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PREFACE 
This bulletin provides a summary of the data on the sequence and distribution 

of Triassic ammonoids in Canada. These data permit the recognition of a new 

standard, based on a sequence of thirty-one ammonoid zones. The standard will 

provide a means of expressing accurately and without ambiguity the age of marine 

Triassic rocks in Canada. 

Y. 0. FORTIER, 

Director, Geological Survey of Camula 

OTTAWA, August 20, 1966 
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A STANDARD FOR TRIASSIC TlME 

Abstract 

A summa ry of the data on the sequence and di stri bution of Tri ass ic 
am111onoid fat111as in Canada is provided. From these data a sequence of 
thirty-one ammo noid zones is recognize d. The zones are grouped into stages 
and, where appropr iate, substages. Jn the Lower Triassic four stages (Gries­
bachian, Dienerian, S111ith ian , and Spa.thian) are recognized ; in the Middl e 
Triassic, two (Anisian and Ladinian); in the Upper Triass ic, three (Karnian , 
Norian, and Rh aeti an) . The sequence of stages, substages, and zones, provides 
a. stand ard for expressing the age of ma rine Triass ic rocks in Canada. F ive 
new species of ammonoids a re described (Otoceras co11cavum, Olenikites pila­
tic11s, Gy11111otoceras chischa, Progo11 oceratites poseic/011 , Trachyceras obes11111) . 

Resume 
L 'auteur resume Jes donnees ex istantes sur la succession et la repartition 

des faunes d'ammono'ides du Trias au Ca nada . Ces donnees permettent de 
reco nnaltre une succession de 31 zones d'ammono'ides. Les zones sont groupees 
e n eta.ges et, au besoin, en sous-etages. On reconn alt qu atre etages dans le Trias 
inferieur (G riesbachien, Dienerien , Smith ien, et Spa.thien ); deux dans le Trias 
moyen (Anisien et Ladinien ); troi s clans le Tri as su perieur (Ca rnien , Norien et 
Rhetien ). La. succession des etages, des sous-etages et des zones nou s donne un 
eta.Ion pour determiner l'age des roches ma rines du Tri as au Ca nada . L'auteur 
decrit cinq no uvelles especes d'a111 mono·1c1es (Otoceras co 11 cav11111 , Olenikites 
pi/aticus, Gy11111otoceras ch ischa, Progo11 oceratites poseic/011, Trachyceras 
obes11111). 





lNTRODUCTfON 

In the Triassic, as in the Jurassic and Cretaceous, differences between 
success ive amm onoid faunas provide the principal bas is for dating rocks of marine 
deposition. This bulletin summarizes what is known regardjng the sequence of 
Triassic ammonoid faunas in Canada and provides a standard, based on ammonoid 
zones, that can be used to express the age of marine Tri assic rocks in Canada. 
The broader problems of the classification of the Triassic in North America are 
treated in a paper prepared with Dr. N. J. Silberling of the United States Geological 
Survey (Silberling and Tozer, in press). 

The arrangement of ammonoid zones found in this bulletin , as in the paper 
prepared with Silberling, should not be regarded as a provincial class ification, 
proposed in order to avoid coping with the problems of correlating with a well­
established standard. For the Triass ic there is no such standard. Some zones in 
the standard schemes (Mojsisovics, et al. , 1895; Spath , 1934; Kummel, 1957, 
p. L 124) are apparently arranged in the wrong order (Tozer, 1965c) . Others, 
mentioned below, a re probably based on condensed sequences, and contain faunas 
of more th an one age. The time is ripe for the erection of a new standard for the 
Triassic System, and it is hoped th at the summaries of the North American sequence 
prepared by Si lberling and the writer will further this end . 

This bulletin represents an amplified revision of summa ries previously prepared 
by McLearn (1953) and the wr iter (1961a). 

lllustrations of most of the index ammonoids are provided on Pl ates I to X . 
Figures of a substantial number of other fossils will be found in the report on the 
Triassic in the series Illustrations of Canadian Fossils (Tozer, 1962 ) . Many of 
the age determinations adopted in that report are now out of date and it should 
be used, in conjunction with this bulletin , m ainly as a source of illustrations. A 
revised edition of th is number of Illustrations of Canadian Fossils is in preparation. 
References to more detailed palaeontological reports will be found in the pages 
that follow. 

This bulletin is concerned almost entirely with pelagic faunas , mainly with 
ammonoids, and to a lesser ex tent with the thin-shelled pelagic bivalves, such as 
Claraia, Posidonia, Daonella , Halobia, and Monotis, that commonly occur with 
the ammonoids. It has long been recognized that these bivalves are very useful for 
stratigraphic purposes. Ultim ately they, like the ammon oids, will probably provide 
a refined zonal seq uence for the Triassic . 

MS . received March 1966; revised December 1966. 



A STANDA RD FOR TR !A SIC TIME 

Benthonic Triassic fa un as, including bivalves, brachiopods, corals, etc., are 
known from many localities, but as yet most are too imperfectly known for their 
stratigraphic significance to be accu ra tely assessed. For thi s reason little mention 
will be made of the benthonic faunas . 

Field Work and Acknowledgments 
All field observations, unless otherwise stated, were made by the writer 

between 1953 and 1965 . In J953 fi eld work was done in southern Yukon and 
on V ancouver Island ; from 1954 to 1958 and in 196 1, J 962 , and 1964, in the 
Arctic islands; in 1960, and from 1963 to 1965 in northeastern British Columbia. 
A short vi sit was made to T yaughton C reek. southwestern British Columbia, in 
1963. M ost of western British Columbi a and the whole of northern Yukon h ave 
not been visited by the writer. F rom these areas the conclu ions a re b ased on 
studies made by the writer on m ateri al obtained by others. 

Dr. . J . Silberling gave valu able advice, info rmation, and ass istance in the 
field. A substanti al increase in the data ava ilable resulted fro m field work done 
when he accompanied the wri te r to northeastern British Colum bia in 1965. Thanks 
to his assistance the table of Canadia n T ri ass ic ammonoid zones as it stands now 
is based m ainly on stratigraphic relationships observed in Canada, and thi s joint 
fi eld work led fo r the first time to the recogniti on in sequence of the A nisia n 
Caurns, Va rirnn , a nd Deleeni Zones. Jt also Jed to the di scove ry of the P oseidon 
Zone in the L adin.ian, and to an improved understanding of the U pper L adini an 
and Ka rni an Zones. Dr. Silberling also ass isted in the identi fica tion of the h aJo­
biid bivalves. 

Collections fo r identifi cation and un publ ished stra tigraphic data h ave been 
provided by numerous individuals, and these mate ri a ls are gratefull y acknowledged. 
T hey have been furnished by A . Sutherl a nd Brown of the British Columbia D ep art­
ment of Mines and Petroleum R esources; geologists o f Shell and Tri ad Oil 
Companies and of what was known in 196 l as R ound Vall ey Oil Company; and 
the foll owing offi cers of the Geologica l Survey: E. W . Bamber, R. B . Campbell , 
J . G. Fyles, H. Gabrielse, D . K . Gibson , L. H . Green, E. J . W. lri sh , J . A. Jeletzky, 
E. W. Mountjoy, J. E. Muller, D . K . N orri s, B . R . Pelleti er, J . H. R oddick, J . G . 
Souther, G. C. T aylo r, D . Tempelman-Kluit, R. Thorste insson, H . W. Tipper, and 
J . 0 . Wheeler. Important collections were also made by C. H . Crickmay, V . 
Dolmage and H . C. Gunning while working fo r the Geologica l Survey. T he 
contributions m ade by Jeletzky, P elleti er , and Thorsteinsson h ave been invalu able. 
Jeletzky first established the sequence between wh at are now known as the lower 
and upper parts of the Suess i Zone, a sequence that h as since been found to be 
applicable over a wide area . Pe ll etie r made the collections that permitted the 
identification of the Chi sch a and Subaspe rum Zones. In the A retie islands, 
Thorsteinsson di scovered many of the Lower Triass ic sections - subsequentl y 
studied by the writer - th at have prov ided criti ca l data. The wri ter also wishes 
to acknowledge hi s debt to the la te F. H . M cLea rn who, until hi s death in 1964, 
was a constant source of advice and encouragement . D r. McLea m 's own important 
contri butions are docum ented in deta il in the pages that follow. 

2 



INTRODUCTION 

Dr. Bernhard Kummel of H arvard University generously p rov ided photographs 
of type specimens of the Lower Triassic ammonoids from the Salt R ange an d 
H imalayas, described by Diener, Krafft, and Waagen . 

The following persons kindly made available for study specimens of Triassic 
ammonoids housed in E uropean Museums: Dr. Otto R enz (N aturhistorisches 
Museum, Basel ); Professors H . K. E rben and Klaus Muller (Inst. fi.ir Palaontologie, 
Bonn ); Dr. A . Tasnadi Kubacska (Magyar Allami Foldta ni Intezet, Budapest ) ; 
Mr. A. G. Brighton and Dr. C. L. Forbes (Sedgwick Museum, Cambridge) ; 
Professor Tove Birkelund (Mineralogisk Museum , Copenhagen); Professor J. 
Dufour (Technische H ogeschool, Delft ); Dr. P . N. Varfolomeev (Central Geo­
logical Museum, Leningrad); Dr. G . G. Martinson and Dr. Helen S. Stankevich 
(Karpinsky Museum, Leningrad); Dr. M. K. H owarth (British Museum (Natu ra l 
History), London); Dr. A. A. Shevyrev (Palaeontological Institute, Moscow); 
Dr. H . Zoebelein and Dr. U. Pflaumann (Baye rische Staa tsammJung fi.ir Palaon­
tologie, Munich ); Dr. H arry Mutvei (Naturhistoriska Ri ksmuseet, Stockholm ) ; 
Dr. K. Staesche and Dr. M. Warth (Staatliches Museum fi.ir Naturkunde, Stuttgart); 
Professor Dr. R. Sieber (Geologische Bundesanstalt, Vienna) ; Dr. H einz Kollmann 
( aturhistorisches Museum, Vienn a) ; Professor D r. H . Zapfe (Pafaontologisches 
Instit ut der Universifa t, Vienna), Professor A. Gansser (Eidg. Techn ische H och­
schule, Zurich ). 

