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Zusammenfassung 

Die Verbreitung der marinen Invertebratenfaunen der Trias Nordamerikas wird im 
Hinblick auf Aussagen zur Pal~olatitude durchgesehen. 

Marine Trias gibt es auf der Nordamerikanischen Platte fiber 46 Breitengrade von 
Californien bis naeh Ellesmere Island. Fiir einige Zeitabsctmitte lassen sich zwei bis drei 
untersdaiedliche Faunenprovinzen gegeneinander abgrenzen. Die Unterschiede in den 
Fannen sind offensichtlich an die Pal'~olatitude gekniipft. Sic werden als LPL, MPL, 
HPL (niedere, mittlere, h6here Pal~iolatitude) bezeidmet. Nevada liefert die diagnosti- 
schen Merkmale der niederen; das nord6stlich British Columbia die der mittleren und 
das Sverdrup Becken die der h6heren Pal~iolatitude. Eine Unterscheidung zwischen den 
Provinzen der mittleren und der h6heren Pal~olatituden l~iBt sich ffir die Untertrias und 
tiefere Mitteltrias (Anis) nicht treffen. Jedoch lassen sida in den Ablagerungen des Ladin, 
Karn und Nor alle drei Provinzen erkennen. 

In den westlichen Ziigen der Cordilleren sind marine Faunen yore sfidlichen Alaska 
und Yukon bis nach Mexico aus den beztiglich der Nordamerikanischen Platten offensicht- 
lich allochthonen Teilen bekannt. Unter- und obertriadische Fannen dieser Gebiete so 
wie einige, die heute bis 68 ~ Nord liegen besitzen die Charakterztige der niederen Pa- 
l~iobroiten. Mitteltriadische Faunen dieser Zonen liefern, sower bekannt, keine wesent- 
lichen Daten. In den westliehen Cordilleren finden sich die Faunen der niederen Pal~io- 
breiten bis zu 8000 km n6rdlieh ihrer Gegenstiicke anf der Amerikanischen Platte. Damit 
wird eine tektonische Verschiebung dieser Gr613enordnung angezeigt. 

Betrachtet man die Faunen und die Art der Sedimente, dann l~13t sich die Pal~iogeo- 
graphie der Trias wie folgt interpretieren: eine tektoniseh ruhige Westkiiste der Nord- 
amerikanischen Platte, die an ein offenes Meer grenzte; im kfistenferneren Gebiet lie- 
ferte eine Serie vulkanischer Arehipele Sediment in die angrenzenden Becken. Einige 
waren ges~umt oder zeitweise bedeekt yon korallenfiihrenden Watten und Karbonat- 
banken. Tiefere Beeken lagen dazwischen. Die Inseln lagen wahrscheinlich innerhalb 80 ~ 
nahe dem triadisehen ~quator. Sie zogen sich von der Kiiste weg bis etwa 5000 km Ent- 
fernung zum Vorl~iufer des Ostpazifischen Riickens. Die geographische Situation westlich 
des Rfickens sah vermutlich ~hnlich aus. 

Jurassische und sp~itere Generationen der Kruste aus der N~he des ttiickens haben 
einige der Inseln in die Nordamerikanische Platte eingebracht; einige wahrscheinlich nach 
S/idamerika; andere sind nach Westen, nacb Asien gedriftet. Es gibt Anzeichen daf/ir, 
dab Neuguinea, Neukaledonien und Neuseeland zur Triaszeit auf einer nfrdlichen Breite 
yon 80 ~ oder mehr gelegen haben. 

Die Ziige, die heute die westlicben Cordilleren bilden, waren wahrscheinlich zusam- 
mengeschweiBt und haben die Nordamerikanische Platte vor Ende der Jurazeit erreicht. 

Abstract 

The distribution of marine Triassic invertebrate faunas in North America is reviewed 
to recognize forms that may have paleolatitudinal significance. 
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Marine Triassic occurs on the North American Plate over a latitudinal spread of 46 
degrees, from California to Ellesmere Island. At some intervals of time faunas on the 
Plate permit the discrimination of two or three provinces with distinctively different 
coeval faunas. The faunal differences are evidently related to paleolatitude and the pro- 
vinces are designated LPL, MPL, HPL (low, mid, high paleolatitude). Nevada provides 
the diagnostic characters of the LPL province; northeastern British Columbia the MPL; 
the Sverdrnp Basin the HPL. In the Lower Triassic and early Middle Triassic (Anisian) 
the distinction between the MPL and HPL provinces cannot be made. All three pro- 
vinces are recognized in the Ladinian, Carnian and Norian deposits. 

In the western tracts of the Cordillera, the part formed of suspect terranes, apparently 
allochthonous with respect to the North American Plate, marine faunas are known all the 
way from southern Alaska and Yukon to Mexico. Lower and Upper Triassic faunas from 
these terranes, including some which today are at 68 degrees north, have the characters 
of the LPL province. Middle Triassic faunas from the terranes, as presently known, do 
not contribute significant data. In the terranes of the Western Cordillera LPL faunas are 
now up to 8000 km north of their counterparts on the American Plate. Tectonic displace- 
ment of this order is indicated. 

Taking into account the faunas and the nature of the rocks, the Triassic palaeogeo- 
graphy is interpreted as: a tectonieally quiet west shore for the North American Plate, 
bordered by an open sea or ocean; then, well off-shore, a series of volcanic archipelagos 
shedding sediment into adjacent basins. Some were fringed or intermittently covered by 
coralline shoals and carbonate banks. Deeper basins were in between. The islands pro- 
bably were within 80 degrees of the Triassic equator and extended offshore for about 
5000 km, to the spreading ridge directly ancestral to the East Pacific Rise. The geography 
west of the spreading ridge was probably comparable. 

Jurassic and later generation of crust at the ridge has driven some of the islands into 
the North American Plate; some probably to South America; others have gone west to 
Asia. Evidence is given that northern New Guinea, New Caledonia and New Zealand 
may have been at a north latitude of 80 degrees or more in the Triassic. 

The terranes now forming the Western Cordillera had probably amalgamated, and 
reached the North American Plate, before the end of the Jurassic. 

Rdsum4 

La distribution des faunes d'invert6br6s matins du Triasique dans l'Am6rique du Nord 
est pass6e en revue afin de reeonna~tre les formes qui penvent avoir une signification 
pour les latitudes du pass6. 

Le Triasique matin existe sur la plaque de l'Am6rique du Nord sur 46, degr6 de la- 
titude, de la Californie ~t File d'Ellesmere. A eertains intervalles de temps, des faunes 
permettent la distinction de 2 ou 8 provinces ~ partir de faunes contemporaines net- 
tement diff6rentes. Les diff6renees de faunes se montrent en relation 6vidente avee la 
pal6olatitude, et les provinces sent d6sign6es LPL, MPL, HPL (base, moyenne, haute 
pal6olatitude). Le Nevada fournit la diagnose de la province LPL; le NE de la Golornbie 
britanique, le MPL; le bassin de Sverdrup, le HPL. Daus le Triasique inf6rieur et le 
ddbut du Triasique moyen (Anisian), la distinction ne peut 4tre faite entre provinces 
MPL et HPL. Les 8 provinces sent chaeune reconnues au Ladinien, au Garnien ent au 
Norien. 

Dans les aires oeeidentales de la Cordill6re, clans la partie form6e de terrains apparem- 
ment allochtones par rapport ~ la plaque de l'Am6rique du Nord, des faunes marines sent 
eonnues depuis 1'Alaska m6ridional et le Yukon jusqu'au Mexique. Des faunes du Trias 
inf6rieur et Sup6rienr de ces terrains, y compris certaines qui aujourd'hui se trouvent 
68 ~ N, ont les caraet6res de la province LPL. Des faunes du Triasique moyen de ces 
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terrains, ~ present  connues, n 'appor tent  pas de donn@es signfficatives. Dans les terrains 
de la Cordill~re occidenta]e, des faunes LPL sont connues actuellemcnt jusqu'~ 8000 kin. 
au nord de leurs correspondants sur la plaque am~ricaine, indiquant  un  d@lacement  
tectoniue de ce[ ordre. 

Prenant  en consid@ration les faunes et la nature des roches, la pal@ogeographie du 
Triasique est interpr@t@e comme suit: un rivage occidental tectoniquement  ca]me pour ]a 
plaque de l 'Am6rique du Nord, bord~e par  une iner ouverte ou un  ocean; ensure,  
l '6cart de ee rivage, une s@rie d'arehipels voleaniques distribuant des s~dhnents dans les 
bassins adjacents. Les ties @taient probablement  dans un  espaee de 80 ~ ~ part ir  de 
l'@quateur triasique, et s%tendaient au del~ du rivage sur environ 5000 km. jusqu% la 
ride d'expansion qui  rut l'ane@tre direct de l 'East  Pacific Rise. La g@ographie ~ l'ouest 
de la ride d'expansion @tait probablement  comparable. 

