbles of limestone, « te.,it 

Present condition by a gl 

ü mure 

the ser has some 

as been 
acter of the included boulders and is also evident that the till was kneaded into its acier moving southward 

MORAINES, 

No moraines which could be definitely aseribed to the ere observed, though Many of those south of the source May have been formed by and in front of it. On the slope northward down Severn river there the two most conspicuous of which I have called the ami moraines. Both of these exhibit_the typieal laind-laid character, and both of them wcre formed in front of the Labradorean g r. Another important Mmoraine, which crosses the country from west to fast, was evidently aid in the water, As this crosses Fawn river near the mouth of Poplar or Metoos river L propose to call it the Metoos moraine, It I probably continuous With the hills near the mouth of Shamattawa river, 

Patrician glacier 
oÙ the Severn river 

are manv moraines, 

Agutua and the Kawa- 

IWicziam Meclx ES, ‘fe port on a part of the N'orth-W'ex 14 and Attarvapiskat Rives," Geol, Surv., Dept. of Mines, C 
t Territories drained by the 

Win 

anada, 1909, pp, 19-22, 
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ESKERS. 

Near the headwaters of the Severn river, and at “The Hill” or “Chacuti- 

on the east bank of Hayes river, are ridges of sand and gravel several 

hundred feet in height which are associated with moraines and have been 

formed close to the front of the Labradorean glacier. In the laîter locality 

these sand hils were probably formed when the Labradorean glacier was 

confluent or nearly confluent with the faces of the Keewatin glacier during 

its latest sdvance. During the formation of these enormous eskers the 

r had free drainage away from the Labradorean glacier, either over the 

éThe Hill” on Hayes river, possibly 

Keewatin and Labrador- 

now 

wate 

lower country farther south or, as at 

down into Hudson bay between the faces of the I 

ean glaciers. 

South of the source of Severn nver the land falls away gently to the 

On this southern slope are many narrow sand ridges or eskers running 

1 to the direction of striation on the underlying rock, but none of these 

the magnitude and strength of those on the watershed between 

“The Hill” on Hayes river. 

south. 

paralle 
ridges have 

the Severn and Albany rivers, or of * 

POST-GLACIAL DEPOSITS. 

of this paper does not include a diseussion of the character and 
The scop® 

-Glacial deposits of the region visited during the past sum- 
extent of the post 

mer, but a few words about them may not be out of place. 

While the Labradorean glacier was retiring towards the northeast at 

valley 
the close of the Glacial period, extra-glacial lakes were formed in the 

vicinity of the present Oxford and Knee lakes. But on 

iver, where the land was higher, the drainage 

face of the ice 

sand and 

of Hayes river in the 

the upper waters of the Severn ri 

from the glacier was doubtless parallel to and along the 

shect, and such extra-glacial lakes with their lacustrine deposits of 

elay are not represented. 

When the glacier had retired northward down the slope to a line 

as below the level of the sea at that period, sea water flowed around 

in front ofit. the face of the ice continued to retire, the area of open sea 

increased, and à sheet of elay and sand was deposited in the bottom of this 

sea on the top of the underlying sheet of till. In most places these marine 

rather thin, but on the lower part of Hayes river, where they 

fill an old valley which had probably been formed along the western side of 

the Labradorean ice-sheet, they are very much thicker than usuai. 

As the glacier retired northward the land rose, and sea beaches of sand 

and gravel were formed one below the other as the shore line of Hudso: 

Bay receded northward to its present position. 
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THE PATRICIAN GLACIE R SOUTH OF HUDSON BAY. 533 À great glacier, here designated the having its centre or gathering ground in the 
ia, had its centre 

Somewhere on the higher lands southeast of Trout lake, and discharged its 
ice northward and northwestward into Hudson bay, and doubtless also west- 
ward and southward, in the latter direction probably into the basin of Lake 
Superior. 

Subsequently this Patrician_ glacier dwindled ‘ppeared from the land sloping northward into the from the whole Country farther south, During this retirement and disappearance of the Patrician glacier à great 
thickness of marine sediments was being Inid down in the bottom of Hudson 
bay, the land probably standing at a lower level than it does now, and the 
Water area being Consequently larger than the modern Bay. The marine 
sediments would therefore probably be deposited 9 some Of the lower portions 
of what are now land. 

Patrician glacier on account of District of Patrici 

AWay and finally dis 
bay, and quite possibly 

Then a great glacier, here Spoken of as the its exact gathering ground is cast, ploughed its w. 
at | 

Labradorean glacier, though not Yet certain, advanced from the north- ay through the sballow basin of Hudson bay, and advanced 
ast as far southward ns the headwaters of Severn river, Carrving the ma- 

rine sediments from the bottom of the Bay along with it, and at the same 
time kneading and pressing them into the compact sheet of til] which covers 
all the lower Country to a distance of about 125 miles inl shore of the Bay. 

The formation of this great sheet of till was Consequently dependent 
upon the existence of an abundant supply of soft Unconsolidated material 
ready to be moved along and kneaded up by the Labradorean glacier, rather 
than upon the material which was scraped and torn by the glacier itself from 
the underlying hard rocks over which it travelled, It seems probable that much of this material Was not moved by the 
glacier for the whole of the above distance of 125 miles, and consequently 
that the marine sediments laid down in Hudson bay in Patrician or pre- 
Labradorean time extended farther inland than the present shore, 
the Patrician seashore was not far from the present continuous sheet of till. 

On the high land near the source formed a great moraine, in connecti Sand ridges or eskers, 
After it had reached its greatest southern extension it retired and left a 

number of Stony morainie ridges across the higher part of the country, and 
dropped a great Water-laid moraine in the salt water of Hudson bay before it 
finally retired from the country. It is not certain kow far the Ip West, but the Labradorean glacier would appear to have h 0r side about at Hayes river, where £licier from the northwest. 

When the 
beneath if w 

and from the present 

Possibly 
southern border of this 

of Severn river the Labradorean glacier on with which were a number of huge 

atrician glacier advanced towards the 
ad its western front it was met by a readvance of the Keewatin 

Labradorean glacier began to retire northward the land n its front reached the sea- 

as lower than it is at present. Whe 
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1dson bay flowed round it. Then 

formed till, and as 

rise until, 

alt water of Hi 

d on top of the previously 

thward the land continued to 

it attained its present elevation and 

level of that period the s 

marine sediments Were deposite 

- the glacier continued to retreat nor! 

with the disappearance of the glacier, 

condition of stability. 

DISCUSSION. 

U.S.A.) mentioned what seems corroborative evidence of 

distribution of copper in the glacial drift in the east- 

central part of the United States. It had been carried into central Ohio and over all of 

Michigan and Indiana apparently by rly southeastward ice movement that passed 

across the eopper-bearing rocks of the Laki uperior region. The later ice invasions, both 

Illinoian and W onsin, crossed these states by a southwestward movement from Labra- 

dor and could not have passed the copper-bearing formations on the way. This would 

geem to indicate a Kansan 0r pre-Kansan movemen
t from the region north of Lake Superior, 

that is, from the Patrician centr 

The peculiar ice movements in the Wiscoi 

F. LEVERETT (Ann Arbor, 

a Patrician centre inthe peculiar € 

nsin stage of glaciat ion in Minneso
ta seetn also 

to call for a movement from the Patrician centre 2 well as from the 

Keewatin centres. Ice from the Labrador centre filled the Lake Superior basin in the 

Wisconsin stage. Ice from the district north of Lake Superior moved in à S.S.W. course 

into Minnesota, producing the sheet of red drift west of the Superior lobe as far as Lake of 

the Woods on the west, and as far as St. Clouc 1d Belle Plaine, Minnesota, on the south- 

west. When this ice had melted aw the Keewatin ice came into the northern part of 

Minnesota past Lake of the Woods and Rainy lake, and even erossed the Mesabi iron range 

The Patrician centre seems, therefore, to have become greatly reduced on the southern 

side as well as on the northern side early in the Wisconsin stage. 
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DISCUSSION SUR LA QUESTION: DANS QUELLE MESURE L'ÉPOQUE GLACIAIRE AT-ELLE ÊTÉ INTERROMPUE PAR DES PÉRIODES 
INTERGLACIAIRES ? 

H. B. KUMMEL (Trenton, USA): In New Jersey the southern margin of the 
extra-morainic drift lies in a region from 100 to 250 feet nd more above sea-level. Hills 
having an elevation of 200 feet and more above sea-level are generally drift-capped, but 
the drift does not in general extend much below their summits. The present eleva- 
tion of the larger streams of the region is less than 109 feet and the valleys are 
maturely developed. In fact, there is a verÿ much greater area below 200 feet elevation 
than above it, The évidence is very strong that the drift was deposited upon à former 
surface with an elevation Of from 200 to 275 feet, although an oceasional valley may have 
been slightly lower, Since the deposition of the drift the streams have excavated valleys 
that are over 100 feet in depth and possess ve gentle slopes. As the elevation of the 
region is not great and its distance from the sea is 30 or 40 miles, the time necessary for the 
development of such mat ure valleys was long. For this, as well as for other reasons, the 
workers in New Jersey are convineed that the e ra-morainie drift in New Jersey is of great 
tige as compared with that of the moraines. Since the eXtra-morainie drift of New Jersey 
is continuous with that of castern Pennsylvania, we are forced to dissent from the con- 
clusion that the glacial fringe or attenuated glacial border is, as a whole, of recent date 
It must be recognized, however, that during the Wisconsin epoch the ice may have locally 
advanced short « nces beyond the moraines, so that in places young drift may have been 
Incorporated into the older of the attenuated border, TI may account for some of 
the indications of youth cited by Professor WRiGur, F. FRECH (Breslau) bemerkt dass die Frs ge der Einheitlichkeit oder mannigfachen 
Teilung der Eiszeiten in erster Linie von der Selbständigkeit einer interglazialen ugetier 
fauna abhängt. Da eine solche bekanntlich fehlt während die ganze vorangehende Tertiär- 
fauna unter dem Einfluss der klimatische Wechsel steht, ist die Frage vielleicht nur un- 
richtig formuliert. Du n mannigfacher Wechsel von Vereisungen und eisfreien Zwi- 
schenlagen Nordamerika mit Europa kennzeichnet unterliegt keinem Zweif, 1. Aber die 
verschiedenen Vereisungscentren haben ch selbständig entwickelt : Norddeutschland 
weist drei, die Alpen vier, zwischen beide li gende Riesengebirge nur zwei Vercisungen 
auf. Also handelt es sich um ein sehr verwickeltes Phünomen, bei dem, abgeschen von 
dem Wechsel der W me, die lokale Verschic denheiten der Niedersehläge und in der Nähe 
von Hochgebirgen die durch scismiseh (wie in Alaska) bedingte Gletschervorstüss 
in Betracht kommt. 

A.P.COLEMAN (T ronto) was of the opinion that there w: period as opposed to Professor FRECH’S view that there were in different parts of the world, High mountains in all pa {0 glacial deposits with an inter-Glacial interval which The evidence from mammals cited by against this. 
G. F. KAY (lowa City TS. Dr. CoLEMAX referred in his paper to the inter- 

Glicial deposits in the vicinity of Toronto, and expressed the opinion, based on the faunal 
and floral evidence of these beds, that they are probably elosely related in age to the Afton- 
lat of lowa. In this connection Lam sure that it will be of st, particularly to our 
European friends, to show by means of lantern slides some of the interesting fossils, especi- 

ali\ the extinet mammal that have been taken from the Aftonian gravels and sunds of 
Lowa. These remains are in many cases not abraded or worn in the htest degree. 
Morrover, the relations of the bones one to another in the beds indicates in many cases 
that the animals w re floated into their Present positions while the parts of the skeleton 
Were still intact, These facts, and others which could be presented, can be explained only 
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upon the basis that these remains are not pre-Aftonian but are of the same age as the 

Aftonian gravels themselves. 

(Slides were shown of the remains of fossil horses, mammoth, mastodon, cumel, beaver, 

deer, sloth and bear from the Aftonian of Iowa.) 

F. LEVERETT (Ann Arbor, USA), spoke of his impr ssions of the British drifts 

on the east coast of England, vi ited with Mr. LamriuGn. The drifts are from different 

ice-fields, the lower from S andinavia, the upper from Scotland, and are both fresh as com- 

pared with the relations found in Minnesota, where gray drift from Manitoba overlies 

red drift from a distriet farther east. Mr. LamPLuan does not mention the very great age 

of the chalky boulder elay t London, which is now preserved only in st all remnants on 

divides, and which represents à drift comparable with one of our older drifts. The con- 

trast between this greatly eroded drift and the very slightly eroded drift on the east coast 

north of Hull would constitute an ex ent example of the lengt h of the time separating 

the two drifts. 
Mr. Levererr referred to his paper, Comparison of North American and European 

Glacial_ Deposits published in 1910 in the Zeitschrift für Gletscherkunde, and said that 

he now understands that the interpretat jon of North German drifts given in this paper is 

thought by leading German geologists to be incorreet, in that the most extensive drift is 

to be correlated with the Ress drift rather than with the Mindel. 

M. B. BAKER (Kingston, Canada): EL would like te dd some striking evidence of a 

long inter-Glacial period which L observed in the field two years ago. While working about 

the southwestern coast of James bay, 1 observed inter-Glacial beds of lignite coul, under- 

lain by drift, which subsequently had been eroded and again overlain by glacial drift. 

The bed-rock of this area is Lorraine limestone. This limestone is glaciated and overlain 

by from 30 to 50 feet of boulder elay.  Immediatelÿ above this series of bedded clays 

and sands carrying seams of lignite as much as six feet thick. This lignite series was plough- 

ed and eroded by glaciation s0 that above it lies from 30 to 70 feet of glacial drift, many of 

the boulders in which are lignite. This fixes the age as inter-G acial. 

From the lignite beds 1 dug several trees, the largest being 17 inches in diameter. 

Subsequent study showed it to be Abies balsamea and two others have been identified 

as Populus balsamifera and Thuja occidentalis. In my work in northern Ontario 

L have not been able to find a balsam tree 17 inches in diameter. There has not been suf- 

ficient amelioration of.elimate since the retreat of the ice-sheet to permit the growth of such 

atree. 1 maintain, therefore, that we must have had an inter-Glacial period in Quater- 

nary time much longer in duration than is the time intervening between the last retreat of 

the great Labradorean sheet and the present, for not only was a tree grown larger than any 

of the present examples of the same family, but it was buried, converted into lignite and 

again bared by ice erosion, 80 that rounded boulders of the lignite are found in the over- 

lying drift. 
G. F. WRIGHT (Oberlin, U.S.A.): Professor CoLema’s estimates of the age of the 

present Lake Ontario correspond closely with my own estimates based on the amount of 

stream erosion in Ohio south of Lake Erie. But his higher estimates for Lake Iroquois 

are greatly in excess of what is possible, if my estimates On The shores of old Lake Warren 

in Ohio are approximately correct. Lake Iroquois was much younger than Lake Warren, 

yet that lake cannot have been more than 12,000 years old. There must be some error in 

Professor COLEMAN’S estimates for the earlier period. The rapidity of possible changes 

in glacial conditions is strikingly illustrated in those which have taken place in the Muir 

glacier, Alaska, siice my survey in 1886. Since then the front, one mile and a half wide 

and rising 300 feet above the water of the inlet, has retreated seven and one-balf miles 

and the surface has lowered by melting 700 feet. 

W. WOLFF (Berlin) bemerkte etwa Folgendes: Nach dem gegenwärtigen Stand 

unserer Kenntnisse erscheint es unmôglich, in Deutschland cine, nämlich die “ältere” 

Interglazialzeit zu verneinen, Interglazial im strengen Sinn künnen nur solche Al 

rungen genannt werden, die ein vollkommen gemässigtes Klima und einen sehr weiten 

wenn nicht vollständigen Rückzug der Inlandeisdecke zur Voraussetzung haben. 

Dies trifft für das ältere Interglazial Norddeutschlands ein, zu dem marine Ablagerungen 

im Westen und Osten des Landes gehüren, das somit vollig eisfrei gewesen sein muss, Die 

strot vrafischen Verhältnisse mancher Ablagerungen des zweiten, jüngeren Interglazi ils 

erscheinen mir dagegen weniger klar, und wenn nicht Botaniker und Zoologen so ent- 

schieden für die Anrahme éiner wirklichen Wärmeperiode einträten, würde ich die L 

rungsverhältnisse nicht in diesem Sinne deuten. Mir erscheint die Frage durchaus disküt- 
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abel, ob nicht ein grosser Teil dieses jüngeren Interglazinls in V it interstadial ist. 
Alles hüngt, meines Erachtens, von der Lüsung der Frage ab, Wo zu jener Zeit der Pol gelegen 
at.  Lag er an derselben stelle ‘vie heute, s0 empfing unser Land im Sommer ein gut 

Teil Würme und Licht und blieb im Winter ausserhalh des attens der Polarnacht. 
Dann aber war selbst wührend einer Vergletscherung gemiässigte Fauna und Flora in der 
Aussenzone müglich 

WARREN UPHAM (st. Paul, US.A.), regarded the sections of inter-Glacial beds 
in the Don valley at Toronto, and at Scarboro’ eliffs not far to the east, which have been 
&rouped together by COLEMAX and Cn AMBERLIN under the name of the Toronto formation, 
as the most important evidence and record of inter-Glacial conditions Yet known in America, 
being probably not surpassed anywhere in the world F.B. TAŸLOR (Fort Wayne, USA), stated that there was evidence at Niagara of 
an interval of post ial erosion which could not have been less than 15,000 years, 



Sujet No. 7: Les caractéristiques physiques des mers paléozoïques et 

les particularités de leur faune considérées au point de vue de 

la portée du retour des mers dans l'établissement des systèmes 

géologiques. 

1. T. C, CHamBEerux, The shelf-seas of the Paleozoic and their relation 

to diastrophism and time divisions (page 539), 

‘ ScaucHerT, The délimitation of the geolegie periods illustrated by 

the paleogeography of North America (page 555). 

3. E. O. Uzricu, The Ordorician-Silurian boundary (page 593). 

4. Discussion. 
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THE SHELF EAS OF THE PALEOZOIC AND THEIR RELATIONS TO DIASTROPHISM AND TIME DIVISIONS, 
By 

10: CHAMBERLIN, 
Professor of Geology, University of Chicago, U SA. 

It will be agreed at once that the beds are due to deformative processes, is true of the beds of some of the seas, the Way will be 
special note of sea-beds that do not owe th to gradational Processes, If al] of the one as diastrophie basins, all of the other class may be styled gradational basins, 

kowever incomplete the basin form. Theie are Composite forms 

that must be neglected, The most familiar examples of the gradational type 

are the continental shelves. These are regarded as only initial forms of the 

tÿpe, falling much short of ideal representatives of Mature sea-shelves. The 

waters that rest upon these sea-shelves may be known Convenient|y as shelf- 

general configurations of the oceanic If we May also agree that the same 
cleared for making eir final form to diastrophism but class, large and small, be grouped 

of course 

seas. 

The ideal shelf. sea is not independe diastrophie sea from which it grows:; gradation Superposes cert features are 
ment, 

ntin origin: it is conditioned by the diastrophism shapes the original basin : rs and extensions upon it, iological 

ain characte 
These new 

of high importance in } and Stratigraphical develop- Not only se shelf-seas onditioned at th, their histories are dependent on its continued diastrophism js continuous the gradation turbance and is ineffective: Ward as long as quiescence 

e outset by diastrophism but or its interrupted action, If al process Constantly suffers dis- iî diastrophism is Periodie gradation goes for- continues, attaining £reater and greater degrees of 

Maturity and Ceasiag only when its work is cut off by renewed diastrophism. 
If diastrophism is periodie, effective gradational results are interperiodic: 

diastrophism and gradation are alternately dominant, From this general 
‘onception, let us turn to specific characters, The distinctive features of shelf_ L. There is 4 close approach to ltoms of these seas. There js but à gentle slope betwee 

Sides and their SeaWard sides or their deepest axes, the typical slopes may be 1 in 1,000, or i turity the slopes seem often to have 

seas äre these: 
Parallelism between the 

b 
Surfaces and the 

n their landward 
In their earlier stages n 800, or perhaps less: in their ma- fallen to 1 in 2,000 or 3,000, or lower. lism between surface and bottom is a feature 539 

Tiis elose approach to parallel 
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of moment in its bearings on the nature of the deposits and the character of 

the life. 
11. The parallelism between sea-surface and sea-bottom is close in the 

further sense that the planes lie near one another. For reasons inherent in the 

esses, the sea-shelf is limited in depth. Beyond a certain 

further gradational proc 

depth of water effective transportation of sediment fails, and the 

ed until the depta in front is filed. Forthe limital 

200 metres, 100 fathoms, the recognized mean 

depth of the outer edge of the present continental shelf.… Let considerable 

variations from this be recognized as consistent with the type, but this figure 

may serve as representative. Exactness in this particular is not material to 

the purposes of this discussion, for the distinctions to be drawn are «0 broad 

that great latitude is permissible without invalidating the arguments built 

upon them. The natural criterion of the type is that depth at which the 

agitation of waves, tides and currents ceases 10 keep in effective suspension 

or in rolling condition the terrigenous silts of those classes that embrace 

the larger parts of the earthy matter derived from the land. The extremely 

fine material that may float long with little motion is negliible as it does 

not build up the bottom apace with the more bulky constituents. The 

shelf is th: a produet whose physical features are determined by its own 

conditions; it is a self-regulated formation, the guiding element in whose 

genesis is the sea-surface and the agencies that play upon it. 

I. The sea-shelf is definitely correlated with the penetration of solar rays. 

This is a relation of biologie moment. As the mode of formation keeps the 

fac» of the shelf within a certain distance from the sea-surface, the waters 

ave a rather definite range of illumination. Competent opinion 

places the larger part of the effective photo-synthetie 
action within a hundred 

metres of the surface, while photographie effects vanish at three or four 

hundred metres. Organisms that depend on insolation, or that live upon 

those that do, may be assumed to be rarely fossilized at greater depths than 

these when there is no ground to suspect post-mortem transportation. The 

shelf-sea deposits, therefore, embrace the photosynthetie types and their 

dependencies, sessile and mobile alike. Deeper deposits may embrace the 

pelagie types, but rarely the sessile and quasi-sessile forms. The shelf zont 

is therefore, from the very nature of the case, a biologie horizon of the first 

importance. Its faunas, in consequence, belong to a distinctive type. The 

life entrapped in the bed of the shelf-sea is demarked from that caught in thx 

abysmal bed of the ocean. There is, however, a narrow belt about the border: 

of diastrophie seas that enjoys photo-vital conditions much the same as the 

gradational shelves, though the slopes are normally steeper and the life cor- 

ditions somewhat more special and precarious in general. À comparison of 

the relative values of the gradational shelves and the diastrophie belts within 

the same depth limits is a critical part of this study and will be taken up pr 

sently. It will appear that the shelf-seas are photobathie zones of special 

effectiveness, and are, and no doubt always have been, the habitat of a mi *t 

mportant type of marine faunas and floras, the class most akin to the le 

growth of the shelf is check 
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THE SHELF-SEAS Op THE PALEOZOIC, Etc, 541 
of the land, Preéminently the class Où which the divisi,ns of geologie his- 
tory have been based, and May best be based still more specifically, IV. Itis scarcely more than a reiteration of the last statement in à more 
special form to Say that the faunas of the shelf-sons of the Paleoscie were 
given distinetive aspects by the conditions of insolation, of acration, of low 
Pressure and of Unagitated bottom, all of which were determined by the mode 
of origin of these sous, These sen conditions became, therefore, critical 
factors in the history of Paleoz life. The extent and maturity of these sens 
Was thus a decisive factor in Paleozoie history, ! V. So, too, it is scarcely more than réiterating tie Statement that pre 
ceded the last, 40 Say that the typical sédiments of the shelf-seus of Paleozoie 
times w re of the types that depend on agitated waters, The sédiments were 
sorted and spreai out with notable uniformity, continuity and exceptional 

horizontality over Wide tracts because of the conditions of formation, 
VI The shelf-seus were Spread upon th continental platforms. Diusi,0- 

hic sea-basins may be set in between continents (Mediter 1ean, Caribbean, 
ete.) or be sunk within the continental Platforms, but the g adational sas 
ay upon terraces either built out from the upper edge of the continental 
plat forms, or t baek on the upper edge of the platforms, or else were flooded 
forth upon the lower parts of the platforms by the partial filling of the ocean 
basins with sediment. They were technically epicontinental, while the dia- 
strophie sens were usually intercontinental or intracontinental. Of course, 
shallow di trophie basins may be so formed as to be in a sense epicontinental 
but not in the Constructive sense here applied to the sea-shelves, and of 
course there were Composite types not belonging wholly t9 either class. 

Diastrophie limitations. Let US POW consider the degree of competeney 
and of incompeteney of diastrophism to produce shallow seus whose deposits 
and faunas May be comparable in any serious sense with those of the shelf- 
seus, 

I the earth-body were a perfect_spheroid of revolution completely 
adapted to its 9WA condition: qui if the volume of the hydrosphere were 
ésentially what it is to-day, there would be à perfect parallelism between 
the sea-surface and the sea-bottom of the universal ocean that would be the 
inévitable consequence of these conditions, but there would be no sediments 
of the common kinds, nor any life of the more familiar fossil types, except the 
pelaigie and the abysmal. The Picture of such a state of the earth, and of 
Such an evolution as Might arise from itif indefinitely prolonged, is as far 

possible from that which geological history really presents at any known 
te. The actual earth has a deformed surface of such proportions that about 
one-third is continental Protuberance and two-thirds abysmal depression, 
Mi connecting slopes between. At present about one-sixth of the contin- 
entil protuberance is covered by epicontinental] seas, and this sixth adjusts 
thi one-third-two-thirds ratio to the more familiar one-fourth-three-fourths 

This of course holds of other eras also, but they are not included in the theme 10 

which this Paper is limited. 
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r so succesxfully ineuleated by the geographies. It is 

ratio of body-protuberance to body-depression 

In these studies the modification 
ratio of land to wate 

the _one-third-two-third: 

that concerns us in deformative studies. 

imposed by the sen-<helf work is an incident, 

These proportions have been taken of course from the present status. 

AE it is suggested that a quite different ratio may have prevailed in early 

geologie times and that the ratio in the Paleozoie era may have been so far 

different as to leave little value in this present ratio, it may be replied that 

no special weight is rested on this ratio ax such. It is merely convenient for 

use in forming a eoncrete conception of the work of def mation taken in its 

It is my belief, however that the ratio of protuberance to 

1 ‘ans not radically changed from te 

but geologists entertain vary- 
largest sense. 

depression as defined by the sea-level 

beginning of the Paleozoie to the present time, 

ing opinions on this point. 

It is becoming more and more clear as study proceeds that the great de- 

formations that determine the ocean depressions and the continental pro- 

tuberances are not mere superficial incidents of the, earth's development. 

One of the latest geodetie 

the outer part of the earth in the 
inquiries into the distribution of gravity finds that 

United States only reaches a state of isosti 

equilibrium at à depth of seventy odd miles, even when an extreme hypo- 

thesis of the distribution of differences of specific gravity is made the basi< 

of interpretation.! If a atural dying away of the differences of specific 

gravity from the surface downward is made the basis of interpretation, tlu 

depth is increased a may be more than doubled? The geodetic data oi 

India, a land of great deformations, seem t0 demand much greater aepths 

than the data of Americ Considerations that lie in the mechanies of th 

case strongly support the view that the portion of the earth that is involved 

in the great deformations is both thick and stiff. 

Now in the deforming of a spheroid whose outer parts are s0 stiff as to 

take on and to maintain broad inequalities like the continents and oceanic 

basins, certain mechanical results are inherent and inevitably express theni- 

selves in the configurations; for example, the portions that are most nearly 

horizontal will, in the nature of the case, be those at the bottoms of the sus 

and the tops of the swells. These portions are nearly tangent to horizontal 

The dips of the surface will naturally become greater at points 1 

between the swells and sags. If, therefore, the sea-surface Lies 

fourth, or some considerable fraction 
planes. 

termediate 

at such a position that one-third, or one 

of the upper portion of the warped surface is above it, and a still larger fr:0- 

or three-fourths, or some such fraction is below it, the 

tion, two-thirds, at points where they have 

zone of shallow water will usually eut the warps 

relatively high dips. The area ketween the water-surface and the = elf- 

a 

1Joux F. Hayronn, The Figure of the Earth and Issstasy from Mezsurements th 

United States; Coast and Geodetie Survey, Washington, L.C., 1900. 

2 Loc. cit., p. 159. 

3G Baurarp, On the 

Geodetic Evidence; Prof. Paper No. Î 
Origin of the Himalaya Mountains, consideration 

9, Survey of Indis, 1912 
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543 limit in depth will therefore be Proportionately small. For a rough illus- 

tration, if the AVerage crests of the continental swells be t - at the modest 

figure of 6,000 feet above “ea-level and the average bottoms of the ocennie 
Sas at 18,000 feet below sea-level, the Vertical depth of 600 feet «pans only 
one-fortieth of the total range, The value of this fraction has Yet to be 
reduced for the excess Of slope of this Portion over the Mean slope to give 
the horizontal breadth of 11 belt really embraced within the shelf-depth, 

Atthe present time the extreme range of deformative heights and depths 
is more than twice that sc iceted as the basis of this illustration, 

An inspection of Present conditions seems to show that the sea-sturface 
so Cuts the normal unmodified diastrophie surfaces that an area not more than 
half that of the Present continental shelf would lie between the contours 
of zero and of 600 feet depth, or Derhaps 2,50 of the cart surface, This 
differs radically from the broad areas of shallow Water that obtained atthe 
climax of great sea transgressions in Paleozoic times, When from 406 to 50c4 
of the surface of he North American continent was covered, je, from 16 
t0 20 times ns much, Comparable bortions of other continents were covered 
in the same Way and at the sine time. That these transgressive sens were 
shallow is implied by the sédiments and by the faunus alike, Various other modes 6f inspection lead to results of like order, The 
discrepanesy is SO great that the elements of th stimate may be liberally 
changed to Cover all legitimate sources of doubt Without aflecting the general 
tenor of the results, 

If the horders of the continents be thought to be affected by faulting 
1 some special degree, the incompeteney Of diastrophism in this respect 
Mill be emphasized rather than Mitigated, for the usual effect of faulting is 
tn increase of the Steepness and abruptness of the descent from the land to 
the deep sea, 

These facts see m, therefore, force à conside ration of the Proposition that 
the ordinary diastrophism of the earth is n0Ë suited to cause the shallow-water 
Seas which the geologic record Presents for inter pre tation. If, to escape the force of this Proposition, one indulges the inherited 
habit of assuming that a flat area from the sea-bottom “might have been” 
lifted to just the right height or let down from the land area to just the right 

level for this Specific shallow subme ‘itis we te that the right 
height is only a small fraction of the ange of hei volved in deform- 
ation and that the chances of the cle tment required are correspond- 
Ingl\ small, and should be Correspondingly infrequent, as Well as irregular 
in distribution, Whereas the actual case presented by the Paleozoie seas is a 
Sstematic repetition of this state from period to period, combined with 

Siilarity of action in different continents, If one indulges in the familiar old idea of slow subsidence to sea-le 
aid below, he takes refuge in the most plausible of all diastrophie devices 
for lécting the actual c se, if indeed such slow subsideace realiy is a dia- 
Strophic movement at all, in the ordinary sense, In pure thecry, a down- 
Ward diast rophie Bovemicnt has little advantage over an Upward one in meet- 
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ing the demandx of this case, It is, however supplemented by gradation. 

Lt ix commonty assumed in this case that the depositx build up the sinking 

area ax fast us it descendx and thus preserve an adjustment to the sea-surface, 

Now if the rate of deposition and the rate of subsidenee were inherentiy 

correlated with one another so ax to be coûperative in the same phase, such 

an adjustment would be natural and be often repeated and 6 meet the re- 

quirements of the case to this extent.  Hf, for example, the weighting due 

to osition were sufficient to cause propetionate subsidence, the ul- 

ju nt would be easily and naturally maintained when once made, This 

woui happen if the 

degree of nicety and the stiffness of the crust offered no effective resistance 

to continuer warping. On ‘he adjacent land, however, whence the material 

for the deposit is being taken, the unlonding should cause à proportionate 

rise and the sea transgression be defeated, 

If, however, general elevations and subsidences are dependent on differ- 

ential tresses in the body of à very stiff, elastie earth capable of aceumulat- 

ing strains of high value, the euse is Very different, for the erust movements 

immediately responsive to loading and untouding which ean only 

No nice 

earth-surfuce were in free isostatie adjustment to this 

ure not 

induce a slight strain or elastie vielding in the stiff, elastie body. 

adjustment to deposit ean be assumed in this case, In my judgment the 

na of goology and related sciences support this view and are distinetly 
phenome 

idjustment by loading and unloading of this degree of nicety 
opposed to ut 

A close adjustment in response t0 loading and unlouding seems on first 

upported by views of isostasy that have r ntly been put 
thought to li 

forth on the buis of elalorate studies of geodetie data, but this seems to mi 

a misapplication of legitimate deduetions from very important data, for suc! 

a degree of plianey seems entirely inconsistent with the maintenance of tlu 

continents even on the basis of 6 mplete vertical isostasy, as will appeur 

from later considerations, for any type of isostasy that is consistent with the 

existence of the continents and basins as they are énvolres great lateral ur- 

balanced stresses. 

The protuberance of the continents and their repeated rejuvenatior 

when worn down ean only be explained, it would seem, on the supposition 

that the mean specific gravity of the continents is lighter than that of the 

suboceanie segments. This is the postulate of ixostasy. Pendulum obser- 

vations confirm it. Et is common ground where many views meet 

Now the continents are always being denuded by the mechanical act 

water and gravity on the surface, and by the solvent action of 

water reaching to notable depths. The protuber: s are not only bong 

eut away, but are being leached all the time. There is 1 à real weighiing 

of the continent as a whole under normal conditions. The only apparent 

weighting is due to the sediments that lodge on it. ‘These are gati red 

chiefly about the edges, and the weighting here is only a fraction of whtis 

removed from the continent as a whole. The continent as such is Ling 

constantly lightened, and if it was in previous equilibrium its constant ten 

If it can be supposed to-have been previously lifted be ond 

nm 
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dency is to rise. 

the 

Fine 

of x 
alju 
the 

grou 
tend 
histo 

Mmovi 

conti 

had } 

eonts 

fore à 

conve 

ean 

relatio 

contin 

comm 
lifting 
and fa 

I 
ex 

‘e { 

UT 

lem °4 

The 
L'onal » 

Jun « 

emen 

We 

to lowlin 
“ous to 

Conpeter 

al soure 
and are n 

It is 
arise with 

even if t} 
oceanie se 

ie. the eq 
complete | 

Predicable 

vouil und 
higher orde 
With à uni 
futhers, 



TUE AUELP-SEAN OT PALEOZ010, 
545 the point of equilibrium it would first be reduced to equilibrium, after whleh 

lise would follow Le most that is to be rationally assigne to the woigit 
of sédiments on the continental borders ix à downward bending waile te 
adjacent lan Surface ries under denudation, involving à local tilting of 
the surface toward the son, The Mechanism thus Picture o%ers no Hood 
ground for the eXplanation of à grent son transgression Toat tin normal 
tendeney of the Continents is to rise and has been so throughout keologie 
history, js atteste by their continue “Xistenee in spite of the constant re- 
Moval of their Material, ax gs by their periodie rejuVenation and by the 
continuity of the land life sines it bogan its record, [fe ective subsidencs 
had habitually Cooperated witi denudation tie disappearance oÛ the contin- 
ent Would have bou Mevitable, Tac Process of subaidence ju not the 
fore normal to the continents, (Sudsidence is of Course here used in the 
Conventional sense sübsidenes relative to the men earthesurface The 
Mean surface itself Huy of course Approach the centre Witout affecting this 
relation.) Local Or regional subsidenee oceasionally takes Place, but for the 
continents it js eXceptional rather than normal Appurent subsidence js à 
Common nomenon arising from the filling of the oceanie baxins and the 
lifting of the set-level, Local “ubsidence ns one oÙ the features of Warping 
and faulting is of Course presumed to be nearly as common a the warping 

but is of cours connected with à comple entry uplift, Subsidences 
ese local types are noË tributary to the parallelisn ane Wide extension 

1e great marine deposits nor to tie life adaptations OÙ the great tra 
KT ve sens, The Consistent elucidation of these forms the Supreme prol- 
lem the Paleozoie DIDIER 

There secm, therefore, to be Per Cogent reasons for dbandoning the lrudi- 
lonal view that thé Syslematie socdime nations and the Suslematie evolutiors of 
Jaunas of th higher order a lo be assigne directly to vertical or epe trogenie 
notements of (he earth's crust. 

We have been considering merely the vertical Movements assignable 
to lowling and unlouding Wbieh might seen to be adjustable to sédimentation 
“as to promote shelf formation and Shelflife, but we een to find them in- 
‘ompetent. We had Previously set asie déformations Springing from inter- 
ll sources because they are independent and Not-udjustable in their nature 
and are not adapted to give the kind of results the problem requires 

It ix still necessary to consider the differential strosses that inevitab]y 
anse within the “Ontinents from their OMR protiusion. These would arise 
“Yen if the continents Were in perfect isostatie equilibrium with the sub 
oceanie segments, in the sense in which the term isostasy is commontly used. 
Le. the equal balancing of the pressures of column against column. Strictly 
complete isostasy in the sense of equal pressures in all directions is only 
Prédicable of perfect fluids. If the carth were ever in n molten state, it 
soul undoubtedly have assumed a nearly perfect isostatie state of this 
higher order, with a closely concentrie ärrangement of specific gravities and 
Witlr 4 universal ocean of uniform depth, as logically pictured by our fore- 
fathers, How it could ever have passed from that Süpposed systematie 
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arrangement to the present high reliefs and to the deep differentiations of 

specific gravity now being demonstrated, has never been explained satis- 

factorily and seems inexplicable. 

But taking the existing facts of continental protrusion and of deep 

differentiation of specific gravities, there arises necessarily within the con- 

tinents lateral stress growing out of their own weight, which is supported 

at the sides only by the cohereney of the mass itself. Reckoned in simple 

hydrostatie terms these lateral stresses range from 10,000 to 20,000 or 30,000 

pounds to the square inch, The cohereney of the mass À abetted in sus- 

taining these high stresses by the low slope of the sides of the continents. 

These stresse ve differential or unbalanced, and have a qualitative effect 

on the crystals the continental mass similar to that of like stresses on the 

ice crystals of glacial masses, whatever may be the relative quantitative 

effet. There is, therefore, an inherent tendeney for the continents 10 

ereep laterally as do continental glaciers. Both are erys aline masses 

subject to melting or solution at the minute points where unbalanced pressure 

becomes intense enough. Te transfer of this minute melt or solute to ad- 

jacent points of less stress induces return to the solid state, while the point 

of intensest stress is shifted. So, by indefinite repetitions general movement 

is effceted. While this is conveniently called flow, the mass, as such, re- 

mains an effective solid. 

The theoretical grounds for postulating continental ercep are clear and 

strong qualitatively, but there is as vet no demonstration of their quanti- 

ttive value. This is vet to be ljudicated. When sufficient time shall 

have elapsed and suitable geodetie measurements have been repeated at 

long intervals, a positive determination should be reached.  Meanwhile 

it is for every geologist to decide for himself how well the hypothesis of 

glacier-like creep fits the phenomena of slow surface motions, as well as the 

phenomena of erevice formation, normal faulting, scismie strains and slips, 

and their kin. Local creep is shown in mines, canyons and elsewhere. The 

wide prevalence of strains in the outer part of the earth and their sudden 

relief in earthquake slips seem to be phenomena that might arise from creep, 

for the strains are constantly aceumulating and being relieved; the breaks 

and slips are not unlike those of glacial crevassing. Otler sources of thes 

strains are perhaps assignable. 

It is not to be overlooked that creep is quite independent of the ordinary 

forms of diastrophism, except that its conditions are derived from them 

and that even if the continents be in complete isostatic equilibrium in th 

usua! sense of the term, or if they be supposed to rest on inflexible bases, in- 

ternal lateral unbalanced_ stresses must arise from the weight of the pre- 

truding mass. 

1 CHamsenuix, À Contribution to the Theory of Glacial Motion ; Univ. of Chicago 

Decennial Publieations, 1904. 

Vax His, À Treatise on Mctumorphism; Monogr. XLVII, U.S. Geol. Surv,, 1901, 

pp. 47-49, 2 
Joux Jonxsox, Am. Jour. Sci. (Ed. TC. C.) 

Sec also CHampentix, The Fault Problem: Econ. Geol., Vol. IH, No. 6 and No. 7, 

1907. 
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THE SHELF S OF THE PALEOZOIC, ETC, 547 

Such glacier-like creep of the continents, if it is appreciable, is a very slightly descending, essentially horizontal movement in its mean expression, but is naturally subject to some undulation due to internal and basal incquali- ties much as is the case in glacial creep. Now a movement with so low a slope would push the borders of the continents out on lines nearly parallel to the slope of the sen-shelves and so would only slightly disturb their ad- justment to the sea-surface. The movement would thus coüperate with, rather than disturb, the agencies that work to produce brond horizontal sueets of sediments, Such 4 creep movement is in working contrast with vertical movements which tend to disrupt or warp horizontal déposits. Such à ereep movement should tend to flatten the continent and sub- due its embossments, moulding the whole toward horizontality. In this it would coûperate with base-leveling: indeed. it would be in itself a form of base-leveling. 

Such a creep, if effective, must cause the encroachment of the contin- ental borders on the occanic basins, must reduce their capacity, raise the sca- level and to that extent aid in its advance on the land, in this again acting in harmony with the gradational agencies, It is indeed to be reckoned a gradational process, transporting matter from higher to lower levels, as do the land waters. The two agencies belong to the same genus.  Ordinary diastrophism falls into the contrasted class whose operations are transverse to the gradational, and «6 we repéat, ordinary diastrophism disrupts the Steady progress of water gradation and ereep gradation and nullines their results, 

If the tenor of these considerations is accepted and applied consistentlv, it lends emphasis to the conclusion that diastrophism, far from being a co- operative agency fitted to promote broad, regular, serial stratification, such äs distinguishes the mid-stages of the periods of the Paleozoic, is an inimical agency. As such it must remain in abevance, if systematie stratification of the pronouncedly broad, horizontal type is to reach its highest expressions, That this is true will appear all the more élear if we now turn to 4 con- sideration of the processes Of base-leveling, shelf-cutting and shelf-building, and take note of the conditions that give them their highest expressions. The mature evolution of the sea-shelf is but the last phase of the joint work of base-leveling on land, terrace-building under the se: surface and cliff-cutting at the edge of the continent. Planation euts down the pro- tuding upland, the sea-edge gnaws at the land-borders and advances the Shore, while the débris of both processes builds seaward the submerged shelf. AIT is automatically adjusted to the sea-level. As the work thus advances both landward and seaward simultaneously, it constantly works out its own further adjustments as need of these arises. The slow, partial filling of the Seu lifts the water level, aids the landward progress and makes room for new depositions on the surface of the submerged shelf. Given sufficient time Wikout disturbance, the Process Will inevitably reduce the whole summit OÙ tEe continent to a plain and submerge it beneath the shelf-sea. It js the Supreme process of grand terracing; it lacks only time and a stationary state 
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of the earth-body to reach its ulterior effect, the complete cutting down of 

the continents to the limit of erosive action beneath the ahelf-seas, save as 

organie growths may offset marine érosion, in other words, the reduction 

of the whole continental surface to a single terrace-top, covered by a single 

shelf-sea, 
Such a stationary state of the earth-body has, however, never been 

prolonged to this extent in the known history of the globe. The continuity 

of land and of land life has been maintained by the rejuvenation of the 

continents. To this let us now turn. 

The critical phase of the problem here—and it is one of the highest 

moment—hangs on the answer to the basal question: IS the deformation 
of the earth-body a continuous process, working steadily and slowly all the 

time, or, is it a periodic process, acting at times and quiescent between those 

times? Theoretically this is bound up in the even more fundamental ques- 
tion: Zs the earth-body essentially a viscous or plastic amorphous body, how- 

ever high its viscosity, or, Is the earth essentially an aggregate of crystals and 

sed of the elastico-rigid properties of a crystalline mass: In the one case, posse. 

ous type, continuous its deformative movements are no doubt of the vis 

and perpetual so long as inequalities of stresses continue to arise; in the 
other case, the stresses must aceumulate with little apparent effect until the 

effective elastie limit of the crystalline aggregate is reached, when move- 

ment will be inaugurated and the stresses eased.  Quiescence may then be 

expected to ensue and continue until the elastie limit is again reached.  Con- 

tinuity of deformative motion is the normal expression of the one constitu- 

tion; periodicity of the deformative action is the normal expression of the 

other constitution. 
That both classes of substances enter into the constitution of the earth 

goes without the saying; the vital question is which class so far predomin- 
So far as direct observation ates as to control the earth’ working habit. 

It is little more than goes, the crystalline element vastly preponderates. 

an inherited hypothesis that leads any one to replace the dominance of ti: 

observed part with a hypothetical viscous substratum, for as we descend to- 

ward the heart of the earth the increase of balanced pressure tends to in- 

crease the rigidity. So far as the trends of recent progress in the relateil 

sciences bear on this question they favour with singular unanimity an elastico- 

rigid constitution of the earth-body. Such a constitution favours a statie 

condition of the earth-mass, save when aceumulated stresses exceed the effes- 

tive elastic limit of the earth-body and force a readjustment. 

The strongest testimony to quieseent periods, however, li 

phenomena with which we are dealing, Pase-eveling, shelf-building, eosmio- 

, the climacterie phenomera 

in the very 

politan stratification and cosmopolitan faun 

of the Paleozoic seas 

It becomes clear on thoughtful consideration that close approach tt a 

base-level of wide prevaience is impossible if effective diastrophism is in 

continuous progress, for diastrophism is inherently hostile to mature pla 

tion. If the earth-body is constantly warping in an effective degree, the <> 
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THE SHELF-SEAS OF THE PALEOZOIC, ETC, 549 Process of planation is cc nstantly thwarted in its work. The narrow range 
to which the conjoint work of the sea-shelf agencies are confined, compared 
with the large vertical range through which the surface is commonly warped, 
even in a short diastrophie period, gives emphasis to this point. The systematie evolution of a continent under continuous diastrophism 
is easily followed if we accept the fundamenta' ieW that the mean specific 
gravity of the continents is lower than that of th sub-oceanic segments, 
and that the degree of isostatie equilibrium that obtains between the con- 
tinents and the sub-oceanie segments is due to their differences of specific 
gravity—a view that Ses noW scarcely to question. Whcther the 
diastrophism is actuate! by internal ch «ts, Shrinkage or otherwise, or 
by the transfer of maiter and energy rom below to the surface, 
or by the transfer of matter from higher to lower levels on the surface, 
or by all combined, as is the real case, the equilibrium, or the trend toward 
equilibrium that Springs from the distribution of Specific gravities permeates 
all and gives shape to the deformation in accordance with mechanical laws. 
The convex lighter portions and the concave heavier portions deform in- 
evitably in a certain general Way. Thisis madethe more certain in the earth- 
habit by the constant unloading of the lighter Convex portions and the con- 
Stant loading of the heavier concave portions. The rejuvenation of the 
continents throughout geologic history testifies to this and furnishes the 
observational evidence of the persistence and dominance Of the process, This 
must hold true whether the process be continuous or periodic. Now if the process be continuous in a marked sense, such, for example, as 
is implied by the nearly perfect maintenance of isostatie equilibrium between 
the oceanic and continental segments and also between their larger Parts 
among themselves, the evolution of a continent may be followed with logical 
firmness. The continent must rise a it is unloaded and ocean basins as 
they are loaded must sink, while a Secondary result js + unter movement 
of the heavier segments pushing bencath the lighter segments. All this 
would be completed so quickly as to be catastrophie if perfect fluidity, the 
condition of perfect isostasy, were suddenly imparted to the whole mass of 
tle earth. If a distinctly viscous condition were substituted for that of 
fuidity the proce would be slower but none the less inevitable. With high 
viscosity the #rocess might be gr atly delayed but should followthe same lines, 
The most protuberant portions of the continents are most eroded in general 
and suffer most from transportation: hence they are most lightened, and 
therefore most elevated in the isostatie process. The continent automatically 
reproduces itself and must continue to do so until the actuating agency, 
the primitive differences in specific gravity, is removed by equalization in 
4 Manner closely analogous in its final results to the liquid process so easily 
followed in imagination, Indeed, the Process cither is a fluidal or a quasi- 
fluilal process, the mobilities that arise from fracturing and weathering and 
foi: the various actions of the fluids external to the earth and from those 
der -loped Sporadically within it doing slowly and by piecemeal what per- 
Vase fluidity would do promptiy. 
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Now, it seems clear upon consideration that this quasi-fluidal process, 

or continuous diastrophism in any clear and distinet form, must in its nature 

constantly disturb and thwart the base-leveling process, for under its action 

he base-plane must be constantly warping. A prolonged fixity of the base- 

plane is an obvious prerequisite to effective base-leveling. In proportion 

as the base-leveling process approaches maturity this prerequisite becomes 

tle more imperative, for the late stages proceed with exceptional slowness, 

It seems necessary, therefore, either to abandon the doctrine of bas -leveling 

or to reject the doctrine of continuous diastrophism. The observational 

evidence of base-leveling seems to me much too Frm to be put in serious 

question. The firmness of its observational support seems likely to be 

greatly increased by the geomorphie studies of the future. 

The conditions required for the formation of great sheets of limestone 

spread broadly over great ar and carrying shallow-water faunas are very 

closely an#logous to those that are imperative for effective base-leveling. 

In mid-Silurian times coral reefs and a rich shallow-water fauna oceupied 

a notable area in the heart of the American continent. They gave rise to 

a thick terrane of magnesian limestone in which also breccias and other 

evidences of shallow water confirm the testimony of the fauna. This 

terrane, carrying the same or closely allied shallow-water types, not only 

stretehes widely eastward, southward and westward from the coral reefs, 

but on the north reaches the Aretie islands and north Greenland, and is 

probably continuous thence to northern Europe, for like types of fossils, 

coralline and otherwise—some of them peculiar forms—appear in the Baltic 

region and elsewhere.  Closely analogous terranes and faunas are found in 

the far Orient and ir. Australia. The close parallelism of sea-surface and 

sea-bottom that made cosmopolitanism of life of this type possible eurries 

much the same force as a base-plane of like extent; if, indeed, it is not to 

be interpreted specifically as the marine phase of a protracted base-leveling 

process. 