At several insti tutions workers active in Triassic biostratigraphy kindly showed 
the writer their collections of recently obtained, undescribed materi al. No direct 
reference is made to such materi al in this report, but the opportunity to see these 
collect ions enabled the writer to check a number of identifications and conclusions. 
Professo r R. Triimpy (Zurich ) showed the writer collections from East Greenland 
and Portuguese Timor. Materi al from Spitsbergen was shown to the writer by Mr. 
W. B. H arl and and Dr. J. R . Parker in Cambridge; by Marianna V. Korchin skya 
in Leningrad; and by Dr. 0 . Kulling in Stockholm. ew collections from North­
eastern Siberia were demonstrated in Leningrad by Dr. Yu. N. Popov, M r. M. 
Vavilov, and Mr. Yu. Arkhipov. Dr. L. D . Kiparisova (Leningrad ) showed new 
collections fro m Primor'ye, and D r. A . A. Shevyrev (Moscow) demonstrated h is 
collections from the Tri assic rocks of the Southern U.S .S.R. Nori an amm onoids 
fro m Czechoslovakia were seen, th anks to Dr. Vand a A ndrusovova of Brati slava. 

Dr. A . Tollm ann and his wife, Dr. Edith Kristan-Tollmann , kindly provided 
an opportunity to examine classical Upper Tri ass ic localities in SaJ zkammergut, 
Austri a. Dr. Riccardo Assereto of Mil an perform ed a simi lar service fo r the Middle 
T riass ic for mations of Lombard y. 
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DISTRIBUTION OF TRIASSIC AMMONOIDS IN CANADA 

For the purpose of summarizing the data on the distribution of Triassic 
ammonoids in Canada four main regions may be distingui shed : the Arctic islands, 
and the eastern, western , and northern parts of the Cordillera (Fig. 1). Marine 
Triassic rocks with ammonoid faunas are expo ed in all four regions. Triassic 
rocks also occur at depth beneath the Western Plains of northern Alberta and 
northeastern British Colum bia. Little is known of the faunas of the subsurface 
Triassic fo rmations, but the few fossi ls th at have been recorded clearly show that 
these formations are intim ately related to the exposed rocks of the Eastern Cordil­
lera (Hunt and Ratcliffe, 1959, p . 569). It is not the purpose here to describe in 
any detail the geology of the Tri ass ic fo rm ations, however, the salient feat ures 
within each region of exposures are briefl y summ arized (see Table I ). 

The Triassic rocks of the Arctic islands were deposited in the Sverdrup Basin . 
In the marine facies the record extends from the Lower Griesbachian to the U pper 

orian . The sequence of Lower Triassic ammonoid zones is unusually complete, 
and it is for this segment of time th at the section in the Arctic islands contributes 
data un ava ilable elsewhere. Definiti ons of the formations recognized in the Arctic 
islands will be found in reports already published (Tozer, 196lb; 1963c). The 
Bjorne and Blind Fiord Form ations are essentially contemporary and of Lower 
Tri assic age. The Bjorne beds, mainly sandstone and conglom erate, were deposited 
on the margins of the Sverdrup Basin ; they have yielded a few Griesbachian 
ammonoids. The Blind Fiord rocks, composed of siltstone, shale, and sandstone, 
deposited within the Basin , contain the best known sequence of Griesbachian, 
Dienerian, and Smithian ammonoid zones . Jn places beds of Spathian age are also 
included in the Blind F iord Fomrntion . 

The Schei Point Formation overlies the Bjorne and consists of calcareous 
siltstone, shale and sandstone with ammonoid fa unas of Anisian , Ladinian, and 
Karnian age. The Blaa Mountain Formation , composed of shale, siltstone and 
sandstone, overlies the Blind Fiord beds within the Sverdrup Basin. In most 
places, five members have been distinguished within the Blaa Mountain Form ation . 
The Lower Shale member ( J ) has ammonoid faunas of Spathian, Anisian, Ladin­
ian, and Lower Karni an age. Ammonoid zonation shows that both the upper ano-1 
lower boundaries of this member are diachronous. The Lower Calcareous member 
(2) in places includes beds of Upper Ladinian age but is more commonly wholly 
Karnian . The Middle Shale (3), U pper Calca reous ( 4), and Upper Shale (5) 
members all contain Karnian amrnonoids. 
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Cape Stallwo rthy 560 D (A) 
2 Ouo Fiord 340 C (A) 

Bukken Fio rd 560 A (A) 
4 Greely Fiord west 340 B (A) 
5 M idd le Fiord 59 G (A) 
6 Strand Fiord 59 H (A) 
7 Eureka Sound no rth 49 G (A) 
8 Canyon Fiord 49 H (A) 
9 Borden Island 79 F (A) 

10 G lacier F iord 59 E (A) 
11 E ureka Sound sou th 49 F (A) 
12 Ballantyne Strait 89 D (A) 
l3 Cornwa ll I sland 59 C (A) 
14 Baumann Fiord 49 C (A) 
15 Oomell Point 79 A (A) 
16 H ersche l Jsland 117 C (N ) 
17 Blow River J 17 A (N) 
18 Dawso n 166 B & C (N) 
19 Nash Creek 106 D (N) 
20 Glenlyon J05 L (W) 
21 Ta y River 105 K (N) 
22 Klu ane Lake 11 5 F & G (W) 
23 Laberge 105 E (W) 
24 Whitehorse 105 D (W) 
25 M cbame 104 P (W) 
26 Toad River 94 N (E) 
27 Tul sequah 104 K (W) 
28 Tuchodi Lakes 94 K (E) 
29 Fort Nelson 94 J (E) 
30 Te legraph Cree k 104 G (W) 
31 Trulch 94 G (E) 
32 l skut River 104 B (W) 
33 Fo rt Grahame 94 C (W) 
34 H alfway River 94 B (E) 
35 Manson Ri ver 93 N (W) 
'.16 Pine Pass 93 0 (E) 
37 G rand Prairie 83 M (P) 
38 Fon F raser 93 K (W) 
39 M onkman Pass 83 l (E) 
40 Graham I sland l 03 F (W) 
41 Whitesail Lake 93 E (W) 
42 Nechako River 93 F (W) 
43 Pr ince George 93 G (W) 
44 Mount Robson 83 E (E) 
45 M oresby I sland 103 C (W) 
46 Quesne l L ake 93 A (W) 
47 Brazea u 83 C (E) 
48 Tase ko Lakes 92 0 (W) 
49 Bonaparte Lake 92 P (W) 
50 Calgary 82 0 (E) 
5 1 Alert Bay 92 L (W) 
52 B ute Inlet 92 K (W) 
53 Ashcroft 92 I (W) 
54 Kananaskis L a kes 82 J (E) 
55 Noot ka Sound 92 E (W) 
56 Alberni 92 F (W) 
57 H ope 92 H (W) 
58 Pcn tic ton 92 E (W) 
59 Fernie 82 G (W) 
60 Cape Flattery 92 C (W) 

FIGURE l . Map areas (NTSyste m, ] ,250,000) re ferr e d to in th e text. (A) ind icates that the Triassic rocks 
within the are a are rep resenta tive of th e Arctic islands re gion; (E), th e Easte rn Cordill e ra; (W) 
the Western Cordill e ra ; (N) the North e rn Cordillera . Th e area marke d (P) is th e only one in the 
Interior Plains where Triassic ammonoid s have been recovered from drill-holes. 
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A STANDARD FOR T RIA SS IC T IME 

~ ARCTIC ISLANDS W, PLAIN S EASTERN CORDILLERA WESTERN 
N. 

CORDIL LERA 

~ 
CORDILLERA 

STAGE ZONE NE . Br i t ish Albert ill Yillncouver Tillseko L.11kes L•b•roe Marg ins of Sverdrup Billsin N. Yukon 
~ Sverdrup Buin Columbia Rocky Mts. lshrnd uu., B.C , ue• ,Yukon 

RHAETIAN M illrshi 
Probably 

Absent Absent illbsenl Unknown 
< 

• SUTTO N ' G Upper 
u. Sueni- N _ TYAUGHTON "'--+-Lower .~ 

Columbia nus 
HEIBERG HEIBERG 

NORI AN M . Rutherfordi 

Ma gnus Absent PARDON ET Absent 
0 

Dillwsoni 
L. 

~ Kerr i 

M acrolobatus Uppu Shale 
SHUBLIK -- OUATSINO u. Welleri - . - · Upper BALOONNEL c 

~ 
~ 

KAR NIAN Dilleri Ci1lcareou 1 
GREY 

- z C HAR LIE WHITEHORSE 
Ni.nsen i M . Shilll• • -~ L. 

~-
LAKE BEDS K ARMU TS EN 

Obtisum Urtk "own A 
SCH Et < 

Su therlil nd i >- HALFWAY ~ z 
u. Mac leilrn i 

=> S i ll y 
LIARD 

LAOIN IAN Meg in;ae 0 
-

Poseidon Low•t " --:...__.___ 
L. -- -

Sub11sp eru m 
POINT 

Dolomite 

DOIG 
Ch ischil 

u. Shille 0 
Deleeni 

ANISIA N ~ ,, 

M . Vil r ium Bl• c l\ 
~ ---

L. Cilurus Sh11.le . 
Unknown Unknown v .. - TOAD ~"' 

Subrobustus 
SPATH1A N Blocky 

Pil•ticus 

Tudus Brown 
S MITHIAN 

Romunderi 
BLIND M O N T NEY Siltstone 

Sv•rdrupi 
BJORNE n DI ENERIAN 

Cilndidus 
-,,, 

Stri g illus Sh•ly 
u. Unknown 

Commune 
FIORD 

S i ltstone 

GR IE SBACHIAN 
Bor••le Prob•bly Probilbly Prob•bly 

L. ilbsenl 
Conc:•vum 

<11b.sent <11b sent 

TABLE I . Correlation Table Showing Nam es o f Principal Triassic For111ations. 
The names of many loca l rock unit s in the Western Cordi ll era are not included. Occurrences of faunas that 
permit the recognition of zones is indicated by dots (• ). 