La erodte engendr@e au Jurassique et plus tard ~ part ir  de cette ride a entrain@ eer- 
taines de ees ties voleaniques dans la plaque de l 'Am6rique du Nord; eertaines probable-  
ment  jusqu'~t l'Am@rique du Sud; d 'autres s 'en sont allies vers l 'ouest vers l'Asie. Des 
faits montrent  que le Nord de la Nouvelle Guin@e, la Nouvelle Cal@donie et la Nouvelle 
Z@lande peuvent  s'@tre trouv@es ~t une latitude nord de 80 ~ et plus au Triasique. 

Les terrains formant actuellement l 'ouest de la Cordill~re s'@taient probablement  
r@unis et avaient atteint la plaque de ] 'Am~rique du Nord avant  la fin du Jurassique. 

I ~ p a T K o e  co~ep:~[~aHHe 

P a C C M O T p e H o  p a c I I o c T p a H e H r t e  MOpCEHX 6ecIIOSBOHOHH]~IX B p a s J I H q H B I X  n a J I e o -  
mHp0Tax ceEepHo~ AMepHKH B TpHace. 

MopcEHe OTJIOHfeHH~I TpHaca Ha ceBepoaMepHEaHcKofr nnaTqb0pMe HpOCTHpa~0TC~I 
Ha 6onee, HeM 46 nmpOTH~IX r p a ~ y c a  OT I~anH~p0pHHH ~O 0CTp0BOB MopH 9JIJIHC. 
~n~  HeEoTop],IX oTpeSKOB BpeMeHH M0~H0 pasrpaHHHHT~ OT SByX ~0 Tpex pa3-  
JIHqHBIX HpOBHHI~H~I disayHI, I. PaSJIHHH~I B qbayHe ~IBH0 CB~ISaHLI C naJIeOUlHpOTO~L 
I4X HMeHymT HH3KHe, cpe~HHe H B~ICOKHe naneomHpOTi, i (LPL, MPL, HPL). B 
HeBa~e HaXO~YIT OTJIHtlHTeJn~HLIe npEsHaEH HH3EHX mHp0T; ceBepOB0CTOHEaa 
5pHTaHcEa2 KonymGH~ OTHOCHTCH E cpe~HEM, a 6aece~H CBep~pyna -- E BLIC0EEM 
naJ~eomHpoTaM. Pas~HHH2Me~;~y EpOBEHI~HEIMH cpeSHHX H BI~I C OEHXHaJIeoHIHpOT 
H HE~I~HeM TpEaca E cpe~HeM TpHaca (aHHCEI~ICKH~I BeE) He yCTaHOBneHo. 3aTO B 
OTJIO~eHE~IX JIa~HHCEOI~O, I~apHCEOFO H HOBHHCI~0FO BeI~OB OTM e qeHBI  B c e  TpH IIpO- 
BHHI~HH. 

MopcEaa  qbayHa, ESBeCTHa~I B K o p ~ E ~ e p a x  0T mmHo2 An~eEH H tOKoHa ~0 
IV~eHCHKH, B OCHOBHOM aJIJIOXTOHOBOPO n p 0 H C X O ~ e H H H ,  cI)ayHa B e p x H 0 r 0  E HE- 
~EHeF0 TpHaea DTHX peI~HOHOB, I~aK H HeKoTopMe pa~oHM, pacHon0H~eHHBIe ceI~0~HYI 
~o 63 ~ eeBepHo~ mHpOT~l, HecyT HepTBI qbayH~l HHSKHX llaJieomHpoT. Cpe~HeTpHac0- 
BaH ~ayHa STEX 30H He ~aeT, EOCK0~bEy HSBeCTHO, HEKaKHX Ba~HBIX pasyJH~Ta- 
TOB. B sana~HMX I~op~HJ~epax Haxo~T qbayHy HHSEHX naneomHpoT ~o 3000 KM 
ccsepHee ee SEBHBaaeHTa Ha aqbpHEaHc~Of~ nnaTqbopMe. ~TO y~asMBaeT Ha TeE- 
TOHH~IecEoe CMCI~eHEe TaK0rO ~e E O p ~ E a .  

PacCMaTpHBa~ dpayEy H THE OCa~OqHBIX nopo~ M0~EHO EHTepHpeTEpOBaT5 na-  
aeoreorpaqbHm TpEaca cne~yrO~HM o6pasoM: TeKTOHHqeCKH cno~ofiHoe 3ana~Hoe 
Ho6epe~e ceBepoaMepHEaHcl~o~i EnHTI~I, npEneramL~ee E OTKpMTOMy MOp~0; B O6- 
nacTHx, oT~aneHHBlX OT 6epera cepEa BynI~aHHHeCEHX apxHnenaroB nocTaBnseT 
Ce~HMeHTBI B np~aeram~He 6acce~HSl. HeEoTopBIe ES HHX 06paMJIHIOTCH npHSpe- 
;KH0~I OTMeJIBH), HJIH ;~ame CTaHOBHTCSI eIo, noEp~inaeMof~ BO~O~ B0 BpeMY[ npHJIH- 
BOB, 3anHBaeMo~. Me~y HEMH HaXO~ITCSI FJIy6oKHe 6acce~HBl. OCTpOB& pacna- 
JIaJ~EC~, BepO~THO, OT 30 ~ IEHpOTI~I, 6nH~Ee E TpHaconoMy 3EBaTopy. OHH npOCTHpa- 
mTCa OT 5epera ;~o EpHMepHo 5000 EM K Epe/~meBCTBenHHKy BOCTOqHOH qaCTH 
xpe6Ta TEXOFO oKeaHa. FeorpaqbH~ecKEe COOTHOIIIeHHFI 3aHa~Hee OT xpeGTa 
BBIPJI~:I~:~eJIE, BepO~THO, T a I ~ e ,  I~ai~ H B BOCTOHHO~I qaeTH. 
IOpcEHe E nOS~HHe IIOKOJIeHH~ K0pM E3 pa~0HOB B6nESH xpe6Ta o6pasoBanH 

0CTp0Ba ceBp0alVlepHEaHCKO~ E/IETBL HeKOTOpMe aS HHX /~pe~Id/SOBaJIH, Bep0HTHO, 
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I~ I~YKH0~ AMepH~e, ~pyrHe  Ha 3 a n a l ,  E A3HH. ECTB 0CHOBaHHH Hpe~Ho~araT~, 
q T 0  HoBart FBHHeH, HoBaH I~a~e~0HHH H HOBa~I 3e~aH~HH B TpHaC0B~I~ nepHo~ 
p a c n o n a r a H a c B  Ha 30 ~ ceBepH0~ IHHp0TBI, HYIH ~aY~e BI~InIe. 

BHelIIHH~ BH~ ceP0~HHInHHX 3aria~H~iX I~0p~HH~ep ceBepoaMepHKaHc~o~ nJiaTo 
CI~0pM~I B03HHE, Bep0HTH0, B EOHI~e I-0pBI. 

Introduction 

For some time it has been recognized that the distribution of marine Triassic 
faunas in North America reveals anomalies which have been interpreted to indi- 
cate substantial northward tectonic displacement in the western part of the Cor- 
dillera (TozE~, 1970, p. 658; NICHOLS and SILBEnLINC, 1979). Anomalies have also 
been recognized for the Permian (MoNcER and Ross, 1971; DANNEn, 1976; YAN- 
CEY, 1979) and Jurassic (TIPrER, 1981). This paper pursues the subject and provi- 
des interpretations of faunas that contribute to understanding Triassic paleogeo- 
graphy and the subsequent tectonic history. Although the paper is concerned 
primarily with North America comparisons are also made with faunas from other 
parts of the world. This leads to a global review of Triassic paleogeography. 

The time seems right for a new look at Triassic paleogeography for two reasons. 
First, the remarkably close similarities between some cephalopod and bivalve 
faunas of western North America with those of the western Pacific and Tethys is 
hard to reconcile with a conventional Triassic paleogeography with one hemi- 
sphere mostly land (Pangaea), the other wholly water (Panthalassa). A second reason 
for reviewing the paleogeographie significance of Triassic faunas is to examine 
their bearing on current tectonic interpretations in which much of the North 
America Cordillera is taken to be a mosaic of terranes which "seem to have been 
swept from far reaches of the Pacific Ocean before collision and accretion into 
the Cordilleran margin mostly in Mesozoic to early Cenozoic time" (CONEY et al., 
1980, p. 829). Coney et al. use the term "'suspect" for these terranes to emphasise 
the uncertainty of their original position. Now that it is known that the present 
ocean basins are floored with ernst generated since Triassic time, as strips now 
cumulatively thousands of km wide, it is clear that rock formed in the Triassic 
may have been pushed aside for distances of the same order of magnitude. This 
means that paleogeographie interpretations must take into account the possibility 
that terranes and plates with Triassic rocks, although now closely juxtaposed, may 
have been separated by thousands of kilometres when they formed. This paper 
examines the constraints imposed by the nature of the faunas for determining the 
original position of the terranes. 