The absence of much land-wash in the broad shallow seas of this type 

during the formation of the great limestone terranes seems to imply that the 

adjacent surface was low and protected from wash by its nearness to the 

base-level.  Otherwise it is not easy to find an explanation of the singular 

clarity of these seas, for their waters were well agitated as the breccia zones 

and reefs testify. It was a common tenet of our geologie forebears that 

limestones were the products of deep seas lving well off shore, where ciear 

waters prevailed because of the distance from the land, but this s of lime- 

stones demonstrate by their own physical and faunai characteristies that 

they were formed in shallow water, well agitated, and not unfrequently elo.e 

to shore. The widely spread conglomerates, sandstones and shales of shallo:;- 

water type lying parallel to the limestones above and below add the force f 

their confirmatory testimony. All these, interpret: À as the products f 

shelf-seas, seem to require for rational interpretation a long, essentia !Y 

statie condition of the earth-body. 

Logically we should now turn from the periods of quiescence of wh h 
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evidence is found in ba e-levelings, Shelf-buildings, shallow-water terranes 
and cosmopolitan faunas to the periods of diastrophism that put an end to 
them, svidence of which is found in orogenie and other deformative move 
ments. 

The recurrence of shelf-seas of the higher order are regarded as the 
work of long lapses of time intervening between the diastrophie interruptions 
that deform the shelves and draw off the water into the great basins, It 
has been Pointed out earlier that the normal effect of diastrophie action is 
to depress the exi ting sags and bow up the existing swells, Particularly as 
the one has been increasing its load while the other has been lightened by 
erosion, The deeper depression of the sags increases the Capacity of the 
basins, The epochs of diastrophism are therefore held not only to mark off 
the periods of shelf-sea work but to be an essential factor in causing the re- 
currence of sea transgression and sea Withdrawal, It is of critical importance, therefore, to learn from the record whether 
OP diastrophism has taken place at periodie epochs with quiescent in- 
tervais between, whether these epochs were relatively short and the intervals 
relatively long, whether the recurrences were Süfficiently regular and definite 
to have value in fixing time divisions and Structural systems and what were 
the relations of these epochs of diastrophism to the biological and stratigra- 
phical evolutions that arethe characteristie elements of the geological systems 
now recognized. 

The limits necessarily placed on this discussion preclude à fair statement 
of even the partial data thus far gathered. The Presentation of this must 
be deferred. We she ote that strict Correspondence with the geological 
Systems now recognized] is not a decisive criterion, for these Systems are not 
wholly satisfactory. There js reason to think that an ideal criterion would 
modify these Systems in some important respects, New criteria must not, 
therefore, be judged solely by their Concordanee with established tems, 
Certain divergencies may be but signs of Superiority. At the same time, there 
is à fair Présumption that the natural groupings of the events of earth- 
history have been recognized by the geologists of the Past. The leading 
divisions are no doubt true divisions, and should in gencral fali happily in 
With the divisions marked by the new criteria, if these are true criteria, The 
‘orrespondences so far Worked out harmonize well with these expectations. 
It need scarcely be urged that the Warped condition of Strata and the un- 
conformities that arise from diastrophie movements are better physical 
criteria for detecting Systems and periods than usually occur in undisturbed 
Strata. 

It remains to consider the value of diastrophie criteria relative to pale- 
Ontological criteria. To forestall Misconception, let us hasten to note that 
We are not here seeking criteria of Contemporane.ty, however helpful these 
may be incidentally, but the criteria that best mark the beginning and ending 
Cl historic periods. Certain fossils of free and wide distribution, graptolites 
for instance, mark the “ontemporaneity of widely_ separated formations 
With an ACCUraCY and ps in that leaves little to be desired, but they have 
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no such peeuliar value in marking off great historie periods. In general 

the two classes of criteria should give a concurrent verdict, but they are not 

likely to be precisely coincident. In the nature of the case, the end of one 

period and the beginning of another is placed earlier by diastrophic criteria 

than by paleontologie criteria, for many of the paleontological effects follow 

the diastrophie change of conditions as their cause, while paleontologic de- 

velopments have no appreciable influence on diastrophie events. 

It is clear that the major deformative movements condition and are 

fundamental to both stratigraphie procedure and life evolution. Sea 

transgression and sea withdrawal profoundly affect marine life, especially 

that portion most available for historic use. If the great features of renewed 

diastrophism are the further depression of the great basins and the further 

elevation of the great embossments in accordance with simple mechanical 

principles, the common oceanie body correlates the irregularities of these, 

so far as the basins are concerned, and gives a working mean in the form of 

the sea-level available on the coasts of all lands. It is not essential that the 

periodie movements be equable in all quarters to give an equated effect ; 

that is secured by the ocean-body.  Periodie movements may thus vary 

widely in the intensity of their effects in different quarters of the globe with- 

out nullifying the universal periodicity of the shelf-sea work and all that 

goes with it. 

The independent ad fundamental nature of diastrophism, together 

with this inevitable equation of the most vital working ageney, gives to 

diastrophism special claims to precedence, if it has good working qualities 

in other respects, It should have weight as a factor in any case, 

From the philosophical point of view, the beginning of an important 

diastrophie movement is entitled to be regarded as the initiation of a new 

period, since its normal sequences are a new attitude of the sea-level, a new 

régime of erosion and deposition and a new phase of biologie evolution. 

But, at the outset, this is prophetic rather than realized; and however well it 

satisfies the ideal sense of an initial stage, full of potencey, it is feeble in re- 

corded results. It therefore lacks availability as a practical way-mark. 

When, however, the special diastrophie movement has been essentially 

completed and is visibly recorded in disturbed strata, in erusta folds, in 

unconformities of deposition, in basal conglomerates and in other distinetive 

marks, its record is especially tangible, definite and lasting, and is withal 

less subject to differences of interpretation and determination than are most 

of the signs of a great change in the course of biologie evolution. 

While all new phases of evolution are doubtless not due to the influence 

of environment, physical conditions are so potent that they may be regarde 

as the dominant agencies in evolution. Other influences are liable to be ir- 

dividual or racial and hence not simultaneous, but a general change of e1- 

vironment, such as follows a change of land-and-sea relations, attended 1; 

climatic and other changes, is likely to bring on new phases of evolution 

most or all of the leading life types at the same time. Individual or mere 

racial evolutions are not likely to have broad historie importance, wie 
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general evolutionary movements imposed by fundamental agencies are likely to have the highest historie importance. Beyond question, such à general change is one of the most obvious credentials of a new period, But if it is a result rather than a Cause, and if the cause has well defina characters of its own available as landmarks, the fundamental seems to me entitled to Precedence over the sequential, 

The superior development of paleontologie data, abetted by inherited views, may for the present incline geologists to look to fossil content for the landimarks of new periods or new Systems with more confidence than to the deformative episodes, At first thought common Opinion will perhaps re- gard the former as offering the more precise criteria, but this is open to question, Let it be recalled that it is not the close correlation of distant beds that is at issue but the determination of the beginning of a new order of events, Biologie evolution is very gradual and the rate is not the same for the various orders. It is therefore much à Matter of judgment in most. cases as to when a new order of biologie events began to take place, if mea- sured by the biologie events themselves. The change of the environment that induced the new events offers, in my judgment, a sharper and better landmark in most cases, SO far, fairly tested, The final test must of course lie in a fair and prolonged trial throughout the whole geological column. 
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THE DELIMITATION OF THE GEOLOGIC PERIODS ILLUSTRATED BY THE PALEOGEOGRAPHY OF NORTH AMERICA 

By 

CHARLES SCHUCHERT, 
Yale University, USA. 

INTRODUCTION. 

The underlying thought of this contribution is periodicity. There are cycles of earth movement, cycles of sea invasion and land emergence, cycles of erosion and sedimentation, and cycles of organic evolution, all of which are contributory to the elucidation of the earth’s chronogenesis, The know- ledge of this sequence had its origin in the days of LEHMANN and Fücusez, Surru, Cuvier and BRrOoNGNIART, but even though the nations have been con- tributing for more than a century and a half, a great deal still remains to be done before a final, definitely determined geulogic time-table showing the natural events in their orderly sequence can be established. Paleogeography, even though it goes back into the early part of the past century, and even though more than four hundred different maps of this kind have been made, is still in its infancy. Geology and Paleontology have now accumulated an abundance of knowledge and there is no more successful method of correlating the scattered observations than by noting them on paleogeographie maps of very limited geologie time, Maps that embrace à great amount of time—the synthetic maps—will not accomplish much, and it is to be hoped that western Europe will soon build rapidly upon the ground work established by SveEss and LAPPARENT. As the time of the Congress duringits meetings at Toronto will be much occupied, the writer concluded to present Lit, in printed form and in advance, the argument upon which his paleogeographie maps are based and some of the conclusions resulting from his work. He hopes that these pages will be read by all interested in Paleogeography before the maps in illustration of this argument are shown. This procedure is necessary for a clear understand- ing of the subject, and it is therefore hoped that through this method of Presentation much constructive and judicious criticism will be brought out from the members of the Congress. 
At the meetings of the Congress, the writer Will have projected on the Screen a series of maps and charts, which will appear in the order presented on pages 581-582 of this paper. This will be done in order to make his 
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presentation easier of comprehension by the geologists of Europe, who 

may be unfamniliar with the many / merican formation names. 

The argument will be ;resented as follows: 

Part I. History of the principles of chronologie delimitation. 

1. The principles of the older geology. 

2. The principles of the newer geology. 

Part IL. Present methods of chronologie delimitation. 

. The sedimentary method, and eyeles of deposition. 

. The paleontologie method. 

3. The diastrophie method, 

. The paleogeographie method, 

Part Il. Illustrations of periodicity and paleogeography. 

1, The Silurie period, 

>, The Devonie period. 

3. The Upper Carbonice-Permic period. 

4, The Cincinnatic period. 

5. The new geologic time table for North America. 

Part I. 

HISTORY OF THE PRINCIPLES OF CHRONOLOGIC DELIMITATION. 

1. The principles of the older geology. 

Neuaye in his well-known book, Ærdgeschichte, tells us that the first 

attempt to classify the sedimentary rocks had its origin in the “formations” 

of Lenmanx (1756) and Ficusez (1762). Later WERNER (1775-1817) 

falsely held that these formations were universal for the earth. Smiru of 

England (1799-1801) was the first to show that formations were characterized 

by groups of fossils, but it was Cuvier and BRoNGNIaRT (1808-1811) who 

put this esaception into much clearer working order. The former taught 

that each formation contained its own specially created flora and fauna, and 

that each creation was in turn destroyed by a general catastrophe. BEat- 

Monr (1852) explained that these destructions were due to the sudden origin 

of mountain ranges, and even if this explanation is largely wrong, still it 

introduced the idea of a physical “ausation leading to the distinction of thi 

periods (NEuMAYR, 1887, I, pp. 5-7). 

Neumayr further stated that the formations (=periods) “are not 

established in nature, because life has been continuous and has developec 

gradually throughout all time since its appearance. The formations ar: 

therefore clearly artificial in character and have been made for the purpos 

of easy reference and statement. Their delimitation has accordingly bec 

based on the local characteristics of a very small part of the earth’s surfac 

and it is the individual breaks in the marine sedimentation or the chang - 
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that have taken place in the distribution of water and land ;n middle Europe 
tuut have fixed the dividing lines between the formations (1887, I, WA 

WiLuis writes that periods are “arbitrary divisions . +. Of time and 
rocks within the ras. ,. designed to afford means of approximate desig. 
nation of the position of any geologic record in thx time scale, These should 
be applied - to the volume of stratigraphie evidence ns checked by 
Palwontology " CIS98, pp. 345-346). Nevmayr, howey r, noted that in his day (1887) n reaction was develop- 
ing against this artificial délimitation of the periods, und that in several cases 
it Was becoming clear that local changes in the distribution of Water and land 
Were not of à restricted character, but were found to oceur OVCr Very wide 
areas, For this reason tlie question Was raised whether the changes Widels 
affecting the carth's surface might not lead to a natural délimitation of the 
formations, On this basis it was expected that the present divisions wou!d 
be found to Le wholly or in part Correctly established and applicable to other 
and more distint regions, The solution of this problem was held to be one 
of the most important in gcology. For current Purposes, however, it was 
thought that what was of most value in this study was not continued research 
along the lines of the greater &roupings, but rather in the smaller and even 
the smallest divisions, for only after an exact and detailed know ledge of the 
facts is at hand will a correct and natural classification follow (1887, 11, P. 8). 

Daxa suys: “The grander divisions of geological time {as the Paleo= 
zic, Mesozoic, and Cenozoic] should be based, in a comprehensive way, on 
organic progress, independent]y: of events connected with rock-making and 
disturbances of the crust. Subordinate divisions [as the pericds] should 
recognize the same criterion, but should depend for their limits, as far as 
practicable, on physical breaks or events registered in the rock series, and on 
abrupt transitions in kinds or &roups of fossils [not due to local physical causes 
suc ‘hange in depth of Water, currents and kinds of sea-bottom]. Since dependent on physical change, they are a convenient criterion 
when acterizing large areas ” (1895, pp. 404-406), CREDNER in the eleventh edition of his well-known £le mente der Geologie 
States that the floras and faunas of Younger periods are characterized by 
constantly increasing numbers of species and greater organic improvement 
and complexity, finally blending into those of the present. Under these 
‘reumstances there has always bee ? constant and progressive organic change, 
and it is this evolution that lies ai the basis of Period distinctions, Of 
Particular significance for each period is the first appearance of certain more 
highly organized animals and plants, and at the same time the dominance 
0! other gencra and families that nav: Dpeared in the previous period but now 
ättain their maximum development, :,,1 finally the vanishing cf forms that 
lave characterized earlier times (1912, p.354). NEwBerry informs Us that “Sir Roderick Murchison, in his description 
oUthe Permian of Rus [1845] alludes to the fact that it consistsofa trinity of 
“rata—mechanical sediment: above ai: below, separated by a limestone 
JUas in the Trias {of north Europe; which is composed of the Bunter. 
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Newurnny in 1860 was, however, the 

first clearly to direct attention to the “‘cireles of deposition"", and in 1874 

wrote at greater length on the matter. HULL applied this theory in 162 

to several formations and particularly to the Carboniferous of Great Britain. 

Suess (1906, LE, pp, 217-218) summarizes Huu's views as follows: The 

predominance of the terrigenous, that is elastie, elements carried down from 

the land should. . lead us to recognize phases of oscillation of the land, 

and he thus distinguishes three stages: 

the Muschelkalk and the Keuper." 

movement detrital formation. 
Upper stuge 

calcareous formation. 
Middle stage repose 

Lower stage movement detrital formation." 

ror and VAN DEN Brorck (ISS3) n seculur oscillation is 

cle of sedimentation, consisting of pebbles of subi 

mergence, sand and elay, and sand and pebbles of emergence (Suess, 1906, LE, 

pp. 217-218). On the other hand, the clear-sighted GODWIN-AUSTEN (1872) 

called attention to the fact that “the marine series is again and again 

over lurge areos, by contine ntal deposits [italics mine], like the 

e for instance, the Coal-Measures of the Carboniferous 

sh-water deposits of the Weald'” (SUESS, 1906, I, p. 

sedimentation is of importance and as NEW- 

let us examine his writings more in detail 

Colorado river 
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perry is the father of the theory, 

The Cretacie sequence as 8001 by him in the country of the 

history of a submergence of the Triussie 

sea which resulted, first, in the formation of 

a widespread sheet of beach sand and gravel [Dakota formation] containing 

the trunks of trees whieb had grown on a land surface in the vicinity of the 

localities where they are found. Second, a mixture of mechanical and organic 

sediments, constituting the off-shore deposits of the invading sea. Third 

a great calcareous mass, the organic sediments of the open sea during the 

long continued period of greatest submergence ‘’(1874, p. 186). 

Later, after a study of the Paleozoic formations of the Mississippi valley 

Newsenry clearly brought out the idea of periodicity, for he stated that 

“each of the great Paleozoie systems represented on the eustern half of our 

resolved into a cirele of deposits similar in general character 

to that of the Cretaceous system” (p. 186). These cycles, heheld,were caused 

by “an invasion of the sea and submergence of the land in each geologicul 

age, the spread of mechanical sediments formed by shore waves over most 

of the area invaded; then the deposition on this sheet of mechanical materi:l 

of a mass of greater or less thickness of caleareous sediments, the record oi 

the quiet occupaney of the submerged area by the open sea; and finall;, 

mixed caleareous and mechanical sediments deposited by the shallowing ani 

retreating sea” (p. 195). “The lines of separation between these [sheets of 

sediments] are more or less sharply defined according to the rapidity of tie 

submergence, and the nature of the materials acted upon by the shore wave” 

(p. 193). 
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“Inthe foregoing sketch an Uninterrupted sequence of phenomena has been alone considered, When, however, during the invasion or récession of the sea, the uniformity of the elevation or depression should be broken and oscillations of level ensue, the record would be considerably complicated, and we should have local alternations of land, shore and sen co: litions, which would give us xmaller cireles {= epochi ] Within the great obes, and thin sheets of Mechanical or organic sédiments interstratified in any one of the greater members of the series" (p. 180) “These subordinate cireles are proof of oscillations of level, i.e., alternations of shore and sen conditions, It is scarcely necessary to say to a geologist that in Passing from the area of Permanent land (land that wns not submerged in any inundation), to the area Of permanent soa {the area beyond the reach of the wash of the land, Where neither shore nor off-shore deposits were laid down, but only an unbroken series of limestones), we shall get different sections at different Points of observation, the strata becoming more caleareous in one direction, and more siliceous in the other, . Local circumstances Materially modi- led the record made by the invasion of the land by the sen, In some places the portion submerged furnished abundant material out of which gravel, sand and clay beds were formed." In other localities little sediment was produced and limestones ‘were deposited directly upon the clean, washed rocks, with no intervening sea beach” (pp. 195-196). In the paper from which the above quotations were taken, NEwserry offers no explanation as to why the oceans 80 often invaded the land, How- ter. SUEss in 1885 did not think these invasions were necessarily caused by the movements of the earth's crust as excmplified in the making of greut Mountain ranges, for, after all, these are comparatively local and culminate rapidly, while the transgressions are far more widely spread and decidedly slower in attaining their climax. There are, therefore, according to him, ‘independent movements of the sea, that is to say, changes in the form of the hydrosphere ” (1906, I, p. 15). He offers no further explanation at this mé, but concludes: “It is the physical causes of faunal transformations Which will, when once they are recognized, form the only true basis for a délimitation of chronological periods (, p. 14). 

2. The principles of the newer geology. 
In the first volume (1885) of his famous book, The Face of the Earth, 

SUESS “What is a geological formation [= period]? What conditions détermine its beginning and its end? How does it happen . . , that these “tratigraphical subdivisions extend over the whole globe?” And his answer I: "If we could assemble in one brilliant tribunal the most famous masters of our science, and could lay this question... before them, 1 doubt whether the reply would be Unanimous, 1 do not even know if it would be definite.” Nr does one find in the volume an answer to this question, which he finally “CS 10 “the next generation of investigators (LE, pp. 8, 15). Previous to 1858 the usual answer had been that each of the larger sub- 
divisions of the gcological series was characterized by specially created organic 
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assemblages, each one of which was in turn destroyed by cataclysn 

that year, however, DaRwWIN stated in his Origin of Species that the distinct- 

ness of the faunas, separated as they are from one another by cataclysms 

(=breaks), is explained by “the extreme imperfection of the geological 

record." With Suess we agree that the biotic assemblages as known to 

valeontologists do not as a rule evolve gradually, but ‘whole groups, entire 

animal and vegetable populations appear together, and together dis- 

appear” (I, p.11). Itisthis pher smenon that Her long ago happily called 

“the periodical recoinage of organisms,” or, as ULRICH pruts it, the faunas 

appear “ready made.” In other words, the marine faunas as preserved in 

the formations are but the momentary organic assemblages of the oceanic 

areas—the permanent and continuous basins of organic change—spread by 

periodie transgressions into the sedimentary formations. It is this periodic 

spreading of the marine waters with their life on which, as SUESS states, 

“depends the unity of stratigraphical terminology ” (,p.12). What is true 

of marine faunas is equally true of land life, for in the continental deposits 

are scen “the simultaneous appearance and disappearance over vast areas of 

whole communities, of whole economic unities”’ (I, p. 13). 

It is fortunate that most of our period terms have come from England, 

not because geologie chronology is more completely recorded there, but rather 

on account of the recognizable breaks which have “facilitated the concep- 

tion of natural groups, in a manner which would never have been suggested 

by other places where one marine deposit regularly follows another” 

(1, p. 12). 

As has been stated in the previous section, NEWBERRY Was the first to 

offer a more or less natural method for the delimitation of the geologie periods 

through a combination of the physical and faunal characters as recorded in 

nature, His theory of cycles of erosion and deposition was accepted by 

PoweLL, GILBERT, and Davis, through whose combined work recognition W. 

won for the principle “that epochs of marked relief and vigorous erosion have 

alternated with periods of base-leveling, and that sediments have alternated 

correspondingly in character and volume (Wizuis, 1910, p. 248). 

The detailed application to the American Paleozoic of the principle of 

sedimentary cycles, it must be admitted, has turned out to be unsatisfactory 

as a method for the discernment of natural periods of geologie time, but even 

so we should accord to NewBerry the discovery of the fact that the North 

American continent has been repeatedly invaded by the oceans. In his time 

and long afterwards, the dominant teaching was that of Daxa, which held 

that the Paleozoie inland sea gradually withdrew from North America, 

leaving in its wake progressively younger, irregular rings of fossiliferous s 

ments that had been secreted around the old Laurentian nucleus. 

principle of periodie earth movement was thus discovered by NEWBERR\ 

but the causation underlying it all was still to be elaborated by two other 

paleontologists, NEUMAYR and, more especially, SUESS. 

In the second volume of The Face of the Earth (1888), the latter complt 1 

a study of the oceans and their more important transgressions throughout 
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geologic time. His views ax to the causes underlying these marine spreadings Were now matured, and he stated them as follows: "The theory of secular oscillations of the sntinents is not competent to explain the repeated inundation and er we oi the land. The changes are much too extensive and too uniforn, à have been Cause by movements of the earth’s erust, . . . In this lies the Elnation of th remarkable fact that it has been found . ‘ble to employ tie sme terminol ;gy to distinguish the sedimentary formation in all parts of tir “orid.  lhi; would have been impossible if the limits of the formations had not been drawn by natural processes simultaneously in operation over the widest areas (I, p. 540). In the best known of the periods “the positive phase is of much greater duration than the negative phase which follows it.” “Finally, the regular and uniform character of the movements may be recognized from the con- cordant superposition of the more recent beds on those of much greater age.” Often “the stratigraphical relations offer no hint of the £reat gap which occurs at the line of contact. That this should be the case May well be cause for astonishment, for some degree of erosion, weathering, or other alteration of the surface must have occurred in the interval” (LI. pp. 542-543). “The oceanic regions are filled up slowlyÿ but without intermission, and their waters in consequence are gradually displaced: at the same time the transgression which thus results is facilitated by Progressive denudation of the land. The formation of sediments causes 4 continuous, eustatic [ée., world-wide] positive movement of the strand-line ” (P: 543). On the other hand, the local and Spasmodie submergences are due to sübsidence of the earth’s crust. 
LAPPARENT has given much attention to systemic geology and paleo- geography. The principles employed in his famous Traité de Géologie (1906) follow very much along the lines laid down by Svess, and are thus defined: “The resources of stratigraphy alone, however precious and indispens- able they may be, are insufficient for the establishment of the great divisions of Geology. Une must have recourse to something of a more general bearing. This we shall find in the consideration of fossil faunas and floras” (II, p.717). “Each formation is the actual representation of what we have called a sedimentary episode, with its phases marked by the different zones. To define this episode completely, one must learn the entire surface distribution of the formation and its boundaries such as they must have been before erosion removed them inpart. Ina word, it is the restoration of the ancient shores, marine or lacustrine, which, added to the ccnsideration of the thick- ness of the formation, allows one to appreciate the value of this phase of regional chronology. 

“By doing this for the different synchrono ormations, one would have a series of paleogeographic maps, whose comparison one with another would permit of recognizing, at a glance, those epochs in which terrestrial geography underwent the most important modifications. Then one could legitimately unite the formations comprehended between two occurrences of this sort, and make of them homogeneous divisions, which one could call stages, . .. 
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Each stage would correspond to an interval of time to which could be applied 

the name of epoch. 

“Unfortunately the restoration of ancient shores presents great difficul- 

cases where it has been done with any 
ties and there are as yet only a few 

rion needs to be corroborated, often 
certainty. So the paleogeographie erite 

even replaced, by the paleontologie method. . . . These [physicai] modi- 

fications [of the local environment] will bear especially on the species of the 

littoral zone, and a detailed study of these latter . . . ought to lead to the 

establishment of divisions entirely in accord with those established on strati- 

graphie grounds"” (I, p. 721): 

“However, the stages thus founded on littoral fossils will in general 

have a too pronounced local character, and if one did not make use of some 

means of control, it would be difficult, sometimes even impossible, to estab- 

lish the concordance of paleontologie scales for two distinct regions. The ele- 

ments of this control will be furnished by the study of the pelagie fossils. 

“It is thus that the use of stratigraphy and paleontology combined 

permits of fixing both the breaks . . . of regional history, and the groupings 

together, by which it is convenient to reunite local divisions to form groups 

which can be recognized almost everywhere. . . . In particular one must 

concede, in the délimitation of stages, a great importance, on one hand to the 

marine invasions or ingressions (transgressions), shown in the direct trans- 

gressive overlap of sediments on the much more ancient lands; and on the 

other hand to emergences or regressions, which cause the sea to abandon 

the conquered territory. 

“Just as the great variations of regional geography, combined with the 

alterations of organic content, serve for the establishment of stages, so in 

the same way the latter can be united into divisions of a higher order, if one 

takes into account either the geographie phenomena of greater areas, or the 

appearance or disappearance of characteristie organic groups. We shall 

give to these divisions the name of systems” (I, p. 722). 

s and LapparenT. He states the 
HauG is also in harmony with St 

principles of chronogenetie classification as follows: 

“It is on this principle of concordance and discordance that the deter- 

age of a system of folds is based. It plays an equally import- 

studies, for it has led to the theory of cycles, which 

into periods. Let 

mination of the 

ant rôle in stratigraphie 

are greatly concerned in the division of geologie history 

all that a cycle is composed of three successive phases, . . 
us 1ect 

mentation, diastrophism and erosion, which end in the planation of the 

continents by the action of external dynamie agents. The beginning of à 

new eycle is marked by a new invasion of the sea over areas previousiy emer- 

gent and transformed into peneplains. This marine invasion is not à con- 

tinuous phenomenon, it is interrupted by phases of temporary retreat which: 

precede the general emergence” (1907, IT, p. 541). 

“The migrations of marine animals coincide ordinarily with trans- 

while those o1 land animals are the result of regressions. Ont 

aphic distribution of organisni 

. sedi- 

gressions, 

can then say that the changes in the geogra 
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THE DELIMITATION OF THE GEOLOGIC PERIODS, ETC, 

are regulated primarily by epeirogenie movements, As the oscillations of the different continental areas are synchronous, one understands why certain great renewals of faunas constitute an almost universal phenomenon, and why they furnish so convenient a means of delimiting the great geologic periods”” (II, p. 552). 
“Each great marine transgression, marking the beginning of a new cycle, coincides with an arrival of cryptogenous types [Le., the arrival of new genera or new niigrants], with a renewal of the marine fauna, and it is thus that the division of geologie time into periods loses more and more its local and arbitrary character and acquires a real philosophie value” (I, p. 21). CHAMBERLIN (1865) has well said that “the ulterior basis of classification and nomenclature must Le dependent on the existence or absence of natural di- visions resulting from simultaneous phases of action of world-wide extent. nn Great earth movements affect all quarters of the globe” because “in a globe, all of whose parts owe thoir positions to the stress and tension of other parts, CVETY rearrangement that rises in magnitude above the limits of local support extends its influence to the whole.” The movements are not heterogeneous but are periodie, for “the oceanic basins became progressively deeper and more Capacicus, while the continents became higher (degradation aside). In this assumption . . , there lies, if it be true, a basis for the natural division of gcologic events, these movements being in themselves and in their immediate consequences the basis of such division, 

“The major movements of the earth's surface have consisted of the sinking of the ocean bottoms and the withdrawal of additional waters into the basins whose c pacities Were thereby increased.” Then, too, the master factor in the great crustal readjustment has been the progressively greater “radial shrinkage of the occan bottoms"’ surpassing ‘the radial shrinkage of the continental platforms to the ave rage amount of some 10,000 or 12,000 feet.” Besides these periodie crustal readjustments resulting from internal causes, there are external readjustments of long duration, the quiescent periods, working “to precisely opposite ends, the degradation of the land and the filling of the basins” Due to these causes and others stated by CHAMBERLIN, there has been developed ‘a succession of shallow sea incursions and withdrawals reciprocating with crustal movements and quiescence . . . from the beginning of the Paleozoie era to the present time. To these features 1 look for the primary terms [ie., for eras and periods] of a natural and permanent system of classification and nomenclature” (pp. 449-462). In 1902 Ucricn and SCHUCHERT, in their Paper on seas and barriers, noted the periodie recurrence of marine invasions during Paleozoic time and said: “There is a rhythmic relation between the successive grand sub- sidences and emergences of the interior of the continent that we believe should be the basis of a revised classification of the rocks of North America. + Each system should begin with a subsidence and end with an emer- sente.” Such a classification “will have a natural basis” (1902, pp. 659-660). Eight vears later Scnvenerr applied more fully the above described Principles of the newer geology to the ascer ning of the natural delimita- 
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tions of the periods. His method was the geographie plotting on paleo- 

geographie maps of the better known geologie faunas of North America 

and the formations in which they oceur. He had then fifty-seven such maps 

and these indicated that the continent had been more or less widely sub- 

merged at least seventeen times since the close of the Proterozoic. The 

inundations were separated one from the other by an equal number of emer- 

gent times. Accordingly it was held that North America had undergone 

at least seventeen diastrophic cycles and that each cycle represented a natural 

period of geologie time. In general these diastrophie eyeles agreed fairly 

wel: with most of the arbitrarily determined periods of the geological text- 

books. There was, however, this marked difference, that in the eases of 

the Cambrie and Ordovicie periods, each of these was found to be made up 

of three cycles, and the Mississippie and Cretacie each fell apart into two, 

while the Pennsylvanie and Permic periods, so far as North America is con- 

cerned, represented but a single cycle. In other words, where the old classi- 

fication recognized twelve periods and three eras, ScHucHERT'S work appeared 

to show seventeen cycles of major crustal movement, and that these were 

naturally grouped into four eras, the Paleozoie being divided into Paleozoic 

and Neopaleozoic. 

In the following vear appeared ULricH's Revision of the Paleozoic Systems, 

a work replete wit}. detailed observations interwoven with much theory. 

His “strictly consistent” classification of the North American sediments 

recognizes four eras, of which three are completed (Eopaleozoie, Neopaleozoic 

and Mesozoie), and each of these has the rhythmie number of four periods. 

The Cambrie, Ordovicie and Mississippie of geologists are each divided into 

two periods, the Pennsylvanie and Permie are made into one and referred to 

the Mesozoie, and finally, the Triassie and Jurassic also united. 

In conclusion two other books on paleogeography and paleogeographie 

methods should be cited: Die Entwicklung der Kontinente und ihrer Lebewelt, 

by ArLoT, published in 1907; and The Building of the British Lsles, by JUK 

Browx, which in 1911 appeared in its third edition. 

Part IT. 

PRESENT METHODS OF CHRONOLOGIC DELIMITATION. 

1. The sedimentary method, and cycles of deposition. 

Practice in stratigraphy has long shown that the character of the sedi- 

ments is ot at all reliable in correlating widely separated outcrops, and that 

even in closely adjacent areas one cannot be certain of synchronous de 

position on the basis of petrology alone. “The physical characteristics 

rocks are repeated from time to time, and are diverse in different province: 

at the same time,” says Wizuis. When the age of widely separatet deposit 

has been established on the basis of their contained fossils, the intermediat 

region can often then be correlated with these standards when the petr 
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THE DELIMITATION OF THE GEULOGIC PERIODS, ETC, 565 
logic characters are similar, Ou the other hand, an identical succession of 
differing clastie deposits is far more reliable in correlation than the single 
units, and these, if of considerable thickness, may have wide geographic 
extension, at least in one direction, Again, limestones and dolomites, when heavy bedded and of considerable thickness, are usually found to recur over à very great area, but when thin bedded and alternating with Shales, they May or may not have wide distribution, Oülites are äpt to be localized 
deposits, and are now being formed in Very shallow, agitated, Warm Water 
seas in Proximity to the land, where there is an abundance of denitrifying 
bacteria Precipitating the lime that is in solution and that apparently then accumulates around small detrital particles, crystals, and tiny bubbles issuing from the muddy bottoms (VAUGHAN, 1913, pp. 302-304), Passage beds or “transition from one kind of sedimentary rock to an- 
other . , , even when the change is abrupt, often occurred without dis- continuity of deposition. On the contrary, even a ‘gradual passage’ does not preclude the possibility of a long interruption of the process of sedi- } dl Interruption is least likely from sand- 

mentation at such p'ates ind times Stone to shale or from shale to limestuue, and in rare Cases there are no breaks from sandstone into limestone, Breaks are most probable between a limestone and a following sandstone 1d less often from a limestone to a shale, but in the latter case the hiatus is difficult to establish when the formations have Scanty or no faunas (ULRICH, 1911, pp. 528-531). Marine conglomerat ss of rolled foreign pebbles unmistakably indicate proximity to land on the part of the invading sea, but they cannot be relied upon in correlation, for they are apt to be local in occurrence or tangential in time, £e., äPpearing and reappearing at any time during the transgression wherever the environment is proper for their making. They are, however, of much value in directing attention to a probable break in the section, as these conglomerates are generally the initial strata of a transgressing marine deposit. 
On the other hand, intraformational conglomerates and “edgewise conglomerates” of thin flat pieces either lving horizontally or standing at all angles except that of normal bedding, rarely if ever have transgressive significance, for they appear to be the result of decided wave action during the time of great storms in shallow seas, when the waves may penetrate with considerable rolling power down to depths as great as 200 feet. Here the pieces are not foreign to the deposit, but are the result of moving and rolling of the soft sea bottom by storm waves. Sometimes entire formations of impure limestones appear to have been thus churned in the course of their deposition, and these are known as knobbly limestones. In such formations there may be an abundance of fossils, but they are usually small and often all immature individuals, alike in the lumps and the darker matrix, Marine quartz sanGstones are also good indicators of shallow seas with decided tidal and Wave currents that wash out the muds and transport them elkewhere, and of nearness to land but not necessarily actual shore conditions. Itis well known that prevalent winds, through the action of the waves they 
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form, may not only drive the sand upon the beach in dunes, but may also 

transport it many hundreds of miles along a shore, though as a rule the 

seaward width of such deposits is not great. The quartz sandstones are the 

least reliable of the sediments for determining contemporaneity of deposition. 

They are, however, often of the greatest value in discovering the discon- 

formities or breaks in the sections, and should always be examined for foss 

or the deposits immediately above them should be searched to see if they 

contain new and different faunas from those below in the sandstone. These 

coarse materials are often found to be the initial deposits of a tranagressive 

formation, and accordingly may also be transgressive in time or tangential 

in deposition. Sandstones and even conglomerates of vanishing waters are 

occasionally seen terminating the formations. On the other hand, thick 

gandstones without fossils should always be examined to see if they can be 

of continental origin, either of fresh-water or wind-blown desert or shore dune 

sands. 

Mud deposits make up more than three-fourths of the sedimentary 

formations and are apt to be the earlier deposits of the invasions; they are 

also, to a lesser extent, developed during the retreat of the seas. They are 

apt to be most prevalent and in thickest deposits in those parts of the seas 

nearest to the lands. Black or carbonaceous muds are at times of very wide 

distribution and with sparse and uniform faunas, usually of small species 

which are clearly not bottom dwellers but those derived from the surficial 

waters. Such faunas are, however, not of general occurrence throughout 

the shales but are localized in very narrow zones. These black waters 

are said to have had foul bottoms, not because of depth but because of a lack 

of oxygen, a condition clearly due to inadequate circulation of normal marine 

water: such foul places oceur in bays, more or less isolated arms of the sea, 

or eddying regions back of submerged banks or barriers. 

Cucles of deposition and erosion.—As described on an earlier page (p. 558) 

a major cycle of deposition begins with an invasion of the land by the 

sea, spreading, during the earlier, shallower water phase, more or less coarse 

mechanical sediments: these are followed by a sheet of calcareous materials, 

the record of the more open and deeper water stage; finally, during the emerg- 

ing period of the land, mixed calcareous and mechanical sediments are laid 

down. Such a cycle of sediments can only form during un early, contin- 

uously transgressing phase, succeeded by a long, middle, static period of 

repose and deeper water, and a final persistently retreating stage. An\ 

one who has carefully noted the geologic formations of any period over wi 

areas knows that the délimitation of periods can hardly ever be made out on 

the basis of such assumed cycles of deposition. This is because the invasion: 

do not persist regularly in a given direction, for the lands not only warp but 

also move differentially during the transgressions, and then the water itsel! 

is often oscillatory, causing irregular overflows. Further, the character ci 

the rocks invaded is variable from place to place, while the bordering landi* 

are not only cf different elevations but are as well made up of differing rocis 

that cause the inflowing streams to bring to the sea in localized areas varial'e 
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THE DELIMITATION OF THE GEOLOGIC PERIODS, ETC, 567 sediments in variable quantities. Again, changing climate causes altera- 
tions in erosion, while Variations in the currents of air and water bring about 
changes in the sorting of the materials and in their distribution by the sea, 
The very fact that correlation of formations is not possible Petrologic character indicates that there of deposition, and the 
by the field workers is 

A major cye 
probably “ne ver 

occurred in 
according to Uzricu. The Siluric in 

easte 
st to fulfilling the requirements for a earliest deposits are said to be the Medina sand- Clinton and Rochester shales and impure limestones, widely spread and thick Niagaran limestones and dolomites 

of the interior region, when the transgression was at its height, terminating 
with the emergent Cayugan shales, salt beds, and impure limestones, How- 
ever, beneath the equivalent of the Medina in the interior of North America 
are older Silurie deposits, and nearly all of these are limestones or calcareous 
shales. Then, too, sands and muds are most prevalent in the northern 
Appalachian trough where the Niagaran limestone is absent, while in the 
Rocky mountains the cycle of sedimentation is completely at variance with 
the eastern formations. 

The Devonie formations do not at all agree with the requirements of 
the theoretic cycle In the northern Appalachian trough the period begins 
with the Helderbergian impure limestones and calcareous shales, followed 
by the Oriskany sandstone and sandy shales (Esopus), and then by a very 
thick series of sandy shales and sandstones enduring throughout Middle 
and Upper Devonic time. Intheinterior basin the Lower Devonic is absent 
while the middle Part of the system is represented in the main by limestones, 
and the Upper Devonie has cither black shales Or calcareous shales and im- 
pure limestones. 

We agree with ULRICH that in nature the “great cycles fail so badly 
that we may well doubt the possibility of using the prevailing conception 
of cycles of deposition in framing a sa tisfactory scheme of stratigraphie 
classification” (911, p. 315. See PP. 314-317 for complete discussion), 

2. The paleontologie method. 
1t is admitted by all that the Primary basis for a geologic chronology 

is furnished by the organic remains entombed in the sedimentary rocks. 
All methods for the exact determination of geologic time, and, for that matter, 
0! diastrophie movements as well, are at Present primarily dependent upon 
Paleontology and Superposition of strata. A little insight into living marine faunas shows that they differ from 
place to place, and that while a few species are restricted to à certain locality 
the greater number have a more or less wide distribution Many of the 
Sesile and semi-sessile forms are restricted to a definite sedimentary facies 
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w localized, while the free species have a tendeney to an un- others are not 
A very small percentage of any fauna has restricted facies distribution. 

a range of several thousand miles, a greater number spread less than one 

thousand miles, while the majority of any assemblage is limited to less than 

Because of this limited distribution, the living or- 
several hundred miles, 

a limitation first clearly 
ganie combinations are grouped into provinces, 

diseerned by the brilliant English zo6logist and paleontologist, FORBES, 

who in 1859 wrote as follows: 

A province ‘is an area Within which there is evidence of the special 

manifestations of the Creative Power: that is to say, within which there have 

been called into being, the originals, or protoplasts, of animals or plants. 

+ become mixed up with emigrants from other provinces, even 

aborigines, so to call them, of the region to 

be understood, must be 

These mt 

exceeding in their numbers the 

which they have migrated, . Provinces, to 

traced back, like species, to their history and origin in past time.  Paleon- 

tological research exhibits, beyond question, the phenomenon of provinces 

in time, as well as provinces in space. Moreove all our knowledge of or- 

ganie remains teaches us that specie have a definite existence, and a centrale 

ization in geological time as well as in geographical space, and that n0 species 

is repeated in time. The distribution of the individuals of fossil species also 

indicates their diffusion from some unique point of origin.” 

The western shore of Europe ‘1 purpose to regard as comprehending 

six provinces, since within them we can fairly reckon so many distinet centres 

of creation. The first and northernmost is the Arctic province, extending 

throughout that portion of the European sea: included within the Arctic 

Circle. The second is the Boreal province, including the seas which wash 

the shores of Norway, Iceland, the Faroe, and the Shetland Isles. The third 

isthe Celtic province, in which rank the British seas, the Baltie, and the 

shore of the continent from Bohuslan to the Bay of Biscay. The Lusitanian 

province includes the Atlantie costs of the Peninsula. The Mediterranean 

province speaks its own explanation ; the Black sea is included init.  Lastly, 

the Caspian is a region now completely isolated from all the others” (pp.6-16). 

Provinces of greater geographie extent are those of the shallow waters 

of the Pacific realm bordering the two Americas.  According to Dazz (1909) 

there are here (1) Arctic and (2) Antarctic more or less cireumpolar cold 

water faunas: (3) the Oregonian cool water province extending from Behring 

sea south to Point Conception, California; (4) the Californian temperatt 

province, south to Lower California; (5) the Panamic tropical province 

including the Gulf of California south to the Bay of Guayaquil, Ecuador; 

(6) the Peruvian temperate province (with more than 800 species of mollusk-) 

to southern Chile, and (7) the Magellanic cool water province, embracing 

the Fuegian archipelago and the Atlantie shore to some undetermined point 

north on the Argentine coast. It should be added that these provinces 

are more or less conditioned by temperature and oceanic currents. Temper- 

ature as a factor in the sense of to-duy was, as a rule, almost absent during 

the greater part of the geologic past, and yet the extinct organic provinces 
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THE DELIMITATION OF THE GEOLGGIC PERIODS, ETC, 569 
are as @ iily discernible by the Paleontologist as are those of the present by the biolc gist. 

Next to temperature the most Important physical cause for the de- limitation of the organic provinces of the present is the land Projections or capes, because these land barriers are the deciding deflectors of oceanic Currents. Their importance in the overlapping seas of the past is, however, less significant, because So many of these waiers ecur as shallow extensions Or vast bays that are far more extensive than the combined North sen and Baltie sea of the present, 
If we wish to know to what extent the living marine shallow water forms are localized, we can readily obtain statistics from the conchologists, Let us take the Peruvian Province. According to DaLz (1909), the total number of species is about 869, of which 64 are pelagie, leaving 805 that are bottom dwellers. Of these latter, about 40 per cent. (315 species) are restricted to the province, while 54 per cent. extend their range into the adjoining northern and southern arens, The remaining 6 per cent, are very Widely distributed Species common to at least three Provinces (3 per cent.) or also occur in the Atlantic-West Indian region, We May generalize these results by saying that the shallow water bottom life of a Province has 40 per cent. or less of its species localized, while at least 60 Per cent, are common to two or more Provinces. These figures are of especial value to Paleontologists, indicating as they do that the majority of any fauna has a more or less wide gcographic range, and further, that not more than 13 per cent. are ubiquitous species of little provincial and limited Stratigraphie significance. In cold water faunas the percentage of localized Species may be even less, while the Very widely distributed forms May exceed 20 per cent. Glacial climates, however, are of very rare occurrence throughout geologic time, so that the comparisons of paleontologists must be rather with the biotax of the temperate and warm Waters and climates of to-day. 

Fossils furnish the first step in the process of & ratigraphic correlation and may be depended upon in fixing the boundaries of the major divisions. This is because species and faunas endure a given length of time, from their initial appearance somewhere to their extinction everywhere, Exact cor- relations are possible not only for the basins of a continent, but likewise for intercontinental] areas, though here the inherent difficulties are greater. ven a single or a few species will often indicate such synchronous or homo- ial deposits, but in general successful correlations are dependent upon organic assemblages in greater quantities. This dependence is the result of more than a century of persistent study in many lands of the superposed fossil biotas as determined and recorded by the paleontologists, In general, sedimentation is a slow process, and by the time one foot of average rock has accumulated probably a thousand generations of marine invertebrates have come and gone. Under a relatively constant environ- ment it is held that but little if any recognizable change in the species wil be developed, but the habitats are continually changing, and even though only to a minor extent, still this alteration causes the faunas at least to Vary 
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their combinations and to shift from place to place. They die out in one 

area but get a foothold elsewhe nd although this shifting, or to-and-fro 

migration, is slow when measured in years, yet in stratigraphy the faunal 

assemblages appear as if suddenly introduced. This fact has always excited 

the interest of the paleontologist and he has explained the phenomenon as 

due to special creations, recoinages, imperfections in the record, shiftings of 

faunas, or to geologically sudden migrations into the continental seas front 

the permanent oceanic reservoirs, the continuous seats of organie marine 

evolution. Certain Middle Ordovicie faunas (Galena) are common to lowa, 

Minnesota, and Ellesmereland; Upper Ordovicic (the easily recognized 

Richmond) from Texas to Alaska, and from Nevada and WyomingtoQuebec; 

Upper Devonie (Lime Creek) from Arizona to Iowa and western New York, 

The fossil faunus spread as fast as the sea transgresses the land, and, for 

practical purnoses in stratigraphy, may be accepted as appearimg simul- 

tancously in. y separated places. 

In correlating faunas of widely separated areas, sole reliance cannot be 

had on a mere matching of some of the species and genera, because there are 

in all faunas a more or less great percentage of holdovers, static or irregularls 

evolving forms that are not determinative of exact geolagie time. The 

localized species are of greatest vetie in the stratigraphy of limited areas; 

of most significance in correlation «0 the new forms of wide dispersal, for 

they are the progressives,, the time heralders of their variously conservative 

associates,  Therefore in stratigraphic correlation most dependence is put 

upon a few species, the proven ‘guide fossils,” supported by the collateral 

evidence of the associated forms. These guide fossils may be of any class 

of organisms and are either rare or abundant in individuals. The more 

abundant they are, the greater is their geographie distribution apt to be, 

and the more easily do they mark a horizon. On the ocher hand, the wider 

the distribution of the guide fossils, the less can they be depended upon for 

detailed chronology. When these guides have, in addition, easily discerned 

characters and are individually abundant, then they are of the greatest prac- 

tical value; such widely ranging guides among the brachiopods are Pro- 

ductus giganteus, Spirifer cameratus, Stringocephalus burtini, Hypothyris 

cuboides, Rhynchotrema capax, ete. 

The appearance of identieal fossil genera of land animals, and mort 

especially of mammals, in two continents that are now separated is often 

taken as positive proof of the former cor nection of the two areas by land 

bridges that have since vanished. This method of correlation is undoubtedl\ 

correct in the main, but as genera apparently alike have been developed 

from unrelated stocks (parallel development and homaomorphy), singl 

appearances on two continents cannot be accepted as migrant individuais 

from a common centre of evolution and dispersion until the phylogeny hi 

been established in each case. In the same way marine invertebrate generi 

appearing in two or more realms at the same time may also be parallel «le 

velopments or independent origins from different species of the same gent. 

Dacoté (1913, p. 204), states that among the ammonites Toplites-like forn:s 
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THE DELIMITATION OF THE GEOLOGI PERIONS, ETC, 1 appear in widely Separated realms during the latest Jurassie and earliest 
Cretacie times, and that they have been developed out of different species 
Of Perisphinctes, 

Of great value for interprovincial and intercontinental correlation ar 
often the floating and swimming animals, Of these the most servicenble 
are the graptolites, heteropods and Pteropods, the coiled nautilids and ame 
Monids, and the ( ‘rüstacea.  Howevr r, their individu! Value in correlation 
is Very Varinbly exact, and the longest (&eologically) enduring forms are 
found more often among the floaters than among the swimmers, The wide 
distribution of some of these free forms is at times SUrprising, and all the 
More valuable are they when they endured but a short time, Certain Ordo- 
vicie graptolites are World-wide in their distribution, and identical ammonids 
are often found in two °r more continents, On the other hand, animals 
living on the bottom of the sens are also at times of Wide distribution and 
of such in the order of their chronogenetie value may be Mentioned bryozouns, 
brachiopods, and corals, The distribution of this benthos is conditioned 
not Wholly by the water Currents, but as well by an abundance of larvæ 
that have a Protracted or slow development before they sink to the bottom 
and become sessile in habit. Such slow ly developing larva tre not, however, 
Common in cold waters. 

Locally Superposed but distinct géologie faunas derived from the same 
oceanic realm have usually a more or loss direct genetic relationship with 
one another. In some cases they are returning, slightis altered faunas, 
in other words, recurrent faunas,  herefore, a possible depositional break 
between such Superposed faunas js easily overlooked and the time value of 
the recurrent faunas underestimated, On the other hand, two locally suce 
cessive faunas may be totally dissimilur, not only in the species but even 
in the Majority of the Benera, and yet the time break between them may 
be a Comparatively short one, The reason for this is that the two faunas 
are transgressions from different oc, aie roalms, a condition most common 
in the Ordovicie and Progressively less so in the Silurie and Devonice of North 
America, 

Contemporaneous faunas in closely adjacent areas may be widely dise 
similar, due to separating barriers that, inthe s allow seas of the North 
American continent, are apt to be unsubmerged, narrow lands. The trans- 
gressions from two oceanic realms attain the barrier but maintain their 
faunal distinctness, Their syYnchroneity is not then easily determined alone 
on the basis of the faunas, but is ascertained through subsequent overlapping 
of the barrier, when interchange between the two Provincial faunas takes 
pluce, 

The various faunal provinces of à continent are most alike in composi- 
tion and have the greatest number of species in common, ï.e,, are most 
Costopolitan, during the middle age of the periods or during the times of 
Widest marine transgressions. This is due to 9vertopping of the lowest 
Places in the land barriers, when the invasions are highest and the lands lowest, 
atl there is an interchange of waters and faunas. Onthe other hand, syn- 
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chronous faunas are most dissimilar in the early times of the periods, when 

most localized and the marine shallow water provinces the oceanie realms are 
ut these times 

are smallest, due to the narrowness of the continental shelve 

of greatest continental emergence, Similar faunal restriction ulso takes 

place during the closing times of the periods, due to the same physical causes, 

but at these times there are many more holdovers from the earlier, widely 

dispersed faunus, In other words there is no marked introduction of new 

organic types during the recession of the continental seas, However, when 

the oceans again begin to spread over the continents, à long time bus elapsed, 

mans of the old famniliar forms have disappeared, and new forms, the erypto- 

genous species of HauG, have been developed—the heralders of a new period 

and prophets of the next trend in evolution. 