The Heiberg Formation overlies both the Schei Point and Blaa Mountain 
Formations. The Heiberg consists mainly of sandstone, much of it of non-marine 
deposition, in which ammonoids are very rare. Middle and Upper Norian marine 
faunas occur in the lower part of the Heiberg. The upper beds are entirely non­
marine and possibl y include beds of Rh aetian age. 

Triassic rocks of the Eastern Cordillera are exposed in the Foothills and 
Eastern R anges of the Rocky Mountains, in western Alberta , and in northeastern 
British Columbia. All the rocks are sedimentary and marine. Jn northeastern 
British Columbia they provide a basis for the sequence of ammonoid zones from 
the Anisian to the Upper Norian. Lower Triassic ammonoids are also known. 
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This type of development, recording more or less continuous marine sedimen­
tatio11 from the Upper Griesbachi an to the Upper Norian, is not known in areas 
west of the Rocky Mountains. 

The nomenclature adopted for the Triassic formations in northeastern British 
Columbia is essentially that of Pelletier ( 1964, p. 4). In ascending order, above 
the Permian rocks, Pelletier recognizes the Grayling, Toad, Liard , Grey beds, and 
Pardonet Formations. T hese formatio ns consist mai nl y of siltstone, fine-grained 
sa ndstone, and limestone. Study of directional current features by Pelletier (1965), 
and the distribution of the facies belts, leave no doubt that most or all of the elastic 
sediment was derived from the east or northeast. The Grayling, Toad, and Pardonet 
Formations contain only relatively fi ne grai ned elastic rocks. Coarser grained 
sediments occur in the Liard and Grey beds. The Liard Formation and Grey beds 
represent the wedges of elastic rock derived fro m the east. In the western Foothill s 
these two format ions lose their identity and merge with the Toad Formation. Th is 
is shown by the sections in the western parts of the Tuchodi Lakes and Toad River 
areas, where the Pardonet Formati on rests directly upon the Toad. 

The Grayling Formati on consists of grey shale and sandstone and is typicaJly 
developed in the Toad River area. Towards the south the Grayling beds lose their 
iden tity and their equivalents occur in beds that a re inseparable from the Toad 
Formation (Pelletier, 1963, p. 75; Tozer , 1965a, p. 5). The Grayling Formation 
conta ins Griesbachian bivalves a.nd Dieneria.n ammonoids. 

The Toad Formation , in Toad River a.nd Tuchodi Lakes areas, consists of 
dark grey calcareous siJtstone and shale overlying the Grayli_ng Fomiation. There 
the Toad contains faunas of Smithian, Spathi an, and A nisian age. To the south 
in Halfway River area, where rocks of Toad lithology directly overlie the Permian , 
the formation conta ins Dienerian ammonoids as we ll as Smithian, Spathian, and 
A nisian fau nas. South of Peace River, in Monkman Pass area, Lower Ladinian 
ammonoids (Subasperum Zone) occur in the Toad Formation. In the western 
parts of Toad River and Tuchodi Lakes areas, where the Liard Formation and 
Grey beds are not recognizable, the Toad Formation possibly includes beds of 
Upper Ladinian and Karni an age, but for this there is no palaeontological proof. 

The Liard Formation consists of sandstone and si ltstone, overlying the Toad. 
The boundary with the Toad is commonly transitional. As interpreted by Pe!Jetier, 
the Liard includes the "Flagstones" and "D ark Siltstones", named by McLearn 
(McLea rn and Kindle, J 950, p. 35) and the Mount Wright Formation of Colqu­
houn ( 1960, 1962). The L iard Fomiation contains ammonoid zones that range 
in age from Lower Ladinian (Poseidon Zone) to Upper Ladinian (Sutherlandi 
Zone). 

The strata that overlie the Liard Formation have not been formall y named. 
Pelletier (l 964) uses the term Grey beds, proposed by McLearn. In Trutch area 
and the eastern part of Halfway River area Pelletier recognized three division 
within the Grey beds and has tentatively correlated them with the Halfway, 
Charlie Lake, and Baldonnel Formations, which were named for the subsurface 
format ions that occur east of the Foothills (Hunt and Ratcliffe, 1959; Armitage, 
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1962). Pelleti er draws the Lia rd- Grey beds boundary at the appearance of thick­
bedded sandstone (Halfway). l n Toad River, T uchodi La kes, and Trutch areas 
this sa ndstone appears immedi ately above the Upper Ladini an Sutherlandi Zone. 
To the south , on Peace R iver, in H alfway River a rea, the Sutherl andi Zone occurs 
in the lower part of the Grey beds. In Trutch and H alfway River areas the higher 
Grey beds, above th e basal thick-bedded sandstone, incl ude, first, a sequence of 
beds that include dolomite breccia. These beds are believed to represent an interval 
of evaporites and to be correlative with the Char lie L ake F ormation. T he highest 
Grey beds are comm onl y ca rbon ates and are tentatively cor related with the Bal­
donnel F ormation by Pelletier. No ammonoids a re known from the presumed 
equivalents of the Charlie L ake and Baldonnel Form ations. Bi valves and brachio­
pods, for example the Mahaffy Cliffs and Lima poyana fau nas of McLearn , 
(McLearn and Kindle, 1950, p. 35 ) a re known. The e faun as arc Karnian but 
th eir exact age i uncertain . The Grey beds are well developed around Ewe 
Mountain and Mount McLearn in Toad River a rea . The sequence consists of 
andstonc, ilts tone, and limestone. These beds have not yet been subdivided, but 

the highest beds, as to the south , are mainly ca rbonates and are poss ibly correlati ve 
with the Baldonnel Formation. In this area the lower and middle parts of the Grey 
beds conta in Karni an ammonoids (Obesum , anseni , and Dilleri Zones). 

The P ardonet Formation overli es the Grey beds, or, in the westernmost 
sections, the Toad Formation. The P ardonet consists mainly of bituminous lime­
stone and calcareous siltstone. Coq uinoid rock composed of Halobia and M onotis 
shells is a substantial component. In Toad River area the lowest P ardonet beds 
a re Upper Kami an (Wellcri Zone); in H alfway Rive r area to the south , the basal 
Pardonet strata are uppermost Karni an (Macrolobatus Zone) in some sections , as 
on the west side of P ardonet Hill. Jn other sections, for example the east side of 
Pardonet Hill and on Brown Hill, the basal bed are Lower No ri an (Kerri Zone). 
The higher beds of the Pardonet Form ation contain all the zones of the ori an. 

The Triass ic rocks of Alberta a re ass igned to the Sulphur Mountain and 
Whitehorse Formations. In this bull etin these fo rmations are used in the interpre­
tation of Manko ( 1960) and Gibson ( 1965) rather th an that of Weste rm ann 
(1962b). Both Manko and Gibson recognize four members withi n the Sulphur 
Mountain Forma ti on. A t the base, is the Shaly Siltstone member in which Gries­
bachi an bivalves occur. The Blocky Brown Siltstone member contains Smithian 
ammonoids. The overlying Black Sh ale member and the Silty Dolomite member 
conta in Anisian ammonoids. Dicncrian and Spathi an faun as have not been 
described fro m the Sulphur Mountain Form ation, but there are unfoss iliferous 
intervals in which they may ye t be found. o ammonoids are known from the 
Whi tehorse Formation, as defin ed by Manko and Gibson. 

The Triassic rocks of what fo r present purposes is descri bed as the Western 
Cordillera are exposed in the pa rts of western British Colum bia and soutJ1ern 
Yukon that lie west of the Rocky Mountain and Tintina Trenches . They include 
rocks of both sedimentary and volcanic origin . The Triassic rocks of the Western 
Cordillera, unlike th ose of all other regions in Canada, commonly include thick 
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formations of bioclastic limestone, in part with corals and megalodont bivalves. 
The nature of the rock succession va ries greatly from place to place. Eventu all y 
it will probably be possible to di stingui h several indi vidual troughs of deposition, 
such as th e Whitehorse T ro ugh which has already been segregated by Wheeler 
( 196 1). No Lower Tri ass ic faunas have yet bee n fo und, b ut with the discovery 
by Kuenzi (1965) of Smith ian amm onoids in northern Washington, 25 miles south 
of the Intern ational Boundary, it seems li kely tha t they will eventu ally be fo und 
in the Western Cordille ra. A few Middle Triassic (Ladini an) bi valves have been 
collected at widely sca ttered localities in the Western Cordillera . The only widely 
distributed ammonoid faun as are of Ka rni an and Nori an age. The most important 
successions k nown are on Vancouver l sland, in the Ka rmutsen, Qu atsino, and 
Bonanza Formations (Jeletzky, 1950, 1954) and in the Lewes R iver Group of 
southern Yu kon (Tozer, 1958; Wheeler, 1961). From the standpoint of compiling 
a stand ard for the T riass ic the mos t significa nt inform ation derived fro m the rocks 
of the Western Cordillera is the occurrence in the Tyaughton Group of T aseko 
Lakes area of marine Rh acti an ammonoids above Upper Norian strata. This is 
the only known occurrence of marine Rhaeti an rocks in Canada. 