Having recognized the possibility that extensive movements may have taken 
place a fundamental distinction must be made between two kinds of Triassic rock: 
plate-bound and suspect. Plate-bound refers to rock that was deposited on tec- 
tonic plates which have not experienced appreciable internal movement since 
Triassic time. Suspect is the Triassic of terranes which may have moved exten- 
sively in relation to other terranes and to the plates. The extent of the two kinds 
in North America is indicated on Figure 1. A sketch for the whole globe is given 
on Figure 2. 

This paper is mostly concerned with comparing the plate-bound and suspect 
faunas. It  will be shown that faunas evidently indicating deposition at low, mid 
and high paleolatitude (LPL, MPL, HPL) can be recognized on the North Ameri- 

1080 



Marine Triassic Faunas of North America: Their Significance for Assessing Plate 

can plate. Comparisons will be made to estimate where the suspect terranes may 
have been in the Triassic. The data are interpreted to indicate that most or all of 
the terranes were far to the south (3000 _+ 1500 km), in relation to the plate, 
as a belt of shoals, islands etc. some 5000 km wide. The geography of western 
Panthalassa was probably comparable. Some terranes now in the southern hemi- 
sphere (e. g. northern New Guinea and New Zealand) were probably north of the 
Triassic equator. In the resultant paleogeography the Pangaea hemisphere is 
balanced by one watery, but liberally strewn with islands from coast to coast 
(Figure 2). 

Plate-Bound and Suspect Triassic: Comparisons and Boundaries 

Generally the distinction between plate-bound and suspect Triassic in North 
America is easily made but in British Columbia and Nevada there are problems 
concerning the recognition of the edge of the plate (Figure 1). 

Orderly stratigraphy, cratonic source of sediment and absence of volcanic rock 
characterize the plate-bound sequences. In East Greenland the rocks are in narrow 
troughs, mostly grabens (STAvBER, 1942; TR/)MPY, 1961). The Sverdrup Basin pre- 
serves a section at least 6000 m thick at the depoeentre but at the margins the beds 
are much thinner (TrIo~srEmssoN and TOZEt~, 1970, p. 577). In Triassic time the 
Sverdrup Basin probably played a role like that of the Mississippi delta today 
(TozER and THORSTEmSSON, 1964, p. 217). The plate-bound Triassic of the Cor- 
dillera and adjacent plains is a miogeoclinal sequence. In Canada a thickness of 
about 1000 m is attained. In the westernmost part of the belt, typified by sections 
at St. Lawrence Island (Locality 84) PATTON and DUTRO, 1970, p. D 141) and at 
Chert Mountain, Yukon (Locality 86) (TEMPELMAN-KLUIT, 1970, p. 12; TOZElt, 
1967, p. 84) the sections are remarkably thin, nearly the whole Triassic being 
represented by about 100 m of fine-grained sediments. These sections are taken 
to be the seaward thin edge of the miogeoclinal prism. They give no indication 
of a nearby tectonic or volcanic belt. They suggest that the western shore of 
Pangaea was teetonically peaceful, with no volcanoes in sight. 

The Triassic of the suspect terranes is wholly unlike that of the plate. Many 
terranes, each with distinctively different characters, have now been distinguished. 
More than 20 with marine Triassic rocks have been recognized by Jones and 
SILBERLING (1979), CONEY et al. (1980), and MONGER et al. (1982). The sequences 
have one characteristic in common which immediately distinguishes them from 
those of the plate, namely the presence of volcanic rocks, frequently in vast 
amounts. 

Suspect terranes with Triassic rocks are of two main kinds. 
First there are terranes of mostly pelitie rocks with volcanies and chert. Permian 

limestone, much of it probably olistrostromal, may be associated. The Cache Creek 
Group of British Columbia typifies this kind of terrane (MONGER and PRICE, 1979, 
p. 782). The Innoko terrane of Alaska (JONES and SILBE~LINC, 1979) 
and the Iloche Harbour and Eagle Cove terranes in Juan de Fuca Strait (WHET- 
T~N et al., 1978) may be comparable. Localities are on Figure 1. The rocks of the 
Cache Creek Group have been compared with the ophiolitic assemblages of the 
Mediterranean (SOUTHER, 1977, p. 5). In this kind of terrane Triassic and Paleo- 
zoie rocks are not readily separated, indeed until recently it was believed that the 
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Cache Creek Group is wholly Paleozoic. The presence of Lower, Middle  and 
Upper  Triassic rocks in the Cache Creek and Bridge t / iver groups has now been 
established by the discovery of conodonts and radiolarians (CAMERON and MoN- 
CER, 1971; OKULITCH and CAMERON, 1976; TRAVERS, 1978; WARDLAW and JONES, 
1980; RAF~K in Trettin,  1980; ORCHARD, 1981). HALOBIA has been recorded 
from the Cache Creek at one locality- (TRAv~Rs, 1978, p. 102) but  recognizable 
Triassic megafossils are generally absent. At present it appears to be impossible 
to make paleozoogeographie interpretations from the microfannas, Consequently 
the faunas from these terranes do not contribute to the present  study. Many work- 
ers have suggested that  these rocks formed in deep water  and for this reason they 
are called the oceanic facies (Figure 1). The near or complete absence of cal- 
careous macrofossils probably indicates deposition below the carbonate compen- 
sation depth. 

The second main kind of terrane includes those with rocks that  preserve rela- 
tively shallow water  faunas including spongiomorphs, corals, brachiopods, tool- 

Fig. 1. Principal localities for marine Triassic faunas. Patterned areas enclose the nume- 
rous occurrences on what in Triassic time was part of the American plate. Areas where 
faunas diagnostic of the LPL, MPL and HPL provinces are found are shown. Most o1" all 
faunas in the undifferentiated area between the LPL and MPL provinces are Lower 
Triassic and not diagnostic. Most north of 60 N have HPL faunas. K/F, Kaltag fault. T/F, 
Tintina fault. NBMT/F, Northern Rocky Mountain trench fault. The numerous dextral 
faults (Pinchi, Yalakom, Denali etc.) in the mosaic of suspect terranes are not shown. 

British Columbia border zone (1--6) Wrangellia terrane (9_4--27) 

1. MeDame area 
2. Eastern McConnell Creek area 
8. Pinchi fault zone, Fort Fraser area 
4. Bowron River, Prince George area 
5. Woodpecker Island, Prince George area 
6. Sloean Group, Lardeau area 

Suspect terranes of oceanic faeies (7--12) 
7. Innoko terrane 
8. Pingston terrane 
9, 10 Cache Creek terrane 

24. Wrangell Mountains 
25. 'Queen Charlotte Islands 
26. Vancouver Island 
27. Watlowa Mountains 

Central Oregon 
9.8. Suplee-Izee area 

Northern California 
9.9. Shasta Country 

Peninsular terrane (80--81) 
80. Iliamna Lake 

11. Bridge River terrane 81. Puale Bay 
12. Roche Harbour and Eagle Cove terranes Terrane with Hallstatt facies (?) 

Quesnelia terrane (18, 14) 32. Mina el Antimonio 
18. Nieola area 
14. Kelly Hill, Washington 

Stikinia terrane (15---17) 
15. Lewes! River 
16. King Salmon Mountain 
17. Snipakker Mountain 
18. Tyaughton Creek (terrane uncertain) 

guning sequence 
19. Pilot Mountains 

Chulitna terranes 
9.0. Upper Chulitna district 

Alexander terrane (21---28) 
21. Carmine Mountain 
9.2. Keku Islets 
28. Gravina Island 

Vizcaino terrane 
88. Punta san Hipo]ito 

Other localities in text 
84. St. Lawrence Island 
85. Nixon Fork terrane 
36. Chert Mountain 
87. St. Cyr Range 
gS. Northwestern Nevada 

(Star Peak and AuId Lang Syne 
groups 

89. Inyo Range. 
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luscs etc. Wrangellia (JoNEs et al., 1977) is a good example. The Alexander ter- 
rane, Stikinia and Quesnelia are others (Figure 1). Faunas from these terranes 
provide data for paleoclimatic and paleozoogeographic interpretations. Thick 
piles of volcanic rock and their sedimentary derivatives occur in the Triassic suc- 
cessions. The age and chemistry of the volcanic rocks is commonly different in 
each terrane, and the position and nature of the volcanic rocks generally contrib- 
utes to the terrane's diagnostic characters. A summary of the salient features of 
the volcanic rocks has been provided by SOCTHEn (1977). Most of these terranes 
also have substantial masses of biogenic carbonate rock. 