An analysis of the Paleozoie faunas of North America cheurls shows 

that this life was derived from three permanent oceanie realms, Un the 

order of their persistence, these are : ( 1) the Gulf of Mexico mediterranean 

is in reality but the southern part of the northern Atlantie (or Posei- 

rthern part of the same realm is the least transgressive of 

and (3) the Arctic. The faunas of northern Poseidon, 

as a rule restricted to Acadia and to the 

which 
don), while the 1 

all; (2) the Pacific: 

with north European affinities, are 

northeastern portion of the Appalachian troughs, yet they frequently «pread 

barriers and mix with the life of the interior basin area. Those 

spread at times completely across the continent to the foot of 

The Arctic waters pulsated south along the medial region of 

the continent far into the United States during the Ordovieie and Silurie 

and less positively at other times. From the Gulf of Mexico the transgressions 

were by far the most common and spread far throughout the Mississippi 

valley and the Appalachian area of the United States, Then, too, these 

Gulf faunas were often tinged with south European forms, but at times 

were related to those of South America, 

across t} 
of the 

Appalachia. 

3. The diastrophic method. 

On earlier pages have been presented the views of SUESS, NEWBERRY 

CHAMBERLIN, LAPPARENT, and HAUG relating to the character and significance 

of the periodie movements or deformations of the earth's surface. Th 

processes underlying crustal movements of any character whatever art 

embraced under the term diastrophism.  CHAMBERLIN, Wiuis and ULricn 

field of geologic study in America especially their own. 
have made this 

asons Why 
The writer is here not concerned with the theories as to the re: 

but only with the surficial effects resulting fron: 
the earth changes in form, 

anie hollow 
the movements that remold the land surfaces and chaage the oce 

It is these movements that cause the oceanic strand-lines to shift back ani 

forth over the continents, resulting in continental submergences and em 

gences, a diastrophie action that underlies a natural chronogenetie clas- 

fication of geologic events. 

Very few geologists now believe in the Lyellian teaching that 

on the contrary most of them folle 
all parts of 

the ocean bottoms have been land; 
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Dana in the conclusion that the ocean basins have been Practieally per. 
Manent,  Witis says the latter “are Permanent features of the earth's 
surface and they have existed, where they now are, with moderate changes 
of outline, since the waters first &athered (1910, p, 243), The proof that 
there is no complete interchange between the continents And ceeans js s0e 
in the facts (1) that Upon the continents there are almost no deep-sea des 
Posts; (2) that the sediments of the periodie oceanie overlaps upon the con 
tinents are in the main those of very shallow sens, while the entombed life 
is all that of shallow Water and is at best but n Very imperfect record of the 
continuousls evolving life of the oceanie basins: and (4) that the subimarine 
Masses are denser than the lunds, making it impossible for them to have inter. 
changed their Positions without recording it in the continents, #nd, ns Witiis 
Says, “there is noither evidence nor explanation of such a change,’ Ca the other hand, deep troughs, or the geosynelines Of Dax, have 
been repeatedls developed Within the Continental plateaus L.e., are inter- 
continental, but even though some of them have in Places subsided to over 
10,000 feet, vet at no Ume have they, on the evidence of their sédiments, 
been other than Very shallow sens, This is certainls true for the Appalachian 
and Cordilleran ge synelines. “The history of à keosÿneline comprises à 
prolonged stage of subsidence acCompanied by x more or less constant de- 
Post of terrigenoux or Marine sediment, and often a further stage of com- 
pression, folding of strat and elevation as à nou tain range (WizLis, 1910 
p. 243), 

The North American continent js known to be made up of hetero- 
keneous elements that have largely been of that nature throughout geologice 
time, “Heterogencity May also be 4 ffect of terrestrial forces acting, 
is by intrusion, to modify the original structure, ,,. The distinction bee 
ween the continental elements is based upon their behavior during vertical 
movements, . , , those continental elements which have tended to rise 
the positive content 0 uts of lighter density] are recognized by the 
iconformities or 41 ‘ments resulting from conditions of erosion, 
whereas those elements tu have tended to sink [the negative continental 
elements of somewhat heavier material] are recognized by the accumulation 
of sédiments upon them” (Wicuis, 1907, p. 390), Recalling that ‘coast lines are established along the monoclinal flexure 
which joins a rising with a sinking continental element, and that sediments 
accumulate to greatest thicknesses usually in à zone Parallel to the const 
{the Keosynelines], we see that zones of folding are Commonly coastal zones. 

+ The Leitlinien of SUESs constitute criteria for the analysis of contin- 
ental structure which are scarcely second in importance to Unconformities 
and deposits,”” These lines are due to the effects of tangential pressure 
acting from the Atlantic and Pacific sides, Pressures that proceed from the 
denser submarine masses and “are due to what may be called suboceanie 
“read” (ibid, pp. 391-3992). 

As shifting of the strand-line is the most important criterion in asce 
taining diastrophie action, it is well to state here how these alterations are 
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most readily ascertained. Organically they are recorded ‘“(1) by abrupt 

changes in the aspect of faunas, and (2) by the sudden appearance or reap- 

pearance of species and genera in deposits of continental seas”’; physically, 

“ (1) by more or less obvious breaks and hiatuses in the stratigraphic column, 

indicating sea withdrawals, (2) by changes in the character of deposits, 

especially when this involves abrupt transition from biochemical and organic 

sedimentation to clasties, or a change from land to marine deposition, and 

(3) by overlaps of marine sediments JLRiCH, 1911, p. 411). 

The sea periodically moves over the land and with it the evolving fauna 

of the time which pari passu is entombed in the depositing sediments, and 

when the waters recede into the oceanic basins then the floras and faunas 

of the land attain great areal increase, so that the preserved organisms of 

any time will permit exact interpretation of the ever changing strand-line. 

On the other hand, correlation of formations on the basis of unconformities 

and changing petrology is far less reliable and must ever remain second in 

importance to the biotas for the discernment of diastrophie action. Of 

course the most easily determined crustal movements are those leading up 

to the “critical periods,” not only because of their usual angular uncon- 

formit but as well on account of the very marked organic differences on 

either side of the lines separating the eras, lines representing “lost intervals” 

of considerable magnitude. 

These “lost intervals” are known to be many, but they are far more 

in number and their time duration, although admittedly very variable, is 

far greater than is usually believed to be the case. The geologic column will 

probably never be completed on the basis of the recoverable physical record. 

but it will grow into greater perfection for a long time to come. This growth 

will take place by the recovery of formation after formation along the lines 

of these lost intervals, and more particularly in the areas nearest to the 

continental margins. The perfection of the column will bring about a greater 

harmony in the very variable estimates as to the age of the earth as given 

on the one hand by the geologists and on the other by the physicists.  How- 

ever, that these lost intervals and all other imperfections of the geologie 

record can together be of the magnitude of from five to ten times greater 

than the present commonly accepted estimate of the age of the earth by gco- 

logists seems hardly probable, and yet the calculations based on radium 

disintegration, according to the physicists, give the age as not less than 

750,000,000 years. 

The first stratigrapher to emphasize strongly the presence of many : 

marked “breaks” in the Paleozoie succession of strata and faunas was 

fessor À. C, Ramsay in his Presidential Address entitled, Breaks in succes: 

of the British Palwozoïc strata, delivered before the Geological ociety of 

London on February 20th, 18€ 

“By breaks in succession," RAMSAY Says, “1 understand those phy: al 

interruptions in stratification marked by the unconformity of an upper foriiu- 

tion to one immediately underlying it, or, when such visible unconformit® is 

wanting [=disconformity], by a sudden change in the fossils character:-tie 
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3EOLOGIC PERIODS, ETC, 5 of the underlying and ov erlying formations” (1863, p. xxxvi). He then 
describes ten decided breaks or “lost epochs" in the Paleozoie 
and although à « ivative geologist, with a ‘ Of phenomena in the field,” he concludes as follows: “Believing that the causes that produced phys the same in former times as now, both in kind generally, when Spread over long epochs), then the y dislocation Of the strata, and the vast denudations the Mergence, generally represents « period of time spectively by the deposition of the formation di it unconformably. 

“In the present state We May strongly suspec 
it follows that the 
Palwozoïc epoch wver 

succession, 
‘long personal knowledge 

cal changes were much 
and intensity (Speaking 
Pheoving, Contorting, and 
Y underwent before resub- longer than that oCcupied re- sturbed, or Of that whi overlies 

of knowledge these things cannot be proved, but €them to be probably true: and if they are so, then 
beriods of time Stratigraphically unrepresented much longer than those of which the various 

that epoch bear witness** (863, p. lii). Inthe following Vear Ramsay returns to the same Subject in his second 
idential address, The breaks in SuCCession of the British Meso 

Here he ‘autions against the frequent ässUmption that CVen à formation like 
the Lower Lias js Complete; “and if of the Lower Lias, far more So of the en- 
tire Lias series: and Stronger still is the Warning that may be drawn from such 

ainst the Supposed_ completeness of the Oolitie are often accide tal, and amid the obs Lias plains of England they may well be deceptive: have seen that they are so,” 
“Making, as we can often do, all liberal Marine ard terrestrial conditions, I « 1 cases of su pe position, 

during the 
Jormations of 

pres 

20iC strate. 

phenomena aigu 

formations. 
Conformities 

‘urities of the Lower 
in the Oolitie series we 

allowances for diversities of ‘annot resist the general inference that, in proportion as the species are more or les, 
Chat is to Say, as the break in life is partial or Complete, first in the species, but 
More im portantly in the loss of old and the appearance of new allied op unallied 
génera, so was the interval of time shorter or longer that elapsed between the close 
che lower and the commence ment of the Upper formation : and so it often 
häppens that Strata à few yards in thickness, or, more notably still, the 
absence of these strata, May ere to indicate à period of time as great as the 
Väst aceumulations of the whole Silurian series"? USG4, p. 1x), The study of the Jurassie formations of weste ‘Mtremely_ varied and abundant faunas, has Palcontologists, but as well to many has led to the discernment of many 

S Conlinuous. 

rn Europe, because of their given rise not only to many contiibutions to Stratigraphy, and breaks of Varving importance, It was 
in the Lias and Oolites of England that Stratigraphy began with Wicciam 
Sur, and on the continent these fauna attracted the attention of many 
Palcontologists, among whom are especially to be mentioned Vox Bueu, 
Di FRENOY, ÊLIE pe BEatMonr, QUENSTEDT, D'( RBIGNY, OPPEL, Marcou, 
and NEvmayr. In England to-day Buckmax is doing telling work in the 
Jurassie, and in a Paper published in 1910 he directs attention to the breaks 
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re very thick, in the Lias and Oolite forma- 

and to the tenuous beds, elsewhe 
{ his conclusions are as follows: 

tions of South Dorsetshire. Some 0! 

# A school boy once 

and the Dorset Inferior Oolite might be defined as a ser 

thin bands of deposit. . . . One can hardly view the 

Oolite limestone at Burton Bradstock, about 15 to 20 feet say, and imagine 

that it represents ant interval of time equal to a quarter or à fifth of the whole 

Jurassie Period—a time during which thousands of feet of strata Were laid 

down. But this is because we do not allow sufficiently for the gaps. : : + 

“The Upper Lias part of the Junetion Bed of Down Cliffs, Chideock 

(Lower or pre triatulus Toarcian), is à Very condensed, imperfeet epitome 

about 180 feet of strata on the Yorkshire coast, and of very 

defined a net as a series of holes strung together, 

ies of gaps united by 

few feet of Inferior 

in 20 inches of 

much more when allowing for gaps. 

“Between the bifrons layer and ti 

à 2-inch layer which is all that re 

so that about two fee 

e 550 fect was being depos 

ie atriatulus layer of the Junction Bed 

»presents some 250 feet 

t of Junction Bed was 

ited elsewhere” 
there is occasionally 

of deposit in the Cotteswolds 

formed while a thickness of som 

(p. 89). 

The first American stratigrapher to emphasize the great abundance and 

of these inter-period lost intervals was ULRICH, in his sugges- 

He holds that the “time values of the successive 

and that each period is delimited by lost 

when oceanie spreadings are completely 

withdrawn from the North American continent to the extent of the present 

condition of overlap. Most of these intersystemic intervals are unrecover- 

able because their sedimentary record lies buried beneath the oceans, but 

the shorter and more numerous intrasystemic intervals will in the ‘in be 

long endurance 

tive Revision, pages 345 

periods are not greatly unequal” 

intervals of variable duration, 

recovered. 

Lt is well known that land erosion has continually gone on, but that 

ation has been inconstant and may even locally fail to aceum- 

AnxpRéE (1908, pp. 397-410; 1912, pp. 346-347) 

able information indicating how sedimentation 

fails to aceumulate in areas of the 
ain (1) to current 

aming and tidal eurrents), and to a lesser extent to (21 

emical solution. Such lacunæ he terms ‘“submarine 

Anprée further cites a number of breaks in the Devonie 

and in the lowest Cretacie of the Alps, which are à 

Undoubtedly there are stratigraphie 

writer thinks that our German 

ich weight. 

marine sediment 

ulate is not so well known. 

has brought together consider: 
present seas, due in the m 

action (oceanie stre 

storm waves and (3) ch 

corrasion breaks.” 

and Culm of Germany 

thought to be due to current action. 

to these causes, but in general the 

given this interpretation too mt 

248-249), points out correctly that in the ocean 

to-day there are areas where sedimentation is not going on, ie. there are 

intraformation planes of erosion in the Recent formations, and that, there- 

fore, the evidence of “breaks” in the geologie formations, unless acecn- 

panied by the phenomena of erosion, cannot be relied on to prove en°T- 

gence at the time and place of such hiatuses. We must not fail to note, 

lacunæ due 

confrères have 

Wazuis (1910, pp. 
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however, that the areas of non-sedimentation in the oceanic areas of to- day are limited in number. That land erosion in some form has con- stantly gone on, no one will deny._ But where the organic record indicates a marked break between two Superposed faunas, why assume that we can- not accept this evidence unless it can be shown that erosion phenomena are also present? As in many of these the faunal breaks are accompanied by the phenomena of erosion, are we not justified in accepting many other similar ones that do not show unmistakable land conditions? It should be further pointed out that these intrasystemic breaks oceur most frequently during the times of positive diastrophic action or in the earlier stages of the periods, and least often during the middle epoch of repose, This is just the reverse of what WiLLis postulâtes in the paper cited (p. 259). Again, it is true that in certain quarters too much stress has been laid upon the sudden petrologic alterations in directly superposed strata, but, even s0, we shall probably make greater progress by accepting even this evidence as indicative of emergence than by passing it by as not worthy of our inter- pretation. “Universal seas and universal formations” has had its long day in stratigraphy; now let us be swayed, for a time at least, by the working hypothesis that seas are markedly evanescent, transgressive and regressive, and at times even decidedly oscillatory. 
The crustal alterations of the earth are not due to heterogeneous and unrelated movements, but are related, in that areas of elevation and de- pression remain positive or negative throughout all time or during more or less long periods of geologic time. According to CHAMBERLIN, “Deformations are inheritances, one of which follows another in due dynamical kinship. The succession is therefore homogeneous and the results co-ordinate, . , . Under this view, ocean basins and continental elevations ten'ed toward self-perpetuation ” (1910, pp. 288-300). This view Uzricu holds to be true not only for the major segments of the earth but as well “for relatively small portions of each continent. Once started. the areas of relative uplift have always [the present writer would state have usually] continued to be areas of stratigraphic overlap or of land, while the relatively depressed areas remained as a rule areas liable to subsequent submergence” (1911, p. 396). The major crustal deformations are periodic in appearance and their visible areas of movements are now in this continent and now in another, and it is this periodicity that conditions geographic history and organic evolution. Each one of these active and decisive movements is of long duration, and their major work is confined to the marginal areas of the con- tinent.  Farther inland new axes or depressed folds may rise or old ones be äccentuated, and so divide the continental basins into a series of smaller Waterways. Not only are the margins of the continents elevated, but ap- Parently at the same time the oceanic basins are made either deeper or larger or both, This simultaneous movement of the oceanic bottoms and the con- tinental margins is proven by the fact that the major crustal deformations oceur during the emergent times of the geologic periods, and this is true not Only for the continent deformed, but as well for other land masses that have 
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not moved at all, but whose strand-lines have been lowered in consequence 

of the oceanic enlargement. 

The long enduring middle portion of the periods is marked by relative 

crustal stability, peneplanation of the continents, and maximum sea invasion 

on account of more or less of sea filling. On the other hand, the earlier times 

of each cycle exhibit less crustal constancy and more marked erosion. The 

lands then warp more or less along predetermined lines, due to compensating 

internal adjustments following the major movement and to the reëstablish- 

ment of the isostatic balance that has been altered by these deformations, 

by the sea invasion, and by the unloading of protuberant land areas into the 

loading seas of the continents. During the closing stages of the periods, 

there is a renewal of crustal unrest, seen in the vanishing of the continental 

seas, that finally ends in another major crustal movement and in complete 

withdrawal of the seas from the lands. 

There is a certain amount ef rhythm in these periodie movements and 

it is this meter that permits w grouping the formations into systems or 

periods. ‘The more active orogenic introductory movements are of com- 

paratively short duration, while the quieter epeirogenie, intrasystemic and 

eustatie morements are of long continuance, and each submergence with 

the following . mergence is seewningly the natural basis for the delimiting of 

the period: «mong these periodie movements some are far more intense 

and of greater geographic extent than others, at times when mountain 

ranges in more than one continent are simultaneously or successively in 

motion. These are the diastrophie grand cycles, or according to DANA and 

LE CoNTE, the “critical periods” or “revolutions” in the history of the earth, 

and they bind, as it were, the periods or chapters into the eras. In North 

America, one of these marked periodie movements in the Appalachian Revol- 

ution appeared toward the close of the Coal Measures. Previous to this 

revolution the Appalachians had been in motion at least three times, but 

none of these movements had the significance of the one appearing toward 

the close of the Paleozoic. 

4. The paleogeographic method. 

Paleogeography treats of the ever changing geography of geologie time. 

It seeks to map the configurations of lands and seas and their relationship 

to one another; the topography, structure and volcanie activity of the lands, 

the depths and circulation of the marine waters, and the nature of the varying 

climates. This constantly changing physical environment reacts on the 

organic world and causes it to alter in its parts, and as either sediments or 

organisms or both have at all times been recording themselves in one place or 

another, it followsthat the interpretation of this record will lead not only to a 

determined paleogeography, but as well, through the study of stratigraphie 

superposition, to a determined chronogenesis and phylogenesis. The paleo- 

geographer seeks to determine the individual parts of “the great procession 

of geographies, which has moved down the ages . . . . because paleogeo- 
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graphy is thus comprehensive, no one investigator can adequately solve its problems” (Wizuis, 1910 pp. 242-243). 
The first guidance in the making of Paleogeographie maps is found in the widely accepted postulate that the great ocean basins, in which are also included the Mediterranean, Caribbean and the Gulf of Mexico, are to all intents and purposes permanent features of the eart'1's surface, But, though the great continents have always been where they now are, their size and shape have not always been constant: some have been enlarged and others have ber  decreased and added in part to the oceanic areas, Important papers on paleogeography are by AnLor (1912, a review of forty-four articles) and by Pompecks (1909), 
The Appalachian and Cordilleran geosynclines are the natural coast- lines for the continental scas of Paleozoic and Mesozoic time, and these guide lines are of the greatest significance in the making of paleogeographic maps. 
Having ascertained the ignificant content of a fauna and its limited stratigraphic position in the geologic column, the next point of greatest value is the deciphering of the probable geographie distribution of the for- mation containing the biota, or as LAPPARENT states it, the definition of the former distribution of the sedimentary episode. Primary reliance is of course placed on the distribution of the fauna mapped, while the probable shore lines are determined from the geosynelines, the extent and thickness of the formation, and its petrologie, marine, brackish or lacustrine characters. Of considerable value in deciphering the probable extent of the trans- gression, whose traces are subsequently covered by other deposits, is the geographic pattern of earlier and later invasions, 1.e., the situations of the positive and negative continental elements which remain fairly constant. An analysis of the American Palcozoic formations shows that they occur in greatest number and best development in the periodically sinking negative areas, and that these shallow seas are situated between rising positive regions. 

” 
The latter are usually the faunal “barriers”, the geologic ‘“domes” and “axes” or “parmas,” and, in addition, in all such areas are more frequently seen the transgressive “‘overlaps” of the seas, structu al features of the con- tinent most easily overlooked because of their depressed topographie expres- sion. Much assistance is gained in this Way throughout the great interior basin of North America, but in the extensive folded and faulted geosynclines of the Appalachian and Cordilleran areas, dependence is for the present almost solely upon the distribution of the faunas. 

No one knows better than the writer that Paleogeographie maps are not as yet fixed and finally determined. His OWn err too much on the side of marine restriction because of the loss of formations through erosion and their obseuring through overlap. On the other hand, most of the published Maps embrace too much time and often formations that are not correlatives of each other. It is these synthetic maps that undergo marked changes with the increase of knowledge or renewed effort toward more de ailed an- alvsis, and the writer is eliminating them as fast as is permitted him. In 
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1910, he had fifty-seven maps illustrating the geography of North America 

since the Cambrie, and at present the number has risen tc eighty-five. Even 

though the maps are known to be faulty, still, constant effort at greater de- 

tail in correlation and the plotting of new stratigraphic data can only lead 

to greater perfection. The writer does not agree with Wizuis that ‘there is 

danger in carrying the refinements too far on the basis of paleontologic 

correlation alone,” although he constantly bears in mind this admonition. 

The maps in hand make it plain that the North American continent has 

been repeatedly inundated by the oceans and that the waterways recur in 

more or less definite patterns throughout each era. 

It is unfortunate but at present necessary that all paleogeographic 

maps must be drawn over the present geography, 1.e., the ancient geography 

is shown over that of the present, which is the result of all past diastrophie 

action and dynamic work. Therefore, none of our paleogeographic maps 

can be exact geographic pictures of the past. Then, too, if the earth is a 

cooling globe and has been shrinking throughout time, it is self-evident 

that all oceans and lands of the past appear too sinall on these bases. What 

this radial shrinkage in the course of time has amounted to, no one knows, 

but the magnitude of it becomes somewhat apparent if we accept the postu- 

late and calculations made by HEIM on the basis ofithe Cretacic-Cenozoie 

foldings of the Alps, amounting to 1000 kilometres (Dacqué, 1913, p. 203). 

Accepting postulates of this nature, all paleogeographic areas of seas and 

lands of any time must be progressively enlarged as we proceed back into 

geologic time. Geographic illustration also becomes progressively more 

inexact the greater the areas depicted, because of the projection of a round 

body—the earth—upon a plane surface. These matters are more fully set 

forth by Dacqué and it is well to bear such limitations in mind. However, 

for yresent purposes paleogeography must be illustrated on the maps of 

the present geography, but in the course of time greater exactitude can 

only come about through illustrations on a geoidal model. These limitations, 

so far as North America is concerned, are probably of less significance than 

for any other continent of the northern hemisphere, because of the com- 

paratively little erumpling its great interior region has undergone since the 

close of the Proterozoic. The paleogeography of the vast interior of North 

America can safely be drawn upon the zeography of the present, and the 

result, for all practical purposes, will give a fairlyexact picture of past changes. 

ParT IIL. 

ILLUSTRATIONS OF PERIODICITY AND PALEOGEOGRAPHY. 

The methods described in Part II of this paper have been more or less 

consistently applied by the writer during the past ten years to the mapping 

of North American geographies since the Cambric. All of these maps— 

eighty-five in number—cannot be spread before the Congress, and only such 

will be projected on the screen as are necessary to bring out the fact that 
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geologic time js clearly divisible into rhythmie periods, each one of which 
is delimited by a completed diastrophic cycle, The illustrations will begin with (1) the Silurice and (2) Devonie cycles, 
because of their remarkably sharp diastrophic development the world over. too, there is now very little disagreement among stratigraphers re- 
garding the boundaries of t ems of formations. Next will be shown 
(3) a small series of maps which bring out the fact tha the Pennsylvanie or Uppe 
from the Permic, The re 
single cycle, whereas in nearly 
waters, there a 

emergence, as is commonly 
cycles of diastrophice move- 

Finally will appear (5) 
in square miles the de- 
ne by the North Ameri. 

À. Silurie ( Upper Silurian) Period, 
The diastrophism in America is in general harmonious with that of 

Europe. 
The writer has thirteen maps of which ten will be shown :— 

General Emergence. 
Eo-Siluric (Gi-ardeau). 
EoSilurie (Edgewood. Becsie). Eo-Silurie (Brassfield-Cataract). 

Movement of A Ppalachia. 
Meso-Silurie (Medina). 
Meso-Siluric (Clinton). 
Meso-Siluric (Rochester), 

Time of Greatest Submergence. 
Meso-Silurie (Louisville or Upper Chicago). Meso-Siluric (Guelph). 

Retreat of Seas. 
Neo-Siluric (Salina). 
Neo-Siluric (Bertie, Eurypterus), 

General Emergence. 

B. Devonic Period. 
The diastrophism in America is in general harmonious with that of 

Europe, 
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The writer has eleven maps of which eight will be shown:— 

General Emergence 

Eo-Devonie (Keyser-Manlius) || ppderhergi 
Ec-Devonie (New Beotland)  j elerpenpan 

Movement of A ppalachia 

Eo-Devonie (Ridgley) Oriskany. 

Time of Greatest Submergence 

Meso-Devonie (Up; * Onondaga) 

Meso-Devonie (Upper Hamilton) 

Meso-Devonie (Genesee-Portage) 

Retreat of Seas 

Neo-Devonie (Upper Chemung-Lime Creek) 

Neo-Devonic (Bradfordian) 

General Emergence 

C. Upper Carbonic (or Pennsylvanie) Permic Period 

a is not in harmony with that of Europe. 

will be shown to bring out the 

cycle of sedimentation whereas 

The diastrophie action in Americ 

The writer has five maps of which three 

fact that in North America there is but one 

there are clearly two in Europe: 

Time of Greatest Submergence. 

Middle Missourian. 

Retreat of Seas. 

Lowest Permic (Permc 
Late Lower Permic (C: 

arboriferous) 

Appalachian Revolution and Close of Palewzoic Era 

A very long land interval follows throughout eastern North America. 

D. Cincinnatic Period 

North 

rminal part of the Lower Silurian or Ordovician of authors. 

_The writer has nine maps of Cincinnatic time of which six will be shown. 

The object of this presentation is to bring out the fact that the Ordovicie 

cycle of sedinentation in North America closes with the Trenton formation, 

while the younger, highly fossiliferous deposits so well shown about Cin- 

cinnati, Ohio, belong to another distinet diastrophie cycle, the Cincinnatie 

This movement seems to accompany the Taconic disturbance, à 

aking extending throughout the Appalachian moun- 

To visualize this cycle we will begin with the 

Borkholm, Brachiopodenkalk and Leptænakalk of 
Equals 

Europe. Thete 

period. 

period of mountain-m 

tains north of Virginia. 
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Time of Greatest Ordoricie Submergence, Lowest Trenton (Prosser or first stage in Trenton), 

Emergence of North A meriea apparently not quite complete. atie (Utiea) 
innatic (Eden-Frankfort), Eo-Cineinnatie (Lower Maysville-Puluski) 

Time of Greatest Submergence, 
Meso-Cineinnatie (Arnheim), Meso-Cineinnatie (Waynesville-Fernvale), 

Retreat of Seus. 
Latest Neo-Cincinnatie (Gumache) 

General Emergence, 

E. The New Geologie Time Table for North America. 
On the basis of t ie Paleogeography as now developed by the writer, and the diastrophism Postulated by these maps, a curve (Plate I) has been drawn showing the amount in square miles of the various inundations throughout geologie time since the beginning of the Cambrie. The North American continent, including all of Central America south to Panama, as at present emergent, has an area estimated to be about 8,300,000 square miles. This area is shown on the chart by the highest horizontal line or ordinate, and gives a ready basis for estimating the relative amount of inundation or emergence that the curve indicates for any given time. The other ordinates, numbered 3 to 8, are Separated at intervals, each representing 1,000,000 square miles, 

The vertical lines or abscissæ in the chart are eighty-eight in number and represent about the same number of paleogeographie Maps so far developed by the writer, The time names of these Maps appear in the lower part of the chart and are grouped in periods and eras according to the classification now in use. In all cases where the areal amount of inundation is not based on actual paleogeographic mapping or for other reasons is uncertain, this condition is indicated in the curve by a broken line. The time ratios given are those of Daxa's estimate, though somewhat changed, giving twelve to the Paleozoic, six to the Mesozoic, and two to the Attention is called to the great amount of time 
and Ordovicic periods—together 43 per cent. 

The per cent, of time for each period is give! 
ratios mentioned, but it should be stated th, 

and not calculations based on the known thickne. ions. Further, the chart makes no allow- 
intersystemic time breaks: those the hiatuses between the systems, and their be to separate the periods by times of un- yet, unknown duration. On the other hand, the intrasystemic breaks, when fully understood, will probably modify the eurve to a consider- able extent, and bring out the oscillatory nature of the Strand-line. 
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The new grologie time tuble based on diastrophism is given at the top 

of the chart, and can, therefore, be easily compared with the present one 

shown at the bottom of the table. The new arrangement follows the dia- 

atrophism plotted in the curve of the chart, and shows that there are seven- 

teen cycles or periods recorded in the North American continent, provided 

the Tertiary actually includes two cycles. The old classification -rcognizes 

at best but thirteen periods. 

A comparison of the eurve chart here presented (Plate 1) with the one 

on Plate 11, published by the writer three years ago (1910, PI. 101) shows the 

same general dinstrophism. In other words, the further and more detailed 

plotting of the geologie data during the interval has not given results at 

variance with those of 1910, for the number of periods recorded on the North 

American continent is still found to be seventeen. It will be seen, however, 

that in detail there are many changes. These alterations are due to the 

breaking up of many of the * nthetie maps into two or more paleogeographies 

of shorter time, resulting in far greater accentuation of the emergent portion 

of the period eurves. Of these, the most marked change is in that of the 

Devonie, which eurve new sharply distinguishes this period from the Miss- 

issippie, and thus harmonizes this diastrophie action with that of the other 

periods. In 1910, the writer concluded that the Devonie in the Cordilleran 

‘continued with but little physical change into the succeeding period,” 

and that 20 per cent. of the continent seemed to have remained submerged 

during this interval and into the Mississippie
 (1910, p.493). À further study 

of the late Devonie faunas and the breaking up into two maps of the syn- 

(thaca-Chemung), with the additional ref- 

Devonie instead of tu the Mississippie has 

region * 

thetie map shown on Plate 77 

erence of the Bradfordian to the 

brought about this marked paleogeographie alteration. 

A further study of the diastrophie eurve chart of 1910 (Plate IE) shows 

the line illustrating the amount of the periodic submergences and emer- 

regularly descending and ascending. On the other hand, 

the new chart (Plate 1) shows that the eurve during at least the Ordovicic. 

Cincinnatie (slight), Silurie, and Tennesseic is oscillatory, a condition ap- 

proaching the actual known records in the formations. As more detailed 

mapping is developed, the more oscillatory Wal become these submergent 

and emergent eurves, and it will be this minor diastrophism that will group 

the local formations into epochs ce  eries, and ages or stages. 

We should now ask ourselves «he question: Are these periodie erustil 

movements sufficiently clearly recorded in all or most of the continents 10 

be in harmony with one another and thus establish in each a natural and 

identical systemie sequence? The answer can be made even now that in 

general the diastrophie record is harmonious throughout the world but that 

it varies more or less in detail in all of the continents. The most variant 

continent is Africa south of the Sahara desert, as it records no regularity in 

the pulsating overlaps such as is found in Europe, Asia and Amer!'à. 

Throughout Paleozoic time the Indian ocean spread but once over à Si il 

portion of southeastern Africa, the record being the coarse Bokkeveld :!e- 
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posits of Middle Devonic time. The Mesozoie record along Fast Africa, is, however, much better, but on the west const it is also absent. Present Africa is, therefore, à greut remnant of a larger, continuously high-standin,g horst, of which undetermined areal quantities on the eastern and more es- pecially the western sides have sunk into the Indian und Atlantic oceans, The oceanice overlaps of Paleozoie North America are seemingly, in the main, in harmony with those of western Europe, but not wholly «0, The most marked disagreement is seen in the Permie of Europe and Asia, where a complete diastrophie cyele is clearly recorded, while throughout the greater part of Vorth America the marked Coal Mesures overlap completely van- ished shortly before the time when the Zechstein sen began its invasion over the former land masses. In America the Appalachian Revolution began its maximum of movement early in Permie time and the Atlantic ocean did noi again overlap the continent along the castern border until middle Cretacic time, and in the Gulf States not until Comanchic time, On the other side of the continent, however, the Pacific ocean regularly overlapped the west oast during Mesozoie time: and the maxima of the submergences, while not at all comparable in areal extent to those of Europe, appear to be in harmonyÿ with the pulsation of the Strand-line as recorded in Asin and the Mediterranean countries, 
The grand cycles or revolutions are casily recognized and appear to have affected the whole world at the same time, but the smaller periodie cycles, called epicyeles by WiLLis, are seen to be more difficult to harmonize throughout the continents. Wizuis thinks these epicycles “are grouped according to several distinct dynamic regions lie., the great oceans]. Each region has experienced an individual history of diastrophism in which the law of periodicity is expressed in cyeles of movement and quiescence peculiar to the region. The cycles of one region have been, however, to some extent Parallel, though not conterminous, with the cycles of other regions and thus major cycles of world-wide conditions are constituted by coïncidence of regional conditions” (1910, pp. 247-248). This conclusion is undoubtedly partly correct, but that diastrophie action within the dynamic region of the Atlantic \:as dissimilar on its two bordering lands becomes plain as soon as we look into their structural detail. For instance, the Eopaleozoic is closed in America by the Taconie disturbance of late Ordovicie time, while in western Europe the natural division of the Paleozoic era lies in the Caledonian move- ment at the close of the Siluric period. On the other hand, the birth of the great Paleozoic Alps of Europe is not due to the Atlantic dynamic region, but is caused by the thrusts of the then greater Mediterranean (Tethys); and these movements are not harmonious either in time or direction with those of the Appalachian Revolution. It is probably these differences that develop a Permic diastrophie cycle in Europe and A, » While at this time in America there is no invasion of the oceans. 

The theory of dynamic regions with special records has valuable pos- Sibilities. and should b inade use of by paleogeographers, KARPINSKY in 1N%6, called attention to this matter in his valuable paper on the movements 
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of the earth's crust in Russia, He states: ‘There took place in European 

Russia successive movements of the earth's crust consisting especially of 

sinkings, extending alternately in the direction of the meridians and the 

parallels. . . . The direction of the movements remained almost always 

parallel to the chains of the Caucasus and the Urals; during the most active 

period of formation of the Urals [i.e., from Middle Carboniferous into Lower 

Cretacic time], the dominant direction of subsidence was along the meridians; 

during the formation of the Caucasus [from about Middle Jurassie me into 

the Cenozoie, subsidences parallel to this range took place, . [and were) 

almost completely subatituted for the meridional der on" (1806, pp, 190- 

if 

In conclusion, we may truthfully state that there is a good deal of har- 

mony among geologists and stratigraphers in their use of the theory that the 

surface of the earth is periodically and rhythmically in mot in, and that this 

diastrophie action is at the basis of chronogenesis, developing not only cycles 

of sea invasion and land +: ergence but as well cycles of organie evolution. 

Although the eras are clearly recognizable everywhere, nevertheless, until 

the paleogeography 5 Europe is worked out in detail we shall not be able to 

say that the “ais; periods in current use are established in nature, Until 

that time, it wil be doubtless advisable for America to work out its own 

geologic chronulogy. At some later Congress, it is to be expected that an 

international committee will be appointed to establish a world chronology 

and a final taxonomy. 

To make the information contained in the eurve more easily compre- 

hensible, the following table is appended giving in square miles and in per- 

centages the areal amount of submergence and emergence that the North 

American continent has periodically undergone. 

Postseript.— At the meetings of the Twelfth International Geological 

Congress, held at Toronto, the writer hrst became aware of the scope of 

Uuic's papes entitled, The Ordorician-Silurian Boundary. The main 

points of this paper are (1) that all previous stratigraphers, and especially 

ScnvenerT, are in error in drawing the boundary between the accepted 

Siluric and Ordovicie at the top of the Richmondian series and beneath the 

Medina (the Upper Medina): (2) that all of the Richmondian is to be added 

to the Siluric, £e., the Siturie of ULicu; and (3) that all of the Maysvillian 

and Edenian (ineluding the Fulton and Utica) are to ue referred to the Or- 

dovicie as defi:ed by ULRICH. 

The object of the present writer's paper before the Congress was to cal! 

attention to the ‘eyeles of earth movement." He also coneluded th 

the surface of the earth is periodically and rythmically in motion, and tha 

this diascrophie action is at the basis of chronogenesis, developing rot on 

cycles of sea invasion and land emergence, but as well cycles of organ 

evolution. Although the eras are clearly recognizable everywhere [not 1 

Uzricu, as he refers all of the Coal Measures and Permic to the Mesozoic er 

a reference in which he stands alone], nevertheless, until the paleogeograpl 
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of Europe ix worked out in detail we hall not be able to say that the various 
periods in eurrent use are established in nature! (supra, p, 40), The writer “howed at the Congress, by a display of Paleogeographie 
Maps, that the Silurie [not of Union] and the Devonie [not of Canon] are 
In Most places satifactority delimited, and that the sea invasions in North 
America begin with small inundations rom 2 1 10 per cent. extent), rise 
to their elimax (30 an 38 per cent respectively), and finally rccocde to almost 
complete continental emergenee (2 to 5 per cent.) He next demonstrated, 
according to the Principle of diastrophism ns illustrated by paleogeography, 
that the Upper Carbonie, or Pennsylvanie and Permie periods are not separ- 
able in North America ax they are in Europe and ekewhere; and finally, 
that the Ordovicie ns usually accepted js really made up of three hydrosphere 
movement (according to Ut H only two), only one of which, the Cinein- 
vatie period (begins With 3 per cent, of inundation, rises to full flood at 41 
per cent, and recedos finally to L per cent.) Was illustrated by maps, Un objects to $ HUCHERTS boundaries of the Cineinnatie period 
and tries to show that the stratigraphie breaks between the Trenton and 
Utica, or Utica and Edenian, and again between the Ric bmondian and Upper 
Medina, are not of systemie value, On the other hand he states that ‘the 
Maysville-Richmond break has the diastrophie quulities to fit the require. ments"; in other Words, this breuk is of the desired_ period significance 
faunally and Paleogeographically, He adds: 1] Propose to recognize the 
break between the Maysville and the Richmond, and between their correlates, 
as marking the boundary between the Ordovician and Silurian Svstems in America. 

The writer is still a heretie in regard to these conclusions of Ucricu, 
even after several Years” verbal discussion and à careful reading of the Paper 
above cited. The subject of Unions Paper concerns not alone SCHUCHERT, 
but is in opposition to all American Stratigraphers, and the great majority 
of text-books, Consciously or otherwise, do not agree with Uzricn's faunal 
and diastrophie correlations as here set forth, At the Congress, Ution also presented a series of paleogeographie 
Maps showing the areal distribution of the Various seas under discussion, 
and even though they differed somewhat from those of the writer, in no case 
were the areas illustrated as under inundation markedly different from those 
presented by Senvonerr. In other words, ULricu's Maps proved a dia- 
strophie cycle almost identical with the Cinéinnatie period as demonstrated 
by the writer. However, it should be added that Urrro presented no maps 
of the earliest Richmondian seas, but even if he can show that these waters 
begin with a Very small spread, it would still leave this inundation with the 
ürmarks of a complete cyele_ of sea invasion and a marked diastrophic 

inovement, 
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TABLE OF NORTH AMERICAN DIASTROPHIC CYCLES 

OF SUBMERGENCES AND EMERGENCES. 

Er} 

| Square miles | Percent- Statement 

| submerged | age sub- in 1910 
| merged 

Cambrian of European authors. 
110,000 

Middle Waucobie (Mesonacis). 

Middle Waucobie (Olenellus) _ 1,550,000 

: | Upper Waucobic (Final Olenellus. Sea 

… Lower Waucobie (Nevadia 

: | 
870,000 

aucobic 
possibly continuous in (Cordillera; 

complete land in Appalachia 
W 

Lower Aendic (Protolenus).......:::-:-: 
900,00 

| Middle Acadic (Lower St. Croixan Re 2,410,000 

Upper Acadie (Upper St. Croixan into 

| complete land) A 

Lower Ozarkie (Briarfeld-Ketona)... ..... 150,000 

| Middle Ozarkie (Potsdam-Copper Ridge)... 1,915,000 

| Upper Ozarkie (Shakopee-Roubidoux) 565,000 

n] 
Lower Silurian or Ordovician of European 

authors. 

Lower Beckmantowr (estimated)... 

À Middle Beekmantown.........: 

Upper Beekmantown (estimated) 

PT CES 

Devonie 
: Lower Oré.v'eic {St. Peter) 

Middle Ordovicic (Stones River-Chazy. 

A synthetic map)......... Le 

Black River (Lowville) about... " 

Black River (Watertown) about. 

Black River (Decorah) about. 

= Black River (Kimmswick, estimated)...... 

Basal Trentou (Prosser or first stage in 

Trenten) about 

Middle ‘Trenton (Wilmore or t 

in Trenton) about........... 633,250 

Upper Trenton (Catheys or se 

in Trenton) 
283,000 

Ordovicie 

carre Mississippie 

290.000 
350,060 

to 
475,009 

: Lower Cincinnatie (Utica) 

Lower Cincinnatie (Eden and Frankfort).. 

Lower Cineinnatic (Pulaski-Lower Mays- 
475,000 

villian) 
Lower Cincinnatic (Maysvillian)........ 475,000 

Middle Cincinnatie (Arnheim).…. 

Middle Cincinnatie (Waynesville-F 

Upper Cincinnatie (Gamache) 
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TABLE OF NORTH AMERICAN DIASTROPHIC CYCLES OF SUBMERGENCES AND EMERGENCES—Continued, 

Square miles | Percent- Statement submerged age sub- in 1910 
merged 

Upper Silurian or Silurian of European authors. 

{ Lower Alexandrian (Girarde, % 165,000 Lower Alexandrian (Edgew: | 250,000 Upper Alexandrian (Brassfield-Cataract).. | 1,560,000 Lower Niagaran (Medina). . Tes 410,000 Lover Niagaran (Clinton)... 775,000 Middle Niagaran (Rochester). CES 2,400,000 Middle Niagaran (Upper Chicago) 2e 3,200,000 Upper Niagaran (Guelph)... 2,875,000 Lower Cayugan (Salina). 
650,000 Middle Cayugan (Bertie)... 690,00: VU Upper Cayugan (Tonoloway).….. 420,00 

Deronian of European authors. 

Helderbergian (New 
850,000 Oriskanian (Shriver) è 850,000 Oriskanian (Ridgley)...... e 950,000 : Middle Devonic (Upper Onondaga) : 1,205,000 Middle Devonie (Upper Hamilton). 3 3,150,000 Middle Devonie (Genesre-Portage). £ 2,840,000 Upper Devonie (Upper Chemung).….….. °° 1,310,000 * Upper Devonic (Bradfordian. Estimated) 200,000 

| Helderbergian (Keyser- 
520,000 

Lower Carboniferous 0j European authors. 

Mississippie 

Lower Merame: 
Middle 

Lower Ste. Genevieve 
Upper Ste, Genevieve (Birdsville). . 
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TABLE OF NORTH AMERICAN DIASTROPHIC CYCLES 

OF SUBMERGENCES AND EMERGENCES—Continued. 

| Square miles | Percent- Statement 

| submerged age sub- in 1910 

merged 

Upper Carb, and Perm. of European authors. 

Lower Pottsvillian 
+26. 

Upper Pottsvillian.. ..... : +31. 

Middle Missourian......... e ! +27. 

Upper Missourian (Estimated)...... : 24. 

Lowest Permic (Permo-Carboniferous . 22. 

Late Lower Permic (Capitan) 
5. 

Middle Permic. North Amerien emergent. 

| Upper Permie. North America emergent. 
Sun 

ACQU 

Pennsylvanic-Permic 

Triassic of European authors. 

Lower Triassic (Meekoceras) 

} Middle Triassie (Columbites-Tirolites) 

| Upper Triassic® (Tropites-Halobie).… 

Upper Triassic (Close. Estimated)... Triassic 

J'urassic of European authors. 

Lower Jurassic (Hardgrave) 

Middle Jurassic (Estimated). . 

Early Upper Jurassic (Sundance). 

Late Upper Jurasaic......... Jurassic 

Lower Cretaceous of European authors. 

{ Lower Trinity (Estimated)... ee : N ; 

Upper Trinity. ; | NEwBER 

+ Fredericksburg , : 

Lower Washita. 
Upper Washita (Estimated)..….. Comanchic 

Upper Cretaceous of European authors. 
HOME K. 

Dakota (Bear River. Marine cnly, esti- | tausay, 

Lower Colorado (Benton 

+ Upper Colorado (Niobrara . . RES 

Lower Montana (Pierre)... ; ; CHUCHER 

Laramie (Estimated) né 
# 

Lance (Entire continent probably emergent) 
RUES E: 

Cenozoic or Tertiary of European authors 
| Es . 

2 { Eocene (Later Midway. Estimated) 500,000 
CH, E 

Eocene (Wilcoxan)..... s 610,000 Uinicn, E 

Oligocene (Ciniborne-Jackson). Ée 295,000 

| Oligocene (Vicksburg) re 335,000 Vacenax, 

Alum Bluff...... ; 350,000 . 

( Lower Miocene. RS ê es 245,000 3. 83% 

Upper Miocene..….... : Fan 365,000 +4. 4% 

| Pliocene...... ne nee ____ 80.000 3 
. 

In addition to the marine extensions, there are in the Rocky mount: 

420,000 square miles of fresh-water deposits. 

Wicis, Be 
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THE ORDOVICIAN-SILURIAN BOUNDARY. 
LS 

E. 0, ULRICH, à 
UK Geological Survey, Was üton, DC 

With eight mn sort a tube 

Thé subject in Whose discussion D have lOUr And priviloge to 
Participate is an eXtremely broad on It cover FC e Of str itigraphy ; 
and this means that it covers also «4 rs branch lontology and that it 
touches most of those of structural goology nl Siography. ing so 
comprehensive it js Manifest}y impossible » diseuss 4 the ver cral proposi- 
tion in anything like an adequate manner int} or ne allottel to us, 
Fortunately for me the Geological Society of Ancrica Publisied less than 
tWO Years ago à work entitled Revision of the Palevznie Systems, in Whieh 1 
Xpressed myself rather fully on the geologie criteria uw principles chietly 
involved in this discussion. Since only the barest oütline of the principles 
of stratigraphie correlation and taxonomy can be given Lere the reader js 
respectfully referred to the Revision for details. Before taking up this out- 
line a few explanatory remarks scem desirable, Unfortunately only a small part of the mass of data which formed the 
basis of the Principles of correlation and taxonomy which are defined and 
iliustrated in the Revision could be Presented at that time, Jn fact Most of 
the results of MY stratigraphie investigations in the past twenty veurs have 
not yet been published. Immediate justification of my reluetance to publish 
the evidence ns it Came to hand is seen in those of MY papers which, for one 
reason or another, it was thought necessary to issue during this time, Most, 
if not all of them, are sadly in need of repairs. Some of the imperfections which are now so obvious in these Papers are 
due to the necessity of adapting my conclusicns to methods and Opinions 
which happened to Prevail at such times on the Federal Survey. The greater 
Part of them, however, is to be ascribed to personal errors in observation and 
judgment, and to change in methods and views incident to the transition 
from the old to a newer conception of geological conditions. The bonds of 
Convention and early training were too strong to be easily thrown aside. 

In ordinary cases simple caution Might well pass as a sufficient excuse 
for delay in Presenting evidence. But this has not been an ordinary case. 
Great and really fundamental changes were Contemplated. lo insure th 1 Published by permission of the Director of the US, Geological Survey as contain 

ing well considered opinions, some of which have not, however, been officially adopted 

by that Organization. 
3 % 
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594 E. O. ULRICH 

respect and confidence of my fellow workers in the science it was demanded 
that the innovations, which grew and grew with the progress of my investiga- 
tions, must be supported by plausible and logical arguments and a wealth 
of irrefutable data. 

To begin with 1 realized that many sections must be studied before the 
facts in any one of them can be properly interpreted. It became apparent 
also very soon that many sections must be studied again and again in the 
light of later discoveries. It is impossible to note every feature of a strati- 
graphic section on the first visit. This is particularly true when it comes to 
determining the relative weights of the several plienomena. Indeed, most 
important features may be at first entirely overlooked; and this may happen, 
as it has frequently to me, even when the facts are clearly displayed. But 
these repeated investigations required much time: and with so much to learn 
and such great opportunities as came to me in the course of my official work 
on the Federal Survey, there was no time for writing. 

As I see it now it was really fortunate that I could not get time to write 
up the resuits of my investigations. I count it so because it is almost impos- 
sible to escape generalizations in describing sections. There were times when 
I would have determined one bed as Trenton, another as Utica, and a third 
as Niagara, and in each instance without sufficient data to insure the corre ct- 
ness of the correlation. In consequence these publivations must have Feen 
burdened with immature and perhaps wholly r°6r-rect conclusions that, 
corsciously or otherwise, would have tended to bins subsequent deteimi- 
nations. 

But the delay in publishing has not prevented the full and continuous 
use of the data—by others as well as by myself—sc s00n as they came to 
hand. We felt the great need of systematically correlated facts which might 
serve, at least temporarily, as a basis for practical criteria and principles of 
stratigraphic correlation. We aimed to attain more definite results than had 
been achieved theretoforc; and with that end in view the original suggestions 
and theories were carefully tested in the field. If the tests proved satisfac- 
tory, then the ideas were accepted as good; if t'y did not apply truly, then 
we tried to learn why and wherein they failed so that they might be modified 
to fit the facts. 