T he area defined as the Northern Cordillera includes the part of Yu kon 
Territory northeast of the Ti ntin a Trench. Most, if not all, of the Tri ass ic rocks in 
this region a re sedimenta ry and of marine depos ition . The rocks in the Herschel 
Island and Blow River areas are ass igned to the Shublik Formation by Mountjoy 
(in press). The rocks and faunas of this region a re not well known but parts of 
the Smith ian, Ladinian, Karni an , and Nori an arc represented, with ammonoids 
known from the Karnian and No ri an. T his region does not contribute data to the 
establishm ent of the faun al sequence and is only mentioned to show th at occur­
rences of some of the zones can be recognized. 
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TRIASSIC STAGES, SUBSTAGES, AND AMMONOID 
ZONES OF CANADA 

Thirty-one ammonoid zones are recognized in the Triassic of Canada (Table 
II) . These are grouped into stages and substages in accordance with a scheme 
proposed for the T ri assic of orth America by Silberling and the writer (in press). 
For the Middle and Upper Triassic, stages defined in E urope have been used. Tn 
the Lower Triassic four stages, defined in Canada and readily recognized through­
out the world, constitute the most satisfactory subdivisions for expressing age 
relati onships. 

The zones a re arranged in sequence solely on the basis of stratigraphic 
observati ons made in North America . The data provided by the classical sections 
of E urope and Asia have, of course, been borne in mind and governed the appli­
cation of the E uropean stage names to the zonal sequence. The seq uenti al a rrange­
ment of the zones, however, is in no way dependent upon data derived fro m Europe 
or Asia. 

The ammonoid zones fo rm the basis fo r the time scale. Beca use of recent 
discussion regarding the nature of foss il zones, it seems desirable to define the 
nature of the zones treated in this bulletin. The zones arc bodies of rock charac­
terized by an assembl age of ammonoids of which one characte ri stic species is 
chosen as index. Thi s definition, it wi ll be recognized, is a paraphrase of the 
oft-quoted definition of J. E. Marr ( 1898). The zones a re thus empirical units: 
tangible bodies of rock, characterized by a fa un a. They are not necessarily the 
biozones of the index species; this species merely provides the name. Because they 
are stra tigraphic units, it seems des irable th at each zone should have a type local ity 
where its identification is beyond dispute. For this reason a type locality is given fo r 
each zone defined in Ca nada. For those zones defined in the United States and 
recognized in Canada, type loca lities have been given, or wi ll be, by . J. Silberling. 
Rocks remote fro m the type local ity are ass igned to the zone if they contain a 
fa una considered to be the same age as the fauna at the type loca li ty. Commonly 
the type localities are in the sections where several zones are observed in sequence. 
Some are the type locality for the index species as well as fo r the zone ; most are 
not. If future work should show, for example, that the beds at the type locality 
of the Caurus Zone are not the same age as the beds that contain undoubted 
examples of L enotropites caurus, then the name of the zone will have to be changed. 

In most sections there are rocks between the zones that are devoid of 
characteri st ic foss il s. Those parts of the section without di agnostic fossils cannot 
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be assigned to a zone. The alternative procedure - to include beds Jacking the 
characteristic fauna in one or other of the adjacent zones - practised by some 
contemporary workers (e.g., Donovan , 1956, p. 198) is not followed. From th is 
it should be clear that the zones, as arranged, are not regarded as forming a con­
tinuum. Future discoveries will probably reveal distinctive faunas that will form 
the basis for new zones between those now recognized. If and when such new 
zones are discovered, a decision may be necessary regarding the placing of the zone 
within the hierarchy of stages. Such decisions should be arbitrary. A new zone 
found between the Sverdrupi and Romunderi Zones mjght be regarded as either 
Dienerian or Smithian, depending upon the affiruty of its fauna. At present it 
seems undes irable to adopt the altern ative policy advocated by Callomon (1965), 
namely to define inflexibly the base of a stage such as the Smithian as the base of 
the Romunderi Zone. 

Despite the fact that additions may be anticipated, the proposed standard 
providing thirty-one ammonoid zones as points of reference or "benchmarks" 
witrun the Triassic System is nevertheless more refined than any formerly proposed. 
Class ification and subdivision of the Triassic has been handicapped by the absence 
of highly fossiliferous accessible sections, such as those in England and Germany 
that perm itted the recognition of more than thirty zones within the Jurassic over 
a century ago. 

According to the most recent estimates based on radiometric data the duration 
of the Triassic period was about 45 m.y. (Harland , et al., 1964, p. 261). It follows 
that the probable duration of each ammonoid zone was less than 1.5 m .y. 

Following the most recent ly proposed convention (Dean, Donovan, and 
Howarth , 1961; CaJJomon , 1965 ) the trivial name of the index species is used 
alone for the name of the zone. In this way the name "Strigatus Zone" may be 
used as a welcome alternative for "Pachyproptychites strigatus Zone." 

The sequence of zones and their distribution in the four regions defined above 
are shown by Table II. Occurrence, or probable occurrence, of a zone is indicated 
by a number in the region column. The numbers refer to the annotations where 
full details regard ing the occurrences are given. The main object of the annotations 
is to provide the evidence on which the zones are arranged in sequence, but they 
also provide a summary of the principal Triassic ammonoid occurrences in Canada. 
Where the same number appears opposite more than one zone, the annotation 
provides data that contribute towards establishing the zonal sequence. For example, 
annotation 17 describes the locality where the Concavum, Boreale, Commune, and 
Strigatus Zones have been observed in sequence; annotation 32 provides the com­
parable data for the Suessi and Marshi Zones. Where the zonal boundaries do not 
appear in a column the individual zones have not been discriminated. Thus, anno­
tation 3 refers to the occurrence of a fauna younger than that of the Welleri Zone, 
but older than the Columbianus Zone; it does not indicate that all zones between 
the Welleri and Columbianus Zones are represented. 

The data provided by the annotations have been brought together in summary 
form with a description of the success ive stages, substages, and zones. These 

11 



If) OCCURRENCE 
w 
it STAGE SUB STAGE Z O N E ARCTIC CORD ILLERA 
w 
If) ISLANDS EAST WEST NORTH 

RHAETIAN Choristoceras marshi 32 

UPPER 
Rhabdoceras suessi I 18 19 32 33 34 44 

NO RIAN 

Himavatites columbianus 2 18 19 20 35 45 
u MIDDLE 
(f) NO RIAN Drepanites rutherfordi 20 
(f) NO RIAN 
~ Juva vites magnus 20 36 
0:: 
f-

0:: 
LOWER Malavites dawsoni 3 20 

w 
Cl... NO RIAN Mojsisovicsites kerri 20 21 37 
Cl... 
~ Klama thites macrolobatus 21 22 

UPPER I 38 Tropites wel!eri 4 22 23 46 
KAR NIAN 

40 ! KAR NIAN Tropites dilleri 23 39 

LOWER Sirenites nanseni 5 6 23 41 

KAR NIAN Trachvceras obesum 6 23 42 

Paratrachyceras sutherlandi 23 24 
UPPER 

Maclearnoceras macleami 6 7 24 

S:? LADINIAN 

(f) LAD I NIAN Meginoceras meginae 24 
(f) 

~ LOWER Progonocera tites poseidon 25 
0:: 43 47 
f- LADINIAN Protrachyceras subasperum 8 26 
w 
_J 

0 UPPER Gymnotoceras chischa 9 27 
0 

2 
AN ISIAN 

ANI SIAN G ymnotoceras deleeni 9 27 28 

M . ANISIAN Anagymnotoceras varium 10 2 8 

L. ANI SIAN Lenorropaes caurus 9 II 28 

Keyserlingites subrobustus II 12 13 29 
SPATHIAN 

Olenikites pilaticus 12 

S:? 
Wasatchites tardus 13 30 

SM ITHIAN 
(f) Euflemingites romunderi 13 14 29 30 48 (f) 

~ 
0:: Paranorites s verdrupi 14 15 16 29 
f- DIENERIAN 
0:: Prop1ych11es candidus 16 29 31 w 
3: 

UPPER Pachyproprvchites strigatus 16 17 0 
_J 31 

GRIESBACHIAN Ophiceras commune 16 17 
GR IESBAC HIAN 

LOWER Otoceras boreale 16 17 

GRIESBACHIAN Otoceras concavum 17 

TABLE II . Triassic Stages, S11bstages, and A11 1111onoid Zones. 
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descriptions summarize the synonyms, faunal characteristics, distribution in Canada , 
and principal correlatives elsewhere, of the successive units . For the most part, 
the correlative units discussed are those that serve to relate the adopted standard 
to previously proposed schemes. To discuss all possible correlatives is beyond the 
scope of this bulletin. 

Use of the annotations will be facilitated by the index, which lists the names 
of all ammonoids, stratigraphic units, and localities mentioned. 

Lower Triass ic Series 

Griesbachian Stage 

The type section of the Griesbachian Stage is in the Blind Fiord Formation 
of northwest Axel Heiberg Island (Tozer, 1965b). In terms of Spath's (1934, 
1935) divisions of the Triassic, the Griesbachian is equ ivalent to the Otoceratan 
together with the part of the Gyronitan in which he placed the "Vishnuites" and 
Proptychites beds of East Greenland. 

In both the Arctic islands and the Eastern Cordillera, Griesbachian strata rest 
disconformably upon Permian rocks. The physical evidence suggests that a hiatus 
separa tes the rocks of the Permian System from those of the Triassic. In the Arctic 
islands, the youngest Permian rocks beneath the Griesbachian formations are in 
places late Artinskian (R. Thorsteinsson, pers. com .), elsewhere they are Guadalu­
pian (Nass ichuk, et al. , 1966). Rocks of latest Permian age are absent in Canada. 
There is no evidence that earliest Triassic time is unrepresented in the Griesbachian 
Stage, because the Concavum Zone at the base of the Triassic sequence is probably 
as old as the Otoceras woodwardi Zone of the Himalayas, which is generally 
accepted as the basal Triassic zone. In other words , the period of time unrepre­
sented by strata evidently falls within the Permian , not within the Triassic. 