Localities where teITanes have provided significant faunas are on Figure 1. 
There are many other localities for Triassic faunas but as presently known they do 
not contribute significant data. T h e  mosaic of suspect terranes is one of great 
structural complexity. Strips of ultrabasic rock suggest suture zones; mighty dextral 
faults have been recognized; overthrust nappes are also evidently present. The 
complexity of the Triassic geology of Alaska is dramatically illustrated in the 
recent report on the Upper Chulitna district (Locality 90), where three terranes 
with different coeval Triassic sequences are juxtaposed (JoNEs et al., 1980). 
Several maps (e. g. Mo~cER et al., 1989., fig. 1) show that terranes with shallow 
water Triassic formations (Wrangellia, Alexander, Stikinia, Quesnelia) are in 
places separated by terranes with the oceanic facies. I am not qualified to make 
tectonic interpretations to account for the present juxtaposition of these terranes. 
A paleogeographical interpretation seems to be one of shoals and islands, inter- 
mittenfly volcanic, shedding detritus into adjacent troughs and basins. Around 
were banks where conditions were favourable for the growth of biogenic car- 
bonate sediments. Between the islands etc. were deeper basins in which were 
deposited the rocks of oceanic facies. 

The boundary between the plate-bound and suspect Triassic is by definition 
tectonic and is seldom exposed. There are many problems concerning the exact 
position, some of which must be considered. 

The boundary in Alaska has been drawn following the interpretation of CnUR- 
KIN and TREXLEI~ (1981, p. 11), with an offset at the Kaltag fault (K/F, Figure 1). 
This accomodates the Triassic of the Nixon Fork terrane (Locality 85), which has 
Norian faunas related to those of the plate (JoNEs and SIL~ERL~a, 1979, p. 19). 

In Canada all Triassic east of the Tintina (T/F) and Northern Rocky Mountain 
trench (NRMT/F) faults is certainly plate-bound. However in Yukon, TEMPELMAN- 
KLUIT (1979) has shown that Triassic, which he interprets as plate-bound, also 
occurs west of the T/F, e. g. in the St. Cyr Range (Locality 87). In his interpreta- 
tion the edge of the plate was some 150 km west of the T/F, at the Teslin suture. 

Farther to the south, in what may be called the British Columbia border zone, 
Triassic rocks occur in a belt west of the NRMT/F and the Rocky Mountain trench 
(Localities 1--6, GABI~IELSE, 1963, p. 13; MONGER, 1977a, pp. 23--27; AI~M- 
ST~ONC, 1949, p. 58; TIVVEr~, 1961; CAIZNES, 1934, p. 60). All are in areas of great 
structural complexity, The fossiliferous Triassic strata are associated with volcanic 
and other unfossiliferous rocks. The volcanic rocks are generally regarded as 
Triassic. But their age does not seem to be well established and it seems possible 
that at least some of the fossiliferous rocks might be pieces of Triassic North 
America, associated by tectonic entanglement with volcanic rocks that were far 
away, or had not even formed, in Triassic time. In this interpretation the Triassic 
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rocks of the border zone would be parts of a purely sedimentary succession, 
related to that of the plate, particularly that of the St. Cyr Range, mentioned 
above. 

The nature of the plate-terrane boundary in the western United States also 
presents problems. In the eastern part of the Cordillera, typified by sections in 
Montana, Wyoming, southern Idaho, Utah and eastern Nevada, only the Lower 
Triassic is marine; younger strata are mostly red beds. These Triassic formations 
(Dinwoody, Thaynes etc.) were certainly deposited on the North American plate. 
In western Nevada marine rocks of Middle and Upper Triassic age are also 
present. Some are regarded as deposits on the plate, others as suspect. The rocks 
that are of critical significance in the present context are the Star Peak and Auld 
Lang Syne groups at Locality 88 (BURKE and SI.LBERLING, 1978; NICHOLS and 
SI.LBER.LING, 1977), because they alone have the capability of providing the Middle 
and Upper Triassic faunal data for the LPL province. According to SPEED (1979, 
fig. 1) these rocks were deposited beyond the western limit of the sialie American 
continent. They are in the area affected by the Permo-Triassic Sonoma orogeny 
(SILBERLINC and ROBERTS, 1962). There nevertheless seems to be general agree- 
ment that these rocks were deposited on a terrane that had accreted to the North 
American plate before the end of the Lower Triassic (SI.LRERLING, 1973; KING, 
1977, p. 150; DICKINSON, 1977, p. 148; DAVIS et al., 1978; BURCHFIEL, 1980, 
p. 68; HAMI.LTON, 1980, p. 88). The Luning sequence (MULLER and FERGUSON, 
1939), which is farther west (Locality 19), is an important source of Triassic 
faunal data, but it includes Middle and Upper Triassic volcanic rocks (SILBER.LING, 
1978, p. 854; O.LDOW, 1978) and is generally regarded as suspect. 

The Question of a Siberian Connection 

This question must be considered because it is critical to understanding the 
northwestern coast of Pangaea (Figure 2). Triassic rocks occur in the Chukchi 
Range and on Wrangell Island (Figure 1). At least some of the faunas indicate 
affinity with the MPL, or more likely the HPL province (Table II). However, 
although now fairly close to North America, the rocks wore probably laid down 
far away. Compared with those of St. Lawrence Island and the Alaska north 
slope, they are about 50 times thicker (about 5000 m), and composed of terri- 
genous sandstone, siltstone and shale, interpreted as of southern derivation 
(VERESHCHAGIN and RONOV, Eds., 1968, volume III, plates 1--10). This suggests 
that there was no continuity between Siberia and Alaska and supports the tec- 
tonic interpretations of HAMILTON (1967, 1970, p. 2572), STOI~ELEY (1971, p. 
627) and FREELAND and DIETZ (1978), all of whom advocate the post-Triassic 
anticlockwise motion of northern Alaska indicated on Figure 2. The evidence 
does not support the contrary views of CHURKIN (1972), FVJITA (1978, p. 170) and 
MCGEARY and BEN-AVRAHAM (1981), who consider that there has been little or no 
movement of this kind. 

Plate-Bound Faunas: The Standard for Comparisons 

The North American plate preserves autochthonous or parautochthonous marine 
Triassic over a latitudinal range of about 46 degrees, from the Inyo Range in 
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California (Locality 89) (86 N) to northern Ellesmere Island (89. N). The whole of 
the Triassic except the uppermost is represented by marine faunas (Table I). 
Depending on the time interval up to three faunal provinces have been distin- 
guished. Figure i shows the position of the provinces; Table II lists the diagnostic 
fossils and gives their distribution. The position on the provinces is related to 
present-day latitude. The province now at low latitude has intrinsic characters 
(coralline limestones etc.) suggestive of deposition in warm water. These are 
absent in the provinces now at higher latitude, suggesting that their faunas 
inhabited cooler waters. The differences are accordingly taken to justify inter- 
pretation of the faunal provinces as indicators of paleolatitude. They are here 
designated the LPL, MPL and HPL provinces (low, mid, high paleo]atitude). As 
~nentioned below, the LPL faunas have much in common with those of the 
Tethys, for which there are now paleotemperature determinations indicating dep- 
osition in warm water (FABRICIUS et al., 1970). Paleotemperatures determined 
from Lower Triassic ammonoid shells from Arctic Siberia indicate colder water 
(ZAc~AROV, 1974; ZACHA~OV et al., 1975). 

The position of the provinces, where determinable, is roughly the same for each 
time interval, but further work may lead to refinement. 

The character of each province is defined on data from the American plate. 
This circumvents problems inherent when defining the characteristics of faunal 
provinces from occurrences on terranes that may have moved appreciably in 
relation to one another since Triassic time, e. g. those of Tethys. 

From the North American plate-bound paleomagnetic data IRVING (1977) 
places the Triassic pole at 64 N, 98 E. Using this pole, the area in which the HPL 
province is defined is at about 60 N, MPL at about 40 N, LPL at about 15 N. 

Sections in Nevada, Utah and southern Idaho provide the diagnostic data for 
the LPL; northeastern British Columbia for the MPL; the Sverdrup Basin for the 
HPL province (Figure 1). The principal sources Ior the data in Table II are 
SMITh (1927, 1980.), KUMMEL (1969), SIZBERnINC (1956, 1962, 1970), SILBEB.LING 
and WALLACE (1969), STANLEY (1979) and TOZEI~ (1958, 1961, 1967, 1980). 

All the LPL data for the Middle and Upper Triassic are from the Star Peak and 
Auld Lang Syne groups of Nevada (BuI~KE and SILBE~LI~C, 1973; NICHOLS and 
SILBEI~LING, 1977). These groups, as already mentioned, are believed to have been 
deposited on the North American pIate. Although the assumption that these beds 
were laid down on the plate greatly strengthens the data base by providing the 
only LPL control for the Middle and Upper Triassic, these data are not indispen- 
sable for recognizing the existence of a LPL province. Lowe~ Triassic LPL data 
are available from eastern Nevada, Utah and southern Idaho, from sections that 
were unquestionably on the plate. 