In these field experiments 1 enjoyed the efficient though generally critical 
aid and counse! of many of the geologists connected with the U.S. Geological 
Survey. Among these Ï am particularly indebted to C. W. Hayes, J. A. 
Tarr, G. W. SrosE, R. S. BASSLER, and CHaRLes Burrs. Other geologists 
also, notably J. M. C2aRkE, H. P. CuskiNG, and R. RUEDEMANN, of the 
New York State Survey, and CHARLES SCHUCHERT, of Yale University, aided 
very greatly in the trial and further development of the criteria and principles 
finally published in my Revision of the Paleozoic Systems. Without their 
support most of my efforts toward systematising stratigraphic correlation and 
taxonomy must have proved weak and perhaps a complete failure. 

These facts are brought out here not only in justice to the geologist: 
mentioned, but to make it clear that between us a large amount of mostl, 
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THE ORDOVICIAN-SILURIAN BOUNDARY. 
595 unpublished information has accumulated. As much of it as c incorporated in several large works which now well on the way 

an be will be have been long planned and arc toward completion, Another reason for mentioning my 
associates in these investigatiors is to show the injustice of the accusation 
which has been made on several Occasions, namely, that I se things that no 
other can observe. The fact is that I seldom work in the field alone. Con- 
sequent]y, nearly all of my field observations have been Corroborated by or 
shared with competent stratigraphers. In Many instances, too, it was 
necessary to establish the truth of my interpretations to the satisfaction of 
strong critics. 

My final reason for the for going statements lies in the hope that they 
may be accepted as à sufficier it protest against the criticisms of certain 
paleontologists who seem inclined to deny the Propriety of using fac 
have not previously been established in literat which general principles may be founded. because the existence of a fact is not dependent on its publie demonstration 
It was no less a fact before its discovery; and it became an actual asset to 
whoever acquired it immediately following its acquisition, acquired, the new facts can not be ignored, In framing the conclusions presented in MY Revision of Paleozoic Syste ms, 
I tried to consider all the facts known to me, the unpublisheq no less than 
those universally accepted. Indeed, much of the new information proved of 
the greater value because it had been gathered with a definite and Systemati- 
cally directed Purpose. 

ts which ure as part of the evidence on Such criticism seems unjust 

Moreover, once 

STATEMENT OF PRINCIPLES, 
In my Revision of the Paleozoic methods of Stratigraphic correlat and diseusse 

Systems the criteria, Principles, and ion and classification are arefully defined 
Pd as fully as the Space allotted to the work permitted. On the 

Present occasion, however, I shall mention, with such comments as seem 
essential, only those principles which are regarded as Pertinent to the present 
inquiry and also of primary importance in the Conception and development 
of a truly systematic classification. 1. The first of these Principles 18 concise ‘once a syneline always a synéline.”" In other words, areas that now exhibit 
antielinal structure have always been characterized by tendeacies, while in those which are 

1 stated by the expression, 

relatively positive synelinal, negative tendencies predomi- 
nated. The continents being a combination of positive and negative elements 
of which those of the former type prevailed over those of the latter, it follows 
that, from the beginning of the Canibrian, at least, on to the present time, 
the continental platforms have Maintained essentially the same general form 
and location, Similarly, the oceanie basins, on the whole, have always been 
relatively depressed arens, 

“Naturally, the distinctive characteristies of the positive and negative 
areas are developed to varying degrees, being strongly expre ssed in one cas 
and perhaps but weakly in another, Besides, an area that is Rormally nega- 
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tive may be included in a broader area in which, taken as a whole, positive movements prevailed, Obviously the vertical movements of such an area must be purely relative, its attitude with respect to sen level being dominated by the emergent tendencies of the region of which it forms a part. Submer- gence of such an area of ill-recorded negative tendencies could occeur only at times of unusual subsidence. On the other hand, relatively positive areas, as for instance submarine ridges and plateaus, May at times be dragged beneath sea level by the dominantiy negative tendencies of the general area of which they form suhordinate parts. It seems no more improbable, there- fore, that intercontinental connections frequently rose out of the area of the Present oceans, than that there are now and ever have been relatively low places or valleys on the emerged parts of the lithosphere, “But aside from these modifications, which do not affect the idea ser- iously, the prevalence of positive movements in one region and of negative displacements in another has tended in corr, sponding degree to permanence in distribution of land and water over the face of the earth," The general truth of the principle of essential permanence of earth features is incontestibly established by the fact that in all anticlinal areas the Marine formations tend to lap out, while their thieknesses here seen invari- ably to be inferior to those attained in adjacent synelinal areas. Moreover, those synclinoria in which the Cambrian formations are strongly developed usually contain also the greatest thicknesses of subsequent Paleozoie forma- tions. 

2. The second important Prineiple pertains to the physical characteris- ties of Paleozoie lands and épicontinental seas. The Paleozoic Ja ds, Ltake it, Were in general much as they are today. Speaking only of the northern continents, the borders on the east, west and south were more or less elevated and subject to orogenie activities, while the great interior parts, including the northern margin, were practically flat and occasionally affected by gentle Warpings of the surface, In detail, however, the present conditions, so far as relative relief nd location of high lands are concerned, differ greatlv froni those which prevailed through most of the Paleozoic ages. The relief of the continents on the whole has increased with time. Further, the folded belt was located much nearer the edge of the continental platform than it is to- day.  Finally, the interior Plane is not only higher and more diverse in relief and dissection now tan at any time during the Puleozoie eras but it shows in its Structure the accumulated result of frequent Warpings and of repeatedly alternating submergences and emergences, 
As for the Paleozoic epicontinental sens, there is, so far as I am aware, no satisfactory evidence whatever indicating that any of them was very deep. On the contrary, and this is certainly true of North America, all of them seem to have been shallow and most of them probably did not exceed 200 or 300 feet in maximum depth. It appears further that none of these seas ever extended completely across a continent. It is truc that such a condition is 

L Revision of the Paleozoie Systems, p, 603 
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597 frequently indicated on paleogeographie Maps of North Am 

instance where these maps show Arctic and Pacifie w. invasions from the Gulf of Mexico, I have satisfied myself that they are 
Synthetie in that they combine two or more wholly distinct Stages, As I see 
them, the Paleozoic epicontinental scas occupied mostly small, shallow, and 
often disconnected basins, CoMmunicating at one end or side with the nearest 
oceanie basin. In general they must have been much like Hudson b: av, which, 
indeed, 1 regard as a modern representative of the American Paleozoie 
interior Continental sens, These basins were filled and emptied many times, 
occasionally receiving their Waters from the Atlantic, at other Umes from 
the Arctie, and ofttimes from the Gulf of Mexico, So long as the inland sea 
Maintained southern oces 

ept size, But 

ane connection jt varied in little exe 
aters the &eographic pattern differed 

à, but in every 
aters Commingling with 

with each change in the source of the w: fundamentally from the next Preceding. In the Appalachian region the sens were ofte troughs which connected at some these troughs communicated gin they Paralleled. 
Tbe Jands being low and £enerally quite featureless and the sous shallow, 

it is inferred that the shores were gently sloping and, as à rule, broad mud 

flats or sand beaches, Under such conditions Wave-Cutting must have been 
almost negligible in amount. Surface €rosion, too, must have been relatively 
insignificant the chief factor in the Process being subaerial decomposition. 
Obviously, under the inferred conditions, angular Unconformities and course 
conglomerates could occur only in eXceptional localities, As a rule, then, t} 
physical evidence of even a long and otherwise Unmistakably indices 
of emergence and conséquent discon areas of the continent js necesss 

n_Contained in narrow point with the Atlantic, Oceasionally at both ends with the oceanie basin whose mar- 

1e 
ed period tinuance of sedimentation in the interior arily inconspicuous 3. The third &roup of principles relates to the instability of the lithosphere 

and consequent displacements of the strandline. Using North America as à 
type, I showed in the Rev on that the Marine deposits of each of the many 
geologie ages Varied more or less decidedly in distribution from those of 
preceding and Succeeding ages, From this fac and especially because the 
Variations were differential in extent and direction and not regularly progres- 
sive or regressive, it was inferred that they wer less local or general deformative Movements within the lithosphere, These 
Mmovements were not confined to the Marginal tracts of the continents, but 

affected in VarYing degree and manner all p äreas of the continents these déformations Were relatively gente and the 
vertical components of the movements Were Small, but on and featureless relief of the interior the strand'ine, 

occasioned chiefly by more or 

arts of the surface, In the median 

account of the low areas they caused great displacements of All diastrophie movements and Processes have ever been characterized 
by periods of activity alternating With periods of relative quiescence, Period- 
icity, then, is a fur mental factor of geologie history. Further, al] 

diastrophie Processes inust be rhythmie in Operation and recurrenee, Locatise 
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they are occasioned by the necessarily rhythmic action of terrestrial forces. 

Diastrophie movements, therefore, offer a systematic basis for classification. 

Shifting of the strandline is a natural and inevitable consequence of 
surficially indicated body deformations of the earth. Disregarding certain 

qualifications, it is accepted as a fact that the effect of any vertical movement 
of the lithosphere is contemporaneously and universally recorded by some 

corresponding relative change in the level of the sea. These changes are 

usually indicated in the stratigraphic record by evidence of either advance 
or withdrawal of waters from the epicontinental basins, in other words, by 
some kind of stratigraphic or faunal break. 

Within the same province of a given continent, and probably in those 
occupying approximately the same latitude in other continents, the change 

in the location of the strandline at a given time is likely to be of one kind, 

that is, the shore line throughout the concerned areas will either advance or 
retreat as the case may be. But when the rocks in distinct provinces are 

compared, especially when one is connected with the Gulf of Mexico or the 
Mediterranean and the other with the Arctic sea, it is commonly necessary 

to correlate evidence of sea withdrawal in the onewith evidence of sea advance 
inthe other. This necessity comes about through the proof that the northern 
invasions are but seldom, if ever, synchronous with those which came in from 
the south. Judging from abundant evidence it appears that, under condi- 
tions favouring Arctic invasions, the continents were tilted to the north so 

that emergence obtained in the southern parts. At other times it was tilted 

to the south, thus permitting southern invasions and causing emergence in 

the north. (See Revision, pp. 367 and 405.) 

4. One of the cardinal principles of modern stratigraphy is that the 

accessible depositional sequence, at whatever locality and however obscure 

the breaks, is always incomplete. The more complete the stratigraphie record 
the more numerous the hiatuses: the fewer the breaks the greater their aver- 

age time values; and the relative conspicuity of the physical signs of the 

break is never a safe indication of its importance. Two sandstones, or it 

may be two shales or two limestones,—one unit of each pair closely simulating 

the other—may be in such intimate contact that continuous deposition is 
suggested; and yet a great time break with emergence may often be proved 

to have occurred between the two parts of the apparent lithologic unit. 

Neither is the relative volume of deposits nor their areal extent a safe 
criterion. Two or three periods may be locally represented in a few feet of 

sediments. This is really a common occurrence on the flanks of the Nash- 

ville dome, where the Silurian and Devonian are often represented by thin 
overlap wedges. _ On the flanks of the Ozark dome, indeed, not only the 

Silurian and Devonian but the Ordovician system as well is locally absent 
and never strongly represented. Here, then, three periods may be repre- 

sented in a varying sequence of deposits aggregating but a few hundred feet 

in thickness. If these fragmentary records were all that was known of these 

systems, it would be very difficuit if not impossible to prove their true sig 

nificance in the time scale,  Fortunately, each is represented elsewhere by 
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thousands of feet of sédiments. More fortunately still, we can prove by satisfactory evidence that the thin wedges represent only small parts usually the upper part—of widely spreading formations of their respective periods which happened to extend by overlap to accessible situations on these flanks from some other area in which a more complete record was laid down. Of all the features of the new con. ption, the smallness of the continental seas and the frequency and rhythmie occurrence of the oscillations, which caused withdrawal and sbifting of the seas from one basin to another and thus interrupted the Process of sedimentation, will perhaps seem to the average geologist the most difficult to grasp. But these together constitute the very backbone of the revision. Without them the distant correlations largely fall to the ground or remain indefinite or unsystematized as they have always been, 

It is not claimed that the basic ideas are new. It is mer, proposed to apply them more generally than was heretofore contemplated. We have long recognized that some of the Paleozoic seas were small, that they occa- sionally shifted their boundaries and that there must be something akin to rhythm in the great deformative movements that were more or less clearly suggested in the stony record. But these phenomena were treated as excep- tional and local and not as definitely connected with a general, systematically developed, diastrophie process, That the strandline moved in obedience to the gradual development of this process and registered its stages, and that it therefore offered a definite and easily applied basis for stratigraphie correla- tion and classification, was only partially acknowledged.  CnamBenzix and SALISBURY recognized the importance of the factor in so far as the major divisions of the stratigraphie column are concerned, but the demonstration of its applicability to minor divisions no less than the Major is the task now before us, 

5. The principles of correlation by fossil faunas and floras are of the highest importance. But, like all other lines of evidence employed in ag determinations and stratigraphie correlations, the apparent testimony of the organic remains requires to be carefully considered and checked before we are justified in aceepting it as conclusive. Though the great value of fossils in stratigraphie correlation is universally and justly acknowledged, it is nevertheless a fact that, where very close and detailed age déterminations are Concerned, faunas have often led us astray. The fault usually lay much less with the fossils than with ourselves who presumed to interpret their testimony. Commonly our information was inadequate or imperfect either as to the exact stratigraphie relations of the Specimens in a given collection or regarding the actual time value of certain species or faunas. The import - ance of the ever-to-be-feared latter possibility was again most forcibly impressed on me during the past month, when Mr. G. W. Srose and I found an upper Cincinnatian (middle Maysville) bed in southwestern Virginia which contained, besides the usual diagnostic fossils, three species hitherto unrecorded from this zone. One of these is an orthoid that I have not yet Succeeded in distinguishing from the <ommon middle and upper Trenton 
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variety of Hebertella borealis.  Heretofore, 1 placed great faith in the sup- 
posed extinction of this type of shell at the close of the Trenton. The second 
stranger is so much like the Medina and Clinton Bucantella trilobata that 
1 fear it can not be differentiated by well marked characters. As to the third, 
E would have identified it unreservedly as Lingula oblonga, a late Medina or 
early Clinton species in New York, if it had been found by itself. All three 
of the forms are extremely abundant. 

Not infrequently we f 
preconceived ideas as to the age of the containing beds: and sometimes our 
standard conception of the fauna of a given time been an unnatural 
composite of the life of two or more distinct time units. A good example of 
the last is found in the ‘Clinton fauna of literature, the greater part of 
which is made up from the fauna of the Rhinopora verrucosa zone (“Ohio 
Clinton,” Brassfield), while the remainder is derived from beds of the typical 
Clinton. That the stratigraphie and faunal distinctness of these two litho- 
logically similar formations was not observed long ago is doubtless due to the 
fact that their geographic distribution is so different that they 
seen together in the same section, and when they are it is only their overlap- 
ping edges that are in contact. Ordinarily, therefore, they seem to OCCUpy 
the same position in the stratigraphie sequence. 

The criteria and principles of paleontologie correlation are fully discussed 
inthe Revision, pages 281-680. The principles therein presented were logi- 
ally determined by field experience in the application of fossil evidence in 
stratigraphic correlation. The practical utility of the principles lies chiefix 
in seeking to take fully into account the many pitfalls that lie in the path of 
the paleontological stratigrapher. Greatest among these dangers are those 
which arise from recurrences of species and faunas, from provincial dif- 
ferences due to peculiarities which distinguish the development of life in the 
several oceanic basins, and from the effect of currents on the distribution of 
certain faunal elements. 

When Epwarp Fornes and other students of marine z0o0logy showed 

into error because our judgment was biased by 

are seldom 

the great local variation in the character and number of organisms which 
exists along the present coast-line of Great Britain. paleontologists seized 
upon the idea as a satisfactory explanation of the local faunal differences 
observed in Supposedly contemporaneous beds Generally these correlated 
beds differed in lithologie éharacter, one perhaps being a limestone, the other 
a shale or may be a sandstone.  Occasionally the sandstone contained no 
fossils at all: or when organic remains were present they differed more or 
less decidedly in kind and abundance from those observed in the limeston: 
and shale deposits which were believed to have been laid down in other parts 
of the marine basin at the same time as the sandstone. In other words the 
faunal differences were aseribed to differences in environment, such as varv- 
ing littoral and bottom conditions which, while favouring the development 

ds in others, 
were distinetiy unfavourable to all in the remaining instances. ‘That sucl 

of most kinds of marine life in some cases, or only certain 

varving conditions obtain to-day is too firmlv established to be questioned, 
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Nor can we doubt that simil 
faunas of Past gcological ages. 

Though admitting the 
scem to be good re 

ar Variation in distribution affected also the 

general validity of the pr asons for questioning the Wisdom of Vital and &eberally applicable factor in So many Cou timge 

position there yet 
its acceptance as na practical Stratigraphy. There re neies that may seriously affect, if they do not entirely vitiate, 

the conclusions se readily drawn from the indiseriminate application in gcology 
OÙ the perfect|y rue idea that the Composition of 4 marine fauna, nay, its 
Very existence, is largey influenced by or dependent on environmental 
conditions. That the Practical value of the principle in stratigraphie pale- #Ù should be clearly seen by Comparison of the matrix in lossils, He will find that t} 

ontologx is commont verre 
those who will 

an large collection of * charaeter oÙ the rocks in which the lound has mo definite relation te the 1 Whether the rock js ü Hmeste 
that it is a marin deposit, there 
found in eneh, Xor only th 

undertake an extens 

fossils are kinds of organic remains contained in 1 shale, or à Sandstone, provic is Me mmtter 
ling only 

Ldifference in the kinds of fossils Sie classes and gencra but often the San all three kinds of rock. This, at lenst, is MX OWR experience in the lield study of Pal and the results of « 

Species are equally abumeant 
the testimons iflorded by 

ozoic lossiliferous rocks : 
“oMmparative studies ten the ling to show OÙ Brachiopoda to particular kinds of Loorr  soetn to br 

itions of Cambrian geners sediment, recents published by 4 
quite in accord with 

HV oWn conclusions 
Ieis a well-known fact that tu Composition oÙ the faune at particular 

ponts of à cod SU MAX Vars considerabls fron time to time, Indeed certain 
limited stretches that only à few Vars or decades NOW barren. Mn other instances the Such minor and probs 
positively recognizable 

#80 teemed with life se opposite reversal has occurred. But DIX irregular lateral shifting of 
in the fossil state, to lay down a Single laver of limestone changes in faunal habitat very likely seams in the layer m 

and this Should be 

faunas could net be 
In the course of the tie required Sax à loot thiek, these small lateral vecurred many tines. | uproduet Ÿ often suggest the barren intervals, but more particularly the Stones, the fossiliferous laver y Besides, even if tlx faun, 

“ à rule, Case in the slowly deposited line- ives no clear indication of their occurrence. 4 WAS oceasionally withdrmwn lo lv, the record of 
the fact would be oj seured and 

the transporting another organic remains derived Thus, between then ual slowness of deposition l-fro sbifting of habitat ani tlu transportation 0f dead shells the tony record is ons eXécptionally a true 
representation of the actual facts bértaining to faun particular time, The record for those 

apprenti negative by effect of waves and Currents on dead shells tom néighboring colonies, 
he normal to-un 

more or less fortuitous 

ul distribution at anv parts of the fossilized bottom which 
May have been Comimonly barren stretches Of the ancient so coasts is there- 
ore noces 

in which the hard remains 
reauns of organismes that 

'ily a more or less composite pictupe the life in adjacent areas are mingled with tu 
IMacorr, C PATES Geol. Survey A 
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oceasienally lived in these places, Reasonably exnet records of the fossiliz- 
able life of any given spot of the littoral zone were possible only wken the 
colons was suddenls buried beneath sediment that was not subsequently 
disturbed. This ocenrred commons enough in the case of sardstones and 
shales, whieh for the sure reason have given us our n ost periectis preserved 
fossils, but took biace only very rarelv where caleareous and magnesinn de- 
posits Were being laid de Perhaps the best exceptions to the rule in the 
last cases are to be found among the limy reefs. When these are fossili- 

rondequoit limestone of New York or certain parts 
Micbigan, the fossils found in the dépressions of the 

reel probably represent vers fairly the fauna that actually lived in or on the 

ferous, like those ir ti 

of the Mesodevoninn à 

reef, 

Paleontologists persist in forgetting that goologieal time is very long, 
Most of us, too, fail to bear in mind that species and faunas, given an 
unimpeded way, migrate from place to place so rapidiy that we can not hope 
to measure the progress of the transgression stratigraphieally,  Adequately 
considered. these two facts will not permit us to assume Without abundant 
corroborative evidence that the absence at one place of à fauna that is com- 
monly present in the formation with which we n y be inelined to correlate 
the unfossiliferous rock. is explainable on the ground of original difference 
in habitat. Neither are we justified in applying this possible explanation 
in accounting for radiea differences in the faunas of beds that are unlike in 

but te 
In both instances experience teaches that the concerned 

and when the differences 

lithologie characters OCCUpy sceminglr 6 tivalent positions in 
stratigraphie scale. 
beds are most probably not contemporaneous 
in the two faunas are greut, it is more likely to prove that they owe ticir 
distivetness to dérivation from distinet oceanie r ils 

Aburdant evidence has aceunulated tending to <how that two or mor 
faunal aggrogates may contain in common a large percentage of identical 
or closely allied species and vet differ widely in age. Simulating faunas 
like these usually signifs recurrent invasions from the same oceanie basin 

and further, 
auna Of à given realm is to be aseribed to in- 

They indicate also the extreme slowness of spécifie mutation, 
that the modification of à 
corporation of migrants from other centres of dispersal and to local or partial 

s rather than to evolutional modification 
extinction of the indigenous spe 
of the latter. Finally, they indicate that very decided faunal breaks be 
twWeen contiguous formations whose respective ages are not so greutiv 
différent have resulted from the alternate capture of a given continental 
basin by waters invading from distinet oceanie basins, 

Complete changes in the source and direction of the faunal invasions 

Here Atlantic 
invasions are repentedis superseded by incursions from the Gulf of Mexico 

From th 
Standpoint of corrélation by fossil contents it is a significant fact that thx 

more closely than 

alternate 

seen to have occurred frequentiy in the Appalachian troughs. 

and occasionally one seems to have come in from the north. 

récurrent Atlantie invasions always resemble ench other 
they simulate the southern or northern invasions with which they 
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THE OoRpovix IAN-SILURIAN BOUNDARY. 603 The Principle is well illustrated by Comparing certain Superposed Medina 
and Clinton faunas in Western New York. Thus, w hile the general Composi- 
tion of the late upper Medina Rhinopora verrucosa fauna is strikingly like that 
of the late Clinton-Rochestsr shale fauna, both of which invaded from the 
Gulf of Mexico, neither is at all like the intervening faunas of the lower and 
middle Clinton divisions which invaded from the Atlantie side, The Roches- 
ter is followed in New York and Ontario by the totally different Guelph- 
Lockport fauna- an northern invasion. E idently, a long interval of non- 
deposition “éparates these two formations in New York, In Indiana, 
Tennessee and other plecs in the southwest this interval is broken up into 
Saller gaps by inte Veniug invasions from the south. In one of these the 
Waldron shale_ we recognize another, though, as à rule, specifically modified 
9écurrence of the Rochester fauna. the fact of recurrence in these instances of closely simulating faunas 
Were not apprehended, mere ‘matehing” of species would most likely lead 
to erroneous correlations, But we have learned_ that in all such cases the 
récurrent fauna js accompanied by certain new things which are strietly 
diagnostic of each invasion. Instead, then, of relying on the &eneral aspect 
Of a fauna in making a close age determination, we select and depend more 
and more on such of the new species, and Particularky on certain definitely 
traceable and limited invasions of one or more species new or recurrent 
which have stood the test of time and abundant triuls and thus carned our 
confidence, But, after all, the value of our criteria is determine ence, Possible exceptions should ever be he we make they must never be 

“by experi- I in mind: and vhatever rules applied unreservediy except in the arens in 
which they have been proved. However excellent May be in one trough, or basin, or provinee, 

# guide à given fossil its correlation value in another be Very small or altogether different, Anoplothccx hé mispherica, 
Atrypa Marginalis, Atrypa rélicularis, and Pe nlamerus oblongus are good 
examples of such loc Iy varving values, Thu &roup in the Appalachian valley and is to be fou bed of the group. Inthe Anticosti section, “otrésponding in age to the upper Medina, rype rélicularis which is absent in the 

first is confined to the ( ‘linton 
nl in early: CVEry fossiliferous however, its range ineludes beds 

Esentiallx the same js true of \ppalachian Medina but is come 
Monlx present in tin Clinton of this provine Wide range in \aticosti but seems to be confined to the Appalachian and Mississippi valleys. Peut 

0 far as 
known, js Confined to à thin one in the southern Clinton and to two thin 
Imestoues in the Clinton of woste en New York, put its Mn Gecuyrre nee in One 

Atrypa mrginalis bus 
much narrower ze 

merus oblos 

In Anticosti it lived carlier and lowa is later than Clinton. The trs tbplication of f sil evid 

&bifieance and proper 
NEC stratigraphie 

Dhs statement rofirs A oMding 10 Fornsré Pentomer longus in vos ne, Whieh overlies the + Ohio Clinton” { lnton In ge 

Lecurrence of th es in the netield Hmiestone 1 outil also ve the Du or Brasdield zone ani ton lime- 
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correlation are discussed with special reference to the determination of the 

Ordovieian-Silurian boundary on pages 626-642, 

6, General comments on methods of classifying sedimentary rocks An my 

opinion each of the taxonomie sehemes that marked former stages of our 

science contains some features that makes it an improvement on its pred 

sors; and, doubtless, others will be presented after this that will be similurly 

distinguished.  Therefore, no claim to permanency can be made for the best 
we can offer now. Indeed, it is doubtful if an altogether satisfactory arrange 

ment is possible, Gcologie history is too complicated to lend itself readils 
to systematie classification under prévailing conditions, The main difficult y 

lies in the discoërdinateness of the units of the several grades, especially the 

“formations”; and purely personal factors add continually to our emburrass- 
ment. One goes in for extreme detail and he names every bed that can be 

distinguished by peculiarities in character of rock and fauna. Another is 
not so conscientious; and he may give a new formation name to a muxs that 

would be better referred to under the name of the group, series, or system 

which it represents, Yet the nomenclatural product of both is governed by 

the same rules. Often the systematie stratigrapher might help himself 
easily enough except for some rule of nomenclature which forbids his desire 

to modify the original definition of the incongruous unit.  Rigid rules have 

their bad as well as good qualities.  Fortunately, our rules permit us some 
latitude in the redefinition and application of group, series, and systemie 

terms, though even in these cases we are bound rather more than is desirable 

by precedent and the exact form of the original definition. 

But the most prolifie source of disagreement and ensuing embarrassment 
lies in the prevailing disregard of uniformity in taxonomic methods. One 

geologist bases his judgment regarding the position of a given bed in the time 

scale solely on the general aspect of the fauna of the bed in question: another 

considers the introduction of new faunal types, or the mere presence of one 

or more supposediy characteristie species, as surer, or at least more definite 

indications of a particular time; a third considers both of these methods but 
is finally guided ehiefly by physical criteria indicating displacement of the 
strandline and changed relations of land and water areas. The first and 

second depend either wholl_or chiefly on strictly faunal criteria, the third 
follows the more comprehensive diastrophic method. Because of these 

differences in method, stratigraphie taxonomy is burdened with striking 

incongruities of unit grouping. In one case the two adjoining systems, ax 

for instance, the Devonian and Mississippian, were originally divided solely 

according to paleontologie eriteria, in another the diastrophie criteria of 

unconformity and change in character of deposits were the predominant 
factors that determined the location of the dividing line. Somewhat different 

though no less illustrative of the thought, are those cases in which the deposi 

tion of elastic material adjacent to an obvious break in geologie history ha- 

been interpreted as the closing episode of the preceding period or epoch 

while similar occurrence: in other parts of the seale have been described a 

the introductory stage of the succeeding time. 
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Perbaps even More cotiinon and troublesome are those inconsistencies 

wlüeh have resulted from the application of tlue diastrophie method in one 
areu and the purely Paléontologie in another, An instune Of this is found in 
tlue Ordovician-Siturian boundary which was drawn in New York, and in 
the Appalachinn region generally according to the former method, In 
Ohio and adjoining states to the west and south, however, certain highly 
fossiliferous becs that are now known to Correspotul to deposits in New York 
that have ways been classified as Silurian, Were placed in the Ordovician 
column because the fossils louked that way, In New York the Ordovician 
fauna censes abruptly with the Pulaski: and this is suececded by thick Miusses 
of sandstone and shale in which organie remains are unknown But in 
Ohio the cquivalent of the Pulask. js followed by the fossiliferous MeMillun, 
and this by another group of beds--the Riel mond_-whieh passes lateralls 
to the lower Medina (or Queenston) of New York. So long as our know 
ledge of the life of the Medina was confined to the fow things published in 
the New York reports, the rather strongly Ordovician aspect of the Richinond 
faunu completely masked IS true age relations Although the Richmond 
fauna now looks less like the Cineinnatian than it seemedl to formerly, while 
the tesemblance to the Upper Medina fauna is muet cleurer than it was the 
Case nevertleless shows how greatly our conclusions ay Vary under different 
methods of ‘determination, Similar incongrüities in the chssification of the 
Palcozoie rocks OÙ Great Britain are indicated by gencralized lists of fossils 
Published in recent teXtbouks.  Doubtloss these are ascribuble, at leust in 
Part, to similar miscorrelation OÙ faunal and diastrophie criteria, Considering the Varying method hat have Operated more or Less inde. 
pendentiy in building Up the present classification of sedimentary ro, s, 
incongruous results are to be expeeted. In diseussing these pe sults decided 
disagreements are unavoidable, for, if we do not agree in methods our 
conclusions must necessarily differ in corresponding degre: And vet the 
afkUHients on the variou sides max be entirely logicul nd though leading 
to Very different conclusions, nonc can be justiy accusei] of error in judgment. 
Each may be right from his VieWpoint; and each May have excellent prece- 
dents for his mode of reasonine But this does not help us to a Systematie 
classification of gcological formations, That desirable end is possible only 
under agreement: and the agreement must be on the Matter of method. 
More than that, We must insist on consisten #1 1e application of the chosen 
methods, This Consistenex in method, without which a really scientifie 
classification of the sedimentary roc and thus of the géologie ages which 
they represent, js impossible, should Pértün (1) to the criteria which shall 
determine where Stratigraphie boundaries of w hatever grade should be drawn, 
and to those which shall determine which combination of units is to be 
ranked as a &roup, which as a series, and which as a SYstem. In my opinion 
Hastrophism affords the only means of finally attaining a reasonably accurate 
and systemati ally constructed classification, For the reason that many of our “formations” are based 6 purely 
Ethologie distinctions, some may rightly clin no gres i 
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stratigraphie taxonomy than is accorded to ‘member: Others, on the 
contrary, may include beds representing two or more elsewhere readily dis- 

tinguished formations. In general practice, therefore, the latter are 
“groups,” but they may be either greatly inferior or much superior in time 

value to a technical group. Until we have acquired adequate information 

regarding the value of each of the several components of such a group, more 

or less uncertainty and inconsisteney in the classification of these primary 

combinations of stratigraphie units is unavoidable. But this weakness of a 
growing science can not excuse the neglect of systematic practice in those 

cases wherein our information is adequate. 
Preferred methods and principles of stratigraphic taxonomy}— ,". ihe 

study of stratigraphy the first essential is some comprehensive and systematie 

method of elassifving geologie events. It has long been agreed that the 

ony satisfactory basis for such a classification is the chronologie. The 
prevailing scheme recognizes, in ascending order of rank, ages, stages, epochs, 

periods and eras. The merits of the scheme, so far as its form and mode of 

arranging the several grades of units is concerned, have been proved beyond 
question, It is systematie, convenient, and practical, and so long as the 

quality of convenience is retained among the essential attributes of a classi- 

fication, it is also as natural as it can be made. Changes recently introduced, 

and which E believe to be demanded by advance in knowledge, affect the 

scheme chiefly in the way of its more systematie application. Co-ordinat'on 

of the units, which it seems to me is the basic principle of a systematically 

constructed scheme of classification, necessitated à general reorganization. 

This resulted in demotion in some instances and promotion in other cases 

of units that had hitherto been accorded ranks either superior or inferior 

to what a careful study of the facts seems to warrant. 

The next step is the selection of some principle that shall guide us in 

determining when a geologie age has ended and a newer age has begun. 

Obviously, such a principle should apply similarly to all the divisions of the 
geologic time scale, the larger divisions up to periods and eras being but 

combinations of the minor units. Concisely stated, the beginning or end. 

as the case may be, of a terminal unit of a stage, epoch, period, or era at tlu 

same time delimits the division of higher rank of which it forms a part. 

Lithologic criteria and the vertical range of fossils have hitherto becr 

employed in seeking to fix these boundaries. For many reasons the result: 
have been deplorably indefinite and often quite inaccurate, The need o 

some more exactly determinative and finally dominant eriterion is undeni 

able, We require something that will supply the deficiencies of the purel 

paleontologic and lithologie methods and thus insure greater accuracy i 
stratigraphie correlation, in short a supplementary criterion by means « 

which the deposits of one age may be sharply distinguished from those 

the next preceding and succeeding ages. The means is at hand. It li- 

among the criteria of diastrophism, namely, the alternate advance and r:- 

treat—displacement— of the strandline. 

1$ce Revision of the Paleozoie Systems, pp. 574-607. 
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As defined by me the criteria of diastrophism embrace all physical 
und, to à certain extent, all organie phenomena implving horizontal and 
vertical movements of the crust of the lithosphere: also surface deformation 
which may aid in the Causation of such body movements, Diastrophie 
proce: therefore, range from the impulsive grand déformations which 
may be more local than general in their manifestation—to those much more 
gentle but Stratigraphically important and often widel-- Manifested move- 
ments which originate through the operation of degradational processes, 
and serve to Maintain the isostatie equilibrium of the shell. Whatever the 
cause of these body déformations and, however inanifested, they always 
tend in some larger or smaller degree to cause lisplacement of the strand- 
line. Ifthe movement resulted in # de epening of one of the oceanie basins, 
increasing its Capacity, the waters must Correspondingly be Universally and 
Simultaneously Withdrawn from the épicontinental] basins. If. on the 
contrarv, the Capacity of the oceanie basins js diminished by sedimentation. 
the waters must gradually overfow the land. AS in the first case, so in this, 
the effect on the Strandline is universal and Similar on all the continents, But 
there were many deformative Movements-—_they include, indeed,. most of 
those which affected the Continental parts of the lithosphere in which the 
effect on the trandline could not have been Similar cither ns regards the 
several continents or different parts of the same continent. If the surface 
of à continent Was Warped or tilted in any Way, the displacement of the 
strandline necessarily differed in direction on different parts of the continent ; 
and on the other Continents at such times cither advance or rétreat of the 
Coast-line may have occurred. Though exact correlation of thes various|y 
Manifested and relatively local differential Mmovements of and Within one or 
another of the “positive” parts of the lithosphere is often exXceedingly diff- 
cult,-the fact Yet remains that all of them oecasioned some displacement of 
the strandline: and with this clue the difficulties are never insuperable, Having adopted the periodie “displacement of the strandline as the 
dominant criterion in determining the natural divisions of géologie history, 
We are ready to formulate the guiding principle. A geologie age js regarded 
as having closed when the marine Waters are largely or wholly Withdrawn 
from one or more of the epicontinental basins, tie Succeeding new age as 
having opened when the ses again began to advance in the Same or in other 
basins, In the pra tical application of the Principle the local Stratigraphie 
equence is divided at the first plane beneath the introduction of a new or 
recurring faupa, or beneath any wellimarked faunal change, that exhibits 
evidence of diastrophie movements and conséquent displacement of the 
Strandline. Commonly the bounding plane is merely uneven, but in many 
instances the bedding planes on cither side of it are more or less distinetly 
discordant. Such boundaries always indicate à Stratigraphie hiatus or 
unconformit, The time value of the hiatus is usually indicated, though 
as à rule not completely, by sediments laid down and reserved in other 
areas, 

The Succeeding steps pertain to the grouping of the Minor units, in other 
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words to the determination of what shall constitute a goclogic period or 
system, and what an epoch or series, or a stage or group. The minor di- 
visions of the time scale, that is the geologic ‘ages, being distinguished 
from preceding and succeeding ages by the reversal of the movement of the 
strandline, it seems desirable, on the ground of consistency, that the same 
principle should govern in deciding the limits of the larger time divisions. 
In practice then, we should endeavor to draw the boundaries between stages, 
epochs, and periods uniformly at horizons marking the greatest and most 
widely recognizable stratigraphie breaks or hiatuses, and the greatest shift- 
ing and change in pattern of seas known to have occurred during each of 
the eras, periods, or epochs, In the case of eras the boundary should be 
drawn at the most widely recog.1zable horizon of this kind found at or near 
the base of beds whose composition and structure indicate activity of diastro- 
phie processes of the highest grade. In the case of periods or systems the 
boundary should be drawn with due regard to the matter of rhythm in the 
progress of geological history: and it should always be at some definitely 
recognizable stratigraphie break. This in turn should mark a considerable 
change in the average expression of paleogeographie patterns, particularly 
in the provincial boundaries, that had prevailed during the greater part of 
the preceding period. Great changes in provineial boundaries necesss rily 
indicate important surface warping that extended to areas not at all or but 
slightly involved in the deformative movements of the preceding period. 

If diastrophie movements of this kind and grade ean be shown to have 
occurred more than once within the time included under the original or pre- 
vailing definition of any period, especially if the volume and time value of 
the deposits referred to such a complex period have become excessive in 
comparison with other periods, it seems to me desirable to restrict such a 
period and to introduce whatever new divisions that may be required to 
adequately express the facts. Indeed, this course seems obligatory if con- 
sistency of method and co-ordination of units are to be included among 
the desirable features of our class.ñeation. In my opinion these two qualities 
are indispensable features of systematie taxonomy. Following my con- 
victions in this matter [ have recently divided the Eopaleozoic era into 
four periods or systems instead of the two—Cambrian and Ordovician— 
hitherto recognized. Though the new systems are given intermediate 
positions between the Cambrian and the Ordovician, it should not be sup- 
posed that they are constituted wholly by restrictive definition of the older 
terr On the contrary, the greater part of each is made up of thick forma 
tions whose position in the standard geologie seale had been misinterpreted 
While it is true that the ‘Saratogan series” of New York has been removet. 
from the Cambrian to the new Ozarkian period, it is also true that thes 
transferred beds are younger than most of their previously supposed equiva 
lents in the Appalachian and Mississippi valleys and elsewhere in Americ: 
Accepting the Wisconsin section as a typical development of the Ameri 
Upper Cambrian, it follows from what has been said that our previous cor - 
ception of the Cambrian system is not materially affected by the introductic : 
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609 of the new Ozarkian SYstem; and, if we exce formations, the definition of the as heretofore, 

Regarding the third Eopaleozoie syste has been adopted, it must be admitted th formations heretofore classed ax early Ordovician. In this case the refore 

the recognition of the new system necessitates a notable restriction of the 
Prevailing définition of the Ordovician, The Proposed res riction is justific 
on the ground that the Ordovician as Origins Ily defined, or rather repre- 

sented in America, is divisible into two approximately Co-ordinate but other- 
wise quite distinct parts, each of which is Comparable in thickness of deposits, 
time value, and diastrophie history to either the Silurian or the Devonian 
SYstem. Lapworri's original definition Of the Ordovician SYstem being so 
greatly modifieg in this new arre :<ement, jt may be object by some that 
the old name is not Properly applicable to cither of the two parts. That 
course, however, would finally result in the complete obsolescence of Lap- 
WORTH'S term. Rather than this much prefer restriction. Little confusion 
seems likely to arise from the change since the name is retained for the part 
containing the formations which are by far the most tYpical of the old 
“ste, namely, the Bala and Caradoc in Britain, and the Chazy 
Mohawkian serie in America. Before closing this Summarized discussion of methods and principles I 
wish to mention a matter concerning which much looseness of practice 

prevails and whi “eally is of much greater importance than is commons 
thought. I re; lamely, to certain of those deposits which are usually 
described as “transition” age” beds. To begin with, itisto be 

remembered that the basis of Stratigraphic taxonomy is Primarily chrono- 
logic: also that the beginning of the new age is marked in eVErX case by the 
first depositional evidence of the return of marine Waters, Calling these usually clastic deposits transition instances to mask their true character and Significance, This is so Particu- 
larly when the underlying formation consists largely or wholly of such detrital 
matter as sandstone or shale, Emergence of such a formation and con- 
sequent subjection of its surface to subærial agencies of érosion and decay, 
followed by resubmergence would as a rule Cause reworking of the loosened 
Surface material and produce an intermediate deposit th 
Partake in some degree of the character of the underlying form tion from 
which a &reater or smaller Proportion of the Material was derived. 1f the 
Succeeding deposit is of finer detrital Material than that COMposing the under- 
lving formation, or if the newer deposit should happen to be à limestone, the 
intermediate bed may well Suggest “‘transition:"” and the character of the 
“Passage” bed, as compared with the preceding and Succeeding deposits, 

SE | 
1I say merican Cambrian so thatI May not be understood as referring also to the 

Cambrian as defined by European gcologists, In Great Brit ain, for instance, the Camb, 

includes deposits that séem to correspond to beds referred in America to the lower p 

the Canadian s stem 30 
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would Le essentially the same wiether the interruption of the process of 

deposition at the locality in question was of relatively brief duration or per- 

sisted through several geologie periods. But the point chiefly aimed at is 

that however greatly these deposits may simulate the underlying beds, 

for which reason the two are commonly referred to the same formation, the 

former really marks the beginning of, and belongs to, the age of the overlying 

formation. The true boundary between the deposits of such often widely 

distinct ages, therefore, is to Le looked for beneath the deceptive “initial”? 

deposit, and not above it. 

THE ‘CINCINNATIC'” SYSTEM OF SCHUCHERT. 

In his recent work, Paleogeography of North America, SCHUCHERT 

proposes a new system for which the term Cincinnatie system or period is 

adopted. His definition is preceded by the direction, “see Ulrich’s paper for 
the detailed discussion of this system.” Evidently Prof, SCHUCHERT mis- 
apprehended my views on this proposed system, for I did not then, and do not 

now, favour its recognition. As the ‘“Cincinnatic’”’ offers another way of 
solving the problem of the Ordovician-Silurian boundary in America a state- 

ment of the reasons which have led me to reject Prof. SCHUCHERT'S proposal 

seems desirable here. 

As defined by SenvenEerr the Cineinnatie begins with the Economy zone 

of the Eden group of shales and closes with the last or Elkhorn zone of the 

Richmond group. Between these two groups is the Maysville group. The 

type area lies in southwestern Ohio and southeastern Indiana. The principal 
data on which this new system is based may be mentioned and discussed 

serially. 

ScnucuerT says: ‘The Ordovicie period was closed by the Utica 

emergence.”  Emergent conditions doubtless prevailed about this time, but 
were chiefly in evidence prior to the Utica and not after; and the Utica itself 
was a time of growing submergence. The extensive continental emergence 
which terminated the Maysville stage, and with it the Ordovician period 

as conceived by me, had already begun in the Mohawkian in many places 

within the median and western parts of the continent and continued in an 
oscillating manner through the Trenton, Eden, and Maysville stages. At 

the close of the Trenton these land conditions spread over the greater part 
of southeastern North America, the sea remaining perhaps only in some of the 

Appalachian troughs. Expansion of waters, however, set in again with the 

Utica, which overlaps westwardly to Cincinnati. In the Appalachian region 

and in central New York the Utica passes very gradually—apparently 

without sign of break—into the Economy zone, and this again into ti 

Southgate zone of the Eden. But there is a decided faunal break between the 

typical Utica and the Economy-Southgate. The former is an Atlantic fauna 

the latter a Gulf of Mexico fauna. As I have explained elsewhere? this chaag: 

1 ScuucuerT, CHarLes; Bull. Geol. Soc. America, Vol, XX, 1910, p. 530. 
2 Revision of American Paleozoic Systems, Bull. Geol. Soc. America, Vol, XXIT, 191: 

p. 569. 
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in faunas without notable break in sedimentation was brought about by simple tilting of the land surface, the east being elevated so as to drain the Atlantic connections, the lower Mississ Ppi area being at the same time depressed beneath sea level, permitting its flooding by waters from th: Gulf of Mexico: and the latter then spread over most of the area in which the Utica shale had previously been deposited, Most of the suce ding faunas, to and in part including the Richmond of the Ohio vall:y, invaded from the south. To a considerable extent they resemble the preceding Mohawkian faunns in Tennessee and Kentucky, being in fact more or less modified recurrent facies of the same, 

The fossils of the typical Utica are clearly of Atlantic types. They belong to the same fauna which at various other times during the Ordovician (Normanskill, Magog, and carly Martinsburg) invaded Appalachian valley regions. The Utica invasion differed from the others in that it extended farther inland, At Cincinnati it is represented by the Fulton shale: and this lies unconformably on Trenton limestone. Everywhere the faunal break between the Trenton and the Utica is st rong, and in many places the contact is marked by a sharp stratigraphic break, At the top, however, the black or gray shales of the Utica Pass nearly always gradually into the light bluish or vellowish shales of the Economy zone. As à rule this boundary is indefi- nite so that we must rely on the change in fossils in drawing it at all. Often too, especially in Pennsylvania and Virginia, the colour test fails and fossil remains are exceedingly scarce; and then we are entirely unable to say where the “Ordovicic” ends and the “Cincinnatic” begins. The top of the Tren- ton even is exceedingly indefinite in some of these cases. So far as my own observations are concerned, the top of the Utica seems à very bad place to locate a stratigraphic boundary of high rank. To me the Utica is no more distinct from the Economy than is the latter from the Southgate; and its relations to the underlying Trenton are certainly less intinate. I have, therefore, classed the Utica as the lowest of four di ons of the Eden group. But Scuucxerr places the Utica in the Urdovician and begins his Cincinnatic with the second division of the Eden.  j other words, he seeks to draw a systemie boundary at a horizon that can not be identified except at Cincin- nati and a few other places where a small hiatus Separates the Economy from the Utica. 
Regarding a higher contact SCHUCHERT says, “in the Cincinnati region the Maysvillian sea was apparently continued without break into that of the early Richmondian.” I am unable to subscribe to this view. Throughout the Appalachian region, as well as in central Kentucky and middle Tennessee, the contact of the first Richmond bed with the underlying Maysville indicates a break in deposition; and the conditions in the Cincinnati region offer no exception to the rule. Though the boundary line is seldom conspicuously irregular and, indeed, because of the locally similar lithologie composition of the two &roups of strata, is often difficult to point out in small weathered exposures, it is yet generally indicated with satisfying certainty by absence °r presence in one section of beds adjacent to the contact, that are respectively 
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present or absent in another section near the first. And when the exposure 
is extensive and favourably situated for observation, like the one on 
Sequatchie river near Jasper, Tenn., the actuality of the unconformity 
between them is clearly apparent to the trained eye 

In the Cincinnati region the Arnheim shale (earliest Richmond) spread 
over a gently warped surface and shows corresponding overlap irregularities 
in sequence and thickness of deposit. Morcover, as will be shown in a 
later section of this paper, the areal distribution of the Arnheim and, more 
particularly, of the succeeding Richmond deposits is vastly different from 
that of the preceding Muysville and Eden sediments, Evidently then, the 
physical diastrophie criteria do not warrant the statement that the Mays- 
ville sea continued without break into the Richmondian. 

SCHUCHERT'S strongest reason for associating the Eden, Maysville, and 
Richmond groups would seem to lie in his convictions respecting the general 
unity of their faunas. He says (op. cit, p. 531) “on faunal grounds there is 
decided evidence for placing the Edenian and M illian, together with 
the Richmendian, in the Cincinnatie system. These three series are united 
by about 5 per cent. of the fauna that is common to all of them, while of the 
Edenian species about 14 per cent. oceur in the Richmondian.”" These figures 
were made up from comparisons of lists of fossils published by NickLes,! 
who frankly admitted their probable inaceuracy. They err chiefly in credit- 
ing many spcies with longer ranges than they actually have. In the absence 
of exact information concerning their occurrence a few were included with 
those whose range is known to be relatively long. Others of the latter are 
too broadly conceived, the several occurrences being distinguishable.  Fin- 
ally, the majority of the remaining species comprising the 5 per cent. of the 
fauna that is said to be common to all of the formations of the ‘*C ‘incinnatie," 
is made up of forms that are either too simple in structure to afford means 
of ready discrimination (Dermatostroma papillata, species of Corinotrypa, 
Crania scabiosa, and species of Cyclora, Microceras, Cornulites, Aparchites, 
and Bythocypris), or too variable for practical subdivision. It is only these 
two last sets of species that may be properls classed as common to the Eden, 
Maysville, and Richmond groups. Furthermore, we must not forget that 
some of their ancestors in the Mohawkian rocks have not been distinguished 
and are still known by the same names applied to Cincinnati and Richmond 
fossils. And some of their descendants in the Medina and Clinton rocks have 
been, or will be, distinguished chiefly because they are found in Silurian 
fo'mations. However, counting all, L am certain that out of a total of 
approximately 1,000 species found in the Eden, Maysville and Richmond 
groups about Cincinnati, not over 2 per cent. pass from the Eden to the upper 
part of the Richmond: and, if 1 had to give their names, the number about 
which I could feel sure would not exceed ten species. 