The ava ilable evidence suggests that the boundary between marine rocks of 
Permian and Triassic age invari ably marks a hiatus, not only in Canada but through­
out the world . Contrary to this interpretation it has been suggested by Ruzhencev, 
et al. (1965) that the section at Dzhulfa in Armenia provides a continuous sequence 
of marine sediments that express the passage between the Permi an and the Triassic, 
with goniatites and rugose corals ranging up into the beds regarded as lowermost 
Triassic. The writer, however, shares the view expressed by Chao (1965) , namely 
that much of the sequence regarded as Lower Triassic by Ruzhencev, et al., is older 
than the beds that defi ne the base of the Triassic System. The beds in question at 
Dzbulfa are those characterized by, in ascending order, the following ammonoids : 
Tampophiceras, Dzhulfites, Bernhardites, and Paratirolites. The bivalves Claraia 
swchei Bittner and Claraia aurita (Hauer) are recorded above Paratirolites, which 
leaves little doubt that the underlying ammonoid beds are Griesbachian or older. 
One specimen of Pseudogastrioceras is recorded as high as Bernhardites; this sug­
gests that all the beds up to at least this level are Permian, not Triassic. Typical 
Griesbachian ammonoids such as Otoceras and Ophiceras are unknown at Dzhulfa, 
so there are no ammonoids to justify a correlation with either the Otoceras wood­
wardi Zone of the Himalayas or the equivalent Griesbachian zones of Canada. The 
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type species of T ompophiceras and Bernhardites are Lower Triassic, but both genera 
a re serpenticone ceratitids of a type that occurs in both Permi an and T ri assic 
strata and conseq uently their presence at Dzhul fa does not provide a clear indica­
tion of the age of the beds. In the past Paratirolites has generally been regarded 
as Lower Tri ass~c, but not on good grounds, for the genus is un known elsewhere. 
T he absence of diagnosti c G ri esbachi an ammonoids and the p resence of Claraia 
above in itself suggests that the T ompophicerns to Paratirolites beds, inclusive, are 
older th an the Woodwardi Zone, which is genera lly taken to define the base of the 
T ri ass ic System. 

Chao's (1 965) important contribu tion to the so lution of thi s problem is the 
d isc rim ination of two Up pe r Permian ammonoid faun as in China. The younger 
fauna is characterized by Pseudot irolites and Pleuronodoceras, together with 
Pseudogastrioceras ; the older fa una contains Prototoceras and A raxoceras, two 
genera that occur beneath Tompophiceras at Dzhulfa. T he strata with Pseudo­
tirolites are overl ain by beds with Ophiceras and Claraia of Griesbachi an age. 
Chao suggests th at the olde r fauna, wi th A raxoceras, correlates with the beds 
rega rded as uppermost Permi an by Ruzhencev, et al. T he Pseudotirolites beds of 
Chin a are correlated wi th the Tom pophiceras, Dzhulfi tes, Bernhardites, and Para­
tirolites beds of Dzhul fa , and are rega rded as Permian not Triass ic. Apparently 
Chao has di scovered the important sequenti al data th at resolve the problem. H e 
has provided the evidence to show that the Permi an- T riass ic boundary at Dzhulfa 
does not record a transitional sequence, and his di scoveries ev idently show that 
Dzhul fa and China are the places where the Permjan rocks beneath the sub­
G riesbachian unconformity are younge r than th ose preserved in any other part of 
the world . 

A n unbroken sequence from the Permi an into the Triassic has been cla imed 
fo r the success ion in East Greenland, where brachiopods and b ryozoans of P alaeo­
zoic ap pearance occur in the same rock as ammonoids ela ted as lowermost T ri ass ic 
(Tri.impy, 1960, 196 1). This interp reta tion has been questioned by Dunbar 
( l 96 1) , who, li ke Spath ( 1935, p . 48) , bel ieves th at the brachiopods and bryo­
zoa ns are derived foss ils. Cyclolobus is recorded from the highes t Permian of East 
G reenland , and Otoceras oE earli est Tri ass ic age from the overl ying beds. In the 
past it has been assumed that Cyclo/ob us characteri zes the highest Permian rocks, 
but th is has now been questi oned by Chao (J 965), who correlates the Cyclolobus 
beds with the Araxoceras beds, that is to say with the penultimate, not the youngest, 
Permian faun a. If Chao is correct, the East Greenl and succession, although per­
haps complete fo r the lowermost T ri assic, lacks the youngest P ermian, and thi s 
vitiates the claim th at East Greenl and has both youngest Permi an and earliest 
T ri assic in the same section . 

In conclusion, then, we are left wi thout any sections that clea rly p rovide a 
transition, in the marine fac ies, between the P ermi an and the Triassic. The section 
in the Salt R ange (Pakistan ) can no longer be regarded in this light ; not only is 
the Lower Griesbachian unp roven, but, in Chao's interpretation, Permian beds 
are also missing (cf. Schindewolf, 1954 ) . 

14 



T IUASS!C STAGES, SUBSTAG ES, AND AMMONO ID ZONES OF CANADA 

Lower Griesbachian Substa[?e 

The two Lower Griesbachian zones of Otoceras concavum and Otoceras 
boreale indicate, in a general way, correlati on with the Otoceras woodwardi Zone 
of the Himalayas as defin ed by Diener ( 19 12, p . 32). At Shalshal Cli ff , Noetling 
(1905 , pp. 128, 149) di stingujshed three zones withi n the Woodwardi Zone of 
Diener, all occurring in th ree feet of strata. They are, in ascend ing order, the zones 
of Otoceras woodwardi, Episageceras dalailamae, and Ophiceras tibeticum. Diener, 
noting the occurrence of Otoceras woodwardi in the h ighest of Noetling's three 
zones, refu sed to admit that they were more than "minute subdivisions of one single 
zone .. . . " In the Himalayas, Otoceras is unknown above the Woodwardi Zone 
(sensu Diener); in Canada, this genus does not occur above the Boreale Zone. It 
would appear that the you ngest poss ible correlati ve for the Boreale Zone is the 
Tibeticum Zone (of Noetling). In view of this correlation the Lower Griesbachian 
Substage is synonymous with the Ga ngeti c Substage of Waagen and Diener ( 1895). 

Warren (1945 , p. 486) has desc ri bed the occurrence of ammonoids, tenta­
ti vely assigned to Otoceras, Ophiceras, and Proptychites, from a bed of Jjmestone 
in the Sulphur Mountain Form ation of Alberta. The specimens are described as 
crushed and without suture Jines. Otoceras suggests the occurrence of Lower 
Griesbachian; Proptychites may indicate the Upper Griesbachian, but until good 
specimens are fo und the exact age of this collection remains u ncerta in . 

Concavum Zone 

Index species: Otoceras concavum n. sp. (Pl. I , fi gs. 1-3) 

Type locality: G riesbach Creek, northwest Axel H eiberg Island (ann . 17) . 

Occurrence: Arctic islands - Blind F iord Formation, north west Axel Heiberg 
Island. 

Otoceras concavum is the only species known from this zone. Exact correla­
tives of the Concavum Zone are not known. In East Greenland the Glyptophiceras 
beds lie between the Foldvik Creek F ormation (Upper Permian ) and the Lower 
Ophiceras beds, with Otoceras boreale (Spath, 1935; Tri.impy, 1961, p . 249). 
Thus the Glyptophiceras beds more or less occupy the pos ition of the Concavum 
Zone. A correlation cannot be establ ished, however, because ( 1) the Otoceras 
specimens known from the Glyptophiceras beds are too poorly preserved for com­
parison with Otoceras concavum, and (2) Glyptophiceras triviale Spath , the index 
fossi l of the beds in Greenland, is unknown in Ca nada. 

Boreale Zone 

Index species: Otoceras boreale Spath , 1935 , p. 9 ; Jectotype, now chosen, Spath , 
193 5, Plate III, figures la, b. (Pl. II, figs. 1, 2) 

Type locality: Griesbach Creek, northwest Axel H eiberg Island (ann . 17). 

Occurrence: Arctic islands --Blind F iord Form ation, E llesmere and Axel H eiberg 
Islands; Bjorne Form ation, E llesmere Island (?) . 
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The fauna of the Boreale Zone includes Otoceras boreale Spath , M etophiceras 
cf. M. subdemissum Spath , and Ophiceras sp. indet. The presence of: Otoceras 
boreale indicates a correlation with the Lower Ophiceras beds (Metophiceras sub­
demissum Zone) of East Greenland (Spath, 1935; Tri.impy, 1961, p. 249) . 

Upper Griesbachian Substage 

In the Arctic islands thi s substage is characterized by the occurrence of 
abundant ophicerat ids and the appearance of proptychitids and Claraia stachei 
Bittner. The restricti on o( Claraia stachei to the Upper Griesbachian in the Arctic 
suggests th at the Claraia beds of the Grayling and Sulphur Moun ta in Formations 
of the Eastern Cordillera are Upper rather than Lower Griesbachian. This is a 
suggestion rather th an a final conclusion , because Spath (1935 , p. 105) records 
Claraia stachei as low as Otoceras in East Greenland, alth ough all the specimens 
he chose to illustrate are from Upper Griesbachian equivalents. The Griesbachian 
Claraia beds prov ide the first link with the Alpine Triassic sequence, for Claraia 
is the index bivalve of the Seis Beds of the southern Alps. 

Commune Zone 

Index species: Ophiceras commune Spath, 1930, p. 24. (Pl. III, fi gs . 1 a, b) 

Type locality: Upper Ophiceras beds of East Greenland (Tri.impy, 1961 , p. 249). 

Reference locality fo r Canada: Griesbach Creek, northwest Axel H eiberg 
I land (a nn. 17) . 