Interpretation of the faunas from northeastern British Columbia as diagnostic 
for the MPL province is critical to the tectonic arguments advanced. Explanation 
is necessary. The Triassic formations of the west and central parts of this mio- 
geoclina] sequence have excellent ammonoid successions in dark siltstones and 
limestones, The limestones are commonly coquinites of HALOBIA and MONO- 
TIS shells, with nests of ammonoids in concretions. This, however, is not the only 
facies developed in northeastern British Columbia. In the Ladinian and Carnian 
the dark ammonoid beds are replaced to the east by calcareous siltstone and sand- 
stone with some bioclastic limestone and evaporitic rocks. Details on the petrology 
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Biochronologieal standard for the Triassic from North American data (Silberling and 
Tozer, 1968; Tozer, ]981). x = exact correlative, o = approximate correlative, e = cor- 
relative from eonodont occurrence in Cache Creek Group (Orchard 1981). Circled sym- 
bols in Tethys column indicate occurrences in Hallstatt limestone facies. Solid vertical 
lines indicate intervals during which low, mid and high paleolatitude (LPL; MPL, HPL) 
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are in GiSSON (1975). These rocks clearly indicate a variety of shallow water 
environments. Brachiopod and bivalve faunas of low taxonomic diversity are 
present. Near Mount Laufier there are large bioelastie shell banks that probably 
formed on a slope between the shallow and deeper parts of the basin (GIBSON, 
1975, p. 60), but there are no coral beds or reefs. Evidently the absence of LPL 
indicators was not due to the lack of suitable bathymetric conditions, nor to over- 
whelming elastic sedimentation. It seems safe to conclude that corals and mega- 
lodonts failed to colonise this province because the water was too cold. 

At some intervals the ammonoid and pelagic bivalve faunas are remarkably 
cosmopolitan. The best example is in the late Smithian Tardus Zone (Table I), 
when identical ammonoids (e. g. WASATCHITES) inhabited all three provinces 
and many other parts of the world as well (TozER, 1971, p. 1005). Some Gries- 
bachian and Dienerian faunas are similarly distributed (KuMMEL, 1978, pp. 9,25, 
228). 

Early Smithian, early Spathian and Anisian ammonoid faunas permit the 
characterization of the LPL province but the faunas of British Columbia and the 
Sverdrup Basin are so similar that MPL and HPL provinces cannot be distin- 
guished. All the early Smithian faunas considered are probably not exactly the 
same age (TozEs, 1978, pp. 27--80). In spite of this the failure of OWENITES 
etc. to extend beyond the LPL province is taken to be significant. The stratigra- 
phic interval in which it is to be expected is exposed in a suitable facies in dozens 
of places in Alberta, British Columbia, Yukon and the Sverdrup Basin but it has 
never been found. Presumably OWENITES never lived there. 

In the Ladinian and Carnian, and at intervals in the Norian, there are grounds 
for recognizing three provinces. Faunas of the LPL province are immediately 
segregated by virtue of their corals, spongiomorphs, megalodont bivalves and 
MONOTIS SALINARIA Bronn, all unrepresented in the MPL and HPL faunas. 
STANLEY (1976, 1981) questions that true reefs were formed but the presence of 
substantial coral beds is undeniable. The LPL and MPL provinces have closely 
similar ammonoid faunas at some levels (Dilleri, Magnus, Columbianus, Cordil- 
leranus zones, Table I). The absence of some ammonoid faunas in the LPL pro- 
vince (Welleri, Macrolobatus, Kerri, Dawsoni, Rutherfordi zones) is probably 
related to the absence of suitable facies in the Star Peak and Auld Lang Syne 
groups. As shown on Table I, ammonoids of all these zones occur in the Hallstatt 
limestones of Tethys which are evidently deposits of the equatorial belt. Taking 
world-wide data into account it seems likely that these ammonoids may have 
inhabited the LPL belt, despite the fact that they have not yet been found. 

Some of the attributes of the MPL and HPL provinces (e. g. the absence of 
corals) are negative. Not all, however. They have a distinctive succession of 
Lower Triassic posidonias (POSIDONIA MIMER Oeberg, Smithian; P. SIBIRICA 
Kurushin, early Spathian; P. ARANEA Tozer, late Spathian), unknown in the 
LPL province. AMPHIPOPANOCERAS (Anisian) and Nathorstitidae (Ladinian) 
of the upper provinces contrast their faunas with those of LPL. PROCLY- 
DONAUTILUS NATOSINI McLearn, which ranges from the Dawsoni Zone to 
the Columbianus Zone is also MPL-HPL, being known from northeastern British 
Columbia, Yukon and Ellesmere Island (PETRYK, 1969, p. 7). In the Norian the 
upper belts have diagnostic monotids (EOMONOTIS, Columbianus Zone; MO- 
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NOTIS OCHOTICA (Keyserling), Cordilleranus Zone). MONOTIS SUBCIRCU- 
LARIS Gabb is in the LPL and MPL provinces but not the HPL. 

Most characters that distinguish the HPL and MPL provinces are negative. 
HPL ammonoid faunas are much less diverse than MPL. This is seen by com- 
paring the Ladinian NATHORSTITES faunas of British Columbia with those of 
the Sverdrup Basin. In British Columbia more than a dozen ether ammonoid 
genera, mostly also known in the Tethys, are associated with the Nathorstitidae. 
In the Sverdrup Basin (HPL), also in Alaska and Yukon, NATHORSTITES is 
alone or with NEOCLADISCITES, a genus unknown in the MPL province. This 
may provide the MPL province with a unique Ladinian attribute. 

Everything about the Sverdrup Basin sequence suggests that there was conti- 
nuous marine sedimentation between the Camian (Welleri Zone) and Upper 
Norian (Cordilleranus Zone). Marine rocks are there but with few ammonoids 
(Table 1). MONOTIS OCHOTICA is known from at least four IocaIities, but, 
unlike occurrences in the MPL province, HETERASTRIDIUM, MONOTIS SUB- 
CIRCULARIS, GNOMOHALOt/ITES and RHABDOCERAS are not associated. 
Presumably they were never there. 

Suspect Faunas and their Tectonic Significance 

Triassic faunas are known from the belt of suspect terranes that extends from 
southern Alaska to Mexico, a latitudinal range of 86 degrees (Figure 1). Distribu- 
tion of significant fossils is given in Table II. Lower and Upper Triassic faunas 
throughout this belt have forms diagnostic for the LPL province defined on the 
plate. The faunas from the British Columbia border zone, if truly on a suspect 
terrane, may be an exception. They include Carnian ammonoids, Norian MONO- 
TIS SUBCIRCULARIS, and a possible EOMONTIS at locality 5. The evidence 
suggests the MPL province. 

Middle Triassic fossils are known from the suspect terranes but they are mostly 
DAONELLA. As presently known they cannot be certainly attributed to one or 
other of the provinces. 

The only Lower Triassic suspect fauna amenable to interpretation is early 
Smithian, from the Chulitna district, Alaska and Kelly Hill, Washington (K~ENZI, 
1965) (Localities 14, 20). From comparing the position of the northern one, in the 
Chulitna terrane, with occurrences on the North American plate, NICHOLS and 
SILBERLING (1979, p. 84) concluded that it "has been displaced from a site much 
farther south than its present location". 

A similar argument for displacement by comparing Upper Triassic faunas from 
different parts of British Columbia and Yukon was proposed by TOZER (1970), 
p. 658). More specific evidence is now provided. 

At two localities in the suspect terranes Carnian-Norian faunas with scleractinian 
corals (LPL) are today north of the 60th parallel (SILB~LmC and TozE~, 1968, 
p. 48; TOZER, 2958, p. 10) (Figure l, Table II). Comparable faunas on the plate 
are 3000 km to the south. 

Middle Norian Columbianus zone faunas lacking EOMONOTIS, which charac- 
terize LPL assemblages on the plate, are known from at least three localities in 
the suspect terranes (Table II). All occur at a higher latitude than those on the 
plate. The northernmost, in the Queen Charlotte Islands, is at about the same 
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latitude as the MPL plate-bound occurrences. EOMONOTIS records from Van- 
eouver Island (TozER, 1967, p. 81; SU~DA~ et al. 1964) are now believed to be 
incorrect. The Columbianus Zone is a substantial division of Triassic time, 
amenable to division (TozER, 1971, p. 1019; TATZ~EITE~, 1981). Lest it be sup- 
posed that the differences merely indicate that the suspect and plate-bound 
faunas are not coeval, it may be said that the divisions of the Columbianus Zone 
have been recognized in both. 