As for SCHUCHERT'S statement that 12 per cent. of the Maysville fauna 
occurs in the Richmond, I can do nothing less than to deny its truth. B 

1'Nickes, J. M.; Jour. Cincinnati Soc. Nat. Hist., Vol, XX, 1902, pp. 49-100. 
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stretching a point, and in a few instances disregarding differences by which 
the Richmond Specimens may be distinguished from their carlier relatives, 
might concede that, out of about 400 Maysville species, 15, or at the out- side, 20 species, that is, about 5 per cent. Pass across the line into the Rice: mond, But nearly all of these “holdovers"! are of the list of long-ranging 
Species mentioned in the preceding Paragraph as either 100 simple or too variable to be successfully discriminated. Instead of any considerable degree of unity between the Maysville and Richmond faunus there is, on the 
Contrary, very decided disagreement between them, The Richmond intro- 
duces at least 20 new generie types: and all the Bryozoa, of which there 
is à large number, and all the crinoids, starfishos and other Echinodermata, 
and most of the corals, trilobites, and brachiopods are strikingly different 
from the representatives of the same classes in the underlying Mavsville 
formations, À greater Similarity in gene expression is noted when we 
Compare the Pelecypoda, Cephalopoda and Gastropoda, but among these the 
degree of Similarity, in so far ns it bears on the question of age relations, is more apparent than real, because the Sbecimens as a rule are t00 imperfect 
to permit of nice discrimination, Moreover, the Ordovi an trend of their 
testimony is neutralized by an equally strong Silurian tendeney when the 
Richmond species are compared with upper Medina and lagaran species, Regarding ihe top of the Cincinnatie, which at the same time is also the 
top of the Eopaleozoie, SCHUCHERT was uncertain when he published his 
Paleogeography of North America (Feb, 1910). In this work he says (p. 532), “the dividing line between the C acinnatic and Siluric is usually drawn at 
the top of the Richmondian, but this délimitation will now have to be changed, as it fails to recognize a long interval elsewhere recorded. On 4» ticosti may 
be studied a complete section bridging this lost interval, and through 1,134 
feet of limestone may be traced the gradual transition of the life of the highest Richmondian into that of the carliest Silurie. The Cincinns ic, therefore, can not be closed with the Richmondian, but must be continued until a 
considerably later period one yet to be determined by the Anticosti record.” On page 536, in speaking of the transition from the Cincinnatie into the 
Silurie on Anticosti he adds, “the line of division between these two systems must, here at least, ever ve an arbitrary one,” Later in the same Year SCHUCHERT and TWENHOFEL! published the preliminary results of their studies of the Anticosti section, A new series, the Gamachian, is added to the top of the Cincinnatie, It “is intended to 
include all American deposits later in age than the Youngest Richmondian 
of Indiana and Ohio and older than the Anticosti series, which in the United States is thought to have its basal equivalent in the typical (upper) Medina and Eügewood stages.” The fauna of the Gamachian as listed by the authors contains many S that elsewhere in America are known only 
in typical Richmond beds. ociated with th se, however, is a considerable number of others, like Stromatopora sp., Heliolites 3 species, Orthis flabellites, Rhynchonella janea, and Atrypa marginalis, that have so far not been detecteg 
CR 

1 Bull, Geol, Soc, America, Vol. XXI, Dec, 1910, pp. 693-716. 
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in any of the Richmondian deposits of the interior continental basins. Judg- 
ing from its fossils the‘ Gamachian" or Ellis Bay formation may well be 
younge than the Elkhorn zone at the top of the Richmond in Indiana, 
Very likely then, Souvent is right in placing it between the Richmond and 
the base of the Whiteoak sandstone of Tennessee, which corresponds to the 
lower part of the upper Medina of New York. But, on account 0° the 
introduction of new types of strictly Silurian “spect, and also because a large 
part of the formation as developed on the rorth shore of the land consists 
of sandscone, Lam strongly inclined to regard the Ellis Bay formation as the 
first of the Anticosti group (upper Medina) and the term Gamachian series, 
therefore, as superfluous. 

But the feature of the highest significance in this connection is the fuct 
that the top no less than the bottom of the Cineinnatie system, as defined 
by SencenEnt, is ir lefinite, There is no real faunai breuk in the Anticosti 
se“sion above the Ellis Bay { rmation: and the only suggestion of x 
physical break beneath the Chicotte seems to be at the base of the Ellis 
Bay. If the evidence of this breuk were supported by other criteria in- 
dicating a stratigraphie boundary of high grade, the combined teitime ny 
would have considerable weight against the inclusion of the Ric! mond And 
lower Medina generally in ‘he Silurian, But as we have seen, the faunal 
evidence as deveioped in Anticosti favours much more than it opposes 
the alliance of the Richmond with the early Silurian. 

In contradistinetion to the usual indefiniteness of both the lower and the 
upper limits of the proposed Cincinnatic, there is at least one intermediate line 
that can be drawn sharply and with little trouble throughout North America. 
The line referred to separates the base of the Richmond from whatever 
Ordovician formation that it happens to overlap. In most places it marks 
a great hiatus. East of the Mississippi, however, the hiatus is largely occu- 
pied by Cineinnatian deposits. Even where the youngest of these interven- 
ing beds is present, the base of the Richmond is clearly indicated by physical 
criteria and, when local life conditions were favourable, by unmistakable 
faunal changes as well. In New York and Ontario this line divides the red 
deposits of the Queenston trom the gray Oswego sandstone or, where this is 
wanting, from the bluish shale and sandy limestone of the underlying Pulaski; 
in Pennsylvania, Maryland, and Virginia it separates the Juniata from the 
Bald Eagle sandstone or, where this gray sandstone is absent, from some 
bed of the Maysville group; in east Tennessee it defines the contact of the 
re shale and argillaceous limestone of the Sequatchie formation! with any 
of the several Ordovician limestones on which its unconformable base may 
rest. The same line is readily located aiso on the flanks of the Cincinnati 
dome, but here we are guided n.ure by easily procurable fossil evidence than 
by change in character of sediment. The same is largely t iso in the 
Mississippi valley proper and no less so in the numerous areas svattered over 
the remaining northern and western parts of the continent, in which highly 

1The name Sequatchie is proposed in another paper as a local designation for th: 
deposits of Richmond a: in the southern Appalachian valley. 
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615 fossiliferous Richniond deposits rest on Mohawkiun or Ider Ordovician rocks, 

In fact, there: 10 Stratigraphie boundary in An Fan Paleoz ‘e rocks that 
is more easily or more kenerally recognizuble Chan the Widesy transgressing 
base of the Richmord And vet, for no other reason than that the general 
aspect of Richmond faunas resembles that of the tÿpical Ordovician rocks, 
Certain jaleontologists seek to subordinate the tuxonomie significance of this 
datum plane to some other, often obscure, and always less ce rtainly identi- 
fiable Stradigraphic horizon!! Next 15 natural relationship the quality of 
Convenience js the rime desderatum In stritigraphie taxonomy. Let us 
then be reasonable ÿnd Practical and aCCept With proper Valuation those 
ditstrophie boundaries which nature has Most clearly and Widely indicated 

Summing up, the Proposed Cineinnatie SYstem is not Warranted by either 
Physieil op faunal criterin, Primarily, its boundaries are iadetinite, They 
are also unnatural because they are rot drawn with que regard to the prine 
ciple of tie introduction of geologica. events, Compared with other boun- 
daries their laXonomie importance is inferior to that of the Trenton-Uiica 
Contact. which is the next beneuth the base, ane that OÙ the Ch rleton- 
Ellis Bay contact near the top. Further, the association of the Richmond 
in the same System With the Massville Pays very adéquate tribut tothe 
Most importance of all of the Stratigraphie boundaries re “ognized between 
the base of the Ordovician and the top of the Siluriar Moi ver, the segre- 
&ition of a new system out of the middle and best known part of the Palcozoic 
rocks Unnecessarily disturbe the Present coürdinate relations of the several 
SYstems:; and the new System itself js Particularly inferior in valie to the 
others, Finaily, the faunal and physical history of the Eden and Maysville 
kroups is clearly a Part of the Ordovician sequence of cvents, while the 
Ricin ond is no less distinctiy the introductory stage of & new SéGdeuce, 
However much might desire to do otherwise, ; strict application of the 
principles given in MY Revision of the l’aleozoie Systems leaves no other course 
than to reject the Cincinnatie system, 

THE ORDOVICIAN-SILURIAN BOUNDARY. 
The Ordovician-Siluriqn Boundary in the lypical British Sections. General discussion - The Ordovician SYstem Was proposed by Larwonrn? 

in 1879 as a sort of compromise betweea the rival claims of Muronison’s ! Prof, A, W, Gnabat especially has been active in advocati £& the restriction of the 

term Medina to the sn iller upper part of the series original Y included under this name. 

At the same time he removes the lower Medina (Que ton-Juniata Richmond) from the 

Silurian to the Urdovician. It js to be noted, however, that the frequent obscurity of 

the line of contact between the Two parts is fully conceded and tepeatedly mentioned by Pro- 

fssor GRanat in a paper published August 23rd, 1913, in the Bulletin of the Geological 

Societx of America (see especially pp, 46728.) This sdmission should help more than 

Puges of argument in «. ablishing my c n respecting the impracticalness of the Rich- 

mond-Albion boundary n° the dividing line between to important Systems, yes, even 

vras 
21 APWORTH, CHARLES. On the tripartite classification of the Lower Paleozoie rocks; 

Geo. Mug., New Ser., Vol VI Dee. 11, 1879, pp. ? 15, 
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Surian al SEpGEw In Cumbrian Ne the time it had become evident te most gvologists, especially the Ammeric an, that the debatable formations between the typical Parts of dhese two systems that is the formations 
sification rendily con- 

comprised in the Lower Silurian of Mi IT ETTR 
stituted à system by themselves The new Ordovician sYstem, therefore, immediately secured ax adherents those who objeeted to the Misleading quali- fications Lower!" und “Upper! when applied to distinet systems In a short time, indeed, the new term was generally adopted in America. In Europe, on the Contrars. its fate seems yet undecided, 

the Ordovician and Silurian systems ure bise d'on British formations, it would be proper and desirable to begin our inquiry with a definite state ment concerning the practice of British and European geologist generally in delimiting these SYstems, But here we are at once beset with difficulties there is no uniformity in practice, European stratigraphers define the terr Silurian in at least three WaYs: first, in the narrow sense commonty given it in Ameri 
Süurian; and third, with the widest possible meaning in Which it includes the Cambrian, Ordovician, and Gothlandian us subordinate groups, They vary also either intentionally or otherwise in draving the boundaries of these 

is little likelihood of uniformity in practice 

second, as a broader term to include the Lower and Upper 

£roups or systems. And the 
so long as the mujority of European geologists will insist on the erroncous belief that there is one common character in the faunas of the Cumbrian, Ordovicion, and Silurian rocks ‘which unites them into one great whole,” and that whole the Silurian SYstem In America at leust, no such ‘common character” obtains. Viewed us a whole, the American ssiluriun fauna is certainly more closely allied to the Devonian than to the Ordovician, The false belief in a common faunal character that is suppose to unite Cambrian, Ordovician, and Silurian more closely than the Silurian, 
th 

Devonian, and Mississippian originated in an imperfect knowledge of the aunas, imperfeet chiefly because it included little besides the trilobites and brachiopods, which then did seen to give some ground to the belief, Later it Was fostered by loose fossil identifications and faulty stratigraphie correla- tions. But to-day, unless we completely ignore the progress in paléontologie knowledge since 1880, especially in America, it must stand diseredited. This progress has shown that there are at least four Well-marked Eopaleozoic faunas that are no less distinct from each other than are the Silurian, Devon- ian, and Mississippian. 
Another point that the European geologists must voncede before they can hope to fully work out the gcological history of their own lower Paleozoie sections, especially those geologists wlo speak of the Baltie and Bohemian sections as complete records of marine sedimentation during the Cambrian, Ordovician, and Silurian periods, is that the American sedimentary record is Vastly superior in certain Parts to the European, Our Appalachian Valley record is superior, not only in the aggregate thickness of deposits but also in that it contains great and well illustrated chapters that are wholly missing or but imperfectly represented in European sections. And when I 
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617 Mention greater thickness L do hot refer mor 1 to volume of depoxsits Without 

regard to whether they ure of clastie or other origin, but Lhuve very ful 
mind the robable length of tive Cotsumed in their Making. On the othe, 
hand, L dévrn more than probuble hu the British and Bobeminn sections 
contain beds répresenting minor es at leust that have not vet been recog- 
nized in America, But that would onfs ephasize the Point L'vish to make, 
Whieh is, that While je American Puleozoie sedimentary record is the fullest 
known, there js noné in any Country that is even HPproximately complete, 
Each requires to be read in the light of the others. Even then, much must 
rétain unknown because many Parts of the stratigraphie 1 faunul r cords 

are buriecl ; naccessible situations, Local “lronment of observers 1 More potent ot, in the shaping 

of their opinions than one would or linurily believe F Natural given to Minute di Mürehisonian Silurian becgus the 

Mslance, the Ger. SCTination, are “ätisfied with the lower Paleozoic rocks are Very poorly 
‘eveloped in their Country. The Rusainn und Seandinaviun &eologists, for 

similar reasons, scor UunWilling to récognize the Ordo the overlying Silurian, though “omewhat grudgingly conce ding the € “ambrian 
Sstem. In Britain, Where the lo ser Paleozoies are More 
there are some geclogists at lost Who divide Mure Systems. Limited native OPportunities to s in continental ? 

Mans, Who are 

Viélan as distinet from 

fully represented, hison's Silurian into three tudy these old SYstems, especially 
rope, doubtless js largely responsible for the prevailing 

lack of appreci on of the results of Anerican geologists whose field of 
labour is not 9, broder and better displayed but “ontains also à much 

more complete sequence of marine deposits, The sume Principle is ilustrate on country. Thus, WORTHEX, who k in the Mississippi valley, could no, vince himself that this series 
distinet from the Niagaran, Comp on of faunas alone, 
this information js gathered chiefly from books, € Proper conception of age relations. The re the differences noted is impressed on his n themselves in a relatively complete sequence of deposits, There is no experi- 

ence quite so CoNVincing as the finding of thousands of feet of se, 
between two fossil zones that had previously seermed closely related. 

‘Pt the graptoiites, whose zona] °CCurrence has bee: 
worked out by Larworry, the detailed sequence of Ordovie 
faunas in the British Islands js much less e Ame Stratigraphie correlation, therefore, detail here than there; and it is to be tributed only to a : limited extent to the data on which the correlations 

inthe interior American 4 are based. The £raptolites are largely confined 

to shales and sandstones in certain areally narrow bands outside of the lime- 

Stone-depositing basins. These shale arens, in which the £raptolites built 

Up a faunal séquence of their own, are Provincially distinct from the interior and the several units in 

4 smaller seule by eologists in this the Helderbergian only as developed 
is wholly 

Particularly when an not give the student a al significance and importance of nind only when he finds the fossilg 

diments 

n admirably 
ian and Silurian ‘ompletely determined than in has been carried out in greater observed that the graptolites have con- 

areas in which limestone deposition predominated : 
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each scem, as a rule, independent in age from those in the other. Correla- 
tions between the two, therefore, have been rendered possible only by occa- 
sional overlap interfingering of the two sets of deposits in areas alternately 
captured by the waters of the two provinces. 

The discovery of these over!aps is of great importance in Ordovician 
stratigraphy because they have shown that even the justly lauded graptolite 
zones of LarwortH are but à coarse standard of stratigraphic measurement. 
Considering the great thickness of limestone formations that intervene be- 
tween some of these overlapping graptolite zones in the Appalachian valley 
it seeins positively assured that the sedimentary record in those troughs in 
which the stratigraphie sequence is built up solely by graptolite-bearing shaly 
deposits, is far from complete. Take, for instance, the interval between 
the Nemagraptus gracilis zone of the Glenkiln shale and the zone of Clima- 
cograplus caudatus in the lower part of the Hartfell shale, which overlies the 
Glenkiln shale: in A: \erica the former is recognized very satisfactorily in 
the Normanskill shale of New York, in the Athens shale of Tennessee and 
Virginia, and in the Stringtown shale of Arkrrsas and Oklahoma. In 
Tennessee the Nemagraptus gracilis zone lies in the lower half of the Blount 
group of the Chazyan, while Climacograptus caudatus is found in New York, 
in beds that must lie near the boundary between the Trenton and Black River 
groups of the Mohawkian. The two zones, therefore, seem to be separated 
by over 2,000 feet of deposits, most of them limestone, Even greater time 
values are “uggested by our sections for the intervals between Lapworth's 
graptolite zones beneath the Glenkiln. Those separating the post-Glenkiln 
graptolite zones, however, seem to indicate intervals of relativ y shorter 
duration. This is suggested not only by smaller thicknesses of beds but also 
by the greater faunal similarity of the successive zones. 

As a rule the typicai Rala and Caradoc beds of England, in which grap- 
tolites are few, are synchronized with thinner formations like the Glenkiln 
and, more particularly, the Hartfell shales of Scotland in which graptolites 
are very abundant and little else is found. The latter are sometimes viewed 
as deep sea deposits and their relatively small thickness is thus supposed to 
be explained, the former being regarded as being laid down in shallow water. 
But may it not be that these British graptolite-bearing series represent re- 
peated submergences of particular strait-like channels? Indeed, submergence 
of these channels may have occurred chiefly at timeswhen adjacent basinswere 
emerged. Land and water oscillation with consequent shifting of areas of 
marine deposition is quite certainly indicated in the Appalachian region. It 
is notable also in the Ouachita region of Arkansas and Oklahoma, and as the 
diastrophic history of these American areas seems comparable in general 
with that of Great Britain, similarly oscillating deposition is suggested 
also. 

The condition of oscillating deposition and shifting seas is indicated 
especially about the close of the Ordovician and the beginning of the Silurian 
in Great Britain. It is suggested by numerous published faunal lists which, 
if they were attributed to American beds, would be explainable only on the 

don 
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assumption of careless collecting or erroneous correlation of beds. But these mixed faunal lists would be casily accounted for if we knew that locally developed thin wedges or lenses of older or Younger beds, as the case may be, Were not recognized as such by the collector. Such small lenses are very common in American sections and it would seem strange indeed if they did not oceur frequently in the British sedimentary record. But a study of geological literature pertaining to Great Britain has brought out very few instances of the kind. 
An excellent example of what I refer to in speaking of ‘mixed faunal lists" is given on pages 48 and 949 of the last edition Of GEIRIE’S Tertbook. Running through this gencralized list of Bala and Caradoc fossils we tind among a large number of regular Ordovician types the following: Alveolites, Cyathophyllum,  Favosites, Heliolites interstinctus, Fe nestella, Glauconome, Ptilodictya, Orthis (Dalmanella) elegantula, O, Porcata, Leptæna rhomboïdalis, Atrypa marginalis, and Meristella. To these we may add Palæocyclus, Lindstramia, Plasmopora conferta, Favosites asper, F, gothlandicus. Anoplo- theca hemispherica, Atrypa reticular:s, A.2 imbricata, Whitfieldella tumida, Spirifer crispus, Rhynchotreta cuneata, Stricklandinia sp., and Bilobites biloba, taken from lists published by Pac and Horwe,! and Mark? In America none of these generic and specific types oceurs beneath the Richmond and most of them are never seen bencath the upper Medina or the Clinton. Zygospira (Catazyga) headi is the only species in GEikIE’s list that may be said definitely to suggest the Richmond. As for the other Bala and Caradoc species in these three lists, à few might occur in the Maysvill: group of the Cincinnatian but the remainder would seem out of place on tri side of the Atlantic above the Mohawkian. If the latter typical Ordovician fossils actually oceur associated in the same bed with the above mentioned Silurian types then there is nothing to do but to adjust our conceptions to the fact. But, considering other possibilities, doubt as to such occurrence seems justified until the disconcerting association is positively verified, American correlatives of British Ordovician and Silurian formations. — As defined by Lapworrx the Ordovician system includes the strata “between the base of the Lower Llandovery formation and that of the Lower Arenig.” The lower boundary is not of immediate consequence here. Of it I shall say at this time only that if we are to recognize but two Eopaleozoic systems, that is, two beneath the typical Silurian, then it seems altogether proper to draw the dividing line between them at the base of the Arenig. How- ever, if we divide the Eopaleozoic into four systems as advocated by me then the Arenig would fall into the third or Canadian System, while the Ordovician would begin in Great Britain with the Llandeilo or the Llanvirn, and in America with the St. Peter series. 

Regarding the upper boundary of the Ordovician, Lapworrx says it 
1The Silurian rocks of Britain, Vol. IL, Scotland, Mem Geol, Survey United King- dom, 1899. 
2Marr JE. The classification of the Cambrian and Silurian rocks, 1883. 3 Rerision of the Paleozoic Systems. 
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should be drawn at the base of the Lower Llandovery. But what does this 

mean in American stratigraphy? Perhaps we may reach a conclusion best 
by first approaching the line from the bottom. In England and Wales the 

in part equivalent Bala and Caradoc, both formations of considerable thick- 
ness, underlie the Lower Llandovery. The fauna of the lower and middle 

Bala, measured by American standards, seems to be unquestionably pre- 

Cincinnatian and both divisions may be pre-Mohawkian. The lower part 

most probably corresponds to our upper Chazyan, that is to the whole or to 
some part of the Blount group of east Tennessee! The middle Bala agrees 
best with the Appalachian facies of our Black River as developed, for instance, 

in the Liberty Hall limestone of Virginia? and the Chambersburg limestone of 

Pennsylvania.  Possibly it is somewhat older and, like the lower Bala, still 
to be correlated, in part or whole, with the Blount group. But all of these 

Atlantic faunas are singularly persistent in type, so that it would not be safe 

without further study to decide this point definitely. When we come to the 

upper Bala the case is again doubtful, but now the doubt tends in the opposite 

direction. Fossils do not seem to be very plentiful; and some of the lists in- 

clude names that led to foregoing remarks about possibly mixed collections. 
Man, for instance, lists Atrypa imbricata and a species of Strick'andinia as 
found in these beds, but neither would be a proper constituent of an American 
Ordovician fauna. 

In Scotland the Hartfell shales are placed at the top of the Ordovician. 

LapworTH divides this body of shale into two groups, and recognizes three 

rich graptolite zones in the lower and two, separated by an unfossiliferous 

mudstone, in the upper. The lower group contains some species that have 

been identified alse in America. Here most of them are confined to various 

horizons supposed to be of the age of the Trenton group. Others have been 

seen in this country as yet only in the older Normanskill shale, while the 
remaining two or three species are from shales now referred to as Utica. The 
lower Hartfell zones may thus be somewhat loosely correlated with our 
Trenton. 

The graptolites of the upper Hartfell zones suggest two faunas in America. 

The Polk Creek shale of Arkansas and Oklahoma probably contains more 
species reminding of upper Hartfell forms than any other of our graptolite- 

bearing formations. In this shale we find Dicellograptus complanatus, which 
is characteristic of the lower of the two upper Hartfell zones. In America, 

however, this graptolite ranges with very slight modification through the 
whole of the Polk Creek shale. Apparently the same species is found also 

in the Sylvan shale of Oklahoma. Though the Sylvan shale seems to be much 

younger than the Polk Creek shale, a comparison of their respective faunas 
shows that besides Dicellograptus complanatus, also Diplograptus crassitestus 

1 Revision of the Paleozoic Systems, Bull 1. Soc. America, Vol. XXII, 1911; cor- 
relation chart No. 1, also pp. 379, 382, 567, 576, 627. 

2 The age of the lower part of the Liberty Hall limestone is still in doubt. If we 
may rely on the general aspect of its fossil contents the basal part of the formation is of 
late Chazyan rather than Black River age. 
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and Climacograp'us utrichi are represented in both by indistinguishable species or close varicties. 
Pernaps the most important of the facts brought out by comparison of the British upper Hartfell graptolites with American species is the presence of Dicellograptus complanatus var, ornatus in the upper part of the Polk Creek shale in Arkansas. This well-marked variety is found in Scotland only in the upper part of the upper Hartfell, that is, in the Dicel ograplus anceps zone, If this variety actually holds the same stratigraphie position in the two countries, and if Dicellograptus complanatus appeared about the same time in both places, then we might say that the essential equivalence of the Polk Creek and the upper Hartfell shales is assured At the same time the upper limit of the Ordovician would be determined, in at least one American sec tion, the same as it is in Britain. 
Though the associated graptolites are perhaps less diagnostic than these dicellograptids, their evidence seems Confirmatory.  Compared with British species, the six or eight Diplograptidae of the Polk Creek shale, though perhaps in no case exactly identifiable with forms described by ELLES and Woop, would yet seem not out of place in either a lower or an upper Hartfell zone, Some of them suggest even later Birkhill species. Besides the Diplograptidae and the previously mentioned dicellograptids the Polk Creek shale contains also a Leptograptus allied to the long-ranging L. Jaccidus, à third Diccllograptus, reminding in this case of D. morr and à Retiolites, The last three have been found only in the lower third of the formation, Judging solely from internal faunal evidence, it would seem, therefore, that the base of the Polk Creek shale can not be older than lower Hartfell. That it is indeed Younger and probably altogether upper Hartfell is indicated by the fact that the range of Orthograptus quadrimucronatus entirely underlies the Polk Creek shale. In the Ouachita region this well marked graptolite is found in shale and limestone beds in both the lower and upper parts of the Big Fork chert, a chert-producing limestone formation 500-700 feet thick.1 In Britain O, quadrimucronatus is confined to the upper (Pleurograptus linearis) graptolite zone of the lower Hartfell and in Canada to shales that have been quite generally referred to the Utica. 

Accepting the Polk Creek as the American representative of the upper Hartfell, we may reasonably go a step farther and assume that the Silurian begins in the Ouachita section with the succeeding Blaylock sandstone, This sandstone attains a thickness of 1500 feet, but is confined to the southern ranges of the Ouachita mountains, the section elsewhere showing à hiatus in 
1 Locally in Arkansas the upper 50 feet or more of the ©. quadrimucronatus zone consists entirely of siliceous shale or slate. In :uch instances the lower boundary of the Polk Creek shale has been mapped so as to include a part of this zone. It svems weli to add here that certain of the graptolit» collections credited to the lower pa t of the Polk Creek shale remind of lower Hartfell rather than upper Hartfell zones. In fact the various local collections from shales 10-50 feet above the top of the Big Fo k chert are often so different that it does not sem po sible that they all represent the same zone. It may well turn out, therefore, that older graptolite zones than those of the upper Hartfell are locally represented in the siliceous black shales that it was found convenient to include in the Polk Creek shale rather than in the underlying Big + 
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its place. Not uncommonly, too, there is a black earthy conglomerate with 

chert pebbles at the base of the Blaylock. The basal conglomerate together 

with the facts (1) that the Blaylock is restricted to certain troughs, and 

(2) that the underlying Polk Creek shale is distributed generally through 

the Ouachita area, makes it certain that decided warping and erosion had 

occurred during the interval immediately succeeding the deposition of the 

Polk Creek shale. It seems, then, that this region was affected by conditions 

not unlike those which prevailed in Britain between the close of the typical 

Ordovician and the beginning of the typical Silurian. 

Unfortunately neither the Blaylock sandstone nor the overlying Missouri 

Mountain shale have so far provided any satisfactory organic remains. At 

one locality in the Caddo Gap quadrangle a few remains of small Diplograp- 

tidæ were noted but these were too poorly preserved to be identified 

specifically. Though no sign of Monograptidæ was observed, their absence 

Hay well be due to causes affecting geographie distribution. On the other 

hand the diplograptids were thoroughly cosmopolitan at this time, so that it 

is no more extraordinary to see such species in the Blaylock than in the early 

Silurian Birkhill shale of Scotland and the Llandovery of England. 

The Ordovician-Silurian boundary in the interior areas. 

Having reached a fairly satisfactory conclusion regarding the position 

of the Ordovician-Silurian boundary in the Ouachita region of Arkansas, we 

are ready to consider the problem in the interior basins. Here, however, the 

criteria are much less simple and the solution of the questions correspond- 

ingly involved. To begin with, the faunas of the interior American deposits 

adjacent to the boundary are too greatly unlike the British non-graptolite 

fossils to give wholly satisfactory clues to their age relations If we were quite 

sure that the Silurian types in the lists of British late Ordovician fossils 

mentioned on page 619 owe their inclusion in the faunal lists to error, we 

might proceed “vith some confidence in the result. But we are not certain 

of this, hence it is necessary for the present assume that either many 

fossils which are never seen in this country beneath the Medina or the Clinton 

began earlier in Britain, or that the base of the Silurian has been drawn in 

America at a lower plane in the stratigraphice column than in the British sec 

tions. The latter alternative, however, seems the less probable of the two 

1 Since this paper has been put into type a small collection of graptolites from th 

Blaylock sandstone of Ark: , colleeted by Mr. H. D. Miser of the U sologieal 

Survey, has been placed in my hands for determination. This collection ves to be 

great importance and a source Of considerable satisfaction, because it contains no less that 

five species described from the Birkhill shale, namely, Monograptus distans Portloek 

M. gregarius Lapworth, M. argutus Lapworth, Dimorphograptus decussatus Elles and 

Wood, and Gladiograptus perlatus Nicholson. Three other species are repre 
specifically undeterminable specimens, one being a Monograptus allied to M. 

Nicholson, the second a species of Dictyonema, the third altogether unrecogn 

this additional evidence, then, the Silurian age of the Blayloc dstone seems inconti 

ably established. It s also in proving the post-Ordovician age of the Richmont 

because there is no reason to doubt that the Blaylock represents the lower as well as the 

upper division of the Medinan series. 
prol 
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because the great majority of the Caradoc and Bala fossils are of genera and species that are found here only in Mohawkian formations: and, excepting the previously mentioned, : sumed Silurian forerunners, very few, if any, of the remaining Caradoc and Bala fossils suggest American formations as high even as the Maysville group of the Cincinnati section. If the upper- most fossiliferous zones of the Caradoc are indeed Younger than the Eden of this country, then we would again be obliged to assume that Ordovician fossils like Trinuele us, Ampyx, and Agnostus lived to a later time in Europe than in America. In American formations, as a rule, the genus Trinucleus is not seen above the Eden, particularly in the vicinity of Cincinnati and in the middle Appalachian region, while Ampyx and Agnostus are wholly unknown above the lower half of the Trenton.! 
Considering the diverse tendencies of the fossil evidence in seeking to correlate the supposedly late Ordovician beds in, say, Kentucky-Ohio and New York sections with the subdivisions of the Caradoc and Bala series of Britain, it ident that detailed results are as yet impossible. Still, general- ized correlations are quite practicable on the basis of fossil evidence alone. Comparing the general aspect of Caradoc and Bala faunas with interior American fossil associations, there can be no reasonable doubt that our Mohawkian epoch, at least, is represented in the British series mentioned. Desending chiefly on Trinucleus, we may justly include the Eden group among the American correlatives of the upper part of the Caradoc-Bala series. But there is absolutely no warrant in the fossils for adding either the upper division of the Maysville group of the Cincinnatian or any part of the succeeding Richmond group of formations to these correlatives.  Approxi- mately 1,000 species of fossils from these groups are wholly unknown m Britain. On the other hand, if we may: depend on the fossil evidence, the base of the Lower Llandovery, which is the first of the Silurian formations in Britain, can not be older than our Medinan and most probably is 

1 In north-central New York and in the Province of Quebec Trinucleus cf. concentricus is frequently found in the lower part of the Pulaski si Thi Trinucleus zone is el ly Younger than the top of the Eden at Cincinnati. Approximately 200 feet above it. ‘hat js in the lower part of the overlying Oswego sandstone, at Lorraine and along Salm ‘ver in New York, are beds which contain an association of peleeypods, iike Whitearesia » [UA Orthodesmu nasutum, and 1schyrodonta unionoides—that is found at Cincinnati ont, he ”asal part (Bellevue member) of the MeMillan formation. From this we would natural; *uppose that the intervening beds correspond to the lower or Fairview formation of the Maysville group in Ohio, but the fossil evidence, though abundant, is not at all clear on this point. Besides, most of the species found in this upper horizon oceur also in the upper half of the underlying Pulaski beds. Evidently some kind of barrier separated the Cin- cinnati or Gulf facies of the Fairview, which is r cognizable in the east as far at least as Toronto, from another facies of Similar, or more likely later, age that invaded from the Atlantic and established itself in central New York and on th: other side of Adirondackia in southwest Quebee, As to the Pulaski Trinucleus zone itself the evidence in hand sug- US two rather widely different conclusions: () that it falls into the hiatus commonly indicated between the top of the Eden and the base of the M: le in the vicinity of Cincinnati, or (2) that the greater part if not the whole of the Pulaski wedges into the simi- larly indicated hiatus between the Fairview and McMillan divisions of the Maysville group 4 developed in the Ohio valley. At present the latter of those alternations appears the more probable, 
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younger than the lower or Richmond half. Accordingly then, we conclude 
that the upper beds of the Maysville group and at least the greater part of 
the Richmond group, are unrecognizable and probably entirely absent in the 
British section. 

The Medinan, and perhaps only late Medinan, age of the Lower Llando- 
very is determined in two ways: first, by direct comparison of its fossils with 
Medina faunas, and second, through elimination indicated by agreement 
between the fossils of the Upper Llandovery and those of oui Clinton.  Un- 
fortunately, te Monograptidæ, which help so materially in differentiating the 
Silurian in Europe, are 3 ry poorly represented in America. In fact, only 
two species of thi family have been found in America; and both of these 
delayed their advent till well up in the Clinton. Evidently the American 
epicontinental Silurian basins were not favourably situated with respect to 
Atlantic currents. A few of the then cosmopolitan Diplograptidæ and 
Dicellograptidæ are preserved in certain of our Richmond shales and sand- 
stones (the Arnheim division of the Richmond group in Ohio, the Maquo- 
keta shale of the Mississippi valley, the Syivan shale of Oklahoma, the 
Blaylock sandstone of Arkansas, and the Thebes stndstone of Illinois), but 
even these were not generally distributed; and they soon died out entirely. 

Viewed from the standpoint of stratigraphic correlation the Richmond 
Diplograptidæ and Dicellograptidæ offer no conclusive evidence. In both of 
these families of graptolites relative stability of specific characters had been 
attained in the later ages of the Ordovician. Moreover, being pelagic animals, 
they were perhaps less affected by the physical disturbances which prevailed 
during the transitional ages between the Ordovician and Silurian than most 
other, particularly shallow water, bottom-dwelling, classes of marine organ- 
isms. Whatever the reason. it is a fact that the early Silurian species of Dicello- 
graptus, Climacogrup'us, and Diplograptus are difficult to distinguish from 
middle to late Ordovician species of the same genera. In any event there 
is no general peculiarity that may be seized upon as a criterion in separating 
the Silurian species of these genera from their Ordovician ancestors. 

The truth of these statements must impress itself upon any one who will 
try to identify his specimens from the excellent figures and careful descriptions 
of the British Silurian and Ordovician species of these genera published in 
Ecces and Woop’s monograph. Under the cireumstances, the admission 
of close alliance between the Richmond species of graptolites and certain 
Ordovician species should not be construed as materially weakening the argu- 
ment by which the Richmond is referreä to the Silurian side of the boundary. 
That they can be distinguished at all is a fact of some consequence; and that 
most of them may be is shown by RUEDEMANY'S studies who described three of 
the Richmond species which I sent him for determination as new.! My own 

1RuE ANN, Ruboupu.  Graptolites oj New York, Pt, 2, New York State Mu: 
Mem. I, 3908. In this work Dr. Rue N describes the new species Diplograpt 
crassilestus, Climacograptux ulrichi, and Climacograptus mississippiensis. Dicellogra pt 
complanatus is doubtfully identified, while Diplograptus peosta and Climacograptus putillus 
are regarded a con<pecifie with Trenton and Eden forms, 
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study of these Richmond graptolites has convinced me that their relatio: quite as near to species found in the Silurian Birkhill shale Of Britain as to Ordovician forms, The Richmond being, according to my views, intermedi- 
ate in position between the Hartfell and Birkhill shales, this determination of the affinities of the Richmond graptolites scems normal, Proceeding with the discussion of the age of the probability already arrived at, namely, that the ä somewhat greater age, is substantiated by th 

Lower Llandovery, the 
Richmond graptolites suggest 
€ non-graptolitie fossils. As 

listed by British authors the Lower Llandovery includes species of Heliolites, 
Lindstra mia, Phacopidella douingiæ, Fenestella, Phanopora constellata, Lingula 
cuneata. Dinobolus davidsont, Meristella Cngustifrons, Atrypa relicularis, A. marginalis, Anoplotheca, hemispherica Pentamerus undatus, Stricklandinia lens, S. lirata, Rhynchonella decemplicata, et6. A fauna like this American standards, could not be older than upper Medina, MY interpretation of the Anticosti section it would be late Anticosti.( = pared with Appalachian faunas, Atrypa reticularis and Anoplotheca 2 nie 
spherica would suggest a Clinton source for part of the material, the Anticosti fauna doubtless is a truer Standard for comp; 

* Measured by 
According to 

However, 
arison with the Lower Llandovery than any of the interior American faunas of the period, an. as Certain species doubtless appeared earlier in the Anticosti section than elsewhere in America, it is not unlikely that the important guide fossil for the lower Clinton in the Appalachian region— A noplotheca he mispheriea appeared in British Waters as early as the Albion stage! of the Medinan. Still, a critical study of the Lower Llandovery specimen: refe theca hemispherica is desirable before the suggested pre of the species is to be accepted as established. 

Many of the Lower Llandovery fossils are said to pass inte ‘he Llandovery. In the latter, however, they are associated with Syringopora bifurcata, Za phrentis stolesi, Ptychophyttum linnarsson turbinatum, Favosites forbesi, and Plasmopora conferta, also with an abundance of Pentamerus oblongus, Rh nchotreta Cuneala, and other fossils of like tenor that seem to establish the age of the containing beds as Clinton, and in part at least as late Clinton. 
Considering every phase of the problem, including the composition and sequence of the faunas, the thickness and character of the deposits, and all such data which have a bearing on the diastrophie history of the following conclusions seem reasonably justifiable : () That the top of the Polk Creek shale of Arkansas and Oklahoma Correspondks essentially to the top of the Hartfell shale of Scotland; (2) that the Polk Creek shale as a whole probably includes some bed: are of lower Hartfell age, but that the greater part of the 

rred to Anoplo- 
Clinton appearance 

Upper 

rals like 
2 hyma 

time, the 

S at the base that 
formation is to be correlated with the upper Hartfell; (3) that the Blaylock sandstone and probably the overlying Missouri Mountain sh Rs 

1The need of a distinct formational name for the upper Medina havin, 
apparent in the Preparation of the Niagara Falls folio i US, Geological Survey, Dr. J. M CLARKE has coëperatod 40 

ale correspond in general to 

& become 
n course of publication by the 
by suggesting the term Albion. 
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the lower and upper divisions of the Birkhil! shale of Scotland and to the Llandovery of England; (4) that the Bala and Caradoc series of Britain, with the probable exception of undiscriminated lenses at the top which contain fossils ordinarily indicative of Silurian ages, correspond to our Mohawkian series plus the upper part of the underlying Chazyan and the Eden group of the overlying Cincinnatian: (5) that the lower Bala of Marr, the Llandeilo of Murcuisox (as defined by GEIKIE), and the Glenkiln shale of Scotland are of upper Chazyan (Blount group of Tennessee) age; (6) that the Maysville group of the Cineinnatian and the Richmond group of the Medinan are either missing entirely in Britain or their unrecognized repre- sentatives arc poorly and probably only locally developed, and thus have been included in the top of the Caradoc or possibly ‘n the basal part of the Llandovery:; (7) that the fossiliferous Lower Lla dovery_ corresponds chiefly to our Albion (upper Medina) and the Upper Llandovery to our Clinton. 

The Base of the Silurian in the Interior Areas of America. 
Patroductory statements.— With two groups of formations—the Maysville and the Richmon.! apparently belonging in the hiatus that is frequently indicated in Britain by an unconformity between the Caradoc-Bala series of the Ordovician and the Llandovery series of the Silurian, it remains for the Americans themselves to decide just where the boundary between the two systems is to be drawn in America. For more than { Y Years there has been absolute accord among American geologists re spec*ing the location of this boundary in the standard New York section. There was some mis- understanding regarding the stratigraphic position and equivalents of the Oneïda conglomerate, which was gencrally believed to lie at the base of the Silurian and thus bencath the Medina. But this error was corrected when we learned that the Oneida belongs at the top of the Medina if, indeed, it is not, as VANUXEM long ago contended, the basal deposit of the Clinton. 
With the transposal of the Oncida from the base to the top of the Medina the ‘gray sandstone of Oswego,”* which had been supposed to be the same av the Oneïla, again resumed its independence, Without ac lequate consideration of the facts in the case the Oswego sandstone, as it is now generally known, was referred by HARTNAGEL to the base of CLARKE and SCHUCHERTS ( swegan series. This series or group bcing the lowest of the major divisions of the Silurian, the Oswego sandstone was at the same time given the distinction of being the basal deposit of the Silurian system. Before we discuss the question of the proper disposition of the Oswego sandstone, it is to be said that thi- formation had nothing to do with the development of the long-prevalent conception of what constitutes the base of the Siurian in America. Thu Oneida did have something to do with it, but only on the basis of the erroneou belief that placed it at the bottom of the Medina and correlated it with th Oswego sandstone, The true equivalent of the Oneida in the western distric: of New York was not recognized as such by HaLz, while the Oswego sand Stone was exposed in New York only in VANUXEM'Ss district. After all, ther 
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it was the Medina itself that determined the question of the base of the 
Silurian in Hai x mind; and Daxa, like all other geologists of the past half 
century, simply accepted HALL's view, 

Excepting certain basal beds now _ referred to the formation, the 
Oswego sandstone has 40 far Proved_ practically unfossiliferous, This 
is true not only for New York, but also in central Pennsylvania, where the 
Corresponding formation (Bald Eagle sandstone of GRABAU) attains much 
greater thicknesses, In both areas, however, the rock immediately bencath 
contains organic remains in abundance, Compared with the Cincinnati 
section, the underlying fossiliferous bed in P. “nnsylvania Corresponds, as is 
indicated by the fos ils, to the Orthorhyncuta linneyi zone at the top of 
the lower or Fairview formation of the Maysvile group. In fact the guiis 
fossil of this 4one was observed in argillaceous sandstone at Many places in 
Pennsylvania cither directly or but a few fe et beneath the base of the Oswego, 
Though flat, black pebbles are frequently seen in and just above the Ortho- 
rhyncula zone no Convincing evidence of a stratigraphic break has been 
observed. In any event, if there is a hiatus at this horizon it i: too obseurely 
indicated to be readily apprehended. Still, the abrupt extinction of the 
Orthorhyncula fauna Suggests Lermination of Ordinary marine conditions, 
Possibly the Oswego sandstone is a land deposit ; or, perhaps, river silts laid 
down in a shallow bay. Whatever its origin may have been, it is thoughe 
to have been connected with sea-withdrawal, because decided marine restric- 
tion is indicated throughout southeastern North America at the close of the 
Fairview age. It is only in the vicinity of Cincinnati and probably in 
the Province of Quebec that all of the second or MeMillan half of the 
Maysville epoch is represented by deposits containing a marine fauna. No deposits whatever are contained in the Appalachian sections south 
of Pennsylvania that might be of the age of the MeMillan. Throughout this 
great region the Fairview division of the Maysville, which likewise is absent 
over large areas, is succeeded by rocks of either Medinan or Clinton age. To the north, however, in central Pennsylvania and in western and central 
New York, we do find a mass of rock between the Fairview possibly repre- 
sonted in New York by the Pulaski (a note, page 623)—and the Richmond 
(Juniata and Queenston) stage. Thns intervening rock is the Oswego sand- stone, Chiefly on account of its stratigraphie position the Oswego is cor- 
related with the MeMillan. Its géographie location also is such that it may 
Very well be brought into connection by way of the Allegheny basin with the MeMillan remnant of the Cincinnatian sea, This correlation finds strong corroboration in various facts recently 
observed in central New York, Following Salmon river Up-stream from 
Pulaski to Salmon River falls the section passes through some 200 or 300 
teet of shales and sandstones belonging to the Pulaski formation. Fossi”’. 
lerous ledges, usually crowded with peleeypods, brachiopods, and bryozoa, 
OCCUr Very commonly in the lower half of the Pulaski. In the upper half, 
however, the barren intervals become increasingly thicker, though the rela- 
five abundance of the Organic rer ins in the fossiliferous ledges themselves 
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is not materially lessened until the base of the falls is reached.  Though loose 

fragments indicate still higher fossiliferous layers, the last of those observed 

in place oceurs about 8 feet above the water-level at the foot of the falls, 

Before reaching this point, how it is evident that the section bus ascended 

into the base of the zone of prevailing sandstones to which the term Oswego 

sandstone is property applicable. Indeed, Erefer all the beds exposed along 

the river to and a <hort distance below Bennets Bridge to the Oswego,  Ac- 

cording to this view the base of the formation must lie at leust 50 feet beneatlhi 

the lowest bed <hown at the foot of the falls. 

The following interesting faunule was found at the bottom of the riv 

just below the new power-dum at Bennets Bridge: Brssonychia radiata, 

Whiteavesia corrugata, Othodesma nasutum, Eschyrodonto unionoïdes CE curta 

Conrad sp), Lyrodesma ef. poststriatum, Archinacella sp. Cyrtolites ornatus, 

und Rafinesquina aff. alternata, AU of these species were seen again about 

midway between the power dam and the falls, in thin-bedded sandstone 

some 20 to 30 feet higher in the section. Here the collection: made by Prof. 

A. FogsTE and the writer included the following additional species: Colum- 

nals of undetermined erinoid, Wafinesquina squambla mucronata, Pholidops 

cf. cincinnatiensis, Catazyga erratiea, Cleidophorus planulata, Modiolopsis 

modiolaris, Whiteavesia aff, cincinnatiensis and Orthoceras sp. undet. 

The specimens found in the highest tossiliferous layers observed in the 

cliff at Salmon River falls are not very good, but may be identified provision- 

ally as follows: Rounded crinoid columnals, Znocaulis? sp.. several unde- 

termined_trepostomatous Bryozon, Byssonychia radiata, Modiolopsis sp. 

(related to M. milleri and M. concentrica), numerous small Pelecypoda sug- 

gesting Modiolopsis faba and species of Psiloconcha, Ctenodonta and Cleido- 

phorus, Orthoceras sp. (has strong transverse striations) Ændoceras sp. and 

fragments of Zsotelus. : 

Except that it passes very well for a Maysville faunn, the last contains 

nothing more definitely characteristie. The other two collections, however, 

are much more promising, most of the species being found at Cincinnati 

and having a rly restricted vertical range in the Ohio section. Judging 

from their position in the Cincinnati section, relying, however, chiefly on such 

narrowly confined species as Zschyrodonta unionoïdes, Whiteavesia corrugati 

and Orthodesma nasutum the age of the containing beds should be the sami 

as that of the Believue member of the MeMillan formation, that is, oldest 

MeMillan. Although this correlation is elearly indicated by the fossil evi 

dence I vet hesitate to accept it as unquestionable, The doubt arises from 

two facts (1) because the evidence on which the upper part of the Pulasli 

formation might be decided to be of the age of the Fairview is not at all sati-- 

factory, and (2) because it appears from the work of Professor FoERs 

that most of the species associated on Salmon river in New York with Zschi- 

rodonta anionoides range through thousands of feet of shaly sandstonss 

at Three hivers in the Province of Quebec, extending indeed to the base of 

the beds containing an early Richmond (Waynesville) fauna. 

The latter fact suggests three possibilities: First, that this well-mark 1 
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fauna represents the north-middle Atlantic facies of th Maysville fauna and that it persisted in this real with little change from the beginning of the Fairview age te "à close oÙ the MeMillan age, Und this interpretu- tion the great thichuess of beds involved to the assumption that the Atlantie fauna had access to the late Ordovician basins in southwestern Quebec throughout the time vecupied by the deposition of the Puluski due and the Oswego sandetope in New York, and of the two Maysville formations, with their generally very different southern faunas, in Ohio, The second possibility— dedueed by the purely paleontologie method implies that the Zschyrodonta tmionoides fauna existe in both the Atlantic and Gulf of Mexico basins, and that it invaded New York and Quebec from the former, and the Cineinnati region from the latter, It implies, further, that the narrow zone to which this fauna is confined at Cineinnati is either the full time equiv-lent of thicker beds in central New York and of the much greater thickness of beds in Quebec that contain the same guide fossils, or that the last represents the full epositional record of this age and tin others merely later southwestwardiy overlapping parts. Under this inter- Pretation we would have to assume cither of two conditions: (D) that the whole of the series in Quebec containing species of the Zsek trodonte unionoides fauna is of the age of the basal part of the MeMiilan of Ohio: or (2) that nearly the whole of it represents deposition in Quebec when emergent conditions prevailed at Cincinnati and hence, that by far the greater part of the series is older than the MeMillan and vounger than the Fairview in other words that the hiatus between the Fairview and the MeMillan in the Cincinnati section is represented in Quebec by thousands of feet of deposits. Another necessary assumption, under either of these alternative conditions, is that the major parts of the Osewgo sandstone and the MeMillan formation are unrepresented_ by deposits in Quebec, 
The third possibility assumes that the Lschyrodonta unionoides fauna Was confined to the Atlantic realm and that it invaded the continental basins only subsequent to the Fairview. It assumes, further, that the beds in Quebec which contain this fauna, likewise the Oswego sandstone of New York and Pennsylvania, are essentially equivalent to the MeMillan plus the perhaps undeterminable stratigraphic value of the hiatus that is known to separate the MeMillan from the Fairview in the Ohio Valley. Under this interpretation, which seems the most probable and is adopted provision- ally, the layers in the basal part of the Oswego sandstone containing the Eschyrodonta untonoides fauna must represent an early westward invasion of the Atlantic fauna that extended to Cincinnati about the beginning of the southern MeMillan invasion of the Ohio Valley. Subsequent to this faunal transgression the area receiving deposits of MeMillan age was divided into three parts by shallowing, e* !eps emergence, of à median portion which thereafter received only sits. These Oswego shallows and Sand flats apparently served ef + in separating the Atlantic fauna of the time in the Quebec province from the more varied and otherwise very 
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different Gulf faunas whose remains we find 0 abundantly in the typical 
MeMiilan depoxits of the Cincinnati region 

LE we adopt either the first or the third of these possible correlations 
the Ordovician, or at least preRichmond, age of the Osxwego sandxtone 

must be accepted as established, Howes: tr, under the second interpretation 
it is still remotely possible that the middie and upper parts of the Oxwego 
are vounger than the MeMillan. But this would necessitate the assumption 
that the fossiliferoux lower part of the Oswego is separated from the over- 

lving untossiliferous parts by a break and hiatus corresponding to the major 

portion of the MeMillan- an assumption that seems effectually negatived 
by the absence of any evidence whatever of such a break in the excellent 

section at Salmon River fall, 

Though the Oswego is correlated with the MeMillan, and probably 
began in New York and Pennsylvania about the same time as the MeMillan 
in Ohio, it is not to be understood that the two formations are regarded ax 

strictly conterminous, Such equality might be defended if the New York 

representative of the Osxwego alone were compared with the MeMillan. But 

the much thicker development of the former in Pennsylvant  ‘vhere à maxi- 
mum thickness of 700-800 feet is found, coupled with apparent local transition 

into the overlying Juniata, suggests that Oswego deposition may have con- 

tinued into the interval etween the last of tt 7 :ine deposits of the 

MeMillan at Cincinnati and the first of the eding Richmond in- 

vasions, The suggested transition from the CG, %go to the Juniata in 

Pennsylvania is indicated by the intercalation ©  Juniata-like red beds 

in the upper 200 feet or so of the Oswego. But :s we shall see when 
we come to the discussion of the physical evidence of the break at the 
top of the Maysville, this possible transition may be more apparent 

than real, However this may be, very clear indications of some kind of break 
are commonly observable in places where either or both of tlie concerned 
formations have attained exceptional thicknesses. The point is raised here 
only to prevent misconception regarding my views as to the relations of the 
Oswego sandstone to the MeMillan formation. It is probably well to add 

here taat, even if actual continuity of deposition from the Oswego on into 
the Juniata could be established, the fact would not detract from the validity 

of the conclusien subsequently reached, that the boundary between the 

Ordovician and the Silurian is to be drawn in America at the base of the 
Juniata. Systematic stratigraphy is based primarily on data pertaining to 

marine sedimentation. But the Oswego and Juniata formations are not 

strictly marine deposits, hence deposition of the former may have continued 

into, and the latter muy have begun before the close of the interval that 

separated the retreat of une sea from the next, succeeding advance of marin: 

waters. 