Occurrence: Arctic islands -- Blind F iord Formation , E llesmere and Axel Heiberg 
Islands. 

The fauna of this zone is characterized by the occur rence of abund ant ophi­
ceratids, including Ophiceras commune, Ophiceras decipiens (Spath) ( = Vish ­
nuites decipiens Spath), Discophiceras wordiei Spath, "G/yptophiceras" extremum 
Spath , together with the bivalve Claraia stachei Bittner. The ophiceratids of the 
Commune and Strigatus Zones are highly variable. P rov isionally Ophiceras com­
mune and Ophiceras decipiens have been given rather a wide interpretation. In 
the fauna! li sts provided by the annotations the spec im ens li sted as Ophiceras 
commune include some that are close to Ophiceras greenlandicum Spath . Those 
listed as Ophiceras decipiens include individuals that resemble Ophiceras transi­
torium Spath and "Vishnuites" wordiei Spath . 

The faun a of at least the lower part of the Commune Zone in Canada indicates 
a correlation with the Upper Ophiceras beds of East Greenland (Spath , 1935; 
Tri.impy, 1961) . Spath (1935 , p . 11) records Otoceras boreale from the Upper 
Ophiceras beds, but no specimens from this level were illustrated, and according 
to Dr. Tri.impy (written com. , J 966) it is probable th at Otoceras boreale is 
restricted to the Lower Ophiceras beds, which as already noted appear to be 
equivalent to the Boreale Zone. The presence of Ophiceras decipiens in the Com­
mune Zone suggests that equ ivalents of the " Vishnuites" beds of East Green.land 

16 



T IUASSJC STAGES, SUBSTAG ES, AND AMMONOID ZONES OF CANADA 

may also be present. A case might be made for recognizing a zone of Ophiceras 
decipiens between the Commune and Strigatus Zones in some sections, e.g., on 
Griesbach Creek (a nn . 17). However, ophiceratids with acute venters that closely 
resemble Ophiceras decipiens occur as low as the Boreale Zone (ann . 16) and 
this indicates th at species of the decipiens group range through much of the 
Griesbachian. 

Strigatus Zone 

Tndex species: Pachyproptychites strigatus (Tozer) (1961b, p. 55) . 
(Pl. Ill, figs. 2a, b) 

Type locality: Griesbach Creek, northwest Axel Heiberg Island ( ann. 17). 

Occurrence : Arctic islands - Blind Fiord Formation, Ellesmere and Axel H eiberg 
Islands. 

The base of this zone is drawn at the appearance of Pachyproptychites strigatus . 
Also present, ranging up from the Commune Zone, are Ophiceras decipiens (S path) 
and Claraia stachei Bittner. The faun.as of the Commune and Strigatus Zones are 
intim ately related , and these zones commonly occur in sequences that are more or 
less continuously fossiJiferous. It is unli ke ly that the first appearances of Pachy­
proptychites strigatus, recorded in the annotations, are exactly synchronous. D espite 
this shortcoming, discrimination of the Commune and Strigatus Zones is desirable 
to portray the observed relations , namely, the occurrence above the Boreale Zone, 
fi rst, of beds with ophiceratids onJy (Commune Zone) , then of ophiceratids and 
proptychitids in association ( Strigatus Zone). In some sections the highest foss ils 
obtained in the Strigatus Zone are Ophiceras; in others they are Pachyproptychites. 

The ab undance of Ophiceras decipiens suggests that the Strigatus Zone includes 
correlatives of the "Vishnuil es" beds of East Greenland (Spa th , 1935; Tri.impy, 
1961) . The proptychitids of the Striga tus Zone, like the contemporary ophiceratids, 
are highly va riable. The collections now available include specimens up to 190 mm 
in diameter (from locality 47525) , with a whorl section at the aperture much like 
that of Proptychites anomalus Spath, described from the Proptychites beds of East 
Greenland. This suggests th at the Strigatus Zone may include eq uivalents of the 
Greenland Proptychites beds, in addition to correlatives of the "Vishnuites" beds . 
It does not seem to be possible to achieve an exact correlation between Greenland 
and Canada but there seems little doubt th at the Commune and Strigatus Zones 
together are more or less equivalent to the Upper Ophiceras, "Vishnuites" , and 
Proptychites beds of Greenland. It was formerly suggested th at Proptychites cf. 
P. rosenkrant z. i Spath occurs in the Strigatus Zone, but the writer is no longer 
sa ti sfied that this identification is correct (cf. Tozer, 1965b, p. 4) . 

Dienerian Stage 

The type section of the Dienerian Stage is in the Blind Fiord Formation of 
northwestern E llesmere Island (Tozer, 1965b; this bulletin, ann . 16). In Spath's 
termi nology ( 1934, l 935) , the Dienerian is equ ivalent to the upper part of the 
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Gyronitan and to much, or all , of the Flemingitan. The Griesbachian- Dienerian 
boundary is marked by the appearance of the Gyronitidae and is readily recognized 
not only in Canada but also in the Himalayas, where it occurs at the boundary 
between the O!oceras and "Meekoceras" beds (Diener, 19 12 ) ; and in the Salt 
Range, between the Ophiceras connec/ens bed and the Lower Ceratite Limestone 
(Schindewolf, 1954; Kummel and Teichert, 1966). 

Candidus Zone 

Index species: Proptychiles candidus Tozer ( J 961 b, p. 57). 
(Pl. IV, figs. l a, b ) 

Type locality: Diener Creek, Ellesmere Island (ann . 16 ) . 

Occurrence: A rcti c islands - Blind Fiord Form ation, Ellesmere and Axel H eiberg 
Islands. Eastern Cordillera- Grayling and Toad Form ati ons, northeast 
British Columbia. 

This zone is marked by the occurrence of abundant Proptychites ( P. candidus 
Tozer, P. mulleri Tozer, P. newelli Tozer, P. kummeli Tozer ) together with 
Gyronitidae and related forms (Prionolobus cf. P. lilangense (Krafft ), P. cf. P. 
plicatus (Waagen), X enodiscoides cf. X . radians Waagen) . Discophiceras colum­
bianum (Toze r) and Dunedinites pinguis Tozer also occur. Priono/obus cf. P. 
indoaustralicus (Wanner ) occurs in beds in Briti sh Columbia th at probably repre­
sent this zone. 

Prionolob us cf. P. lifangense suggests a correlation with the "Meekoceras" 
beds of Spiti in the Him alayas , and P. cf. P. plicatus with the Lower Ceratite 
Limestone of the Salt R ange. Correlative beds are also present in the Candelaria 
Form ation of evada (Muller and Ferguson , 1939; Silberling and Tozer, in press ) . 

Sverdrupi Zone 

Index species: Paranorites sverdrupi Tozer ( 1963a, p. 12). (Pl. IV, fi gs. 2a, b ) 
Type locality: Bluffs west of Lindstrom Creek, Otto F iord , E llesmere Island 

(ann. 14) . 

Occurrence: Arctic islands - Blind F iord Formation, E llesmere and Axel Heiberg 
Islands. Eastern Cordillera - Toad Form ati on, northeast British Columbi a. 

In the Arcti c islands the fa un a of this zone includes Paranorites sverdrupi 
Tozer, P. cf. P. kingianus (Waagen ), P. heibergensis (Tozer), Clypeoceras n. sp ., 
and Pseudosageceras multilobatum Noetling. F rom British Columbi a the following 
are known: Paranorites sverdrupi Tozer, P. n. sp. aff. P. infi atus Spath , Heclen­
stroemia (or Pseudosageceras ) sp., "Dinariles" cf. D . minutus Waagen. 

The faun a of this zone evidently has affinities with assemblages in the 
Himalayas and the Salt R ange. Paranorites sverdrupi closely resembles "Propty­
chites'' m arkham i (Diener), from the "M eekoceras" beds of Shalshal Cliff in the 
Himalayas. Paranorites heibergensis resembles Paranorites m agnumbilicatus 
(Waagen ), described fro m the middle part of the Ceratite Sandstone of the Salt 
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Range. Paranorites kingianus (Waagen) was originally described from the upper 
part of the Ceratite Sandstone. "Dinarites" minutus Waagen is from a slightly 
lower level in the Salt Range, from the Ceratite Marls. 

"Pachyproptychites" turgidus Popov, described from Tompo River in Siberia 
(Popov, 1961a) , closely resembles Paranorites sverdrupi and probably indicates a 
correlative of the Sverdrupi Zone. 

Ultimately it may be possible to distinguish subdiv is ions within the Sverdrupi 
Zone, for on Axel Heiberg Island the index species occurs at a slightly lower level 
than Paranorites cf. P. kingianus, Paranorites heibergensis, and Clypeoceras n. sp . 

Smithian Stage 

The type section of the Smithian Stage is in the Blind Fiord Formation of 
northwestern E llesmere Island (Tozer, 1965b). This stage is equivalent to the 
Owenitan Division of Spath (1934) and to the Arctoceras blomstrandi Zone of 
Tozer (19 65 b). The boundary between the Dienerian and Smithian Stages cor­
responds, approximately, with that between the Tndus (or Indu an) and Olenekian 
Stages of Kiparisova and Popov (1956, 1961 , 1964). 

R omunderi Zone 

Index species: Eufiemingites romunderi Tozer (196lb, p . 51) . (Pl. V , figs. 1, 2) 

Type locality: Smith Creek, Ellesmere Island (ann . 13). 

Synonym : Meekoceras gracilitatis Subzone (Tozer, 1965b). The new name is 
proposed in order that the zone may be defined in Canada, where the relations 
to adjacent zones are best di splayed. 

Occurrence: Arctic isl ands - Blind Fiord Formation , Ellesmere and Axel Heiberg 
Islands. Eastern Cordillera - Toad Formation, northeast British Columbia; 
Sulphur Mountain Form ati on, Blocky Brown Siltstone member, Alberta. 
Northern Cordillera - unnamed beds, D awson area, Yukon (?). 