Pronounced evidence for displacement is shown in the Upper Norian Cordil- 
leranus Zone. Contemporaneity of the beds in question has been documented 
(Toz~.~, 1980, p. 864). In the suspect terranes the LPL indicator MONOTIS 
SALINAt/IA occurs as far north as the Wrangell Mountains (Locality 24) (SlLBER- 
HNG and TOZER, 1968, p. 48) and at several other localities to the south (Table 
II). All are north of the plate-bound occurrence in the Clan Alpine Range (Loca- 
lity 88, SILBEI~LINC and TOZEla, 1968, p. 31). Some are aligned with the MPL 
province on the plate. As recognized by WESTEaMANN (1978), the distribution of 
different MONOTIS species has considerable paleogeographie significance, with 
MONOTIS SALINARIA indicating affinity with the faunas of Tethys. 

The youngest Triassic faunas (Amoenum and Criekmayi zones) occur in the 
suspect terranes but are unknown on the plate (Table I). The southernmost is in 
the Luning sequence (Locality 19), the northernmost in Yukon (Locality 15). The 
coralline limestone of Iliamna Lake, Alaska (Locality 80) is more or less of this 
age (STANLEY, 1976). Details on the composition and distribution of these faunas 
are given in TozER (1980). They cannot be used to estimate the amount of dis- 
placement because there are no certainly plate-bound faunas of the same age for 
comparison. ;Although they do not provide positive evidence for displacement 
the intrinsic character of these youngest Triassic faunas, which include corals and 
spongiom0rphs, is suggestive of low paleolatitude. The nature and distribution of 
these faunas is thus compatible with their having been displaced northward, like 
those of Smith/an, Carnian and earlier Norian times. Some of these suspect faunas, 
although without counterparts on the American plate, nevertheless provide data 
that seem to have a bearing on the relative position of individual terranes in the 
Triassic. These are benthonic faunas which include brachiopods, gastropods, 
bivalves and eehinoids. The faunas are rich in variety, but few have been descri- 
bed. Some descriptions are in GABB (1870), CLAre and SmMER (1911), LEES (1984) 
and McLEARN (1942). Although they do not assist in making comparisons with 
faunas on the plate, there are similarities between the faunas of individual ter- 
ranes that seem significant. These faunas include CASSIANELLA LINGULATA 
GABB ( =  C. BEYRICHI Var. CRICKMAYI MeLearn), PLICATULA PERIM- 
BRICATA Gabb, and MINETRICONIA SUTTONENSIS (Clapp and Shimer). 
Data on the distribution of these and other species have been given by N. J. SZL- 
BEIILING (in BEltG, 1978, p. 24) and TOZER (1967, pp. 75--80). M. SUTTONEN- 
SIS is now also known from Carmine Montain (Locality 21). The data show that 
these benthonic bivalves inhabited at least four different terranes (Luning, Wran- 
gellia, Alexander, Stikinia) suggesting that all were in the same zoogeographic 
province. This perhaps carries more weight than the paleomagnetic interpretation, 
mentioned below, according to which the Alexander and Wrangellia terranes were 
widely separated in latitude. 

To summarize the data from the suspect terranes: Triassic faunas occur through 

1090 



Tabl~ II 

Distribution of fossils that characterize the LPL, MPL and HPL faunal provinces. Num- 
bers re{er to localities on Figure 1. 

~ O~TH AME ~I CA 

S U S P E C T  

Upper Norian (Cordilleranus Zone.) 

Heterastrid• ..................... 

Monotis salinaria .................. 

Monotis subcircularis .............. 

Monotis ochotica ................... 

Gnomohalorites, Rhabdoceras etc .... 

Middle Norian (Columbianus Zone) 

Eomonotis ....... ....... �9 .......... 

Himavatites, Steinmannites etc ..... 

Neohimavatites ..................... 

Proclydonautilus natosini ........... 

Carnian-Lower Norian 

Scleractinian corals ............... 

Megalodontidae ..................... 

Ladinian 

Scleractinian corals ............... 

Protrachyceras archelaus group etc. 

Nathorstitidae ..................... 

Neocladiscites ..................... 

Middle-Upper Anisian 

Paraceratites .. .................. 

Acrochordiceras,Cuccoceras- . ....... 

Balatonites ........................ 

Amphipopanoceras ................... 

Early Spathian 

Posidonia sibirica ................. 

Tirolitinae, Colurnbitidae .......... 

Early Smithian 

Posidonia mimer .................... 

Owenites ........................... 

Metussuria, Lanceolites, Aspenites . 
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a latitudinal range of about 86 degrees. In Alaska and Yukon they are now about 
3000 km north of their counterparts on the North American plate; about 1500 km 
north of the MPL province. This suggests that since Triassic time dextral move- 
ment in the order of 1500--8000 km has affected the terranes with these faunas. 
From the arguments employed, 1500 km is the minimum, 3000 km is compatible 
with the data, but not necessarily the maximum. So far it has not been possible to 
make any suggestions concerning the relative amount of displacement of indivi- 
dual terranes. All except for the possible suspect terrane now in the British Co- 
lumbia border zone, have LPL faunas probably indicative of deposition within 
80 degrees of the Triassic equator (Figure 2). 

These conclusions agree with most, but not all of the paleomagnetie data. 
Interpretations for Wrangellia and Quesnelia (I-IILLHOUSE, 1977; PANUSKA and 
STONE, 1981; YOLE and IRWNC, 1980; MONCER and IIWINC, 1980) give low paleo- 
latitudes, in agreement with the indications from the faunas. Data from the 
Alexander terrane, on the other hand, are said to indicate that this 
terrane has not been displaced, latitudinally, with respect to the plate 
(HILLHOUSE and CltOMlvll~, 1980). Against this interpretation it should be 
noted that N. J. Silberling (in MUFFLEtl, 1967, p. C 80) has identified Upper Trias- 
sic LPL faunas from the Alexander terrane at Locality ~2, also, as noted above, 
the youngest Triassic faunas suggest that the Alexander and Wrangellia terranes 
were not far apart in the Triassic. 

Comparisons with Tethys 

Triassic paleogeographic reconstructions have a large wedge of seawater en- 
croaching the east side of the Pangaea supercontinent (Figure 2). This is generally 
known as Tethys, although a case can be made for calling it Palaeotethys (JEN- 
KYNS, 1980). Tethys will do for now. How much of it was truly oceanic seems to 
be uncertain. The seaway was probably within 80 degrees north and south of the 
Triassic equator. There is general agreement that Tethys had no western connec- 
tion with Panthalassa. 

This discussion will be concerned with farmas in Tethys that resemble those in 
North America. There are two main kinds that are relatively well known. One is 
typified by the development in the Mediterranean area; the other by occurrences 
in the main ranges of the Himalayas. There is also at least one more kind of deve- 
lopment, typified by the Triassic in China north of the Himalayas. Because less 
well known, at present little can be done in making comparisons with the Chinese 
faunas. 

Characteristic faunal facies in the Mediterranean area are: thick carbonate for- 
mations with megalodont bivalves (Dachstein facies); coralline limestones and 
marls (Zlambach facies), and the red, commonly manganiferous ammonoid-bear- 
ing Hallstatt limestones. All these have faunas that are generally believed to be of 
equatorial and low latitudes. This, the classical interpretation, has now been 
confirmed by paleotemperature determinations (FAB~mIUS et al., 1970). 

The ammonoid and bivalve faunas of the Hallstatt limestones are of particular 
interest in the present context. These limestones occur throughout Tethys, from 
Austria, to northern Italy, Hungary, Rumania, Yugoslavia, Albania, Greece and 
Turkey. Then there is a gap but the facies reappears as olistostromes in the Indus 
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Suture zone (the Tibetan facies of DIENEIt, 1912, p. 182). The last appearance is 
in Timer, as blocks and olistostromes. In these rocks, which were probably the 
deposits of sea mounts, many ammonoid zones are commonly preserved in a 
small thickness. Impressive documentation of this feature is provided by the 
recent work of TATZItEITEII (1981), who has has described a block in Timor, 1 m 
thick, representing three Norian zones (tlutherfordi, Columbianus, Cordilleranus), 
There is nowhere a complete section for the Triassic in the Hallstatt facies but 
except near the base and the top (Table 1) virtually every interval of Triassic 
time is represented in one place or another. The ammonoid faunas are the most 
varied known, with both rough (trachyostracous) and smooth (leiostracous) forms. 
The latter commonly predominate in number of specimens. Halobiid and monotid 
bivalves also occur. Most significant for comparing with North America are MO- 
NOTIS SALINAtlIA Bronn, M. HAUEIII Kittl and M. KAUKASICA Witten- 
berg. The last two closely resemble MONOTIS SUBCItlCULAtlIS Gabb. 
EOMONOTIS and MONOTIS of the OCHOTICA group are evidently absent 
(WESTEtlMANN, 1978). The monotids of Tethys thus resemble those of the LPL 
province. Ammonoids from the Fiallstatt which are restricted to the A_meriean 
LPL faunas include OWENITES (Smithian), SUBCOLUMBITES, TIIIOLITES, 
and several ethel- early Spathian genera; also ACtlOCHOtlDICEt/AS, BALATO- 
NITES and other diagnostic LPL Anisian genera. In the Ladinian, Carnian and 
Norian the trachyostracous mnmonoids had a wider paleolatitudinal range, many 
from the British Columbia MPL belt being like those in the Hallstatt. Compared 
with the Hallstatt the MPL faunas have relatively few leiostracous ammonoids. 
The corals and megalodont bivalves of the American LPL faunas suggest an 
environment and paleolatitude comparable with that of the Zlambaeh and Dach- 
stein formations. To summarize: fossils diagnostic of the LPL province on the 
American Plate are also in the H a l l s t a t t -  Daehstein - -  Zlambach formations of 
the Mediterranean area. In the Lower Triassic and Anisian this is shown by the 
ammonoid faunas; in the Ladinian through Norian by scIeractinian corals; in the 
Norian by megalodont bivalves and MONOTIS SALINAttIA. 