Though great uniformity of opinion anG practice prevailed among 

geologists regarding the base of the Silurian in New York, considerable dif- 

ference is noted when we compare results in different parts of the country 
But the departures from the New York standard seem in nearly all cases tu 

tion 
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have been caused by error in identification of beds and not to varying opinions #s to where the line should be drawn AI agreed that the lower Médina together with the *upposed basal conglomerate the Oneida-_ix the first of the Silurian deposits: and all tried to identify corresponding formations wherever stratigraphie work Was carried on in and to the cast of the Mise sissippi valley, In Pennsylvania and Maryland where the Medina formations are thicker, but otherwise much the same ax in New York, the task wux Carried out successfully except in that part of the section which was identified With the Oneida, But the Pennsylvania geologists were not responsible for this error, They found a more or less conglomeratie sandstone— the Oswege —beneath the red Medina (Juniata), which, following the prevailing miscon- ception, they Very naturally identified ns Oneida,  Farther south in the Appalachian region the Supposed Oneida was known to be absent; and here the first reddish sandstone following tic undoubted Ordovician limestone and shale formations wus &enerally accepted ax representing the lower Medina, Tlat this reddish sandstone has, as a rule, proved to be of the age of the Pulaski of New York and the Fairview of the Cincinnati section does not mean that a different buse for the Silusian was intended, but only that an crroneous identification of the lower Medina had been made, The identification of the Medina having been generally accomplished solely on the basis of lithologice characters, colour, and absence of fossils, it Was quite natural when it Came to the typical Richmond of the Cineinnati uplift that these beds, which are filed with Dssils and only very sparingly sandy and reddish, would not be recognized ns Corresponding to the lower Medina of New York and Pennsylvania. Fa 4lly and lithologically they resembled the underlying Ordovician formation., so without Paying the least attention to the question of what the fuuna of the lower Medina epoch might look like, the Richmond was described as the upper division of the Cincinnati series, That the lower Medina might change its colour from red t: greenish-blue, and that it might at the same time become more calcareous und fossiliferous seaward from the old lands that are responsible for its typical characteristies—nll of which is now established was neither suggested nor thought of ten Years ago. The conviction that the Richmond is an older #roup than the lower Medina, and that the latter Practically pinches out Southwestwardly from Western New York and Ontario before crossing the State of Ohio, was too well fixed. The Ohio section of literature, therefore, has nearly always a distinct red Medina formation above the Ordovician, the latter of which is described as including the Richmond, Judging from present knowledge, this Medina is probably only lower Medina and therefore of Rich- Mond age; and the apparent loss in thicknes southwestwardly does not affect the formation itself but only the areal distribution of the red colour which, as it seems to have increpsed with time, caused corresponding diminu- Won in thickness and finally outlap of the red beds away from the con- 

tributing land, 
Before taking up the discussion of the evidence from which we are to détermine which of several likely stratigraphie boundarios is best entitled to 
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the distinction of being recognized as the intersystemic line, 1 wish to forestall 

a probable stand of certain geologists who have already gone on record as 

favouring the systemie severance of the lower Medina from the upper Medina. 
These authors may seize on my conclusion (see p. 625) that the Lower Llan- 

dovery, hence the base of the Silurian in Britain, is probably not older than 

our Albion (upper Medina), as an unintentional substantiation of their view 

that the Silurian should begin in America with the Albion. But it is to be 

said in reply to such a statement that there are two sides to all stratigraphie 
boundaries: there is a lower side as well as the upper. The base of the forma- 
tion immediately above the line in Britain corresponds, as 1 have said, to 
our Albion. But how about the rocks on the under side—those that make the 

top of the British Ordovician? These, asis indicated by faunal comparison, 

can not be much vounger than our Eden. By the same token then, the 

top of the Ordovician should be drawn in America at the top of the Eden. 

In that event, what would we do with the internediate Maysville and 
Richmond groups? ScaucHERT has solved the question in a way by pro- 

posing a “Cineinnatie system,” which is to include the Maysville and the 

Richmond plus a part of the underlying Eden group and the overlying 

Ellis Bay formation of the Anticosti section, which I regard as basal upper 

Medina. But is there room for an intermediate system that would be even 
approximately comparable in value to the adjoining systems? That I do 

not think so is clearly stated in my discussion of SCHUCHERT'S new system 

on pages 610 to 615, 

Faunal Aspects of the Case. 

General remarks.—Foremost among the matters to be remembered is the 

fact that the evolution of faunas is, on the whole, a continuous process. In 

our work as practical stratigraphers we are liable to forget this fact. We 

find a fossil fauna and decide its age at once as Ordovician, or Silurian, or 

Jurassie, as the case may be.  Often we determine it more exactly as Trenton; 
or it may be that we recognize an even narrower zone. In most instances the 
determination is correct. Strange as it may seem, the percentage of error 

is probably less for the minor determinations than where the broader iden- 

tification and delimitation of systems is concerned. In the former we depend 

on the definitely proved range of particular species or varieties, in the latter 

on a much looser aggregate conception. 

Accepting organic evolution as a law, and the stratigraphie column as 

containing an imperfect record of particular stages of the process, ! it is obvious 

1In my Revision of the Paleozoic Systems, p. 498, the opinion is expressed that “the 
faunas of the continental seas consist almost entirely of organisms that have periodically 
and very frequently migrated from their permanent oceunice habitats into these inlani 
seas” For various reasons “the faunas of these inland basins were often exterminatid 
locally. The supply, however, was inexhaustible and ever ready to take advantage :f 
opportunities to replenish the shortage.”’ Evidence is also presented to show that the 

observed modifications of the fossil marine faunas in the continental basins did nt 
take place in these basins subsequent to their invasion but in the oceanic basins durir# 

relatively longer periods preceding their inland migration. 
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that what we call species and genera must frequently have become : itinet during the “intervals of inaccessible record”! that separated the periodic invasions of continental basins by oceanic waters and their faunas, Very often, too, certain species, or even whole faunas, were excluded for one reason or another, from the continental basins whose sedimentary records we, as geologists, are privileged to study. But total extinction, or even complete specific modification, of the fauna of any of the oceanic distributing realms could never have occurred during the interval of nonaccessible deposition SCparating any two periods, Some inappreciably or but slightiy modified descendants, their number often constituting a large percentage of the species of the earlier faunal Stage, always remained when the new facies entered into the accessible record. As à rule, too, these survivors are of the vigorous types that, despite the changed environmental conditions, are likely to remain dominant members of the new as they were of the older faunas. Consequently, if it happens that such a transitory stage has not yet been incorporated in our standard of comparison, erroneous identification of the faunally simulating but chronologically quite distinet beds commonly results, 

As the fossil record of the faunal change, in passing from oneagetoanother, shows that the change is in no case complete, it is no more than we should expect to find that a large, or at les a considerable proportion, of the species living in one period continued to exist practically unchanged, or in but slightly modified form, into the next. That they did so is convincingly shown by the Helderbergian fauna,—now Properly classed as Devonian- -which is made up to more than half of species having close genetic affiliations with otherwise typical Silurian types. It is illustrated also by the difficulty experienced by all paleontologists in deciding the question as to where the line should be drawn between the Devonian and Waverlyan: and again by disagreements regarding the true age of beds which some paleontologists claimed,onthe basis of general faunal lists, to be Tennes eean or Mississippian, but which others finally proved to be of early Pennsylvanian age. Another good illustration of the persistence of faunal aspect from the period in which it was best displayed into the early part of the next is found in the lower Eocene fauna of the Midway formation. Years ago, I studied the bryozoan fauna of the Midway and decided it to be Cretaceous because of the close alliance of many of the species to Bryozoa of the Rancocas in New Jersey and of typical Cretaceous deposits in France and other European countries. This belief met with the unqualified approval of Dr, C. A. Wire; but it Was Wrong nevertheless, all being now agreed that the Midway is Tertiary and not Cretaceous. 
As the faunal conception ascribed to any one system or period is but a part of a continuous process of faunal evolution, it is only natural that the 

1 The intervals of inaccessible record are those perhaps often very considerabl: parts of the total marine sedimentary record that were laid down in the oceanic and othe 
deep troughs or basine during times of continental emergence and hence are now buried 
beyond reach of possible investigation. 
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general aspect of the life of a given period is most like that of the periods 
immediately preceding and succeeding. Obviously, too, otler conditions 

being equal, this intimacy of relation grows proportionately greater as we 

approach the boundaries from either side. Clearly then, the determination 

of this collection of fossils as an Ordovician fauna, that as Silurian, and another 

as Cambrian, is but a more or less arbitrary age assignment of species accord- 

ing to personal or recorded knowledge and belief regarding their vertical or 

time range. 

But relative sirilarity or dissimilarity of immediately succceding fossil 

faunas is not necessarily a true index of the time involved, for similarity in 

compositio: may mean only that both invaded the continental kasins from 

the same oceanie basin; and the two may resemble each other very greatly 
even though a long time interval elapsed between them. On the contrary, 
two closely succeeding or approximately contemporaneous faunas may be 

greatly or wholly different when the second happened to invade from another 

oceanic basin in which an altogether distinct fauna existed at the time. Strik- 

ing illustrations of this important principle are cited in my recent work. It 
is particularly applicable in the present discussion. 

Applying the foregoing principle, we may readily see that, if our concep- 

tion of the fauna of a given period is made up chiefiy of organismsthat invaded 

from a different oceanic basin than the one which supplied most of the known 

faunas of the next preceding period, the general aspects of the faunas of the 
two periods would be different,  Moreover, as the characteristie aspect of the 

second period may set in earlier in certain continental basins than in others, 
it is easily seen that the recognition of the new period in the deposits of the 
latter basins would be obseured and probably delayed by the local survival 
and preponderance of the faunal aspect which prevailed, perhaps in the same 
basin, during the preceding period. It thus may happen, as it has in the 
case of formations adjacent to the Ordovician-Silurian boundary in the Ohio 

and Mississippi valleys, that surviving elements in areas favourably situated 

for such survivals of the faunal aspect commonly regarded as characteristic 

of the older period have been given undue weight. The beds in which these 

surviving faunal expressions are found have been, therefore, wrongly classified 

as older than contemporaneous deposits in the East and in the far West from 
which the descendants of the older fauna were exeluded by pl.,sical barriers. 

The latter areas, on the contrary, being sooner brought into communication 

with the north middle Atlantic and the Arctic realms whose life dominated 

the faunal aspect of the deposits of the succeeding Silurian period in America, 
it is a perfectly obvious consequence that the first fossiliferous deposits in 
areas so situated as to oceanie communication, must exhibit a proportionately 

stronger Silurian expression than could have obtained in those median areas 

which, at that time, still maintained communication with the Gulf of Mexico. 
Because of this continued communication with the southern faunal realm the 

life of the early Silurian seas of the Mississippian, or rather the Ohioan 

province, maintained much of the expression that had more generally domin- 

ated the aspect of the preceding Ordovician faunas in America. 
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The Richmond faunas of the Cincinnati region remind much more of the preceding Ordovician faunas of the same region than do the Richmond faunas in the Atlantic, the northern, and far western provinces. The faunas in the latter three Piuvinces have much in Common and indicate close relations between the northern Atlantic and Arctic seas from which their faunas invaded, The mr striking peculiarity of the Richmond faunas of the Ohioan province lies in the large number of trepostomatous Bryozoa which they contain. Though Bryozoa oceur also in the Anticosti Richmond, and locally in the Richmond deposits of Wyoming and Manitoba, they are chiefly of types that dit: + reach the Ohio and Mississippi valleys till near the close of the Rich- mu in some instances, and early upper Medina in others. However, th ‘ulk of the Bryozoa in the Ohio valley belongs to genera, or to groups of species of certain genera like Monticulipora, Atactoporella, Homotrypa, Bythopora, Batostoma, and Heterotrypa, that are wholly unknown elsewhere in rocks of this epoch. Though specifically distinct, these bryozoa are com- parable only to Trenton and Maysville species of the same genera. Indeed, we Can not doubt that these Richmond forms are modified descendants of known Ordovician representatives of the genera mentioned. either :: there any reason to doubt that the Richmond occurrences of these bryozoa invaded the area from the south just as their progenitors must have done. With these Richmond Trepostomata occur also species of other classes of animals that Similarly indicate the southern origin of a large part of the Ohio Richmond fauna. Most of these are pelecypods, gastropods and cephalo- pods, of genera that had become well esta! shed in the Ordovician faunas of the southern States, but are unknown in nvrthern European beds of this age, and in the northern and far western Richmond deposits of North America. A few, however, did reach Anticosti during the Richmond. The more im- portant of these “"rviving genera are Byssonychia, Modiolodon, Ischyrodonta, Whitella, C 'yrte ta, Orthodesma, C ‘ymatonota, Psuuconce, Tryblidium, Archinacella, Bucania, Salpingostoma, Cyclonema (typical), Cyrtocerina, and (romphoceras. 

Despite these conspicuous mollusean and bryozoan reminders of Ordovi- cian faunas, the Richmond faunas of the Cincinnati uplift yet comprise a host of generie and specific types that distinguishes them at once from all preceding faunas, Many of these new generic types continued on into later Silurian ‘ges; others began and seem also to have ended with the Richmond. Among the characteristie species are Streptelasma ruslicum, Columnaria vacua, Protarea richmondensis, Tetradium minus Nicholson (not Safford), Beatricea undulata, Rhombotrypa guadrata, Rhynchotrema capaz, and À. perlamellosa— all widely distributed and likely to be found in any North American Richmond locality. The presence of these generally distributed Richmond guide fossils in the Richmond of Ohio and Indiana seems conclusive proof that the beds else- Where which contain them belong to the Same group and epoch. Admitting this correlation, we establish at once that the numerous Ordovician reminders in the Indiana-Ohio Richmond are not indicative of greater age, but only of their continued existence in the southern oceanie realm and in its épiconti- 
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nental extensions. At the same time it necessitates the assumption that these 

southern types had not then reached the Arctic centre of dispersal. So far 

as we know, they never did join either the Ordovician or the Silurian Arctic 

faunas. In other words, the granting of the faunal correlation establishes my 

contention that, while all of the various Richmond deposits belong to the 

same epoch, the basins in which they were laid down differed radically in their 

oceanic connections. 

The Silurian faunas of Britain and northern Europe, likewise most of 

the Silurian faunas of North America, having invaded the various contin- 

ental basins from the Arctic and North Atlantic realms, the reason is 

clearly apparent why the Silurian affimues of the Arctic Richmond faunas of 

the Rocky mountains and northern Canadian provinces are more prominently 

displayed than in the Ohio Richmond faunas. In fact the-: Aretie Richmond 

faunas, particularly their coralline facies, have been almost invariably identi- 

fied as Silurian by reputable paleontologists. But it is nut to be supposed 

that these Arctic Richmond.faunas are much more distinct from Ordovician 

faunas thar are the southern. They are, of course, quite distinct from the 

Ordovician life of the southern seas, but when they are compared with their 

Ordovician predecessors in the Arctic fauna many simulating features are to 

be noted. The facts in the case are precisely as we should expect them, name- 

ly, the Ordovician and early Silurian facies of the Arctic fauna, the same 

as the corresponding facies of the southern fauna, have much in common. 

There is no sharp and thorough break between either. In both realms *. 

observeä changes in the faunas are but variously spaced stages in a continuous 

process of modification; and when altogether new types enter the pictures 

they do so as migrants from some other faunal realm. 

The persistence of “Ordovician types” in the Arctic fauna till well into 

the Silurian period is so clearly displayed in the Anticosti section that 

BILLINGS and others who studied the beautifully preserved fossils of this 

island thought it necessary to institute a special “Middle Silurian” epoch 

in accounting for ‘he mixed faunal assemblages. More recently SAVAGE 

proposed the term “ Alexandrian” for beds in the Mississippi valley in which 

a similar mixture of Ordovician and Silurian types is observable. In the 

latter case, however, the Ordovician reminders consist chiefly of derivatives 

of southern late Ordovician and Richmond species and genera,such as Cyclocy- 

stoides illinoisensis, Gaurocrinus splendens, Dalmanella aff. jugosa, Stro- 

phomena aff. filitexta, Zygospira afi. recurvirostris, Rhynchonella aff. incre- 

bescens, Byssonychia sp., Pterinea aff. corrugata, Psiloconcha aff. subrecta, 

Rhytimya sp, Lyrodesma, sp., Ceratopsis Sp., Krausella sp., Encrinurus 

(southern type), Proctus aff. determinatus, and Lichas cf. breviceps. But 

there can be nv reasonable doubt that in both cases these “Middle Silu- 

rian” rocks are of miidle to late Medinan age. Moreover, they are so 

intimately connected faunally with underlying beds that are unquestionabl\ 

of Richmond age, that no one who considers all sides of the question : 

favour drawing tke systemie boundary between them. SCHUCHERT al 

Savace have attempted to do this in Anticosti and southern Illinois, but 
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the former at least admits that the dividing line as drawn by him is an arbitrary one, 
As a general proposition we May say that fossil faunas have no absolute time values, An important exception to this rule is made by those small associations in a particular province which mark definite invasions or zones that may be traced from place to place, So far as it is possible to establish Contemporaneity of geological events, these usually thin zones are to be counted as absolute datum planes. Correlations based on such occurrences are definite, and in so far as the invasions extend and their zones have been identified, the basis of the correlations is incontrovertible, But when it comes to those broader_ faunal conceptions by which we presume to correlate the limiting deposits of epochs and periods the worid over, the : determinations are much more uncertain, I do not mean to accurate correlations in the latter cases are impossible, because I firmly be- lieve that they can, and finally will be made. What 1 do claim is that they are impossible under the yet Prevailing practice of mere “matching” of faunas. Certain species or particular faunal associations may and doubtless do mark unmistakably certain zones in one province, but the ame species —brobably à little modified and often very similar associations, may have appeared earlier in another province and later in a third In other cases it may be that local continuance of oceanie connection enabled a fauna to exist in such places to a later date than is contemplated in our conception of faunal range 

Before deciding their ages, We need to analyze the veral local faunas very carefully with respect to the life history and derivation- areal as well as genetic—of the species contained in them. We need to learn where the species originated and when and how they or their descendants migrated to other provinces. We need also to learn why ordinary associates in one province happen to be absent in another. To be more specific, why so many “Ordovician ” types survived into the Ohio Richmond but are absent in the northern and western Richmond. In short, we must learn to know when an “Ordovician ” fauna is really Ordovician and not eitner Cambrian or Silurian. As is perhaps well known, I hold to the principle that in marking geolo- gical time boundaries, dependence is to be placed on the introduction of new fossil types rather than on the general composition of the fauna. The new things usually indicate that physical changes have taken place in the mean- time; and the importance of these changes is commonly in proportion to the degree in which the old fauna has been changed by the addition of new elements. But, like all the other principles affecting Stiatigraphic correla- tion, especially where deposits of distinct provinces are Concerned, this also must be applied with extreme caution. The first appearance of one or several associated species may be an unfailing and invariable criterion throughout a given province, but in another province the same species may have a less exact and perhaps quite different significance. Thus, as I have stated in Part on a preceding page, in the Appalachian and Ohioan provinces Atrypa narginalis is confined to a definite and rather thin zone in the upper Medina 
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which seems to be of the same age, whether found in Missouri, Ohio, or east 

Tennessee. In Anticosti this fossil is said to have a range of 230 feet, most, 

if not all, of which seems to be older than the Atrypa marginalis zone in the 

Appalachian valley. In Britain this species oceurs in the lower Llandovery 

and is also reported as being found in the Ordovician.  Anoplotheca hemi- 

spherica is a common and widely distributed fossil in the Clinton of the Appa- 

lachian region but is unknown there beneath the Clinton. In the Anticosti 

section, according to SCHUCHERT and TWwENHOrEL, this shell begins in the 

Gun River formation and ranges upward through 650 feet of beds all of 

which I believe to be older than the Clinton. Similar differences in age of 

occurrence in the interior American, the Anticosti, and the British provinees 

are indicated by Atrypa reticularis, Bilobites bilobus, and Pentamerus oblongus. 

Each of these five brachiopods has a definite correlation value in the interior 

American basins that differs in a greater or less degree from the age value of 

its range in the Anticosti and British sections.  Obviously, therefore, their 

first appearance in the north Atlantic provinces has not the same significance 

as in the interior American province 

In America the presence of a meristelloid or a spiriferoid shell, or of an 

Atrypa in a fossil fauna is ordinarily regarded as unequivocal ndicative of 

post-Ordovician ages. The same is to be said of certain corals ke Heliolites, 

Plasmopora, and Favosit So far as we know this belief is fully justified 

by the facts. But these shells and corals scem to have originated in northern 

waters, so that it is quite proper to find that their appearance in the southern 

faunal realm was delayed to later Silurian ages. Though some of them 

erossed the Atlantic to Anticosti before the middle of the secor.d (Albion) 

stage of the Medinan, some physical barrier prevented their migration into 

the southern realm until near the close of the Medinan and, in most instances, 

to the middle and late Clinton invasions. Some of these same corals and 

shells, notably Favosites asper and Atrypa marginalis, evidently lived in the 

Arctic realm already in the Richmond, being found in faunas of that age that 

must have invaded the continent from that sea as far south as New Mexico. 

While these things originated and lived in the northern seas and their 

dependencies, other organisms lived in and were similarly confined to the 

southern seas.  Hundreds of species are found in the Richmond deposits of 

the Cincinnati uplift that are wholly unknown in the deposits of Europe and 

North America, which received the organisms entombed in them from tli 

northern seas. Among these southern Richmond fossils are many peculiar 

types, some of which are to be viewed as the introductory stages of familic- 

that later on became very important. Mentioning only the most strikin 

forms, the list would comprise Fenestella, the first of its family; Lepad 

cystites, the first of the Callocystidæ, Compsocrinus and Xenocrinus, the fir:t 

representatives of the Batocriniidæ, and Meekospira, the oldest of ti 

Eulimidw.  Excepting Fenestella, none of the descendants of these southern 

1 If we may rely on published lists of British fossils, all of these genera, besides othi:s 

that are not seen in “merica beneath the upper Medina or Clinton (see p. 619), appeared 1 

Britain during the latter part of the Ordovician. 
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Richmond types reached Britain and the Baltie region before the Wenlock stage of the Silurian. Lheir claims to be viewed as Silurian &enera, therefore, 
are certainly as well founded, if not better, than those of Heliolite. Plasmopora, Favosites, Spirifer, Meristellidæ, Atrypa, and other types which were every- 
where established in the seas of the northern hemisphere before the Wenlock stage. 

Late Ordovician and early Silurian faunal breaks. — There are four faunal breaks in the late Ordovician and early Silurian rocks of America that should be considered in deciding where the dividing line bet ween these to systems 
should be located. Beginning below, these breaks occur (1) between the 
Trenton and the Eden, (2) the Eden and the Maysville, (3) the Maysville 
and the Richmond, and (4) the Richmond and the Albion. At the outset it 
should be said that these faunal breaks derive their importance chiefly from 
the fact that they coïncide with boundaries between groups of formations which are distinguished from each other mainly because of physical distine- tions. Namely, each group is set off from the one next above and bencath by 
some difference in average lithologic Composition, Morcover, the boundaries 
between them are more or less sharply defined; and the contacts as à rule 
present clear evidence of interrupted sedimentation and change in size and shape of seas. The faunal break, therefore, Corresponds in each case to an 
important physical break. It should be mentioned further, that other, no less well marked faunal breaks occur between the confines of each of the 
&roups. The importance of these intermediate breaks is thought to be less for no other reason than that the aCcompanying physical breaks are less 
widely and less definitely recognizable, Localiy, however, and in one or two instances over very wide are: the physical break Marking these minor 
formational boundaries is quite as Conspicuous as the faunal break. This is 
particularly true of the Fairview-MeMillan boundary in the midst of the 
Maysvilie group. 

Although the Trenton and Eden faunas are in many respects similar, 
it is yet a fact that only a small Percentage of their faunas are common to the 
two. Indeed strange as it May seem, if we compare the Trenton fauna as à 
whole with later faunas the greatest resemblance is not with the Eden fauna, 
bat with that of the Maysville group. Great variability is notable also in 
the composition of faunas adjacent to the boundary in different seas. This 
is due chiefly to restriction of seas and Consequently to absence of latest 
l'renton beds in Many places and to absence of the lower members of the 
Eden because of overlap. Very decided Contrasts in Trenton faunas are occa- 
Sioned by differences in oCeanic connections, as when the faunas invaded from 
The north nstead of from the south. But it is unnec y to discuss these 
here because they have no immediate bearing on the problem before us, When the typical Utica, with its Atlantic fauna, rests on the Trenton 
linestone, as it does between central New York and Cincinnati, a decided 
fuunal break is immediately notable. But this break is less marked in eastern 
Xew York and in the eastern or Martinsburg shale outcrops of Pennsylvaniu 
al West Virginia, where the Trenton is similarly represented by shale 
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and likewise curries Atlantie faunas.  Avoiding details, it may be said at 

once that the Trenton-Eden boundary, though usually recognizable by a 

well marked faunal break, is yet not of the taxonomie grade desirable in a 

systematie boundary. On the other hand, it serves very well as the dividing 

line between terminal groups of two series the Mohawkian and Cincin- 

natian, Besides, there can be no rl wonable doubt that the Ordovician of 

Britain includes beds corresponding to our Eden. 

Senvenerr drew the top of the Ordovician at the top of the Utica 

but, as L have said in discussing his “Cincinnatie system” (pp. 610 615), 

this boundary is a purely paleontological line that is only seldom determin- 

able in the field. The proposal is, therefore, rejected as impracticable. 

Besides, the natural relations of the Utica, whether viewed from the faunal 

or the physical side, are with the Eden rather than the Trenton. 

The Eden-Maysville faunal break is generally recognizable wherever 

deposits of both groups are present. As a rule, however, the Mount Hope 

member of the Maysville sugges transition--a gradual dropping out of 

upper Eden species in favour of characteristie Ma; ville species. By the 

time we reach the second or Fairmount member of the Fairview formation 

little remains of the older faunas. The small Eden remnant, at least is 

scarcely noticeable in the usual Fairmount fauna at Cincinnati. It is also 

very weak in the nearly corresponding Pulaski fauna in New York, and no 

less so in that of the equivalent beds of the Fairview in the middle and 

southern Appalachian region. A greater percentage of the Fairview fauna 

consists of obvious, though in most cases specifically modified, descendants 

of Trenton species which are entirely unrepresented in the intervening Eden 

formations. However, despite these apparent hold-over and recurrent 

species, the Fairview fauna comprises such a host of characteristie fossils 

that there is rarely cause for even a moments hesitation in identifying it. 

Actual error in determination might oceur only in the southern Appalachian 

region and in central Tennessee where a similar fauna is found in the Catheys, 

a late Trenton formation, that is often found directly under the Fairview. 

In such cases, of course, the enntact between these simulating formations 

represents an important hiatus which is oceupied in northeastern Tennessee 

by as much as 1,500 feet of calcareous shale. 

In the Cincinnati section the Fairview is succeeded by the MeMillin 

formation. The latter is even more highly fossiliferous than the former; 

and very few of the species are common to the two formations. Indeed, out 

of approximately 250 species found in the MeMillan, not over 15, or possilly 

20, are indistinguishable from Fairview species.  Besides, these 15 to 20 

hold-overs consist mostly of long-ranging types, SOme of them—if we are not 

inclined to nicety in systematie paleontology— beginning low in the Trenton 

and continuing on into the Medina and Clinton. Evidently the faunal break 

between the Fairview and the MeMillan is more than usually complite. 

As we shall see presently, it followed important displacements of the strand- 

line, a fact that must add considerably to its significance. 

The Maysville-Richmond  faunal break is suficiently discuss 
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commenting on the proposed “Cineinnatie system"! of Schuchert. Certain Other aspects of the break are discussed a few Pages back where they are to illustrate the Principle of synchronous faunal differences due to vary- ing oceanie connections, Of the faunal breuks concerned in the selection of a satisfactory boundary between the Ordovician and Silurian sYstems, the one separating the Richmond from the preceding Maysville js not only the Strongest, but it also divides the faunas according to their greatest affinities. The Maysville fauna is too intimately related to the preceding Eden und Mohawkian faunas, in other words it is Yet so throughly Ordovician in its composition that, despite its apparent absence in the Ordovician of Britain, we are obliged, on the ground of natural relations, to add ittothe top of the lower system. The Richmond fauna, on the other hand, is 0 intimately connected with succeeding faunas that are Unquestionably of Silurian age that there is seemingly no choice but to classify it with the later formations in the upper system. The propricty of dividing the American beds which seem to represent intersystemie intervals not represented by deposits in the British section by adding one part to the top of the Ordovician and the re- Maining part to the base of the Silurian, seems assured when we find that the Systemie boundary as indicated by the fossils Corresponds aceurately with the line as drawn on purely physical grounds. 

Physical Aspects of the Case, 

General statement. The aspects of the problem which remain to be discussed are those Strietly physical phenomena that indicate vertical and horizontal movements of or Within the shell of the lithosphere and consequent shiftings of the strandline, The phenomena consist chiefly of (1) changes in the character of deposits, sometimes indicating elevation and enlargement of land areas, at other times submergence and, therefore, expansion of water areas, and finally, such isfactorily determinable conditions as climatic changes, the relief of the land areas, and the relative duration of the periods of emergence; (2) sharp breaks in the sedimentary sequence, with or without Marked discordance of bedding, indicating interruption of deposition- usually ecause of émergence and Consequent erosion of the surface that had been subjected to tidal or other marine currents or to subacrial conditions: (3) vas riation in areal extent and in relative thickness of corresponding beds, that is, (a) thinning or thickening of formations in any direction by loss from or by addition to the base, indicating advancing seas and conséquent overlap of deposits, or (b) by absence of beds at the top, indicating retreat of seas and restriction of areas of deposit or removal of beds by erosion prior to the next Succeeding submergence; and (4) variation in general distribution of forma- tions, indicating decided changes in &eographic pattern of land and water areas. The significance of these strictly diastrorhic physical phenomena is üs a rule readily apparent. Besides, I have recently discussed the criteria and principles of stratigraphic correlation by diastrophie movements at 
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considerable length! It seems, therefore, unnecessary to introduce this 
section with a generalized dissertation on the use of physical criteria in strati- 

graphic correlation and taxonomy.  Moreover, such a discussion, if it should 

be of real service, would take up more space and time than is now available. 

Late Ordovician and early Silurian displacements of the strandline.— 1n 
seeking to determine which of several well marked boundaries is the most 

natural and at the same time the most practical dividing line between the 
Ordovician and Silurian systems in America, our choice is limited to those 

following the Trenton and preceding the Clinton, This limitation is enforced 
by the certainty that the whole of the Trenton at least falls beneath the top 
boundary of the Ordovician as represented and defined in Britain, while it 
is equally certain that the base of the Clinton is younger than, the base of the 

Lower Llandovery, with which the Siluriun, according to Larwonra's 

classification of British Paleozoic deposits, begins, 
The important movements, which attained their eulmination a! the close 

of Ordovician marine sedimentation in the accessible epicontinental basins 
of America, began early in the Mohawkian epoch.  Increased elevation of 

old and long-weathered lands along the Atlantie border at the beginning of 

this epoch is indicated by the red sediments which are found in the easternmost 
development of Lowville rocks in the Appalachian valley of Tennessee, 

These reddish and argillaceous Lowville deposits constitute the typical 

Bays sandstone of Bays mountain.  Hewever, while the elevation of Atlantic 

border lands was going on, subsidence prevailed in the interior areas. The 

Lowville formation consequently overlapped the preceding Ordovician 

deposits in New York, Ontario, Wisconsin, and Missouri, the farthest edge 
in some places being in contact with Pre-Cambrian rocks. In the Appala- 

chian valley also, beds of this age locally extend farther eastward than usual 

for formations of the Ohioan province, The extent of the Lowville sea is 
shown in the first of the paleogeographie maps. 

The Lowville stage of general subsidence in the southeastern quarter 

of North America was followed by another stage, characterized by abundant 

but gentle surface warping and oscillating seas which, on the whole, were 

less extensive than the Lowville. This is represented by the numerous thin 

and areally limited upper Black River formations. 

The next important stage of these movements set in with the beginning 

of the Trenton group. In the Appalachian valley the deposits of this group 

do not extend so far eust as those of the Lowville, being here confined to the 

middle and western bands. The outerops which represent the eastern extent 

of the Trenton sea are again red, thus suggesting elevation of the Atlantic 

border lands similar to that inferred in the preceding Lowville age. These 

second, early Trenton, red deposits are included in the Mocceasin limestone 

of the western ranges of the valley. It should be said, however, that most of 

the deposits referred to the Moccasin in the middle ranges in northeastern 

Tennessee are of Lowville and probably later Black River ages. To tie 

1 Revision of the Paleozoie Systems, Bull, Geol. Soc. America, Vol. 

204-574 
XII, 1911, pp 
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west of the Appalachian valley the early Trenton sea spreud widely, though there is ample evidence to show that several Wholly distinet inland seu contributed to the Present aggregate extent of Trenton deposits in North America! These distinct components of the Trenton indicate brond Warping of the great interior aren and differential tilting of the continent, hence an advanced stage in the series of Mmovements which culminated at the close of the Ordovician and finally produced the very different &eographie pattern that prevailed through the greater part of the Silurian period, During the later ages of the Trenton small and oscillating ses again prevailed, Apparently they were confined entirely to the Allegheny L'ATAUTE cline and the northern part of the Appalachian valley, spreading now a: then into the western half of the southern Appalachian Valley region, and more commonly to the shallow basins itumediately to the west of the Cincinnati uxis, ut late Trenton deposits are wholly wanting in the Mississippi valley to the north of t Jhio river and, so far as known, throughout the middle, northern and western parts of the continent. Conditions similar in Many respects to thos Characterizing the late Trenton continued into and prevailed through the Eden stage, The main difference lies in this, that the sediments in the latter stage consisted chietly or entirely of fine muds and sands from which it js inferred that the contribut- ing lands to the scutheast and northwest sustained somewhat greater eleva- tion. This increased elevation seems, however, to have affected only the southern part of the Atiantie border land, since nearly all of the Trenton deposits in the valley region between Canada and Virginia likewise consist of shale and sandstone, In this region, therefore, there is no lithologie break between the Trenton and Eden. Another difference is seen in the fact that, whereas the late Trenton is well developed on both the Cincinnati and Nush- ville domes, the Eden fails entirely to outcrop on the latter dome and is at least locally wanting also on the southern flank of the former. Evidently the southern half of the Cincinnati axis was raised above sea level at the close of the Trenton.? 
As we see from this brief account, the diastrophie movements in America at the close of the Trenton were relatively gentle and merely an accentuation of a series of movements begun during earlier stages of the Mohawkian epoch. Besides, over a large part of the outerop of Trenton and Eden deposits in the Appalachian region it is impracticable to draw even a formational boundary letween the two. We conclude, therefore, that the Trenton-Eden contact oflers no satisfactory physical basis for a systematie boundary. As the ’xunie evidence led to the same conclusion, we are fully justified in passing on to the next important break. 

As noted on preceding pages of this Paper, SCHUCHERT proposed limiting the Ordovician above at the top of the Utica shale. In my opinion there is littie ground for this procedure even on the basis of fossil distinctions, and 
1See Revision of the Pakozie S à " 2 A fuller statement of the ç, ions of t} the innati ais is given 

In MY Revision cf the Paleozoic Systems, pp 416-419, 
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very little indeed from the standpoint of diastrophism. Where the Utica is 
followed by later Eden deposits, it ix always difficult to draw a sharp line 
between them. In fact, there seems to be no such line in ureas like the middle 
and northern Appalachian Valley regions, where the Eden is greatly develop: 
ed. Even in central New York the typical Utica seems to pass gradually 
into the overlying Frankfort shale. In the vicinity of Cincinnati some 
movements occurred between the two, s0 that here careful study of outerops 
enables us to distinguish a definite line of contact between the Fulton (Utica) 
and Economy members of the Eden. 

The Eden-Maysville break.—The contact between the Maysville group 
and the Eden is nearly always more or less sharply indicated by a change 
from shale or argillaceous sandstone to limestone or calcareous sandstone, 
À notable exception to this rule is seen in central Pennsylvania, where shale 
deposition began at various times in the Trenton or with the Utica and 
continued almost to the close of the lower half of the Maysville. This con- 
tinuity of shale deposition is best displayed in the mountain ranges between 
Lewiston and Milesburg, especially Jacks and Bald Eagle mountains, in which 
the interval between the top of the Trenton limestone and the base of the 
Oswego sandstone consists wholly or chicfly of shale, The upper part of 
this great mass of shale, to which I have applied the name ‘“ Reedsville 
shale,”" because it seems to constitute an indivisible formational unit, is 
usually arenaceous and generally marked near the top by characteristie 
fosxils of the upper Orthorhyneutr ns à zone, En Ce Appalachinn valleys 
to the south and in central Tennessee and Kentucky this zone belongs at or 
near the top of the Fairview division of the Maysville, 

Where the Reedsville shale facies obtains, the usual break between the 
Eden and Maysville is indistinguishable, However, in New York and in 
the vicinity of Cincinnati the break between the two is often clearly defined 
Usually it is marked by evidence of intervening retreat and subsequent 
return of marine waters. Now and then erosional unconformity is suggesteil 
at the contact, and in many cases the suggestion is confirmed by overlaj 
phenomena. That diastrophie movements did occur at this time, move- 

med subsidence and submergence of considerable area< ments that occ 
that had been above sea level during the preceding stage, is established by 
the general overlap of early Maysville deposits in south-central Kentuckx. 
throughout middle Tennessee, and as à rule in the southern Appalachian 
Valley region. In these areas the Maysville rests either commonly or alwar« 
on Trenton rocks, the Eden being wholly absent or only very locally present 

Further evidence of earth movements following the close of the Eden 
stage is found in southwestern Virginia and northeastern Tennessee. In te 
middle and western valley ranges in this area the Eden attains unusulls 
great thickness.  Succeeding it we find another red formation, the third ol 
the series of red Ordovician deposits of which the typical Bays sandstone- of 
early Black River age—is the first, and the upper Moccasin limestone or sh de 
—of early Trenton age— is the second. The third red formation has been 
mapped as ‘“Bays sandstone," but is really a much vounger formation 
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645 In fact the fossils contained in it, an to the underly ing Eden and Trenton fe oÙ the Fairview limestone of the Cine the whole of the Fairview 07 the latter view jx at least loen 

Lits “tratigraphie position with respect nations, prove it to be the equivalent 
Whother jt represents nly its upper Part has not been decided, That Us true ax, for Mstance, in Walker Mountain, 

Virginia, seems probable, There jx also some reason to believe that the 
Upper layers of this Appalachian Maysville formation are 
the top of the Fairview at Cincinnati and that they hiatus between the Fairview and the MeMillan in the « ever this may be there is no Paléontologie evidence, 0 far x known to me, 
Warranting correlation of the upper Part with the MeMillun : and 
none for claiming, ns bas just been done by Professor À, WE 
Juniata-Richmond age for any of the several wholly distinet | 
referred to in literature under the name *Bays' In discussing the faunal breaks à fow pages back I Mmentioned that the 
Strong life-brenk between the Fairview and the MeMillan ages of the Mayse 
ville followed important displacements OÙ the strandline, South of Penn 
svlvania Mayxville deposition ceased in the Appalachian valley with the 
close of the Fairview, It términated at about this time also in middle 
Tennessee, No ediments which are older than Richmond and Whieh might 
Correspond to the MeMillan are to be found in cither area, So far, fossili- 
ferous beds of this age have been found chiefly on the Cine innati dome, on 
which they diminish a pidls to the sont! Ward. Elkewhere in North Ameriey 
tueh smaller faunus of this age have been found only in central New York 
und southwestern Quebec. Central 

Vounger than 
really belong in the 
Mio section, How. 

absolutely 
RABAU, à 

eds heretofore sandstone, 

and Western Ney York and central 
Pennsylvania, however, contain the Oswego sindstone, This saindstone 
secupies the same position with re *pecC to the Pulaski and the Queenston, 
Which_inelude the only possible New York équivalents, respectively, of Richmond group in the Ohio section. The us formation of calcareous shale 

contra 

the Fairview formation and the MeMillan is an highly fossiliferc 
and thin 

limestones, the Oswego, on the + Sundlstone, often conglomeratie 
and, except in its basal part, wholly devoid of fossils. The Principal facts 
that are believed to establish the correlation of the MeMillan and Oswego 
lormations are briefiy diseussed on page 627, Whether actually contemporaneous or not, the restriction of the area of 
Maysville deposition following the close of the Fairview and Pulaski, likewise 
the arenaceous and locally conglomeratic Composition and the not unlikely 
land origin of the Oswego, proves that diastrophie agencies were latively 
ave at this time. Besides, if we Compare the inferred move ns from 
the beginning of the Mohawkian on to the close of the Maysville, it is clearly 
apparent that they form a Progressive series of diastrophie events. The 
‘istern border of the successive deposits of red Material, which must have 
been laid down adjacent to the shore, moved farther and farther inland. 
The first of the red formations is confined to the Athens and Knoxville troughs, ! For description of the southern Ap 
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the second to the Knoxville, Pearisburg, and Clinton troughs, the third 
occurs in the same troughs as the second but is best developed in the Pearis- 
burg and Clinton troughs. To the northwest of the Appalachian valley 
the successive seas advanced and retreated many times, but, speaking ‘n 

general and broadly, each advance fell short of the preceding high stage, 
and the last or MeMillan stage was much the smallest of them all. When 
this closed the waole continent emerged: and the next submergence began 

a new and very different series of marine oscillation: The varving results 
of these successive diastrophie movements, in so far as their effect on the 
strandline of the North American continental seas has been determined, 
are somewhat erudely illustrated on the accompanying paleogeographic 
maps. 

The Maysville-Richmond break. We have seen how the MeMillan stage 
of the Maysville sea was confined to à small part of the Ohioan province. 
[have also said that, when the last of the MeMillan deposits had been laid 
down, the whole continent was elevated above sea level. The small extent 
of the MeMillan sea is inferred from the total absence, so far as known, of 
deposits of this age except in the three areas mentioned in the second preceding 
paragraph. Possibly they extended originally into areas where they are now 
absent. But this suggestion implies a corresponding amount of pre-Rich- 
mond erosion, an amount so much greater than is indicated by the average 
character of the succceding Richmond deposits that it must be rejected. 
Besides, in the area in which the deposits of Richmond age are particularly 
elastie in origin and thieker than usual, that is in Pennsylvania and New 

York where the Juniata and Queenston shales and sandstones are so well 
developed, they underlain by the Oswego sandstone. And the Oswego 
sandstone, we have seen, can not be older than the MeMillan, Obviously 
then, the detrital material of the Juniata-Queenston must have been derived, 
mainly if not entirely, from other as than those which had previously 
received deposits of MeMillan age. Finally.it is to be noted that everywher: 
the base of the underlving formation—whether of Black River or latest 

Maysville age—almost invariably suggests mere subaerial surface decomposi- 
tion. No indication of high relief, with steep slopes and consequent activi 
erosion, has so far been observed. The nearest approach to such conditions 
is seen in the bluff on Sequatchie river a sketch of which, taken from 
photographs, is reproduced in Fig. 1. As a general proposition, 1 con- 
tend that erosion agencies contributed in only a very small degree to the 
surficial deformation of negative areas of early and middle Paleozoic land. 
Numerous data supporting this view are mentioned in a discussion of tie 

subject in my Revision of the Paleozoice Systems (see especially pp. 304 314. 

Although the amount of erosion was almost negligible in the negati.e 
areas that commonly received marine deposits during the Paleozoie, it sers 
nevertheless a fact that the interval beginni: x with the close of the Maysvile 
and extending into the Medinan and early Niagaran epochs was marked y 
land elevation and consequent denudation of more than ordinary impec t- 

ance. Evidence of this is seen in the great masses cf clastie material wh ch 
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Lam reminded of the fact that the Sequatchie formation, the representative 
of the Richmond in the southern Appalachian region, is tlie last of the series. 

Comparing the location of its eastern border w,ch that of the older members 
of the series—the Fairview, late Moccasin, and the typical Bays—we observe 

that it follows the rule by lying farther to the west than its predecessors in 

the series. Namely, the eastern border of the Sequatchie usually is confined 
to the Clinton trough. It is not only an interesting but also a highly signifi- 

cant fact that the upper Medina (Rockwood) of Tennessee is similar! 
confined to the Clinton and more western troughs. The unfossiliferous 

Clinch sandstone, on the contrary, has its best development in the western 
half of the Knoxville trough. The progressively western movement of the 

eastern margin of these red formations is probably in obedience to the hypo- 
thetical law of ‘“‘inland migration of belt of active folding,"” suggested and 

discussed in the Revision of the Paleozoic Systems, pages 434-446. 

That the highest part of the Atlantic borderland (Appalachia), from Pre- 
Cambrian time on to the close of the Maysville epoch, was generally in the 

south, perhaps particularly in North Carolina, is clearly indicated by the 
great thickness of the pre-Silurian deposits in east Tennessee, Georgia, and 
Alabama. Most of these deposits are strictly of detrital origin; and their 
aggregate volume (approximately 25,000 feet) is far in excess of the total 

attained by the pre-Silurian deposits in Pennsylvania. (Greater altitude for 
southern Appalachia is also indicated by the more frequent occurrence of 

red formations in the southern Eopaleozoie section. In Pennsylvania we 
have only one during this era—the middle Cambrian Waynesboro formation. ! 

In Tennessee, however, there are at least five, one in the middle Cambrian 

and four (Tellico, Bays, upper Moccasin and “ Fairview”’) in the Ordovician. 
Comparing the distribution of the four Ordovician red formations it appears 

that the southern terminus of each is farther north than the one immediately 

preceding. In view of the last fact, it is thought probable that the point of 

greatest altitude advanced northward continuously or periodically during 

the Ordovician. At the close of the Maysville it must have passed into 
southern Virginia. 

With the beginning of the Medinan the balance had been turned. From 

then on to the close of the Devonian the highest lands of Appalachia were 

in its northern part-—-probably in southeastern Pennsylvar Beginning 

with the Juniata and continuing with the Tuscarora and Clinch, then th 

Clinton, the Cayugan, the Helderbergian, and finally the Neodevonian forma- 

tions, the area containing the greatest thickness of the several formation: 
lies somewhere between northern Pennsylvania and southwestern Virginia 

The Juniata attains its greatest development in central Pennsylvania an 

thins southwestwardiy.  Nearing the border of Tennessee it seems to pas 

1 Thin bands of red sediment locally present in the Oswego are not taken in aceoun 
coming, as they do, at the close of the era 

2The expressions, “highest lands”’ and ‘‘greatest altitude” should perhaps t 
modified, because they refer to the areas which supplied the greatest amount of erosit : 
produiss and these, as is readily conceivable, were not necessarily the highest parts 

1e land. 
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into the more calcareous Sequatchie formation, in which facies the deposits of this age extend into northeastern Alabama. The Tuscarora likewise attains its best development in Pennsylvania, Following the strike of the Appalachian valley this formation apparently passes laterally into the Clinch sandstone and finally pinches out, or possibly merges into the Rockwood, in east Tennessee, The Clinton is very thick in central Pennsylvania, some- what thinner in Maryland, but swells again to its maximum thickness in West-central Virginia. From here the northern Appalachian Clinton loses again until it dies out completely in northeastern Tennessee, In general the facts as to the di ribution and areas of greatest thickness of the Cayugan, Helderbergian, 1d Neodevonian are much the same as for the Tuscarora and the Clinton. 

Confining our comparisons nore particularly to the Ordovician and Silurian formations in the Appalachian region, the differences in distribution which assist in distinguishing the two Systems stand out prominentiv.  Thus, while more Ordovician formations are represented and most of them attain their greatest known thickness in Tennessee, and while some of these forma- tions are wholly absent and most of them thinner in Virginia, Maryland, and Pennsylvania, the opposite is true of the Silurian formations. Only one of the Silurian groups, namely, the upper Medina, reaches as great à thickness in Tennessee as in Pennsylvania: and this one is quite different in all other respects from its northern representative. As to the Clinton and the Cayugan, both of which are strongly developed in the north, neither is present in east Tennessee south of C'aborne County. In view of these facts it is positively assured that important changes aff cting the gx ography and topography of the Appalachian valley and ares adjacent thereto, cul- minated in the interval between the Maysville and Richmond cpochs, Extending our Comparisons to the relatively flat interior areas of the continent, the first difference that strikes one is that, whereas all of the Ordovician formations of southeastern North America save those which invaded from the north attained thcir greatest development in the Appala- 
chian Valley region, the most important members of the middle Silurian series, that is, the upper Niagaran formations, are not present there at all. 
These are confined to the interior areas. Even the Medinan, the Clinton, and the Cayugan formations do not extend so far east in the valley as the Majority of the Ordovician formations. In fact the Silurian formations are almost entirely confined in the valley region to the western ranges,. But, as regards distribution, the greatest difference js that which sets 
in with the Richmond. As will be recalled, the preceding MeMillan stage 
of the Maysville sea was but a small remnant of the prevailing Ordovician a. Following it, the epicontinental seas seem to have been entirely with- drawn. However, with the first return of the waters the new sea was im- 
mediately much larger. The Arnheim, which is the first of the Richmond formations, is known not only in the vicinity of Cincinnati, but also in west- 
middle and southeastern Tennessee; and the closely allied Waynesville. \“hich succeeds the Arnheim in Ohio, extends this distribution to Ontario 
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and Quebec. Whether these early Richmond divisions are represented also 

in the supposedly nonmarine Juniata of Pennsylvania and the Queenston 

of New York can not be decided at present. 
In west Tennessee the Arnheim is succeeded by the Fernvale formation. 