The most common ammonoids of the Romunderi Zone are species of 
Eu.fiemingites, A rctoceras, and Juveniles . Representatives of Pseudosageceras, 
Dieneroceras, Flemingites (?) , Anakashmirites, M eekoceras, and Prosphingites are 
also known . The bivalve Posidonia mimer Oeberg is also very common, but prob­
ably ranges up into the Tardus Zone. The record of the Romunderi Zone from 
the Northern Cordillera is based solely on the occurrence of Posidonia mimer and 
is therefore questionable. 

The beds assigned to the Romunderi Zone on Axel H eiberg Island, in British 
Columbia, and in Alberta lack the index species but contain a closely related form 
listed as Eufiemingites cf. E. cirratus (White). It is probable th at the beds with 
Eufiemingites cf. E. cirratus, etc., differ in age from the typical occurrences of this 
zone, which are known only on E llesmere Island. The available evidence, however, 
suggests that if there is a difference in age, it is slight, because the beds with 
E ufiemingites cf. E . cirratus on Axel H eiberg Island overlie the Sverdrupi Zone, 
and in British Columbi a they underlie the Tardus Zone. 
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The Romunderi Zone is more or less correlative with the Meekoceras gracili­
tatis beds in the Thaynes Formation of Idaho (Smith , 1932; Kummel, 1954) , and 
with beds containing E ufiemingites romunderi in the Shublik and Sadlerochit 
Fomrntions of northern Al aska (Silberling and Patton, 1964, p. Al45). From 
the recent work of Buchan, et al. ( J 965 , p. 33) there seems to be no doubt th at 
the Romunderi Zone is present in Spitsbergen, where it is represented by beds with 
Eufiemingites and Arctoceras in the lower part of the Sticky Keep Formation. 

In northeastern Siberia correlative beds are present within the Paranorites 
Zone (Popov, 196la, p. 6) , which was originally as igned to the Indus Stage but 
later to the Olenekian (Kipa ri sova and Popov, 1964). 

Tardus Zone 

Index species: Wasatchites tardus (McLea rn) (=A nawasatchites tardus McLearn , 
1945, p. 5). (PL V, figs. 3a-c) 

Type locality: Toad River, 2 miles above Liard Ri ver, northeast British Columbia 
(ann . 30). 

Synonym: Wasatch ites tardus Subzone (Tozer, 1965b). 

Occurrence: Arctic islands - Blind Fiord Formation , E llesmere and Axel H eiberg 
Islands. Eastern Cordillera - Toad Formation , northeast British Columbia. 

This zone is marked by an abundance of Wasatchites, which exhibit extra­
ordinary variation. X enoceltites subevolutus Spath is aJso of this zone, as are 
X. warreni McLea rn and X. robertsoni McLea rn . The last two are probably closer 
to the type of A nakashmirites than to that of Xe noceltites. Arctoceras blom­
strandi (Lindstrom) and Prosphingites cf. P. spathi Frebold are associated with 
Wasatchites at one locality on E llesmere Island . One speci men of Anasibirites 
cf. A . crickmayi Mathews and one of Pseudosageceras n. sp. are known from the 
Tardus Zone of Briti sh Columbi a. The bivalve "Pseudomonotis" occidentalis 
(Whiteaves) is also cha racteristic of this zone. 

The Tardus Zone is correlative with the Stephanites super/JUs Zone of the 
Salt R ange (Waagen and Diener, 1895) and the A 11asibirites spiniger Zone of 
Byans in the Himalayas (Diener, 191 2, p. 35). Equivalents are aJso known in 
ld aho, Utah, Spitsbergen, Timor, and Japa n (Tozer, 1961 b, p . 32) . "Pseudo­
monotis" occidentalis is closely related to "P ." himaica Bittner, which occurs nea r 
the top of the Hedenstroemia beds of Spiti and Painkhanda in the Him alayas 
(Diener, 1912, pp. 16, 22). This suggests that the upper part of the H eden­
stroemia beds includes eq ui va lents of the Tardus Zone. 

Spathian Stage 

The type section of the Spathian Stage is in the Lower Shale member of the 
Blaa Mountain Formation. The type locality is at Spath Creek, Ellesmere Island, 
where the relationship with the overlying Anisian rocks is well di splayed (ann. 11) . 

o less important is the section southeast of Cape Stallworthy, Axel H eiberg 
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1sland, where two Spathian zones - the Pil aticus and Subrobustus Zones - are 
in sequence (ann. 12). 

In terms of the chronology proposed by Spath ( 1934) the Spathian Stage is 
equivalent to the Columbitan and Prohungaritan Divisions, in which he included 
the faunas characterized by Tirolites, Columbites, Subcolumbites, Prohungarites, 
and Keyserlingites. These fa unas have enough in common to justify regarding them 
as representing a single stage. Furthermore they are very different from the faunas 
of the preceding Owenitan Division (or Smithian Stage). In consequence the 
boundary between the Smithian and Spathian is readily recognized throughout 
the world. 

Pilaticus Zone 

Index species: Olenikites pilaticus n. sp . (PL Vl, figs. 1-5) 

Type locality: Twenty miles SE of Cape Stal lworthy, Axel Heiberg Island 
(ann. 12). 

Synonym: Nordophiceras pilatwn Zone (Tozer, 1965b) . 

Occurrence : Arctic islands - Blaa Mountain Fo1111ation, Lower Shale member, 
Axel Heiberg Island. 

This rare zone, known only from one locality, contains small ammonoids that 
are probably referable to Col11mbites. Olenikites pilaticus closely resembles Oleni­
kites pilatus ( Hyatt and Smith) , a member of the Columbites fauna of Idaho, with 
which a correlation may be made. The fauna of the Columbites beds includes 
Tirolites illyricus Mojsisovics (Smith , 1932) indicating at least an approxim ate 
correlation with the Tirolites cassianus Zone of the M"ed iterranean Region. 

S11brobustus Zone 

Index specie : K eyserlingites s11brobust 11s ( Mojsisovics, 18 86, p . 44). (Pl. VJ, 
figs. 6a, b) 

Type locality: Spath Creek, El lesmere Island (ann. 1 1). 

Occurrence: Arctic isl ands - Blind Fiord Formation and Lower Shale member, 
Blaa Mountain Formation, Ellesmere and Axel H eiberg Islands. This zone 
illustrates the diachronous nature of the boundary between the Blind Fiord 
and Blaa Mountain Formations. Tn some areas the Subrobustus Zone is in 
the upper Blind Fiord beds ; elsewhere it is in the Lower Shale member of 
the Blaa Mountain Formation. 

Eastern Cordillera - Toad Formation , northeast British Columbia. 

A fairl y large ammonoid fa Lilla has now been described from this zone (Tozer, 
1965a). Representatives of Pseudosageceras, Pref/orianites , Prosphingites, l sculi­
toides, Popovites, Zenoites, Monacanthites, M etadagnoceras, Keyserlingites, Oleni­
kites, Svalbardiceras, Procarnites, and L eiophyllites are known. Well-preserved 
ammonoids are rare, but the associated bivalve Posidonia aranea Tozer is an ideal 
index foss il for it is wide! distributed in both British Columbia and the Arctic 
islands. 
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The presence of Keyserlingites and Olenikites permits a correlation with the 
fa una from Olenek R iver in Siberia made known in the last century (Mojsisovics, 
J 886, 1888) , and apparently also with the so-called Lower Muschelkalk of the 
Himalayas, which has usually been regarded as Middle Triass ic (Tozer, 1965 a, 
p. 11). In the past th e Olenek faun a has been placed at the top of the Lower 
Triassic (Spath, 1934, p. 27; Popov, 1961a, p. 6). More recently workers on the 
Siberian fau nas have placed another zone, with Prohungarites tuberculatus, above 
the Olenikites Zone (Kiparisova and Popov, J 964, p. 97), but as yet the fossils 
have not been described. Ammonoids that resemble P. tuberculatus (i.e., Peary­
landites aft'. P. troelseni Kummel) occur in the Camus Zone of Canada, which is 
classed as Anisian. This introduces the poss ibili ty th at the highest beds of the 
Lower Triassic, in the sense of the Soviet authors, are equivalent to the lowest part 
of the Middle Triassic Series, as used in this bulletin . 

Some of the ammonoids of the Subrobustus Zone (!sculitoides, Zenoites, and 
Metadagnoceras) indicate affinity with late Lower Triassic faunas in Idaho, Nevada, 
Albania, Chios Island, and Timor (Tozer, 1965a, p. 13). 

Equivalents of the Subrobustus Zone are present in Spitsbergen, as shown by 
the occurrence of Keyserlingites (Frebold, 1929, 1931; Tozer, 1965a) and 
Posidonia aranea (Petrenko, 1963). Posidonia aranea also occur in Siberia (Vozi n 
and Tikhom.irova, 1964). 

Procamites modestus Tozer, which occurs in the Subrobustus Zone of British 
Columbia, is not a typical Procarnites but closely resembles M egaphyllites imma­
turus Kiparisova, from the late Lower Triassic Subcolurnbites fau na of Pr imor'ye 
(Soviet Far East). A case can be made for assigning M egaphyllites immaturus 
and Procamites modestus to the genus Neopopanoceras Spath , the type species of 
wh ich is Neopopanoceras /i augi (Hyatt and Smith) fro m beds in California that 
have generally been regarded as Lower Anisian. As mentioned below, in discussing 
the definition of the boundary between the Lower and Middle Triassic Series, recent 
work by . I. Silberling has shown that the Neopopanoceras haugi beds of the 
western United States appea r to be correlative with the Subrobustus Zone. Silberling 
has reached this conclusion from evidence provided both from the composition of 
the Neopopanoceras fauna and from the stratigraphic position of the enclosing beds . 
The resemblance between Procarnites modes/us and Neopopanoceras haugi thus 
appears to have stratigraphic significance. 