The Hallstatt facies is unknown on the American Plate and in the suspect 
terranes. There is, however, one possible occurrence in North America, at Mina 
el Antimonio, Sonora, Mexico (Locality 82) (ButlCKHAllDT, 1980). Ammonoids of 
the Upper Carnian Dilleri Zone were identified by J. P. SMITI~ (in KING, 1989, 
p. 1657) from this locality. Those that I have seen, from the colleetion of Yale 
Peabody Museum, are in red Ihnestone, superficially, at least, like the Hallstatt. 
The Upper Triassic fossils from other localities in Mexico (BIJllCKItAtlDT, 1980, 
p. 2; D~ CSERN& 1961; FmctI and ABBOTT, 1977) are not of this facies. 

Also important for comparisons with North America are the sections in the 
main ranges of the Himalayas, in Kashmir, Spiti, Nepal and China (Himalayan 
facies of DIENEll, 1912, p. 15). These beds are south of the Indus suture although 
in the Kiogars ophiolites of the suture zone, with blocks of Hallstatt rock, have 
been tln'ust over the Himalayan facies (GANsSt~R, 1964, p. 124). The rocks of the 
Himalayan facies have been tectonieally disturbed but there seems to be general 
agreement that they were bound to the Indo-Australian plate (STOCKLIN, 1980, 
p. 7). The sequence, like that on the American plate, is purely sedimentary. Hall- 
statt facies is absent but rich ammonoid faunas ranging in age from Lower Gries- 
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bachian to Norian occur in dark limestones. MONOTIS SALINARIA indicates 
the Cordilleranus Zone. Above is the Kioto limestone, which has megalodonts. 
Corals are apparently absent. The ammonoids permit close correlation with both 
the Hallstatt occurences and with North America. Some of the Lower Triassic 
faunas are so cosmopolitan that they carry no paleozoogeographic message. La- 
dinian, Carnian and Norian faunas closely resemble those of the Hallstatt and 
those of the LPL and MPL provinces of North America. MONOTIS SALINAtlIA 
indicates affinity with the Hallstatt and the LPL province. 

At this stage no detailed attempt will be made to analyse the Triassic of north- 
east Tethys as represented in China, and south east Asia. Nor will the important 
Triassic occurrences of eastern Asia be considered except to note in passing that 
both plate-bound belts and suspect terranes appear to be preserved (Figure 2). 
The complexity of the Triassic geology of China is shown in the recent report by 
WANG et al. (1981) indicating vast tracts of Triassic, with thick sequences of 
elastic and volcanic rocks, in a series of belts north of both the Neotethys and Pa- 
laeotethys sutures as defined by ST6CKLIN (1980), and SENGOR, YILMAZ and KETIN 
(1980). Then there are the carbonates and evaporites of the Yangtze platform 
which must be aeeomodated somehow. A first glance at the data shows that there 
are faunas inviting comparison with those of the North American LPL province, 
e. g. the OWENITES and SUBCOLUMBITES faunas of Guangxi, on the Yangtze 
platform (CHAO, 1959). The LPL indicator MONOTIS SALINARIA is reported 
from a belt between the Neo and Paleotethys sutures (WANG et al., 1981, p. 6). 

The North American and Asiatic Triassic developments seem to be mirror 
images (Figure 2). Plate-bound are the relatively homogeneous sedimentary se- 
quences of Verkhoyanie, the Himalayas and the eastern tract of the American 
Cordillera, welded respectively to the Eurasian, Indo-Australian and North Ame- 
rican plates. Away from the plate, each of the plate-bound sequences is flanked 
by heterogeneous tracts composed of both sedimentary and volcanic rocks. Marine 
faunas are found nearly everywhere. Their analysis and interpretation presents an 
exciting challenge. 

Fig. 2. Distribution of Marine Triassic - -  Then and now. 

Polyconie projection. Triassic globe not contracted. Numbers identify sedimentary areas, 
now suspect terranes, with faunas amenable to paleolatitudinal interpretation. Not shown 
are the oceanic terranes. Polarity of terranes within 80 degrees north and south paleola- 
titude uncertain. Polarity of terranes 14--16 determined (see text). Longitude of sedi- 
mentary areas east of spreading ridge (dashed line) estimated on the assumption that 
all had accreted with one another and the North American plate before the end of the 
Jurassic, 1000 km of Atlantic spreading, 4000 km of Pacific spreading being aeco- 
modated. Areas 1--11 are now aecreted to the North American Plate (See Figure i). 
Interpretation of South America and Asia schematic. 
h possible MPL volcanic terrane now in the British Columbia border zone. 2: Quesnelia. 
8: Stikinia. 4: Chulitna terranes. 5: Luning terrane. 6: Alexander terrane. 7: Wrangellia. 
8: Shasta County, California. 9: Peninsular terrane. 10: Vizcaino terrane. 11: Mina el 
Antimonio. 12: Peru. 18: Chile. 14: Northern New Guinea. 15: New Caledonia. 16: New 
Zealand. 17: Northeast Siberia terranes. 18: Japan and Primor'ye. 19: Yangtze Platform. 
20: Gandise-Hengduan terranes, gl : Qilian-Bayanhar terranes. 22: Northern Tethyan Hi- 
malaya. 28: Timor. 24: Kiogars. 25: Hallstatt oceurrences of Mediterranean area. 
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A general picture of Triassic world-wide ammonoid distribution seems to indi- 
cate an equatorial belt, typified by the red Hallstatt facies, with rich faunas o5 
both leiostracous and trachyostracous forms. Between the Ladinian and Norian 
most of the trachyostracous taxa also ranged well to the north (MPL province), 
appreciably to the south (Himalayas). At these times closely similar trachyostra- 
cous ammonoids appear to have ranged through a latitude of some 70 degrees 
(40 N to 80 S) about the Triassic equator. The American data suggest that relati- 
vely few penetrated farther north. If, like KozuR (1978), one is looking for a 
"southern boreal" province, the Himalayas provide a possible occurrence, but the 
presence of megalodonts and MONOTIS SALINARIA suggest that this belt was 
not so very far south of the Triassic equator. There seem to be no reliable data to 
test the extent of penetration to the south. New Zealand, as will be mentioned, 
must be treated with suspicion. Apart from the Himalayas the only marine Trias- 
sic rocks bound to pieces of Gondwanaland are in Australia and Madagascar (Fi- 
gure 2). All are Lower Triassic and none gives a clear paleolatitudinal signal. 

Summary:  Towards  a Triassic  P a l e o g e o g r a p h y  �9 

Paleogeographic reconstructions for the Triassic, since Wegener's time, have 
viewed the globe as mostly land (Pangaea) on one side, mostly or wholly ocean 
(Panthalassa) on the other. At equatorial and mid-paleolatitude the east side of 
Pangaea had a big marine embayment - -  the Tethys. All the evidence suggests 
that the west end of Tethys was closed in the Triassic. Apparently there was no 
direct marine communication between Tethys and the east side of Panthalassa. 
There was no Triassic Panama Canal. 

Most paleogeographic maps view the Triassic world from the Pangaea side. For 
a change I have taken the conventional Pangaea reconstruction, the paleolatitudes 
of IRVING (1977), transferred them to a polyeonic projection via an eight inch 
globe , and viewed the other side (Figure 2). 

Now that it is becoming recognized that the North American Cordillera in- 
cludes not merely one or two but more than twenty discrete terranes on which 
Triassic rocks were deposited, Panthalassa may be viewed, not as a gigantic land- 
less ocean as by KmSTAN-ToLLMANN and TOLLMANN (1981) but as a body of water 
liberally scattered with shoals and islands of one kind or another. 