The Fernvale contains a large and very characteristie fauna by which it may 

be recognized at once. Although a thin zone—seldom exceeding 25 feet in 

thickness—the Fernvale seems to be very widely distributed. It does not 

oceur in either the Cincinnati or the Appalachian regions, but is well developed 
in northern Illinois, southeastern Missouri, northern Arkansas, and south- 

central Oklahoma. There is some reason to believe that the same zone is 

represented on the east side of the Rocky mountains in Colorado and also in 

western Texas and New Mexico, but the most diagnostic of the Fernvale 

fossils— the bryozon—are absent in these western localities; and we can 
not yet say whether their absence is due to failure of transporting eur 

or to difference in age of deposits.  Whether the latter oceurrenec 
strictly correlatable with the Fernvale of ‘lennessee or not, enough is 

certainly established regarding the geographie distribution of this zone to 

show that the 1y Richmond submergence extended over great areas that 

had been above sea level through the whole of the preceding Cineinnatian 

epéch and all or at least the greater part of the Mohawkian. 

Other Richmond deposits, most of them doubtless of later Richmond 

ages, but some of them perhaps quite as old as the Fernvale, have been identi- 

fied in western Texas, New Mexico, Nevada, Utah, Idaho, Wyoming and 

Manitoba, and in other areas to the north as f Seward Peninsula, Alaska, 

and Baffinland. It seems highly improbable that the full extent of this 

extraordinary distribution of Richmond deposits Was in elfeet at any partieu- 

lar time. Nevertheless, it is as certain as stratigraphie identification can 

be, that by far the greater part of the broad areu indicated by the named 

localities was actually covered at certain times by a continuous epicontinental 

sea that invaded from the north. 

In many of these areas, particularly those between New Mexico on the 

south and Alaska on the north, the Richmond beds are sueceeded by later 

Siluriau deposits.  Whether any of these are really younger than late Medina 

can not be decided at this time. Still, it is to be said that the frequent 

presence of Pentamerus suggests submergence as late at least as early 

Niagaran. Whether Niagaran or not, they are certainly Silurian. This 

frequent association of Richmond and later Silurian deposits in western and 

northern North America, therefore, helps materially in proving the elaim 

—primarily based on conditions found in southeastern America—that the 

distribution of the Richmond in North America conforms essentially with 

that of the Silurian and not at all with that of the middle and late Ordovieian 

formations. 

Besides the above outlined broader diastrophie movements which caused 

such great changes in the general distribution of the late Ordovician and earl; 

Silurian seas, considerable local folding and warping of land areas occurre:! 

at or soon after the close of the Maysville. These warpings are particular: 
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notable on the flanks of certain ol structural domes like the Ozark uplift 
and the Nashville dome. In middle ‘nnessee, for instance, the Ordovician 
formations up to the top of the Leiper, which Corresponds essentially to the 
Fairview division of the Maysville, form continrous shects over the whole 
dome or around one of its sides. With the advent of the Richmond, how- r, this relatively equable distribution was changed. Warping of the dome 

ad formed shallow hollows which, when the Richme nd submergences set in 
here, lodged small and narrow embayments.  Tha Fernvale, so far as expose 
in middle Tennessee, is almost entirely confined to these embayments, When 
Niagaran time came, a few new embayments may have been developed but 
for the most part the old inlets were rejuvenated and used again, The 
Fernvale and St. Clair limestones extended northward in similar embayments 
of the southern shore Of Ozarkia in Missouri and northern Arkansas. Post-Richmond breaks. At the close of the Richmond, meaning by that 
the time when the last of the deposits of this Broup had been laid down in 
Indiana, extensive sea-withdrawal occurred. We see this clearly enough in 
Ohio, Indiana and Kentucky, where a considerable hiatus Separates the top 
of the Richmond from the next overlying formation. In these states the 
first deposit following the Richmond belongs to the Brassfield_ or “Ohio 
Clinton” limestone which doubtless Corresponds to the last of the upper 
Medina beds, Compared with the section in southeastern Tennessee, the 
post-Richmond_ hiatus in Ohio represents the White-onk Sandstone (400 
fect thick) plus à Part or all of the smaller hiatus which Separates this sand- 
stone from the underlying Sequatchie formation, which is the southern 
Appalachian marine representative of the Queenston of New York, the 
Juniata of Pennsylvania and the Richmond of Indiana and Ohio. There is 
a hiatus at the top of the Richmond also inthe Mississippi valley, Though 
usually of greater value the hiatus is locally eut down in this valley to smaller 
dimensions than in Ohio. This oceurs in southern [linois and adjoining 
parts of Missouri where the Richmend is followed by the ( iirardeau limestone 
and the Edgewood formation, both of which fall into the lower half of the 
upper Medina and are sSucceeded by still Younger beds of the same group, 
It also oceurs in northern Illinois where, as at Savannah, deposits approxi- 
mately of the age of the Edgewood are locally intercalated between the top 
of the Maquoketa shale and the base of the garan dolomites. In Okla- 
homa, providing the top of the Sylvan shale is not older than the top of the 
Richmond in Indiana, the same hiatus has about the same value as in Ohio. 
In both places the Brassfield Rhinopora rerrucoso zone is the first to succeed 
the Richmond, In New York and Pennsylvania also, a break between the 
lower and upper Medina is commonly recognizable, Evidently there can be no doubt regarding the actuality of the physical 
break between the Richmond and the Albion groups of the Medinan series. 
But it is not of the kind that marks Stratigraphic boundaries separating 
distinct systems and much less, eras. 1: js rather like those intrasystemic 
br which separate Sroups and important formations. This is shown by 
(> fact that the 8eneral distribution of the Albion formations is on the same 
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plan, only not so extensive, as that of the Richmond formations, Both are 
simulating parts of a dispensation that is radically different from the preceding 
Ordovician plan. In the former the Albion differs from the Richmond just 
about as the Maysville differs from the Eden, or the Lowville from the upper 
Black River, or the MeMillan from the Fairview in the Ordovician, In 
each instance the two parts are separated by sea-withdrawal and a corres- 
ponding hiatus that was followed by another invasion which differed chicfy 
in that it fell short of the first. 

The break between the Medina and the Clinton is comparable in kind 
and rank to that separating the Trenton from the Eden. Indeed, many 
simulating features might be cited, but it is scarcely necessary to do so. In 
view of the already typically Silurian expression of the late Medina (Brass- 
field) fauna it is inconceivable that any paleontologist would consent to 
placing the Ordovician-Silurian boundary at the top of the Medina. Appar- 
ently, then, we have no choice but to draw it at some lower break. 

THE PROPER HORIZON FOR THE ORDOVICIAN-SILURIAN BOUNDARY IN NORTH 

AMERICA. 

The reasons, physical and faunal, wby the Richmond-Albion break is un- 
suitable have been given; and no less valid objections have necessitated 
the rejection of the Trenton-Eden, the Eden-Maysville, and the Fairview- 
Medillan breaks. Only the Maysville-Richmond break has the diastrophie 
qualities to fit the requirements. This conciusion being in entire harmony 
with the result of the faunal comparisons, 1 propose to recognize the 
break betweea the Maysville and the Richmond, and between their 
correlates, as marking the boundary between the Ordovician and Silurian 
systems in America. 

This proposal is made all the more confidently because I believe it accords 
essentially with the philosphical views of Daxa.  Daxa was not a paleontolo- 
gist, but he had an excellent grasp of the physical and systematie sides of 
geology. His judgment seems to have been especially sound with respect 
to the character and importance of the diastrophic movements at the close 
of the Ordovician. As is well known, he credits the “birth of the Taconie 
Mountains,” or as he sometimes calls it, “the Taconie revolution,” to this 
time. Indeed, he was so greatly impressed with the taxonomie importance 
of the facts brought out by personal studies in eastern America that he 
separated the Paleozoic into two great divisions —Eopaleozoic and Neopaleo- 
zoic—at this point. 

Of course DaxA did not urderstand the true relations of the Oswego, 
Medina, and Oneida sandstones to the highly fossiliferous Ordovician and 
Silurian formations which outerop on the flanks of the Cincinnati dome. 
The former, excepting pardonable errors respecting the stratigraphie relations 
of the Oneida to the other two sandstones, were, in the main, properly classi- 
fied according to diastrophic criteria. The latter, however, were misinter- 
preted because of the two very generally prevailing misconceptions regarding 
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their faunal contents. According to the first of these, the fossils feund in 
the rocks of the Cincinnati dome from the base of th Trenton to the top of 
the Richmond were often said to constitute an indivisible faunal unit, The 
second arose partlyas a Consequence of the first and Partly from lack of know- 
ledge or misinformation as te What an early Silurian, particularly a lower 
Medina, fauna actually looked like. Without this knowledge, and in the 
absence of much other but recently acquired information respecting the 
shifting of continental seas and the oceanic origin, local development, recur- 
rences, and routes of Migration of fossil faunas, it is not to be wondered that 
science became burdened with a baseless conception of what a late Ordo- 
vician fauna should be like. As we now know, the early Medina or Rich- 
mond fauna of Ohio and Indiana, though wholly unrepresented in the 
Pulaski fauna of New York, was yet made to Masquerade as a local 
development or facies of the late Ordovician fauna. And in the course of 
time similar Richmond faunas, like that in the section of Anticosti island, 
were also identified as “Hudson River.” But there the succeeding faunas 
showed such vasy gradation Upward that à middle Silurian faunal bridge 
Was assumed, the post-Richmond beds being erroneously correlated as early 
Medina to upper Niagara. In other words, wherever in America the detrital 
rock facies was developed which clearly indicates the great physical changes 
that have been universally accepted as marking the Passage from the 
Ordovician to the Silurian, the boundary between the two systems was 
drawn in every instance as low or lower in the scale than is advocated in 
the present work, It is only in some of the areas of relatively nonclastic 
sedimentation, like the Cincinnati uplift and Anticosti, in which no other 
criteria than those afforded by the fossils Were adequately considered, that 
the top of the Ordovician has been placed in part or whole above the 
Richmond. 

Compared with other parts of Paleozoie history, the above briefly- 
described physical changes that occurred during the closing stages of the 
Maysville and the opening of the Richmond set this time apart as of more 
than common significance, Earth movements of unusual violence are in- 
ferred, the like of which may have occurred before only at the close of the 
Pre-Cambrian and not again before the close of the Chesterian. Judging 
from Paleogeographic and lithologic criteria the course of events in North 
America may have been somerhing like this: Stresses originating in the ever 
active process of suboceanie Spreading aceumulated in increasing ratio during 
the closing stages of the Ordovician. Overbalancing the opposing forces 
which reside in the continents, gencral emergence of the median parts, and 
finally, of the whole continent, ensued, Presently, however the rigidity of 
the shell gave Wav under the strain, relief coming through the development or accentuation of folds, or by compressive shortening, in the weak marginal 
tracts. The great median parts of the land at the same time settled back to 
Stages favoring extensive marine in: ions. Naturally some warping of the 
continental surfac and Corresponding differences in the new epicontinental 
Seas resulted from these erustal readjustments. What happened at this 
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time on the Pacific side of the continent is unknown. On the Atlantic side, 
however, the broader features of the record seem easily determinable. Here 
degradation of the newly elevated marginal lands supplied first of all the 
welkoxidized, mostly red, fine-grained elasties which make up the continental 
and marine deposits of Richmond age in the Appalachian and Allegheny 
regions, Revived accumulation of stress during this age was again relieved 
by further elevation of the marginal lands, especially ‘“Appalachia,”" the 
accessibly recorded depositional product of this quickening of erosional 
processes being the fresher and relatively coarser siliceous material making 
the Tuscarora and other sandstones of the upper Medina. Complete re- 
duction of the highlands of Appalachia which contributed to the filling of 
the Appalachian troughs evidently required a long time, relative activity 
of erosional processes being maintained to near the close of the Clinton 
when clear Waters are locally indicated by limestone deposits. Peneplana- 
tion probably was not accomplished before the closing stages of the ( ‘ayugan 
epoch, the Appalachian deposits of that age being fairly pure limestone. 

PALEOC GRAPHIC STUDIES AND MAPS, 

The primary basis of paleogeographic maps lies in the study of fossil 
faunas and floras. The feature of this study that is important beyond any 
other in shaping our conclusion is that which relates to the distribution of 
particular kinds of organisms with special reference (1) to the areal distri- 
bution of certain species or varieties or, better still, associations of species 
of land and water organisms: and (2) to the determination of the loc 
of centres or realms or origin and dispersal of marine life and the varving 
relations of these centres to each other and, more especially, to the life of the 
epicontinental basins which at times were filled by overflow from the more 
permanent oceanic basins, The latter necessitates investigations tending 

to show the development of indigenous life types in the several realms and 
the variation in each due to occasional or long-continued facilitation of mi- 
gration between the realms by the submergence or removal of barriers and 

consequent modifications in direction and extent of marine currents. 

In the further development of paleogeographie studies, referring particu- 

larly to the délimitation of land and water areas, other criteria and principles 

than those strictly pertaining to the organic methods come into play 

other methods are based on phenomena falling under the general designation 

of diastrophism. Most of them are consequent, or in some way related, to 

the now almost universally accepted principle of the essential permanency 

of earth features, such as relative depressions and elevations on the surface 

of the lithosphere, The general permanency of these depre and cle- 

rations is inferred from the relative frequency of phenomena indicating 

stratigraphic overlap in areas adjacent to outerops of early Paleozoie and 

Pre-Cambrian rocks, and the invariably greater time values of the strati 

graphie hiatuses in such areas as compared with those breaks found in are 
in which large accumulations of Neopaleozoic and later deposits are pre 

ion 

aese 
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served. From these facts we naturally infer corresponding recurrences of &cographie patterns, In other words, that continental areas thus determined to have the structure of stratigraphie troughsin which “negative” tenden- cies prevailed- were ever likely to be oecupied by marine waters at times of ea transgressions, while the “positive! areus, against whose sloping flanks the marine sédiments thin by overlap, Were just ax likely to always remain Lartly unsubmerged. And further because Of geographie and topographie 

ations inferred from the ol served distribution of fossil Marine faunas,— that certain of these troughs are more subject to invasion from à particular oceanie basin 

relations, and because of the average trend of &cogruphic modif 

than are the others which, on the Contrarv, hold Similar relations to some one of the other permanent CAS, 
By such means, then, we separate the surface of à continent into two kinds of areas: (1) those more or Jess positive areas that are believed to have een only rarely, if ever, entirely Submerged: and (2) those intermediate, relatively negative areas into which the waters of one or another of the vccanie basins flowed when conditions favored such invasion! With this tapas à basis, isolated oceurrences of any elearty distinguishable fossil faunu are connected by seaways with catch other and with the oceanie real in Which the particular fauna originated and from whence it invaded tie con- tinental basin and in this manner we produce a Paleogcographie map that, however gencralized its Shore lines, is vet an instructive approximation to actual conditions during the age represented, These maps are not merely faunal maps as claimed by Professor HS. Wicuaus, Ti re that and more, because the evidence of the fossils should always be care fully checked and harmonized with the testimony of the purely stratigraphie and struc- tural iethods of determining contemporaneity of geologie events before the result is transferred to the paleogeographie Map. On the other hand, however, those who are inelined to be critical should remember that the science of Paleogeography: is stillin its infaney._ Our efforts in this direction, therefore, are necessarily and admittediy immature; but their failures are occasioned much less by error or weakness of the criteria used in the con- Struction of the maps than by the lack of unimpeachable detaile. forma tion in crucial localities, 

Regarding the accoMmpanying Ordovician and Silurian Maps it is to be 
understood that most of the (21) numbered Patterns are believed to represent 
not only genetic Ily difierentiable seas but also chronologically distinet 
Stages in the geologie history of North America. When these patterns over- 
lap it is, of course, easy to demonstrate their distinetness. This is the case With respect to Nos. 1, 2,3, 5, 6,7,8,9, 10, 11, 12, parts of 13, 14, 18, and 21. Inthe remaining instances the evidence is not conelusive cither Way. 
Thus, while No. 4 most probably represents an independent intermediate Stage it may finally turn out to be in part the equivalent of either No, 3 or 

ndicating the positive and negative areas in Ne th America have been fes ScHtenET in his Pal 
X, 10, 

Lüblished_ by. Pro 
Bull Ge North America: 
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No, 5, with the chances now favouring the last interpretation much more 
strongly than the second. The Richmond eus (Nos, 12 and 13) doubtless 

composite, both the northern and southern invasions including ench two, 

dd perhaps three, xlightiv different invasions, those comprised in pattern 
No, 12 most probably alternating in occurrence with those making up No 
13. Patterns HA-21 may represent in part contemporaneous invasions, 

This seems probable, especially for Nos. 14, 15 and 16 and for 17 and 19, 

and possbly 21 The oore than usually composite patterns designated 

Nos. IN and 21 almost certainly include stages that are distinet from all 

the others. The chronologie relations of the Pacific invasions to those 

from the other three sides of the continent are more than usually uncertain, 

AI that we may say of them now is that they occurred subsequent to the 

Richmond and probably before the Lockport stage of the Niagaran. They 

may then be either late Medipan or Clinton: or they may include repre- 
sentatives of both of these eustern stages 

The immediate purpose of the maps is to give a graphie illustration of 
the displacement of the strandline in North America occasioned by diastro- 

phie movements dursag the latter half of the Ordovician and the early half 

of the Silurian. Stages 1-11, beginning with the «iddle and most character- 

istie ages of the Ordovician (Black River and early Trenton stages) and end- 

ing with the MeMillan, show especially two features, (D tilting of the von- 

tinental platform so that the oceanie waters invaded the land basins occasion: 

ally from the east, at other times from the north, once from the Pacific, and 
oftenest from the Gulf: (2) they illustrate the pulsating progress of the battle 
between the land and the sea, the latter attaining its greatest advances 
during the earlier stages, lesser ones during the late Trenton and Eden 

stages, and finally being driven out entirely at the close of the MeMillan. 
The sueceeding Richmond stages quickly established tremendous trans- 
gressions which differed not only in areal extent from their immediate 
Cineinnatian predecessors but also in reaching areas, notably, western Texas! 
and New Mexico, that had not been submerged by any Ordovician sea. 

Itis to be noted, further, that very important geographie changes 

occurred at this time also in the Appalachian region, As is well-known 

Ordévician marine deposits are generally distributed through the Appalachiur 

valley. Following the Fairview age, however, this entire tract south of 

Quebec was raised above sea-level: and this condition continued with oc 

casional and but local exceptions in east Tennessee and Alabama throughout 

Médinan time, Clastie deposits of MeMillan and Medinan ages are fourni 
in the middle and northern parts of the Appalachian Valley tract but th 

1 Limestone in the Franklin Mountains of western Texas, determined on my authorit 
as of Trenton age, has been described by RicHarpsoN (US. Gcol. Sur Folio No. 1üt 
1909). Information acquired in the past two rs by Dr. Ebwix Kik:: and in part vi 
fied in the field and office by myself, makes it clear that the whole of the Montoya lin 
stone, the lower part of which had been supposed to represent the Trenton, is really 
Richmond age. Apps ily we have here another example of the reeurrence of Ordovieiin 
types, in dominant nu. ers and but slightly modified form, following the first appe:r- 
ance of a typical Richmond fauna 

f 
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contain no fossils except burrows and are believed to be of continental rather than marine origin. Eustward trangression of marine waters ix indicated, except in Tennessee where the opposite condition obtained, by the distri- bution of Clinton deposits. These are generally present in the western ranges of the valley to the north and south of the excepted area. This partial ad- vance, however, gave Way to retreat apparent|y affecting the whole line, no deposits whatever being known in the Appalachian region that mav be Justly referred to the post-Clinton stage of the Niagaran Thus, it appears that following the pulsating retreat of the closing Ordovician seas, à new dispensation set in with the Richmond invasions. The new conditions are ms difested by a rearrüngement of land and water areas whose average expression, beginning with the Richmond and ending with the Cayugan, is markedly different in the \ppalachian region from that prevailing in the sume general area during the Ordoy ician, The brenk between the MeMillan and the Richmond etfectually distinguishes not only the Silurian from the Ordovician but it marks also the dividing line bet Weer the sequence of récurrent and therefore elosely related géographie boundaries that prevailed through the Eopaleozoie periods from another similarly re- lated sequence that characterizes the composite form of Neopaleozoie épicontinentul sous, Evidentiy paleogeographie studies tend to prove that à revolution, suggested first by Dana on other data, was accomplished during the transition from the Ordovician to the Silurian as here defin 

OBJECT AND SUMMARY, 

The object of the foregoing paper is to illustrate the practical and scientific value of the diastrophie method of classification by its application in a well-known and supposed}y difficult case namelv, the Ordovician- Silurian boundary in America. Before discussing the problem itself the principles of diastrophism are brietlv stated, Compared with the older method of faunal matching, in .hieh the age of a fossiliferous deposit is determined by direct and indiseriminating comparison of its fossils with some standardized conception, the comprehensive newer method is shown to be the more practicable and exact, The cardinal principle being de- rendent on body deformations of the earth whose effect is universally and simultaneously manifested by either negative or positive displacement of the strandline, it is coneluded that this method is the only logically systematie and satisfactory one. Applied to the problem of the Ordovician-Silurian boundary, the diastrophie method offers a thoroughly scientific solution of many perplexities regarding which there exist widely divergent opinions inong stratigraphers. 
In establishing the Ordovician-Silurian boundary all the available evidence, faunal and physical, both in North America and in Europe, is taken into account. In the effort to maintain the original conception of the Ordovician system as far as possible, particular care was exerce ed in correlating the American formations with the typieal British sections. The 42 
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problem is simple enough in such areas as the Ouachita basin in Arkansas, in which the character and equence Of deposits and faunas are much the same ax in the British Isles, But it ix not at all simple in the interior arenx of the continent where unusual stratigraphie elements are introduced and the paleontologie evidence is «0 different that satisfactory com parisons 
seen impossible, 

The more important of the varving conceptions of the Ordovician and Silurian in North America are discussed in such detail ax scemed NECORNATY to bring out their respective points of strength and weakness, The proposed “Cineinnatie "system of SCHCCHERT is rejected because (D) it lacks definite 
and practical boundaries, (2) the formations included in it are not co-ordinate in aggregate taxonomie value to the other Paleozoie systems, and (3) its construction is inconsistent with diastrophie principles 
üce, 

ind prevailing prae- 

The facts themselves are discussed under two heads; (1) the faunal aspects of the case, and (2) the physical aspects, Both lines of evidence séeming to lead to harmonious results, it was finally concluded that the choice of the Medina (Gineluding the Queenston) as the base of the Silurian by the older geologists is a philosophical one, with the weight of available evidence strongly in its favor. Viewed from any angle the choice of the Juniata-Queenston in the east and its contemporary, the Richmond, in the south, west and north. as the base of the Silurian in North America, is the only logical and wholls satisfactory solution of the problem, 
In reaching this conclusion the first important step was the decision that the highest beds referred to the Jrdovician in Britain are probably older and éertainly not vounger than the base of the MeMillan formation of the Cincinnati section and the top of the Pulaski shale in New York, and that the base of the Silurian, that is, the Lower Llandovery, is not older than lat Richmond or, more probably, our upper Medina, Obviously, ter th British sections contain no beds representing our MeMillan forma io l probably none corresponding to our Richmond group. Under the cireum- Stances We Americans must decide for ourselves how these intermediate formations are to be divided between the two systems, 
Considering the organic side of the question, which proved exceedingly intricate, it was finally shown that the greatest faunal break between the Trenton and the Niagaran, each the most typical expression of its period, oceurs between the close of the Maysville and the beginning of the Richmond More than 20 typical Silurian genera, also 4 new families, are introduced during the latter epoch. The specific break is almost complete, only som 15 or 20 representatives of persistent types out of a total of 409 Maysvill 

species passing across the line into the Richmond. 
This greatest faunal break corresponds also to the greatest physiea 

break. Indeed, there is probably none of greater consequence in the whol: of the Paleozoie column. Locally the contact is distinctly unconformable and always it exhibits evidence of interrupted sedimentation and subsequen overlap, the hiatus in many instances being of great time value. The in 
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portance of the break is to be inferred also from the wellkmarked lithologie differences that commonts distinguish the deposits tinmediately following the break from those undk rlving it in arenx where such liti ologie difference are likely to obtain 
Finally, the harmonious results achieved through the application of faunal, structural, und ithologie criteria are convineingly corroborated by paleogeographie testimony, Comparison of paleogeographie maps repre senting approximately 20 chronologieally distinet late Ordoviciun ru } early Silurian stages of North Anu rica shows conclusively that beginning with the Trenton, the epicontinental seus OÙ the former period tend constantiv to become smaller until at the close of the MeMillun age the entire continent must have been emerged, This émergence closed the Ordovicion, and at the same time the Eopaleozoie equence of events. The succceding Riche mond submergences are not only much more extensive than their late Ordo- vician predecessors but they differ from them in inportant details, These, on the contrary, agree much better with the nv rage aspoet of Niagaran sens, 
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MAP I. 

1. Based on deposits of Lowville age, including Lowville limestone in New York, central Pennsylvania, Ontario, Michigan, Kentucky (Tyrone limestone), central Tennes- see; corresponding deposits in the Appal: n valley included to the north in the Cham- bersburg limestone, to the south in the Chick, mauga limestone; upper part of the Izard limestone in Arkansas; Plattin limestone in Missouri; main part of the Platteville lime- stone in the upper Mississippi valley. 
2. Based on chieflÿ shaly deposits correlated with the Decorah shale of Iowa and Minnesota: Baffin Land, Lake Nipissing and other localities in British America, Wis. consin, Michigan, and Oklahoma. Also thin beds in eastern Missouri, north-central Tennes see, central Kentucky, and north-central New York, included with Trenton or Black River formations. 
3. Limestones in southwestern Tennessee, northern Arkansas, Oklahoma, dec; wells in Kansas, central Colorado (lower part of Fremont limestone), and Montan: correlated with the Kimmswick limestone of eastern Missouri and southern Illinois. 
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MAP II. 
4. Based on the distribution of the Atlantic fauna in the upper members of the Chambersburg limestone in southern Pennsylvania and adjacent parts of Maryland, Virginia and West Virginia. 
5. Based on the distribution of the faunas of the Clitambonites, Nematopora and Fusispira beds of the Minnesota section, described in Vol. III, Pts. 1 and 2, Final Report Minnesota Geological Survey: found at many localities in British America between Baffin Land on the north, Lake Winnipeg on the southwest, and Montreal on the south- cast; oceurs in the United States in the lower part of the Trenton limestone in New York, the upper part of the Jacksonburg limestone of New Jersey, Trenton limestone of northern Michigan, the Curdsville limestone of Kentucky, in unnamed limestone in northeastern Missouri, the Bighorn limestone of Wyoming, and probably in the Fremont limestone of Colorado, 
6. Based on provisionally correlated occurrences of the middle Trenton facies of the Prasopora simulatrix fauna: found in the Wilmore formation of central Kentucky, and in beds of the Trenton in central Pennsylvania and New York, and in the Ottawa Valley region of Canada. 
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MAP II. 

7. Based on the occurrences of black shale in the Ottawa and St. Lawrence valleys 
containing Orthograptus quadrimucronatus and other fossils of the Ogygites canadensis 
fauna, typically developed in the Collingwood shale of southern Ontario. 

8. Based on the distribution of black or gray shales thought to be continuous with 
the Utica shale of New York. In the Appalachian region this horizon is included in the 
Martinsburg and Reedsville shales. It extends westward to Cincinnati, where it is known 
as the Fulton shale, 

9. Based on occurrences of calcareous shales containing the Dekayella ulrichi fauna: 
found in southern Ontario (included in Lorraine or Hudson shale), New York (Frank- 
fort shale), Pennsylvania and Virginia (middle parts of Martinsburg and Reedsville shales) 
southern Virginia and east Tennessee (Eden or vier”” shale), north-central Ken 
tueky, Ohio and Indiana (Economy, Southgate and MeMicken members of the Eden 
shale). 
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MAP IV. 

10. Based on the distribution of beds regarded as correlatable, in part or whole, with the Fairview formation at Cincinnati. A represents the known and inferred dis- tribution of the fauna of the Orthorhyncula linneyi zone which is at the top of the forma- tion; b is based on occurrences of the Gulf fauna of this age in Tennessee (Leiper forma- tion in central part of state, Fairview formation and “Bays’”’ sandstone in eastern part), Kentucky, Ohio, and Indiana (Mount Hope and Fairmount members of the Fairview formation), and in Ontario (beds included in Hudson” or Lorraine shales); c represents the distribution of the Atlantic Catazyga erratica fauna in New York (Pulaski formation) and in eastern Ontario and adjacent parts of Quebec (included in “Hudson” or Lorraine shales), 
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MAP Vv. 

11. Based on the known and inferred distribution of fossiliferous and unfossiliferous 
beds correlated in part or whole with the MeMillan formation at Cincinnati. À repre- 
sents the probable path and westward extent of the transgression of the early Oswego 
Ischyrodonta unionides fauna from New York and Quebec; b represents the partly hidden 
path of the McMillan Gulf faunas, these, as well as the deposits of this age and sea being 
now accessible only in the near vicinity of the boundary angle between Ohio, Indiana, 
and Kentucky and locally in northwestern-central Tennessee; c, together with a, repre- 
sents the distribution of the Oswego sandstone facies in New York, adjacent parts of Ontario 
and in central Pennsylvania (“Oncida,” Oswego and Bald Eagle sandstone of literature) 
d represents the known distribution in New York (basal Oswego sandstone) and Quebe: 
(“Hudson or Lorraine shale) and the inferred path of invasion of the middle Atlantic 
facies of this age, 
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MAP VI. 
12. Represents a composite of Gulf invasions during Richmond time, including the Arnheim, W esville, Liberty, Whitewater, and Elkhorn stages in Indiana and Ohio, and the equivalent deposits of the same in east Tennessee, where they are united under the new term Sequatchie formation: the Arnheim in w ntral Tennessee, the Arnheim, Vaynesville or Liberty, and Whitewater in north-central Tennessre and central Ken- graptolite-bearing shales in the Blayloc dstone in west-central Arkansa: the Waynesville, Whitewater, and Elkhorn in southern Ontario; and beds with a Waynes- ville type of Richmond faunas in southern Quebec. 
13. Based on Richmond faunas thought to have invaded the continent at various times from the north. They are recognized in Seward peninsula, Baffir. Land, and other places in the far north, in the Stony Mountain formation of Manitoba, in remnants to ‘he south of Hudson bay, and in the St. Lawrence valley, in the English Head and Charleton formations of Anticosti island, in the upper member of the Bighorn limestone of Wyoming, in the upper part of the Fremont limestone of Colorado, in the Fish Haven dolomite of Utah, in the Lone Mountain limestone of Nevada, in the Montoya limestone ern Texas, in the Sylvan shale of Oklahoma, the Fernvale formation of Tennessee, Missouri and Illinois, the upper part of the Polk Bayou timestone of north Arkansas, and, rore doubtfully, in the Maquoketa shale of Iowa. Minnesota, Wisconsin and Illinois. 
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MAP VII. 

14. Based on the distribution of faunas (particularly Atrypa marginalis) characteriz- 
ing the Girardeau limestone and the Edgewood formation (‘‘Alexandrian” of Savage) 
of Missouri and Illinois. The Arkansas-Texas extension is based on the presence of early 
Silurian graptolites in the Blaylock sandstone of the Ouachita geosyneline. 

15. Based on known distribution of the Clinch and Tuscarora sandstones in the 
Appalachian Valley. These sandstones may represent beaches formed at time repre- 
sented in pattern 16. 5 

16. Based on distribution of the supposedly middle Atlantic upper Medina pelecypod 
fauna found in the Albion sandstone in New York, the “Cataract” formation at Hamilton 
and elsewhere in Ontario, and in the Whiteoak Mountain sandstone of east Tennessee 
North Atlantic faunas are indicated in St. Lawrence bay. 

17. Based on various far western exposures of dolomite containing a peculiar variety 
of Pentamerus oblongus. These are correlated with the Fusselman dolomite of wester: 
Texas, and may be either late Medina or Clinton in age. Also includes areas in Idah: 
containing early Silurian graptolite slates. 
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COMPOSITE NIAGARAN 
AND BRASSFIELD SEAS 

21 (ITIIIT onvoire anne moeurs 
]eanur suuman aruanne invasions 

NN | EARLY SLURIAN PaGINE INvASIONS 

= J enassrieLo (LATE MEDINAN) AND NiaGARAN autr INVASIoNS cas 

MAP VII. 
18. Based on occurrences of the southern Brassfield fa | Triplecia ortoni fauna: in the basal part of the est of the St. Clair limestones of Arkansas, the he upper part of the Rockwood formation of east ton” or Brassfield limestone of Kentucky, Indiana nation of Ontario. 
19. The same as pattern 17 on map 7. 20. Early Silurian probably late Medinan, Atlantic invasions are indicated by the y, Becsie River, Green Kiver, and Jupiter River formations of Anticosti island, osits of Medina and Clinton ages are indicated also in Maine and New Brunswick. 21. A composite representation of Niagaran sens thought to have invaded from the h._ Based on numerous outerops and remnants of Silurian dolomitie formations in adian provinces, and in the United States on similar dolomites containing faunas of port age in New York, Wisconsin (Waukesha, Racine and Guelph dolomites), Ohio ingfield and Cedarville dolomites). 1: Iowa (Hopkinton dolomite) Missouri, 

ies of the Rhino pora verrucosa 
Hunton formation of Oklahoma, the 
ton limestone of southern Illinois, 
l'ennessee and Alabama, the “Ohio 
and Ohio, and in the “Cataract ” 



DISCUSSION SU, LES CARACTERISTIQUES PHYSI- 
QUES DES MERS PALÉOZOIQUES ET LES PARTICU- 
LARITÉS DE LEUR FAUNE COSSIDEREÉS AU 
POINT DE VUE DE LA PORTÉE DU RETOUR 

DES MERS DANS L'ÉTABLISSEMENT DES 
SYSTÈMES GÉOLOGIQUES. 

H.S. WILLIAMS (Ithaca), referring to the papers presented by Professor Snt cer 
and Dr. Uuuen, called attention to the difficulty of recognizing the fleld evidence for 
dinstrophism and the invasion of seas, The final determination of thex  occurrences 
secined to rest with the pal ologist, 

He also pointed out that paleogeographie maps, in order to be of value, must repre- 
sent single plunes, for it would be incorrect to represent on the sam: map portions of a 

not contemporaneous,  Palwontologists, as Dr, CLanks had remarked, 
found diffieulty in determining the identity of species, and the use of fossils for making 
estimates of time was rendered difficult by the fact that some species are very persistent 

He regarded palwogeography as the post-impressionist or eubist phase of geology, in 
which self-expression is one of the diagnostic features; it seemed likely that this method 
would fail to obtain uniformity as it had failed in the case of these two gentlemen 

G. R. WIELAND (New Haven): Having listened to all the discussions of the day 
with an extreme interest, 1 would also like to add a word of much the same tenor as that 
of Professor Wiliiams. This is suggested by my studies of the plants collected in the 
State of Ouxaca, Mexico, which, L believe, represents the only fairly extended Liassie 
flora thus far described from the western hemisphere, As you may reudily see, the 
results, if definite, must have an important bearing in the hypothetie location of Gond- 
wanaland in Linssie time; but it is very difficult to determine the species aceurately. In 
general it would seem that resemblances to the European and Indian flora are not sharp 
enough to indicate a Gondwanaland connection at the time these plants lived. We ean- 
not yet be sure of this but it is clear that accurate determination of faunas and florss can- 
not be considered any the less important or of any less tangible value. 

E. O. ULRICH (Washington), replying to Professor HS, WizLiams, remarked that 
the recognition of fleld evidence indicating diastrophie movements and consequent dis- 
placements of the strandline is not difficult for those who have made a special study of 
the phenomena and learned to use the criteria, Though these criteria are both faunal and 
ph 1, ‘‘the final determination of the occurrences” of sea retreat or sea invasion cet 

must no, ‘rest with the paleontologist." The fossils give the clue by suggesting the 
hiatus and alko its approximate time value, but the physical evidence fixes the exnet 
position, shows its character, and often permits us to infer its eause, In short, it rests 
with the stratigrapher who, to be worthy of the name, must know fossils, and especially 
their distribution, as well as the physical aspects of stratified rocks, 

As to the difliculties experienced by paleontologists in determining the identity of 
species and also the fact that some species are very persistent, matters referred to by both 
Dr. CLarkE and Professor WiLLiaMs, these may indeed be insuperable to some paleonto- 
logists: and if we were to concede Professor WiLLrAMS’ contention that the final determina 
tion of displacements of the strandline rests with the paleontologist, admission of thes: 

vital difficulties would establish the perfect logic of his belief that true paleogeographie 
maps are an impossible accomplishment. But this pessimistie viewpoint assumes incom 
petence in both the man and his tools. 

Continuing, he stated that it is precisely the latter difficulties mentioned by the critic 
that operated above all other reasons in convineing him of the recessity of finding some mor 
exact method of fxing events in geological history than the but loosely determinativ 
results of faunal comparison. This he declared had been found in the criteria of dinstre 
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Phisin ns recently defined by him by which definite bo Ses, marking retront 
and subsequent rendyanes of sens, are recognizub Pule Mraphie maps shout, sn said by Professor Ws LIAMS, represent singgl) planes 
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ÜUBER DAS ALTER, DIE VERBREITUNG UND DIE GEGENSEITIGEN BEZIEHUNGEN DER VER- SCHIEDENEN TEKTONISCHEN 
TUREN IN DEN ARGENTINI 

GEBIRGEN. 

Vox 

H. KEIDEL, 
Chef der Divisién Geologfa d. Direcciôn General de 

Buenos Aires. 
Minas, Geologia é Hidrologia, 

Die ars: ntinischen Anden werden im allgemeinen noch heute in allen ihren Teilen als ein junges Stôrungsgebiet betrachtet, wie der ganze Gebirgs- wall, von dem sie ein Stück sind. Bis vor kurzem hat man die langen Ketten, die in Südamerika die Küste des pazifischen Ozeans begleiten, für Glieder eines verhältnismässig einférmig Zusammengesetzten und einfach gebauten Erdstreifens gehalten. Man hat zwar erkannt, sie vor den anderen hohen Gebirgen, die sich in dem letzten grossen Zyklus von oro- genetischen Bewegungen gebildet haben, in mehrfacher Beziehung ausge- zeichnet sind, und es ist schon früh ausgesprochen worden, dass sich hier auch alte Strukturteile finden. Es ist aber noch nicht gezeigt worden, dass diese alten Stücke zu den letzten, starken Bewegungen ähnliche Bezie- hungen haben, wie, zum Beispiel, in Asien und Europa die Reste alter Fal- tungen zu den Alpiden. Ein Teil dieser Beziehungen kann schon heute räumlich und zeitlich begrenzt werden. Ich will versuchen, es hier in den wichtigsten Umrissen zu tun. 
Ein Blick auf die Verteilung der Gebirge 

amerikanischen Kontinentes zeigt, dass sich der ôstliche Saum des breiten und geschlossenen Andenzuges auf argentinischem Boden in mehrere Erhe- bungen auflüst. Zum Teil sind es abzweigende Âste, zum Teil abgetrennte Gebirgszüge, die zerstreut aus den Niederungen abflussloser Becken oder aus der Pampa aufragen. Diese Erhebungen finden wir besonders in dem mittleren Abschnitt des Landes, ungefähr von der Breite von Tucuman bis zum Rio Colorado im Süden, und weit entfernt davon und scheinbar ausser allem Zusammenhange mit den Anden, im Litoral der Provinz Buenos Aires, dicht an der atlantischen Küste. Alle diese Gebirgszüge kônnen wir unter der Bezeichnung pampine Sierren zusammenfassen, 
Wir kommen hier, gleich im Anfang, zu einer alten Frage, die bisher Yerschieden beantwortet worden ist.  Gehüren die Pampinen Sierren zu den Anden oder sind es selbständige Gebirge von hüherem Alter? 
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Auf D'ORBic Karte von Südamerika aus dem Jahre 1842,! er- 
scheinen sie als Glieder alter Gebirgssysteme, deren Streichen von dem der 

Hauptandenzüge bemerkbar abweicht. STELZNER, der durch seine grosse 

Arbeit? sehr viel zur Kenntnis der geologischen Verhüältnisse von Argentinien 

beigetragen hat, vernachlässigt den Gebirgsbau, ganz im Gegensatz zu der 

Gründlichkeit seiner stratigraphischen Betrachtungen; man kann jedoch 

seiner Darstellung entnehmen, dass er alle Erhebungen in Argentinien zu 

dem jungen Stôürungsgebiet der Anden rechnet. Auch die entferntesten 

Gebirgszüge, die von Buenos Aires, hält er für wiederauftauchende Stücke 

der pampinen Sierren in dem mittleren Teile des Landes. Diese Meinung 
hat im wesentlichen auch SUEss vertreten® und sie schärfer gefasst, indem 

er sagte, dass es Âste der Anden seien, die in Virgation von den Haupts- 

tamme nach Südosten abzweigen. Noch in dem letzten Bande «eines 

Werkes Das Antlitz der Erde fasst er alle die Strukturteile, die wir hier im 

Auge haben, unter dem Begriff des andinen Baues, als einer Einheit hüherer 

Ordnung, zusammen. Auf seiner Weltkarte der grossen tektonischen Gebiete 

wird der andine Bau gegen den südlichsten Teil des Kontinentes rasch 

breiter; seine nôrdliche Grenze läuft auf der rechten Seite der Mündung 

des La-Plata beinahe senkrecht auf die Küste des Atlantik aus. Ich will 

aber gleich hier bemerken, dass alle Beobachter, die die Sierren von Buenos 
Aires aus eigener Anschauung kennen, sie in bemerkenswerter l'berei..- 

stimmung für Reste alter selbständiger Gebirge halten. 

Ich habe die Frage nach der Zahl, dem Alter und der Verbreitung der 

verschiedenen alten Strukturteile, die man in Argentinien vor wenigen 

Jahren unterscheiden konnte, schon einmal in einem Vortrage auf der Stock- 

holmer Sitzung des Kongresses kurz berührt.# Ich habe dabei hauptsäch- 

lich die neuen Ergebnisse der staatlichen geologischen Untersuchungen be- 

nutzt. Inzwischen habe ich meine eigenen Erfahrungen erweitert und ich 
kann heute, unterstützt durch einige wichtige Entdeckungen, ein Bild ent- 

werfen, das vollständiger und in einigen Teilen auch riehtiger ist als es damals 

môglich war. Dabei werden wir zu Ergebnissen kommen, die uns über 

die Grenzen Argentiniens hinausführen. 

Der scheinbar grüsste Unterschied der Anden gegenüber den Hoch- 

gebirgen ues tertiären Zyklus ist das ausserordentliche Mass, in dem alte 
Gestcine ôstlich von der Hauptkordillere, nämlich das ,,Vorland,” von einem 

Teile der tertiären Bewegungen ergriffen worden sind. Einige von den 

Gebirgszügen, die unzweifelhaft zu der Gruppe der pampinen Sierren gehüren 

wie der Pié de Palo in der Provinz San Juan und die Sierra de Velasco in 
La Rioja, erreichen Meereshühen von 3 000 und 4 000 m. SuEss meint daher, 

dass diese Erscheinung, in ihrer Grôsse, ohne Beispiel sei, und er fasst aile 
diese Teile, die der tertiären Faltung angegliedert worden sind und de 

Schichtenfolge der brasilischen Masse zeigen, unter der Bezeichnurg 

1 Voyage dans l'Amérique méridionale, etc., Teil IIT. 
2 Beiträge zur Geologie u. Palaeontologie d. Arg. Republik, 1885. 
3 Das Antlitz der Erde, Bd. I, III, 2, 547. 
4 Compte rendu XIe Congr. Géol. Intern, fase. 2. 
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ÜBER DAS ALTER, DIE VERBREITUNG UND DIE GEGENSEITIGEN, ETC, 673 
Praecordilleras zusammen.!  Ihnen steht in deutlicher Abgrenzung das Faltengebiet der andinen mesozoischen Geosinklinale gegenüber, das auf einer langen Strecke, nämlich von der Puna de Atacama im Norden bis zu der patagonischen Kordillere im Süden, die interozeanische Wasserscheide trägt. So scheinen, in der Tat, der altbekannten Einteilung der Anden entsprechend, auch in Argentinien zwei Hauptzüge vorhanden zu sein; die lange und einhcitliche Hauptkordillere im Westen und die kürzeren Präkordilleras im Osten, die in mehrere Züge und in vereinzelte Erhebungen zerfallen.  Zwischen diesen beiden Teilen liegt im nôrdlichsten Absehnitt der argentinischen und chilenischen Anden der erst wenig untersuchte Block der abflusslosen Puna de Atacama, der das südliche Ende des bolivianischen Hochlandes, der Altiplanicie, ist. 

In meinem Vortrage auf der Stockholmer Sitzung habe ich in den mitt- leren und nôrdlichen argentinischen Anden, aus stratigraphischen und mor- phologischen Gründen, vier Hauptgebiete unterschieden, nämlich : 1. Die Hauptkordillere,_ die Zusammengesetzt ist aus mesozoischen marinen Sedimenten und grossen Massen gleichaltriger Effusivgesteine: 2. Das Gebiet der sogenannten Vorkordillere in den Provinzen San Juan und Mendoza, das sich unmittelbar an die Hauptkordillere anschliesst und ausgezeichnet ist durch das Überwiegen mariner Ablagerungen des unteren Silurs und Devons und die grosse Verbreitung der kontinentalen Gondwana- schichten? vom oberen Paläozoieum bis zum Rhät; 3. Das Gebiet der eigentlichen Pampinen Sierren in dem mittleren Teile des argentinischen  Andens umes, hauptsächlich zusammengesetzt aus stark kristallinischen präkambrischen Gesteinen und Gondwanaschichten: und 
4. Das Gebiet der Puna de Atacama und der ôüstlich davon liegenden Ketten, gekennzcichnet dureh_ verhältnismä sig wenig veränderte Sedi- mente des Präkambriums und marine Ablagerungen des oberen Kambriums und des unteren Silurs, 
Zu den stratigraphischen und morphologischen Gründen wollen wir nun die Merkmale fügen, die sich aus der Betrachtung der älteren tektoni- schen Strukturen ergeben. 
Wir haben in den argentinischen Gebirgen als Mittel zur Erkennung und Unterscheidung der verschiedenen, alten Stérungsgebicte vier wichtige Diskordanzen, nämlich: (D) eine sehr alte Diskordanz im Norden, an der Be der oberkambrischen Litoralbildungen : (2) die nächst jüngere an der Basis der älteren Gondwanaschichten, mit Floren der Karharbari oder der Damudastufe, in der Nähe der Anden, nämlich in dem mittleren und üstlichen Teile der pampinen Sierren; (3) cine Diskordanz unter jüngeren Gondwana- “chichten, die triadische Ablagerungen und Rhät umfassen, in der Vorkor- dillere von San Juan und Mendoza; und schliesslich (4) die, wie es scheint, auch ursprünglich am weitesten verbreitete Diskordanz an der Basis der 

1 Das Antlitz der Erde, IL,, 535. 
2? In Argentinien werden diese Ablagerungen, nach BODENBENDERS Vorsehlag, Pagan- 2: schichten genannt, 
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mesozoischen  Schichtenfolge in der Hauptkordillere, Die Verbreitung 
dieser Diskordanzen fällt mehr oder weniger mit den vier Hauptgebieten 
zusammen, die wir unterschieden haben, 

Im Norden, in den Gebirgszügen der Provinzen Salta und Jujuy, hat 
die älteste Diskordanz, entsprechend der weit vorgeschrittenen Abtragung 
der paläozoischen Schichten, die geringste Ausdehnung. Hier sehen wir 
ausgeprägte Faltung der im Ganzen wenig veränderten präkambrischen 
Bildungen, die stellenweise bis zur beginnenden Mylonitisierung der einge- 
schlossenen granitischen Gesteine geführt hat, dann starkc Einebnung der 
gestôrten Schichtenfolge vor der Transgression des Oberkambriums. 

In dem mittieren und südlichen Teile der pampinen Sierren schien der 
Zeitraum, der zwisch 1 der Abtragung der Basis und der Ausbreitung der un- 
teren Gondwanaschichten verflossen ist, noch vor kurzem als sehr gross; Weil 
mas nämlich die kristallinischen Gesteine der Unterlage im allgemeinen als 
archaische Bildungen oder doch als Glieder der tieferen Téile des Präkam- 
briums betrachitet hat. Wir wissen aber heute, dass auch hier marine Schich- 
ten des unteren Paläozoikums, namentlich die bekannten weit verbreiteten 
kristalliniseken Kalksteine der Sierra von Côrdoba, in grossem Masse an 
der Zusammensetzung der Unterlage beteiligt sind, und dass sie zum Teil 
in die noch älteren Bildungen eingefaltet worden sind. Hier kann also der 
Diskordanz der Zeitraum vom unteren Paläozoikum bis zum Permokarbon 
oder Perm entsprechen, 

In der Vorkordillere von San Juan und Mendoza bietet sich die Müglich- 
keit einer genaueren zeitlichen Bestimmung.. Die unteren Gondwanaschich- 
ten sind hier nämlich zusammen mit den silurischen und devonischen marinen 
Bildungen gestürt worden. Hier bezeichnet die Diskordanz den Zeitraum 
vom Perm bis in die Trias. 

In der Hauptkordillere, dem Gebiet der gefalteten mesozoischen Bild- 
ungen, haben die Transgressionen, soweit wir heute sehen, von Westen her, 
mit dem unteren Lias begonnen und ihren ôstlichen Saum im mittleren 
oder oberen Lias erreicht. Die Unterlage ist hier, wie in der Vorkordillere 
von San Juan und Mendoza, aus silurischen und devonischen Schichten 
zusammengesetzt, zum Teil vielleicht aber auch aus präkambrischen Ge- 
steinen. 

So kônnen wir, nach diesem l'herblick, vier verschiedene tektonische 
Strukturen unterscheiden: (1) die präkambrische Faltung in dem nôrdlichen 
Teile der argentinischen Anden: (2) die Faltungen in dem mittleren und 
ôstlichen Teile der pampinen Sierren, aus der Zeit des älteren bis mittlerer 
Paläozoikums; (3) das Gebiet der jungpaläozoischen Bewegungen in der 
Vorkordillere von San Juan und Mendoza; und (4) den langgestreckter 
Faltenstreifen der mesozoischen Sedimente in der Hauptkordillere, entstan 
den durch die faltenden Bewegungen des Tertiürs. 