A Triassic geography of Panthalassa to satisfy the observed distribution of ma- 
rine faunas and the variations in stratigraphy might be as follows. Starting at the 
eastern shore, as indicated by what is found on the western edge of the North 
American Plate, much of the coast was evidently of Atlantic type. The marine se- 
diments were in the form of a miogeocline tapering to a very thin edge (as at 
Chert Mountain). These miogeoclinal rocks, at least in Canada, and apparently 
also Alaska show no indication of nearby tectonism or volcanism. In Nevada it 
may have been different early in the Triassic, with the disruption brought about 
by the Sonoma orogeny and the subsequent Koipato volcanism (SILBERLINC, 1978). 
But by Spathian time these events were over and from then until the Norian there 
was a purely sedimentary miogeoclinal regime. 

West of the coast there was probably a sea or ocean of considerable dimensions. 
The extensive distribution of ultramafie rocks in and about the suspect terranes is 
presumably in harmony with such an interpretation. Some of the Triassic rocks of 
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the British Columbia border zone, particularly those of the MeDame area, may be 
deposits of such an ocean. The Teslin suture, which according to TEMPELMAN- 
KLtrlT (1979) marks the site of a closed ocean, would also be evidence of this fea- 
ture. 

Farther offshore were the volcanic archipelagos, shoals, banks and intervening 
oeeanie basins which now form the mosaic of terranes. If  the Triassic rocks of the 
British Columbia border zone are truly associated with contemporary voleanic 
rocks, and are not sliees off the North Ameriean plate, or pieces of an intervening 
ocean, they would indicate that the first offshore archipelago was at mid-paleola- 
titude. 

Proceeding farther offshore and towards the Triassic equator there is evidence 
for many volcanic archipelagos with fringing eoralline sediments (Quesnelia, Sti- 
kinia, Alexander, Wrangellia etc.). Adjaeent to these voleanie islands were the 
basins and troughs that aeeomodated the Cache Creek, Bridge River and similar 
formations. The Norian sequence of Tyanghton Greek (Locality 18) may have 
been in an isolated situation, west of which lay the Alexander terrane and then 
Wrangellia. Wrangellia in the Triassic was presumably more eompaet than to- 
day, its present distribution being related to the dextral Cordilleran faults. Wran- 
gellia, with more tabular earbonate formations (Quatsino, Chitistone, Nizina) than 
most of the suspect terranes was perhaps a Carnian Bahamas. Judging from the ter- 
rane map of Alaska provided by JONES and SILBERLIN~ (1979) and from the oc- 
curenees of suspect Triassic in Oregon, California and Baja California (tlANClN, 
1978; FINCH and ABBOTT, 1977; DICKINSON, 1979), it seems certain that Wran- 
gellia is not the westernmost of the chunks and strips that are now amalgamated 
in the mosaie of the Cordillera. All appear to have been at low latitude in the 
Triassic. All presumably formed east of the spreading ridge from which the pre- 
sent Pacific bottom began to form in the Jurassie. 

Direet evidence for the existence of the spreading ridge within Panthalassa is 
not preserved. However the grabens of Greenland and Madagascar suggest that 
todays spreading regime began at about the time of the Permian-Triassic boundary 
(TozE~, 1971, p. 1006; DONOVAN, 1972). The assumption that it had also started 
in Panthalassa thus seems justified (Figure 2). 

If, as seems probable, there were comparable islands west of the spreading 
ridge, one can visualize a Triassic Panthalassa with islands extending across its 
entire girth. These would have provided bottom dwelling faunas easier access 
between Tethys and the eastern shore of Panthalassa than a gigantic landless 
ocean. The life style of the ammonoids was probably not unlike that of living 
NAUTILUS, who apparently spends much time feeding near the bottom. An 
island studded Panthalassa would have been more congenial than an open ocean 
some 20 000 km wide. 

A Panthalassa littered with islands seems also to be the interpretation of 
DICKINSON (1977, p. 151) and MONCER (1977 b, fig. 8). Monger proposed this to 
account for the Late Paleozoie geology; Dickinson applied it to the early Mesozoic 
as well. 

A case can be made for plaeing northern New Guinea, New Caledonia and 
New Zealand in the northern hemisphere at about the latitude of the MPL pro- 
vince. This would satisfy the distribution of AMPHIPOPANOCERAS (Anisian), 
which is now known from New Guinea (SKWARKO, 1978) as well as New Zealand. 
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There is no evidence that AMPHIPOPANOCERAS reached, let alone crossed the 
LPL province and Tethys *). It  is unknown in the Hallstatt facies despite the fact 
that the Anisian is well represented. For this reason it is suggested that AMPHI- 
POPANOCERAS characterizes the Anisian of the northern hemisphere and 
was not bipolar, as held by Kozur~ (1978). PROCLYDONAUTILUS NATOSINI 
MeLearn (Lower-Middle Norian, MPL-HPL) on the American Plate is probably 
the same as P. MANDEVILLEI (Marshall) from New Zealand (TozER, 1971, 
p. 1019) and P. SEIMKANENSIS Bytschkov from Siberia. This nautiloid is un- 
known in the coeval deposits of the LPL province and the Tethys. A distribu- 
tion like that of AMPHIPOPANOCERAS is indicated. The faunal evidence 
thus suggests that these islands include terranes that were north of the 
Triassic equator, not south. N. J. Silberling tells me that his interpretation of the 
Upper Norian MONOTIS species of New Caledonia and New Zealand suggests 
the same thing. New Zealand also has OWENITES (LPL) in the Lower Triassic. 
Perhaps it lay near the LPL-MPL boundary. 

Alternative interpretations of Pacific palaeogeography are those of MELVILLE 
(1966), HUGHES (1975), Nun and BEN-AvRAHAM (1977, 1978), and SHIELDS (1979). 
Nur and Ben-Avraham had a single Pacifica continent of which pieces are now to 
be found in coastal Asia, North and South America; Melville and Hughes detached 
most of western North America, and attached it to Asia with an ocean in between. 
Shields would closely juxtapose western North America and eastern Asia without 
detachment. For this he requires an earth that has expanded greatly since the 
Triassic. None of these interpretations satisfy the Triassic evidence, in particular 
the occurrence of markedly different sequences in the individual terranes. 

Ammonoids and nautiloids evidently swarmed around the shores of these Pan- 
thalassa islands. Many made island passages. The nantiloids included the an- 
cestors of the sole surviving genus now living in the southwest Pacific but unable 
to make the crossing. Cephalopods are known to be rather intelligent animals. 
It 's unfortunate that they are not literate with archives in which would be found 
the logs of voyages undertaken by their ancestors. Oh for the nautiloid sagas! 
Halobiid and monotid bivalves probably drifted around attached to floating sea 
weeds - -  a Sargasso sea like situation. GRUBE~ (1976) and GaA~T-MAcKIE (1980) 
would have them living on the sea bottom but I still maintain that their distribu- 
tion and mode of occurrence (so often to the exclusion of all else) strongly supports 
the idea of HAYAMI (1969) that they were pseudoplanktonic. 

The Triassic faunas place constraints upon where the various terranes may have 
been at the time, namely that most or all that are now part of North America were 
probably between paleolatitudes 80 S and 80 N. 

The longitudinal arrangement of the islands (Figure 2) has been prompted from 
what is known of the post-Triassic history of the Pacific. In Jurassic time a belt 
about 4000 km wide formed adjacent to the Panthalassa spreading ridge; about 
1000 km in the Atlantic (Geological World Atlas, Sheet 20). Both these creations 
could have served to drive the islands towards the American Plate. The distribu- 

~) One specimen of Amphipopanoceras is now known from the LPL Triassic of the 
Star Peak Group in Nevada, in collections that include hundreds of other Anisian am- 
monoids (K. M. Nichols and N. J. Silberling, personal communication). In collections from 
the MPL province there are hundreds of Amphipopanoceras. 
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tion of Jurassic and younger molasse deposits in the Rocky Mountains and Foot- 
hills (EISBACHEIt et al., 1974; EtSBACI~E~ and GABRIELSE, 1975), and other lines of 
evidence suggest that  by  the end of the Jurassic the terranes had fused with one 
another and with the plate, al though probably  not at their present latitude. 
Aecomodating the terranes as islands in a belt  adjacent  to the coast some 5000 km 
wide wou ld  satisfy the spreading data. Compared with today this would take the 
island belt  to about  Hawaii. The bel t  has now been compressed to a width of 
about 1000 km. The difference of 4000 km takes into account subduction, ob- 
dnetion and other kinds of crustal shortening. 

In conjunction with tectonic and paleomagnetic  investigations these faunal 
constraints could be checked and tightened. The faunas have a great potential  for 
deciphering the history of the Pacific area in the period of uncertainty that  starts 
when the record on the present sea floor ends, i. e, prior to the mid-Jurassic. 
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