Von diesen Stôrungsgebieten kennen wir das jüngste, die Hauptkordillerc 
natürlich am besten. Wir sehen es noch heute als eine grosse, gut begrenzt 
Einheit.  Erst im ôstlichen Neuquen, wo alle pampinen Sierren verschwur - 
den sind, das Gebiet der patagonischen Mesetas und Terrassen beginnt un! 
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ein Teil der mesozoischen Sedimente nach Südosten hinausgreift, verklingt 
die Faltung ganz allmählich. An allen anderen Stellen ist aber ihre Be- 
grenzung gegen die älteren Strukturteile ziemlich deutlich.  Dieser Ge- 
schlossenheit gegenüber zeigt schon das orographische Bild der Präkordil- 
leras eine grosse Zerstückelung. Zu der Schwierigkeit, die alten Stôrungen 
zu verfolgen und ihren Zusammenhang zu erkennen, die sich aus der weit- 
gehenden Abtragung ergibt, gesellt sich der ungünstige Umstand, dass sehr 
grosse Teile in den abflusslosen Becken und auch an vielen Stellen der Pampa 
unter einer sehr mächtigen Decke von jüngeren Ablagerungen liegen und so 
der Beobachtung für immer entzogen sind. Aber dureh die Untersuchung 
der ôstlichsten Gebirgszüge, der Sierren von Buenos Aires, ist vor kurzem 
auf den Zusammenhang der Dinge ein unerwartetes Licht geworfen. Wir 
wollen deshalb grnz kurz zunächst die Verhältnisse dieser Gebirgszüge be- 
trachten und dann versuchen, von hier aus weiterzugehen. 

Die Sierren von Buenos Aires, die sich in zwei ungefähr parallelen 
Zügen von der atlantischen Küste nach Nordwesten weit in das Innere des 
Landes erstrecken, gehôüren mit zu den am meisten untersuchten Gebirgen 
in Argentinien. Über das Alter ihrer G »teine und ihrer tektonischen 
Struktur und ihr Alter als Gebirge waren die Ergebnisse der Untersuch- 
ungen aber kaum über Vermutungen hinausgekommen. 

Es hatten sich, im wesentlichen, drei allgemeine Tatsachen ergeben. 
Die Sierren von Buenos Aires sind hauptsächlich aus kristallinischen Gestein- 
en und aus einer Folge von Quarziten, Schiefern und Konglomerat zusam- 
mengesetzt, in der an einigen Stellen auch Kalk und Dolomit vorkommen. 
Diese Schichtenfolge liegt diskordant über der tief abgetragenen kristalli- 
nischen Unterlage und hat paläozoisches Alter. Sie ist im südlichen Zuge 
sebr stark, im nôrdlichen dagegen wenig gestürt worden. 

Für unsere Zwecke sind namentlich die Verhältnisse des -üdlichen 
Zuges wichtig.  HaurnaL! hat hier einfache Aufrichtung angeno: nen, mit 
Zunahme einer sekundären Faltung gegen Südwesten, Die ältest Bildung 
sollte ein weit verbreitetes Konglomerat sein, darüber sollten Schiefer liegen 
und hier‘ber endlich, an dem südwestlichen Saume des Zuges, Quarzite, 
die hauptsächlich von der Faltung gctroffen wurden. Diese Quarzite hat 
HaAuTHAL mit den ähnlichen Bildungen des nôrdlichen Zuges verglichen, 
in denen er bei Balcarce ein organisches Gebilde gefunden hat, das dem 
Arthrophycus Harlani, Hall, aus dem untersilurischen Medinasandstein sehr 
ähnlich ist. Danach mussten, die Richtigkeit der vermuteten Bezichungen 
vorausgesetzt, die Ablagerungen des südlichen Zuges unterstes Paläozoikum 
sein. 

SCHILLER? hat indessen schon gezeigt, dass wenigstens die von HAUTHAL 
angenommene Altersfolge nicht besteht, sondern, dass sie gerade umgekehrt 
ist, weil sich nämlich in dem Konglomerat sowohl Gerülle des Quarzits als 
auch der Schiefer finden. Es war also die Müglichkeit gegeben, wenigstens 

1 Rev. Museo La Plata, 1892; Publicaciones de la Univers. de La Plata, No. 1, 1901; Peterm. Mitt., 1904. 
2 Sitz.-Ber, k. k. Akad, Wiss., Wien, 1907. 
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einen Teil der Schichtenfolge als Ablagerungen des mittleren Paläozoikums zu erweisen, 
Unter dieser Voraussetzung gelang es mir bei der genauen Aufnahme 

eines Stückes der nordôstlichen Abdachung der Sie: Anfang des Jahres 1910, Fossilien zu finden, die zw bar waren, 

rra de la Ventana, im 
ar nicht genauer bestimm- ich aber als unzweifelhafte Reste von Brachiopoden und Zwei- 

schalern erwiesen, Hierzu kam ein neuer Fund, den Dr. BEbER und Dr. 
COLLET im folgenden Jahre machten. Auch hier waren es Brac darunter der Rest eines Spirifer. Da mir die Schiefer del tana, die zum Teil in Sandstein übergehen oder die wacken annehmen, den devonischen Bildungen in der Vorkordillere von n Juan sebr ähnlich schienen, so lag es nahe, auch in ihnen devonische 
Sedimente zu vermuten und zwar die Ablagerungen jener weit ausgebreiteten 
Transgression des unteren Devons, deren Spuren wir heute an weit von 
einander entfernten Stellen der südlichen Halbkugel finden. Die Faunen 
dieser Transgression, die ihren Hôhepunkt sehr Wahrscheinlich in der Zeit 
der Oriskanystufe erreicht hat, zeigen in Südafrika, auf den Falklandsinseln, 
in den mittleren Anden Argentiniens, in den bolivianischen Anden und an 
den brasilianischen Fundpunkten eine ausserordentliche Cbereinstimmung. 
An mehreren Stellen liegen die fossilführenden Schichten zwischen Sand- 
steinen von erheblicher Mächtigkeit : &anz besonders deutlich in Südafrika 
und in Bolivien, Es war also môglich, hier einen grossen Sedimentations- 
2yklus vorauszusetzen. Dann konnte der Quarzit der Sierra de la Ventana 
eine homotaxe Bildung des unteren oder oberen Sandste und Bolivien sein. Es War nur ein Schritt weiter, Konglomerat des südlichen Zuges, auf beiden Seiten des Rio Sauce Grande 
und in der Sierra de Pillahuincé, das ununterbrochen eine wenigstens 800 akm grosse Fläche bedeckt, ein Aquivalent des Dwykakonglomerates und des von HALLe! entdeckten und beschriebenen glazialen Konglomerates der 
Falklandsinseln Zu vermuten, Eine kurze Reise im vorigen Jahre brachte 
die Bestätigung durch die Auffindung gekritzter Scheuersteine. Man trifft sie in grosser Zahl, sowohl an den Gehängen der Berge als auch besonders in den Einschnitten der Südbahn nôürdlich von der Station Sauce Grande. 
Diese Scheuersteine zeigen alle wesentlichen Merkmale der gekritzten 

kablagerungen, 

hiopoden, 
r Sierra de la Ven- 

Beschaffenheit von Grau- 

ines von Südafrika 
in dem merkwürdigen 

Geschiebe aus den Präkambrischen und Paläozoischen Bloc die heute allgemein für glaziale und umgelagerte glaziale Anhäufungen 
gehalten werden. Auch das Gestein, das ich hier nicht näher beschreiben kann, stimmt mit dem Dwykakonglomerat von Südafrika überein, E ist in der Hauptmasse ungeschichtet und enthält Einlagerungen von gebän- derten Sedimenten. Es ist im allgemeinen aber so verändert worden, dass 
es kristallinischen Habitus hat. Ein grosser Teil seiner Gerôlle stammt wie schon SCHILLER bemerkt hat, aus der Quarzitfolge und den Schiefern der Sierra de la Ventana. Sehr häufig sind auch Geschiebe von Eruptiv- gesteinen: von Gneissgranit, basischen Effusivgesteinen, Porphyrit und 

1 Bull, Geol. Inst. Univ. Upsala, 1911. 
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Porphyr, deren Anstehendes unbekannt ist. Ausserdem finden sich grüne und rote Schiefer, Dolomit und korallenführender Kalkstein. Dies Konglomerat wird freilich nicht von jüngeren Sedimenten, wie in Südafrika und auf den Falklandsinseln, überlagert. ist aber unzwei- felhaft jünger als die vermutlich devonischen Schiefer in der Sierra de la Ventana und, da es, nach seiner Beschaffenheit, als eine alte Bildung be- trachtet werden kann und gefaltet worden ist, wie das Dwykakonglomerat in den Kapgebirgen, so vertritt es sehr wahrscheinlich die jungpaläozoischen Moräünen, die in Südafrika, in Indien und Australien so weit verbreitet sind. Ausser den bisher erwähnten Ablagerungen kommt in dem südlichen Zuge noch eine Gruppe von dimenten vor, die bisher nur von einigen Beobachtern flüchtig erwähnt, in ihrer Gesamtheit aber noch nicht unter- sucht worden sind, Es sind grüngraue, zum Teil fleckige Quarzite, dunkle, grüne und rote Tonschiefer, Dolomit und Kalk, die mit einander wech- sellagern. Sie setzen den nordôüstlicien Saum des südlichen Zuges zusammen und scheinen hier, an dem äussersten Rande, naci einer alten Beoba htung von DARwWIN auf kristallini hen Gesteinen zu ruhen. Von ihnen stammt ein Teil der Quarzite, die grünen und roten Schiefer, der Dolomit und sein walrscheinlich auch der korallenführende K kstein unter den Gerüllen des Konglomerates. Obgleich Fossilien noch nicht gefunden worden sind, kann man sie doch am besten mit den untersilurischen Schichten des nôrdlicien Zuges vergleichen, denen sie in ihrer gesamten Beschaffenhcit am meisten ähnlich sind, Hicrzu kommt der Umstand, dass in Argentinien nur die Ablagerungen des Untersilurs nennenswerte oder grosse Mengen von Kalk und Dolomit enthalten und beinahe ebensoweit verbreitet sind, wie die Ablagerungen der unterdevonischen Transgression. Auch das tektonische Bild hat sich, wenigstens im südlichen Zug. durch die letzten Untersuchungen sehr geändert. An Stelle einer cinfachen Auf- ricitung, wie sie HAauTHAL angenommen, oder einer grossen, nach Norden überkippten Mulde, die Sc HILLER Vermutet hat, sehen wir auf Leiden Seiten der Mittellinie des Zuges entgegengesetzte Nc igung der Falten. In dem südwestlichen Flügel ist sie Banz  ausgeprägt südwestlich, in dem nordüstlichen Flügel aber nordôstlich. Die Faiten sind also gegen den Mittelraum des Zuges geneigt, und diesen Raum nimmt das glaziale Kon- glomerat in einem langen, nordwestlich streichenden Streifen ein. Seine Unterlage ist bisher nirgends aufgefunden worden. Seine undeutlich be- grenzten Bänke sind schwach und in weitem Wurf gefaltet.  Nach aussen aber rimmt die Faltung bis an die Ränder der Sierren beständig und er- lellich zu, An seinen Grenzen taucht das Konglomerat unter die älteren ildungen hinab: im Südwesten unter die S hiefer der Sierra de la Ventana, im Nordosten aber unter die Schichtenfolge im nürdlichen de Pillaï.uineé, die vermutlich untersilurisches Alter hat. Untersucht man die Verhältnisse an den Grenzen der verschiedenen Sedimente genauer, so ergibt sich, nach Berücksichtigung aller bisher be- kannten Tatsachen, dass die Lagerung der Schiefer und des Quarzites in dem südwestlichen FI ügel invers ist. Die Schiefer tauchen unter die Quarzite 

Teile der Sierra 
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hinab, und diese Vertreten, als die älteste Bildung, sehr w: ahrseheinlieh den unteren Sandstein der grossen Transgression. Sie entsprechen, wenn dies richtig ist, dem Tafelbergsandstein, der in den Kapgebirgen die fossilfüh- renden Bokkeveldsehichten unterlagert, Die Verhältnisse an der Grenze 2Wischen Schiefern und gluzialem Konglomerat sind nicht ganz klargestellt. Es «cheinen hier Streifen des Konglomerates in die Schiefer_eingefaltet zu sein und der obere Sandstein 2 fehlen.  Vielleicht ist er aber auch in einem Teile der Schiefer vertreten, als eine tonige Fazies, Die Beantwortung dieser Frage muss die Zukunft bringen. 
Ich will noch erwähnen, dass im südwestlichen Flügel dus allgemein nordwestliche Streichen der Falten gegen Westen, im nordôstlichen Flügel aber gegen Osten zurüekbleibt, und dass die Scheitel der dadureh entstan- denen leicht gekrümmten Bogen sich nicht gegenüberliegen, sondern etwas &egeneinander verschoben sind. Es gibt auch Anzeichen dafür, dass die Faltung, die ja besonders in die Augen springt, noch nicht den hüchsten Grad der Bewegungen anseigt. Es scheinen auch Cherschie grôsserem Ausmaass vorhanden zu sein, deren war. 

bungen von 
Hauptrichtung nordüstlich 

Fassen wir zusammen: in den Sierren der Provinz Buenos Aires, be- sonders in dem südlichen Zuge, finden wir eine Schichtenfolge, die der in den Kapgebirgen Südafrikas sehr äühnlich ist, Grosse Cbereinstimmung seheint wenigstens bei drei Gliedern vorhanden zu sein: bei dem unteren Sandstein der unterdevonischen Transgression, den fossilführenden Schie- fern, die den Hôhepunkt_ihrer Ausbreitung bezeichnen, und bei einem jüngeren, sehr kennzeichnenden Gebilde, dem glazialen Konglomerat des _oberen_ Palüozoikums. Die _untersilurischen Schichten_ entsprechen vielleicht einem Toile jener Quarzite, Schiefer und Dolomite, die in Süd- afrika zwischen der kristallinischen Unterlage (X es) und den paläozoischen Kapschichten liegen. Der obere andstein der Kapgcbirge, der Wittebergsandstein, scheint freilich zu fehlen._ Sowohl die Sedimente der devonischen Transgression als auch das glaziale Konglomerat sind, wie in den Kapgebirgen, stark gefaltet; und die Bewegung ist hier wie der Hauptsache gegen Norden gerichtet. 

almsbury se 
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In den Sierren ist, als die jüngste Bildung, das glaziale Konglomerat gefaltet worden: in den Kapgebirgen zeigen die F der Gondwanascrie (Karrooschichten) noch Spur * Bewegungen. Jeden- falls sind aber die Dislokationen in den Sierrer. : n Buenos Aires nicht älter als in dem äquatorial verlaufenden Teile der iandgebirge von Süd- afrika. Æs würe freilich môglich, dass sie tertiäres Alter hätten, Faltung in der Hauptkordillere, Die Vergleichung der Daten, die die vielen Bohrungen der letzten Jahre in der näheren und ferneren Umgebung der Sierren von Buenos Aires ergeben haben, zeigt jedoch, dass rot gefärbte kontinentale und marine Schichten der Kreide, nur schwach gestôrt durch regionale Bewegungen, an sehr vielen Stellen im Untergrund der weiten Pampabecken diskordant auf alten Gesteinen liegen, s0 wie in Südafrika in der Randzone des Kontinentes, die Sedimente der Uitenh 
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auf den gefalteten paläüozoischen Gesteinen lagern. In beiden Gebieten künnen also die hauptsächlichen Bewegungen in dem Zcitabschnitt vom Perm bis zur unteren Kreide vor sich kegangen sein, Auch dieser Umstand bestürkt in der Vermutung, dass die ( ieschichte dieser, dureh den atlantischen Ozean getrennten Stôrungsgebiete in den wesentlichen Zügen übereinstimmt. Es zeigt sich hier ein überraschender Zusammenhang: und die Sierren von Buenos Aires, die bisher in ihrer iolierten Lage von den meéisten Beo- bachtern als ein vom Andenbau abweichendes Stück empfunden wurden, werden zu einem neuen Glied in der Kette der Tatsuchen, die für den chemaligen Zusammenhang der alten Kontinentalmasse sprechen, von der wir heute noch grosse Stücke in Afrika und Brasilion schen. Wenn aber die Präkordilleras die Schichtenfolge dieses Kontinentes #igen, so kôünnen Wir erwarten, auch in ihnen an einigen Stellen homologe Strukturstücke der Kapgebirge und der Sierren von Buenos Aires zu finden, Hier fällt unser Bliek sogleich auf die Vorkordillere der Provinzen San Juan und Mendoza, wo wir die Diskordanz an der Basis triadischer und rhätischer Gondwanaschichten kennen. Sueht man hier nach der Über- einstimmung, so ergibt sich dus Folgende,_ Die langen, parallelen Züge in der nürdlichen Hälfte der Vorkordill und die breite Aufwülbung in dem Südlichen Toile, der Sierra de Uspallata, sind hauptsäehlich aus devonisehen Schiefern und Grauwacken Zusammengesetzt, in denen sich bei Jachal und an anderen Punkten die Transgressionsfauna findet, die sonst von keiner anderen Stelle der argentinischen Anden bekannt ist. Auch das fossilführende Untersilur zoigt grosse Âhnlichkeit mit dem der Sierren von Buenos Aires, Es ist vertreten durch grosse Massen von Kalk und Horn- Stein führendem Dolomit und durch Quarzit. Die Sandsteine der devonisehen Transgression sind noch nicht sicher nachgewiesen: es scheint jedoch der obere Sandstein, der unbestimmbare Pflanzenreste enthält, vorhanden zu sein, Von den Gondwanaschichten_ enthalten die unteren Glieder, die zwischen die älteren marinen Ablagerungen eingefaltet sind, die Flora der Eccaschichten: es befindet sich dieselbe Mischung von Formen des Gondwanalandes und der nôrdlichen Hemisphäre wie in Südafrika. Die Gondwanaschichten über der Diskordanz entsprechen zum grossen Teile vollkommen den Strombergschichten in der Kapkolonie: und die Über- einstimmung wird dureh die vielen Decken basischer Effusivgesteine noch auffallender, Das glaziale Konglomerat ist zwar, als solches, noch nicht nachgewiesen worden. Ich bin jedoch beinahe Sicher, dass man es in einem Vorkommen der Sierra de Uspallata erkennen wird. Auch in der Vorkor- dillere gehôrt die nächstjüngere Ablagerung, ganz wie in Südafrika, erst zur Kreide._ Die marinen Sedimente des Paläozoikums und die unteren Gond- Wanaschichten sind stark gestôrt worden. An manchen Stellen ist die Faltung bis zur Bildung von Schuppen vorgeschritten, in denen sich die 
1Inzwischen habe ich es, in der zweiten Hälfte des Februar s Jahres, an drei 

Stellen der Sierra de Uspallata und an zwei Stellen in dem paläozoischen Unterbau der 
Hauptkordillere nôrdlich vom Rio Mendoza gefunden Auch hat sich dabei herausgestellt, 
dass hier Deckenbau von alpinen Maassen, aber aus permischer Zeit vorhanden ist. 



680 
H. KEIDEL, 

hellen Kalkbänder des Untersilurs, die dunklen Schiefe des Devons und die roten Sandsteine der Gondwanaseh Diese Sehuppen, sowie ein Krosser Teil der Falten, fallen nach Weste In der Vorkordillere waren die starken séitlichen 1H Osten gerichtet, gegen die Widerstehenden älteren Toile, wie in den Kapge- 
birgen und sehr wabhrscheinlieh aueh in den Sierren von Buenos Aires, Wir kommen hier zu unserer ersten allgemeinen Folgerung: {n den 
Kapgebirgen, in den Sierren von Buenos Aires und in der ungefähr 400 km 
langen l'orkordillere de r Provinzen San Juan une Men Rande der Hauptkordiltere, schen wir Strukturstücke cus derselben Wrosse n 
Phase von Orogenetlischen Berre Jungen, die ihr grésstes Mass im Perm erreicht 
haben. In dieser dre Gebicten treflen wir dieselbe oder eine sehr ähinlich 
Schichte nfolge. Die Unterschiede crklären sich durch Lücken, die zum grossen 
Teile wahrscheïntieh durch spätere Abtragung entstande # sind. Für die K tp- 
gebirge und die Sierren von Buenos Aires ist die Übereins durch das ylazial Konglomerat ertCiesen, [In diesen Jernten Faltungsstücken waren die Berre Jungen nach ällere Teile, gerichtet. 
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Dies fübrt uns 2u éiner kurzen Betrachtung dieser älteren Toile. Es 

sind die pampinen Sierren an dem éstlichen Rande der Mittleren argontinis- 
chen Anden, und die Reste der Präkambrisehen Faltung in der Puna de At 
Cama und den ôstlich davon liegenden Gebirgszügen der Pri den pampinen Sierren finden wir die Diskordanz an der k Gondwanaschichten, und wir erinnern uns, dass hier in de den letzten Erfahrungen, auch marine Sedimente des unter n Paläozoikums 
in grüsserem Masse gefaltet_ worden sind. Das &eMeinsame  Merkmal 
dieses alten Gebietes_ ist das mebr oder weniger deutliche Streichen von 
Südosten nach Nordwesten. Auf D'ORBIGNYS Karte ist die Abweichung 
von der meridionalen Richtung der Anden aber etwns Zu gross angegeben. 
Ich will auch hinzufügen, dass unsere_ Kenntnisse noch nicht ausreichen, 
ein Bild zu entWerfen, das hier éinigermassen geschlossen ist scheinlich ist eine weitgehende Interferenz von diesen Bewegungen und 
präkambrisehen Stôrungen vorhanden, deren Richtung meridional oder 
submeridional ist, Wenn wir aber alle bekannten Tatsachen Zusamimen- 
fassen, so ergibt sich in den Unirissen ungefähr dus folgende Bild. 
Pampinen Sierren der Provinz La Rioja, namentlich in d läufern der Sierra de Velasco, dann in dem nôrdlichen 
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Teie der Sicrra de 
Cérdoba, in der s ierra de los Llanos und in den Pampinen Sierren der Provinz 
San Juan, finden sich die Reste eines breiten Faltenzuges, dessen Streichen 
NWNNW. ist, In diesem Zuge sind die mitgefalteten marinen Sedimente 
Von unterpaläozoisciem Alter am häufigsten in der südlichen Hälfte. Geger 
seine Mitte nimmt aber die Kristallinität im allgemeinen zu. Es finden 
sich sehr viel injezierte Schiefer, Grosse Massen von Granit sind hier 
vielleicht in der Axe des Zuges, bei der Faltung eingedrungen, Sie warer 
aber schon n der Zeit der Ausbre tung der kontinentalen Gondwanaschichter 
auf grosse Strecken in echten Rumpfflächen entblüsst. Über die Richtuns 
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der Bewegungen ist noch nichts sicheres zu “agen. Sie künnen vor sich 
Kegangen sein vom Silur bis zum Oberkarbon oder Permokarbon, V ielleicht 
haben wir hier Faltungen, die den caledonisehen Stôrungen entsprechen, Es 
ist aber aucl, môglich, dass ex spätere aber vorpermische Bewegungen Waren, 

An diesem alten Storungsgebiet schneiden die jungpalüozoisehen Falten 
mit deutlicher Grenze ab. Ich habe auf die Bedeutung dieser Linie schon 
vor einigen Juhren hingewiesen. ! Sie folgt beinahe dem Aussenrende der 
Vorkordillere, mehr oder Weniger in dem Meridian der Stadt San Juan. 
Die Sierra del Valle Fertil, die Sierra de ln Huerta, der breite, flach gewôlbte 
Schild des Pié de Palo, nérdlich und ôstlich, die kleinen Bruchstücke der 
Cerillos und des Cerro Valdivin Südlieh von San Juan, sind Toile des älteren 
Faltungsgebietes: der kristullinischen oder halbkristullinischen Sierren. 
Einen &egenüber sehen wir die langen ZLüge der Jungpaläozoischen Falten und 
Schuppen aus Untersilurischem Kalk und Dolomit und devonisehen Schie- 
fern und Grauwacken. In ibrem Bereiche ist nirgends die dütere Struktur 
gefunden worden: aber jhr \ussenrand scheint zum Teil auf die niederge. 
brochenen Stücke der Pampinen Sicrren aufgeschoben zu sein. Besonders 
deutlich_ ist der Gegensatz bei den Cerillos und dem Cerro de Valdivia, wo 
der trennende Stroifen von Lovss und Schutt nur Wenige Kilometer breit ist, 

Die präkambrische Faltung tritt hauptsichlieh in der Puna de Atacama 
20 Tage, aber auch üxtlieh davon, in einem grossen Toile der Gebirgsketten, 
die bis hinunter nach Tucuman die N rung des Gran Chaco begleiten, 
Die altpalüozoischen Sedimente sind hier nur in dem nôrdlichsten Abschnitt 
bekannt, Sons breiten sich an den meisten Stellen über den zerstôrten 
und abgetragenen Präükambrischen Sedimenten_ die roten,_teils marinen, 
teils kontinentalen Ablagerungen der Kreide aus. An dem ôstlichen Rande 
der Puna de Atacama und in dem westlichen Teile_ der Provinz Nalta 
beobachtet man oft nordwestliches Streichen der alten Gesteine: im Süden 
dagegen, in den Ausläufern auf der Ostseite des Cerro Aconquija, Streichen 
#Wischen N.0, und N.N,0. Cber den môglichen Zusammenhang dieser 
beiden Hauptrichtungen, die so oft auf der Erde Wiederkehren, 
noch keine Beobachtungen. Vielleicht war hier ein kegen Osten ge 
Bogen vorhanden. Ex & ietnt mir aber wabrscheinli 

haben wir 
krümuter 

dass die nord- 
westiich streichende Faltung in Salta, aus dem Block Puna de At: ama 
heraustretend, sich frei nach Südosten fortsetzt, Es füllt jedenfalls auf, dass gerade das nordwestliche Streichen 
argentinischem Boden in den alten Strukturen so sehir hervo schon die Aufmerksamkeit der ersten Beobachter erregt hat. Man trifft 
es auch in Bolivien, nach Evans? Untersuchung no him Tiefland nôürdlich 
von der Beugung der Anden bei Santa Cruz de Ja Sierra, in den 
steinen der Stromschnellen des Rio Beni und des Rio Mamoré: Niederung des Gran Chaco in den Llanos de Chiquitos, in Argentinien die Stücke in der Puna de Atacs Pampinen Sierren : schliesslich sehe 

1 Sitz.-Ber, k, k Akad, Wiss., W ien, 1907 2 Quart. Journ Geok, Soc, 1606, 
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auf dem linken Ufer des Rio de La Plata, westlich von Montevideo und in 
den Sierren von Buenos Aires: und man darf sich mit Evans frngen, ob 
nicht in dem Bogen des Feuerlandes und der Staaten-Insel der Einfluss einer 
alten Stôrungainie hervortritt. Auch auf den Falklandsinseln ist dus 
Streichen der gestürten devonischen Schichten nordwestlich. 

Soviel ist jedenfalls sicher, dass die alten Strukturen die im allgemeinne 
meridionale Richtung der tertiären andinen Bewegungen oft abgeñndert 
haben. In dem Gebiet der ausgesprochenen tertitren Faltung, dem geschlos- 
senen Zug der Hauptkordillere, sind die Interferenzen oder Anpassungen 
froilieh selten.  Dagegen sind sie hüufig in dem breiten Streifen der region 
alen, hauptsäüel eh aufwôlbenden Bewegungen des Tertiärs, durch die die 
Gebireszüge der Präkordilleras vor allem entstanden sind. Die Anpassung 
an ältere Linien hat sich mehrere Male wiederholt. In den nôrdlichen 
gentinischen Anden timmt die Richtung der präkambrischen Falten mit 

den Storungsinien in den Llunos de ( hiquitos überein, deren Alter freilich 
nicht genauer bekannt ist. Den prükambrisehen Bewegungen in den nôrdlichen 
argentinischen Anden folgen mit demselben Streichen die alt- oder mittel- 
palüozoisehen Faltungen in dem mittleren Toile der pampinen Nierren; 
und im Südosten sehen wir dieselbe Pichtung in den Linien der jungpaliüo- 
zoischen Bewegungen der Gebirgszüge von Buenos Aires. 

Die Stérung der alten Gesteine in den Stromschnellen des Rio Beni und 
des Rio Mamoré, vor dem Fuse der Anden in kaum 200 m Meereshühe, 
ist sicher ser alt. Evans hat hier zwar Gerôlle eines vielleicht unter- 
silurischen Spongienkalkes gefunden. Wir kennen jedoch nicht seine Be- 
ziehungen zu den kristallinischen Gesteinen. Am wahrscheinlichsten ist 
die diskordante Aufiagerung des im Anstehenden nicht bekannten Gesteines, 

Aber wenn auch das Alter der Bewe gungen hier unsicher bleibt, so 
kann man doch, glaube ich, schon sagen, dass in Argentinien mehrere Male, 
von Norden nach Süden, jüngere Faltungen auf ältere gefolgt sind. Die 
jüngsten nordwestlich streichenden Bewegungen sind die jungpaläozoi 
Faltungen in den Sierren von Buenos Aires, Wir wissen nicht, wie weit sie 
nach Westen reichen.  Aber die meridional streichenden Reste von prä- 
kambrisehen Dislokationen, die wir an manchen Stellen der mittleren pampinen 
Sierren_treffen, dann die Anpassung der tertiären Falten der mesozoischen 
Hauptkordillere an die jungpaläozoischen Bewegungen in der Vorkordillere, 
lassen vermuten, dass vielleicht auch in dieser Richtung eine alte Anlage 
vorhanden ist. 

Betrachtet man die houte bekannten ‘ :tsachen in diesem Zusam- 
menhange, so ergeben sich wesentlich andere Vorstellungen, als sie bisher 
im allgemeinen geherrscht haben. 

Die Falten der mesozoischen Sedimente in der Hauptkordillere sind das 
Jüngste Glied in der Reihe der verschieden alten Strukturen. Die Bewegungen 
waren auch hier gegen die älteren Teile, also nach Osten, gerichtet. In Argen- 
tinien und Chile scheint bis in die Bucht von Arica der Eïinfluss der jungpaläo- 
zoischen Struktur vorzuherrschen, die sich an manchen Stellen auch in der Haupt- 
kordittere, in der Untertage der mesvzoischen Sedimente Jindet._ Von Arica 
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nôrdlich wird das nordwestliche Streic'en ler noch dlteren Faltungen maxs- 
gebend, die weit nach Südosten bis zum Rio de La Plata reichen und we nkrecht 
auf die atlantische Küate abbrechen 

Einige Fragen bleiben froilich unbeantwortet, namentlieh die nach der 
Verbreitung alter Strukturon im patagonisehen Tafellande 

le Will meine Betrachtungen schliessen, indem ich hervorhebe, dass 
der grôsste Teil der Prikordilleras kein Vorland ist, das dureh die tertitren 
Bewegungen gefaltet wurde, sondern dus hier Toile dlterer Strukturen seit 
der Kreide durch die andinen Bewegungen emporgewolbt wurden, unter 
Verstärkung der trennenden Becken und anter Verwiekelung des Netzes 
von Sprüngen, die sie of begrensent gans äbalich wie bei den Fragmenten 
der Altaiden auf der wextlichon on aordlichen Seite der Alpen. 

DISCUSSION. 

G. STEINMANN (Honn): Durch den Nachwei: eines Zusamme 
den Kapgebirgen und den Gebirgen Ostargentiniens durch Herrn Keiv 
Gebirgsbogen erkannt worden, der das Gebict der heutigen Atlantic über 
nordatluntische Bogen, der dns armorische Gebirge Westeuropas mi der 
verknüpft bat, besitzt im wesentlichen jungkarbonisehos Alter. Der südliei n 
jetzt erkannt ist, ist aber jünger, da das permische Gliziatkonglomerat in Atri 
Argentinien gefaltet und durch Faltung sturk veründert wurde. Der Jüngxte Boÿoi 
der mittelatlantische; er verbindet der Atlas mit dem Ostende der Kordillere von * 
amerika und seine Entstehung füllt in der Tertiürzeit 
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FOLDED MOUNTAIN CHAINS, OV RTHRUST SHEETS AND BLOCK-FAULTED MOUNTAINS IN THE AST INDIAN ARCHIPELAGO,. 

Professor of Geology, Delft, Holland 

With two plates. 

Among the islands of the Malay archipelago those belonging to the so- called Timor range or Timor arch, which stretches from Soemba over Tirior and Babbar to Ceram and Buru, are much alike in geological structure. Greatly folded igneous rocks and sediments, ranging in age from Permian to Eocene, form the nucleus of all these islands; and this nucleus is more or less, sometimes almost completely covered by Neocene and Pleistocene de- posits, which are not folded but are generally elevated to considerable heights above sea-level, 
The islands of the Timor range are nearer to the Australian continent (which remained unfolded during the Tertiary period) than ans other part of the archipelago except the New Guinea group of islands. Researches made by J. Wanxer in the Western section of the Nether- landie portion of the island of Timor and by H. A. Brouwer, EF, À. H. WECKHERLIN DE Maneës OvExs and myself in the eastern section of Nether- landie Timor as well as in some other islands of the Timor range, viz., Roti, Leti, Moa and Babbar, have shown that during, or perhaps at the close of the Miocene period an intense folding was induced by strong pressure exerted from the north-north-west. This Pressure not only greatly disturbed the entire Permian-Miocene strata but also developed imbricated structures and overthrusts of great importance, resulting in a structure which is best known from the Alps and has been called deckenbau. Not unlikely, this type of Alpine structure Will be found throughout the Timor range, but up to the present it has only been observed in the islands Roti, Timor, Leti and Babbar, that is, in that portion of the Timor range lVing near the 1bmarine Sahul bank, which is simply the submerged_ border of the Australian continent. Fhus one might suggest that the resistance, or rather the under-pressure of the Australian continental block. which was not affected by the Miocene folding, caused the overfolding and overthrusting toward the south-south-enst ü the Timor range 

Îtis my opinion that at least two overthrust sheets (nappes de charriage), ‘the portion of the island of Timor which I have studied must be listinguished, 

in 
689 
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Tethys sheet. —The lower of these two sheets nappes), which E propose 
to call the Tethys sheet, is formed principally of oceanie deposits of Trinsnic 
Jurassie and Cretaceous age. Cherts and red clay-shales full of Radiolaria 
and limestones and marls containing Globigerina form the bulk of these 
formations. With these formations are abundantly associated limestomes 
and marls of Upper Triassie age compesed mainly of shells of Monotus, 
Daonella and Halobia, but generally containing also Radiolaria and Globi- 
gerina. The great majority, without doubt, may be regarded as true deep- 
sea deposits or abyssites, 

Terrigenous deposits are, on the whole, rather rare and local in this 
complex as, for example, in the district of Fialarang, where deposits with 
a limnean facies preponderate over the oceanie deposits. These are char- 
acterized by the occurrence of gypsum. In places they resemble petrographi- 
cally the Flysch of the Alps but, more gencrally, they strongly recall in ap 
pearance the variegated Keuper marls of middle Europe. 

Besides these Mesozoie formations there are also in places Permian anel 
Eocene! deposits, the Permian formations being the oldest as yet found im 
the Tethys sheet. These Permian deposits consist of basic effusive rocks 
tuffs, marls and limestones very rich in fossils, among which corals 
bryozoa, cystidea, blastoidea, crinoidea, brachiopoda and ammonites are 
especially abundant and well preserved. 

Igneous rocks are found in all the formations of the Tethys sheet, but 
whereas they are rather rare and of little importance in the Mesozoic rocks 
they are abundant and characteristie in the Permian deposits. Basic types, 
frequently more or less completely altered to serpentine, predominate. 

The Tethys-sheet formations are found in all parts of the island where 
the rocks of another sheet that was thrust over them have been sufficiently 
eroded, except where they are hidden from view by later Neocene or Pleis- 
tocene deposits. 

The structure of the Tethys sheet is as a rule chaotic. Small complexes 
or patches of rocks of different ages, each in itself strongly folded and over- 
thrust, form à kind of mosaic, the different masses being separated one from 
the other by thrust-planes. 

Simpler structures are found only in the southern coast-range (th 
Amanuban and Amanatun mountain ehains of Middle Timor). In the« 
hills an imbricated structure prevails, the strata in their repeated succession 
showing a fairly uniform dip to the north-north-west and the schupper 
being thrust one over the other in the same direction. (Sce Plate IL.) 

A characteristie mountain chain with parallel ranges of hills is wel 
developed only in this southern coast range of the island of Timor. D 
posits of Permian age, likewise igneous rocks, are wanting in this coast rangt 

The sediments of Mesozoie age are all of marine origin and have t} 
character of oceanie deposits: the oldest observed in a few places are elay 

19. WaNNER has found limestones of Miocene age in strata which he considers 
belong to the sheet to which here the name Tethys sheet is given. Goologie von V 
Geolesisc} FE 
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marls with Monotis of Upper Triassie age, Marly and chalky limestones composed chiefly of tests of Globigerina of Jurassie and Cretaceous age are strongly developed and predominate over all other rocks. 
It is somewhat doubtful whether these formations of the southern coast range belong to the Tethys sheet. They may represent its southern margin, which was never overridden by another sheet and consequently, being less pressed, has a somewhat less complicated Structure than the rest of the sheet; but it is also possible that these formations belong to a lower sheet or even must be considered as autochthonous. 
Fatu sheet.—For the upper of the two sheets 1 have adopted the name Fatu sheet, to signalize its most characteristic elements, the peculiar, more or less isolated rocks or groups of rocks, called ‘fatus” by the natives, that rise abruptly from the usually gentle contoured hills. These isolated rock pexks are so conspicuous that they have greatiy attracted the attention of former explorers and travellers in Timor.! 
The Fatu sheet is, like the Tethys sheet, composed of rocks rangimg in age from Permian to Eocene and probably even to Miocene Ehbese de- pesits, however, present on the whole very different facies from thuse found in the Tethys sheet, 
\meng the deposits of Permian age limestones_ compusec almost ex- clusively of tests of Fusulina, which have not vet been found in th Tethys sheet, are conspieuous in various plac Effusive rocks and tuffs show a prominent and diversified development, the tuffs being in places very rich in beautifully preserved fossils Marls are searce but massi limestones full of stems and joints of Crinoids are very strongly developed Several of the fatus mentioned above are formed of these limestones. Places they are as rich in fossils as the marks of the Tethys sheet but they do not Weather out so well and as a rule are not so Well preserved. Neverthe- less, in some places wonderful collections, especially of brachiopoda and ammonites, have been made from somewhat marly layers in these lime- stones, 

In comparing the Mesozoie deposits of the Fatu sheet with those of the Tethys sheet the paucity of oceanie deposits in the former is very striking. Highly silicious rocks, as cherts and red clays with Radiolaria, do not pre- dominate over all other types of rocks, as they do in the Te thys sheet. The most conspicuous elements are, on the Contrary, masses of unstratified or very indistinetly stratified, mostly oôlitic limestones, mainly coral reefs of Upper Triassie “ge. The majority of tie fatus consist of such rock masses ranging in size from a large pebble to masses more than two hundred metres in height and of considerable } orizontal extent. They oceur either isolated or oftener in groups forming very rugged hills, Some of the highest and most 

TS MELLER, Hydragen tot de kennis van Timor en cenige andere naburige cilanden: Verh. over de natuurl gcschiedenis der Nederl. overzee sche bezittingen. Lande en Volken- kunde, Leiden, 1830-1844, pp. 138 en 302 
IL O, Fonurs, W orscRtrs din Matayischen Archipel; Bd TI, lena, 1886, S. 138 und 180 
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prominent peaks of Netherlandie Timor, ax Mandeo mountain (935 m.), 
Fatu Naususu (1335 m.) and the peak Faffi Nesi (985 m.) are only fatus. 
These fatus are in all respects similar to the “klippen” in the Alps or in the 
Carpathian mountains. 

This coral-re :f facies of the Upper Triassie does not oceur in the Tethys 
sheet. Limestones with Monotis and Daonella are found locally in the Fatu 
sheet but much less abundantly than in the Tethys sheet. Sandstones with 
remains of plants are also of common occurrence and are probably of Upper 
Triassie or Lower Jurassie These sandstones may also occur in the 
Tethys sheet, but only rarely,  Amphibolite and other schists and also 
schistose serpentine, all ot them probably metamorphosed basic igneous 
rocks, are of primary importance amongst the constituents of the Fatu shect. 
The highest mountains of Netherlandie Timor, for example the Mutis (2365 

and the Lakaäün (1580 m.) are formed of these schists. These schistose 
ire not found in the Tethys sheet. Also Eocene limestones passing 

into conglomerates full of Nummulites and Alveolina. which are not found in 
the Tethys sheet, constitute an important part of the Fatu shect. Finally, 
several types of rocks, the age of which is in many cases not yet known, are 
found exelusively in the Fatu sheet. 

It has not been found possible to differentiate the tectonics of the Fatu 
sheet, as all the rocks oceur in more or less isolated mass s, each of which 
has been folded, thrist and often brecciated by pressure. The more mas- 
sive and resistant roc. masses were evic ently pressed one against the other 
during the intense folding and the less resistant layers between them entirely 
crushed and squeezed out. Thus more or less isolated masses us) of 
Permian limestones bearing stems of Crinoids or tests of Fusulina, of Triassie 
oôlitie limestone and of serpentine are frequentls feund in immediate proxi- 
mity to each other, being separated only by thin, squeezed and thrust layers 
of various other formations, 

The deposits of the Fatu sheet are found as a more or less continuous 
sheet only in the highest hills of Timor, which together form a strip of country 
parallel to, and at an average distance of 20 kilometres from, the north coast. 
Outside this high-lying country the rocks of the Fatu sheet are found only 
as isolated groups of hills, groups of rocks or quite isolated rocks: all of them 
either rest upon the Tethys sheet or have been pressed down into the little 
resistant materials of this lower sheet. E have not always found it possible 
to separate from each other with certainty the deposits belonging to these 
two overthrust sheets. 

On the north coast there oceurs a very thick series of highly tilted igneous 
rocks comprising basic effusives, especially brecciated serpentines and set 
pentine-conglomerates which predominate, and tuffs. rhyolites and andesites 
They oceupy a considerable area along the eastern portion of the north coast 
of Duteh Timor but end abruptly near the boundary between Dutch and 
Portuguese territory and no trace of them has yet been found farther east 
ward in Portuguese Timor. Their geological position is as yet uneertain 
They rest upon deposits belonging to the 
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Fatu sheet, but they might also represent quite a separate element in the structure of the island. 
It may appear hazardous to Say that a complicated Alpine structure exists in a territory the stratigraphy of which is still so little known, but the occurence of groups of deposits of the same age yet of different palæonto- logical and pPetrographical character one on top of the other and in close proximity, can not well be explained in any other Way. This theory also explains better than any other the frequent occurrence of groups of older rocks resting on Younger ones, 
A beautiful example of this superposition js found near the sources of the Lussi, one of the tributaries of Oituke river, to the north of Camp Bele. There a group of hills composed chiefy of rocks of Permian age, in which limestones bearing Fusulina predominate over all other rocks, rests on a very well exposed formation consisting principally of Mes 20ie, mainly Jurassie, oceanie deposits and in which Permian rocks are entirely wanting. Beauti- ful sections all along the deep ravines eut by the Oituke and its tributaries have proved these relations beyond doubt. 
Morcover, WanNEr! in a more Western portion of the island and WeBer? in à more castern portion have come quite independentiy to similar con- clusions, 
L believe that the observed facts justify the opinion that in the south- eastern portion of the Malay archipelago, that is, at the southeastern border of the great Malay geosyncline à mountain chain of Alpine structure with considerable overthrusts was formed in Miocene time by strong pressure directed from the north-north-west towards the Australian continent, The period of folding and thrusting mentioned above Was Most prob- ably followed by a period of prolonged and considérable denudation, because a Pliocene formation rests unconformably upon the much denuded (pene- planated) older formations. The oldest of these Pliocene deposits consi: of pure Globigerina limestone, a pelagie sediment devoid of terrigenous elements whieh must have been formed in an open sea far from land.* During or shortly after the depesition of the Globigerina limestone im- portant crustal movements-—this time, however, of a very different type‘ again set in, which resulted in the forming of basins (geosynelines) trending 

1J, Waxser, Guologie von W'esttisar Geologische Rundsehau Leipzig, 1913, Bd, IV, p.136. From this publicat® Linfer that from his observations in the western sec- tion of Netheïlondie Timor, Dr. WaxxEr aleo sumes 8 structure of Alpine type with overthrust sheets, but his interpretation of the details of this structure différs in many und important points from that given in this peper 2 From a verbal, unpublished communication 
Tam not inclined 10 regard this formation as a dee p-sen depot, aithough it must \t been formed in the open sea far from land, but believe that it may have been deposited he same way as the white chalk of Europe, to which this late Toctiur Globigerina leposit bears petrologically à remarkable resemblance 4 For à ju liminary desemiption of the bearing of those movements on the geologic history of the Enst Indian arc hipelago compare G. A. F. MoLENGRAA+r, On rence 24 L 4 feureng on the geutopcal history of the Éat-Indian Amsterdam, Vol. XV, 1912, p. 224 
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in a direction approximately parallel to the longitudinal axis of the island 
of Timor, In a portion of middle Timor, for example, due south of Kapan, 
a single undivided basin exists which might be termed the median Noocene 
basin, although generally the structure of the geosynelines is more come 
plieuted, being subdivided by ridges or islands of older formations wuich are 
also elongated in the direction of the longitudinal axis of the island.  Thus 
in the eastern portion of middle Timor the later Tertiary basin is divided 
by the Mandeo mountains into two troughs, the Talau-Uruki basin and 
the lower Benain basin:! farther to the west the latter is again subdivided by 
a varrow ridge of older formations into a northern Benain-Noil-Noni basin 
and a southern Noil-Liu basin.  Flexures of consideruble horizontal extent 
oceur at the walls of the geosynelires or ‘“graben.”" which have caused the 
Pliocene strata in the basin to become abruptly eurved and bent upwards 
near the edges, In many places a crush-breccia is found between the various 
older formations and the Tertiary strata, thus indicating the position of 
marginal fault-planes along which movements have taken place during or 
perhaps after the formation of the geosynelines.  Besides the geosynelinal 
movement a Very slow upheaval of the land probably took pluce, as is postu- 
lated from the character of the successive sediments deposited in the geo- 
synelinal troughs. Since the Pliocene Globigerina deposits at several places, 
both inside and outside of the geosynelines, are somewhat tilted and dis- 
turbed, one may conclude that a certain amount of thrust occurred during 
the formation of the geosynelinals, although this was much less severe than 
during the preceding period of intensive mountain-building. 

During the formation of these geosynelines by slow subsidence they 
remained always fairly well filed with an accumulation of late Tertiary 
sediments, the character of which implies that the sea, although occupying 
these basins, never attained à great depth. Inside the geosynelines the 
Pliocene deposits attained a great thickness. In the higher strata of the 
Globigerina limestone mentioned above terrigenous elements make their 
appearance and gradually the deposit changes in character and passes into 
marly and sandy limeston nd in places even into a grit with a calcarcous 
ecoment.  Thus the influence of land gradually increases and the higher stratu 
consisting of marly elaystones and Marly sandstones, are observed to con- 
tain numerous shallow-water shells of Pliocene age.” The entire thickness 
of this Pliocene formation in the geosynelines is unknown but must be con- 
siderable, and in my opinion in the Benain basin it may safely be estimated 
at more than 500 metres. 

True littoral formations such as conglomerates, oyster banks, coral 
reefs, ete., lie directly and conformably upon these Pliocene deposits, and 
their thickness is at least 200 metres in the central axis of the larger, or 

wo basins are united again west of the Mandeo mountains. 
2 The Pliocene age of these deposits is proved by MARTIN, who has examined the fauna of the marls of Fulumonu in the Talau basin, which is identical with the fauna of the fossili stratu in the basin of the Benain. K. Marris, Tertir ron Timor: Beitrige ur Geologie Ost FAusiralicns, Serie L, Band III, p. 305, Leiden, 1KS3-I8S7, 
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Benain basin. One of the coral reefs in the Benain basin ix of great thick- ness (70 metres) and of considerable horizontal extent, being cons quently an element of importance in the configuration of the landscape, Over these coral reefs lies a succession of layers of sandston conglomerates oyster banks, ete,, all significant of a shallow-water otigin. From their consider- iblethickness we must infer that these deposits were forme during period of «low subsidence which must have listed from the Pise ne until the beginning of Picistocene time, 
These reefx and other littoral deposits although becoming thinner to- Ward the edges (walls) of the basins, are not always confined to the grosyn- clines; in parts of middle Fimor they spread over a great area and overlap the older formations, from w hieh they are often separated by a well developed, course, basal conglomerate Consequently they are also found resting un- conformably upon the Globigerina deposits where the lutter are locally tilted at the edges of the troughs, 
In the middle of the geosvnelinals (here is no break in the succession or visible unconformity between the Pliccene strata and the overlving reefs and littoral deposits. and there can be no doubt that the last mentioned reefs, both inside and outside the geosynelines, all belong to the same continuous formation, the connection of which has been Iterrupted only by later érosion. During and just after the forr ation of these coral reefs a great portion 0 middle Timor must have been covered by a sea full of coral islands and recfs, The higher mountain groups (Mutis, Lakaäün. Mandeo, ete.) emerged us islands from the sea, and conglomerates! that we re formed simultancouslx With and posterior to the coral reefs prove that the islands must have been steep and high and that running Water must have transported a considerable amount of débris from them towards the surrounding sea. It may be accepted that the majority of the big coral reefs of Timor were thus formed in late Pliscene or early Pleistocene times, ns they overlie and clearly therefore indicate a Younger age than the marks with Pliocene shiells, 

The great majority ot tin pebbles of the conglomerates, which are of great thiek- ness and oceupy a very large area in Timor, consist of amphibolites ane other schists, such 1 are now found only in some of the highest mountain groups, eg, the Mutis and the Lakaün, which fo part of the Fatu sheet. From the aburdance of these pebbles one May conclude that, when these conglomerat es Were torming, the schist formation must have oecupied à larger aren than it does now Pebbles derived from rocks of the Tethys sheet 9Eequal or even greater resistance are relatively rare in these conglomerates, In t} vel ‘ransported st present by the river the proportions are just reversed, pebbles of ainphibolites being searee and rocks of the Tethys sheet being very plentiful. And this is just what we must xpeet if we accept the theory of overthrust shcets, When these Pliocene conglomerates were formed, the rocks of the Tethys sheet in the Portion of the island which at that time was not submerged, were still largely covered and Protected against erosion by those of the Fatu sheet. Since then the Fotu sheot has been rreatly reduced by denudation, and the rocks of the Tethys sheet have been nid bare In consequence of the uplift the rivers bave out deep gorges in the latter formation and “onsequently amphibolites are comparatively rare among the pebbles at present tra ported by t Fvete, wi 8 cherts and even limestones of the lethys sheet are carried : abundance 
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