Middle Triassic Series 

Anisian Stage 

The type locality for tl1 e Anisian Stage is in Austria (see Kuehn, 1962, p. 20). 
Jn Austria and the neighbouring Alpine countries the lower part of the Anisian 
contains no ammonoid faunas. This means that in the type area it is impossible 
to define the base of the Anisian, and therefore the boundary between the Lower 
and Middle Triassic, in terms of ammonoid faunas. Ammonoid faunas believed to 
be of late Lower and early Middle Triassic age have been known from other parts 
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of the world fo r many years. Examples are the Olenikites fauna of Siberia and the 
Neopopanoceras haugi fauna of Cali fornia. Traditionally the 0/enikites fauna has 
been regarded as Lower Triassic. This tradition is followed in dealing with the 
sequence in Canada, where the Olenikites fauna occurs in the Subrobustus Zone, the 
upper zone of the Spathian Stage, at the top of the Lower Triassic. In the past the 
Neopopanoceras haugi Zone has been taken to define the base of the Anisian 
(Spath , 1934, p. 35 ; Kummel, 1957, p . Ll24) , but the recent work by N. J. 
Silberling showing that the H augi Zone is more or less correlative with the Subro­
bustus Zone makes it necessary to regard the H augi Zone as Lower, not Middle, 
Triassic (Si lberling and Tozer, in press). In this bulletin, as in the paper prepared 
with Dr. Silberling, the base of the Anisian is taken at the Lenotropites caurus 
Zone, which immediately follows the Subrobustus Zone. The assignment of the 
Camus Zone to the Ani ian cannot be justifi ed on the grounds of a stra ightforward 
fa unal correlation because the typical Lower Anisian rocks of Western Europe are 
devoid of ammonoids. However, several characteristic Middle Triassic ammonoids 
- Longobardites, Anagymnites, Sturia, and Parapopanoceras - make their appear­
ance in the Ca urus Zone. Their presence and the position of the Caurus Zone with 
respect to the Subrobustus Zone are taken to justify placing the Caurus Zone at 
the base of the Middle Triassic. Definition of the Anisian substages is discussed by 
Silberling and Tozer (in press). 

L ower A nisian Substage 
Caurus Zone 

Jndex species: L enotropites caums (McLearn) ( = "Hungarites" caurus McLearn , 
J 948, Supplement, p. 1. ) (PL VII, figs. l a, b) 

Type locality: East limb of anticline west of Mile P ost 375, Alaska Highway, 
northeast British Columbia (a nn. 28). 

Occurrence: A rctic islands - Blaa Mountain Formation , Lower Shale member, 
E llesmere Island ; Schei Point Formation, Exmouth Island . Eas tern Cordillera 
-Toad Formation, northeast British Columbia ; Sulphur Mountain Formation, 
Black Shale member, Alberta . Western Plains - Doig Formation , northern 
Alberta. 

The Ca urus Zone is characterized by species of Lenotropites, Groenlandites, 
Pearylandites, Grambergia, and Arctohungarites . Among the ammonoids described 
by McLearn (1946a, 1946b, 1948 , and in press) from the Toad Formation of 
British Columbia, L enotropites is represented by "Hungarites" caurus McLearn, 
"Hungarites" boreas McLearn, and "Hungarites" dawsoni McLearn ; Grambergia 
by "H ungarites" ovinus McLearn , "H ungarites" mackenzii McLearn, "Hungarites" 
nahwisi McLearn , aod probably also Longobardites rnctaggarti McLearn; and 
Arctohungarites by "Hungarites" bufonis McLearn. Groenlandites cf. G. nielseni 
Kummel and Pearylandites afI. P. troelseni Kummel arc present in collections 
obtained recently. Also characteristic of the Caurus Zone are Acrochordiceras 
arnericanum McLearn, L eiophyllites kindlei McLearn and Ussurites muskwa 
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McLearn. The genus Longobardites, represented by specimens apparently con­
specific with L ongobardites nevadanus Hyatt and Smith, makes its appearance in 
the Caurus Zone. Species of Parapopanoceras, Stenopopanoceras, Anagymnites, and 
Sturia are also present. The Bcyrichitidae, so abundant in t11e later Anisian zones, 
are unknown in the Caurus Zone. 

Equivalents of the Caurus Zone appear to be widely distributed in northern 
latitudes. They include the Pearylandites beds of North Greenland (Kummel, 
1953) and possibly also the Koptoceras beds of Spitsbergen (Frebold, 1929; Spath, 
1951 , p. 13). Koptoceras undulatum Spath (1951, p . 12) (=Eutomoceras aff. 
E. laubei Meek of Frebold, 1929, pl. II, fig. 5) is poss ibly congeneric with Leno­
tropites caurus. However, this cannot be established definitely, because all known 
specimens of Koptoceras are crushed and do not show suture lines. Without the 
suture line it is impossible to say whether Koptoceras is related to Lenotropites 
caurus or to Longobardites larvalis McLeam of the Varium Zone. Specimens of 
Longobardites larva/is obtained recently show that the adult whorl section is sub­
trigonal like that of Lenotropites caurus (McLearn). The suture line of Longo­
bardites larva/is, however, ha relatively numerous, narrow elements with at least 
three auxiliary lobes, unlike the short suture line of L enotropites. 

Among tl1e Anisian ammonoids from Siberia described by Kiparisova (1937) 
and Popov (1961a), several suggest affinity with the fauna of the Caurus Zone; in 
fact most of the anunonoids from the Beyrichites Zone of Popov (1961a, p. 7) 
indicate affinity with either the Caurus Zone or the Varium Zone. Those that 
evidently relate to fauna of the Caurus Zone include Grambergia taimyrensis 
Popov, which resembles Grambergia nahwisi; also A rctohungarites arctic us 
(Kiparisova), which resemb les Arctohungarites bufonis (McLeam). L enotropites 
is also a member of the Anisian fauna of Siberia. 

N. J. Silberling (pers. com.) has recently recognized equivalents of the Caurus 
Zone in the Prida Formation of Humboldt Range, Nevada. 

In Timor, Welter (1915, pp . 102-103) has described a block in which beds 
witl1 Acrochordiceras anodosum Welter, Sturia, etc., are adjacent to a bed with 
Keyserlingites angustecostatus Welter. A crochordiceras anodosum resembles A cro­
chordiceras americanum and suggests a correlation with the Caurus Zone. This 
block apparently indicates the same relationship as is observed in Canada, nan1ely 
superposition of the Caurns Zone (repre ented by Acrochordiceras anodosum in 
Timor) above the Subrobustus Zone (with Keyserlingites angustecostatus in 
Timor) (Tozer, 1965a, p. 12). 

Middle Anisian Substage 
Varium Zone 

Index species: Anagymnotoceras varium (Mc Learn) ( = Gymnotoceras varium 
McLearn , 1948, p. 33). (PL Vll, figs. 2, 3) 

Type locality: West limb of anticline west of Mile Post 375, Alaska Highway, 
northeast British Columbia ( ann. 28). 
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Occurrence: Arctic islands - Blaa Mountain Formation, Lower Shale member, 
Ellesmere Island; Schei Point Formation, Ellesmere Island. Eastern Cordil­
lera - Toad Formation, northeast British Columbia ; Sulphur Mountain For­
mation, Black Shale member, Alberta. 

This zone is characterized by the appearance of abundant Beyrichitidae, 
represented by Anagymnotoceras and Hollandites. According to McLearn's revision 
of the Anisian ammonoids of northeastern British Columbia (McLearn, 1966, and 
in press), the following species originally described as Gymnotoceras are now 
assigned to Anagymnotoceras: Anagymnotoceras varium (McLearn), Anagymno­
toceras moderatum (McLearn) , Anagymnotoceras helle (McLearn), Anagymno­
toceras wrighti (McLearn) , Anagymnotoceras ino (McLearn) , Anagymnotoceras 
columbianum (McLearn). Recent work has established that all these species, with 
the exception of Anagymnotoceras wrighti, occur in the Varium Zone. A nagymno­
toceras wrighti is probabl y also from the Varium Zone but this has not been 
definitely established. 

Also characteristic of the Varium Zone are Hollandites n. sp. (described by 
McLearn, in press), Hollandites spivaki McLearn , L ongobardites larvalis McLearn, 
Czekanowskites hayesi (McLearn), Parapopanoceras selwyni McLearn, I smi­
dites sp. , and Parapinacoceras hagei (McLearn) . Hollandites humi McLearn , 
Ptychites wrighti McLearn, and Anagymnites cf. A. lamarcki (Oppel) are probably 
also members of the fauna of the Varium Zone. 

It is possible that this zone is capable of subdivision because there is an 
indication that there are two faunal assemblages in British Columbia, one charac­
terized by Longobardites larvalis and Parapinacoceras hagei, the other by Cze­
kanowskites hayesi. 1 

This zone probably has close correlatives in Siberia, as indicated by the 
occurrence of Czekanowskites gastroplanus (Popov) and Czekanowskites wakeri 
(Bayarunas) both of which closely resemble Czekanowskites hayesi. Equivalents 
may also be present in the Hollandites-bearing beds of the Himalayas and Japan 
and in the beds with l smidites in Turkey. 

N. J . Silberling recognizes a correlative of the Varium Zone in the Frida 
Formation of Humboldt Range, Nevada (Silberling and Tozer, in press). 

Upper Anisian Substage 

Deleeni Zone 

Index species: Cymnotoceras deleeni (McLearn) ( = Beyrichites deleeni McLearn, 
1964a, p. 16) , (Pl. VU, figs. 4, 5) . McLeam (in press) assigns this species 
to C ymnotoceras. 

1 Recent work has shown that Czekanowskites hayesi may characte rize the upper pa rt of the Vari um 
Zone (see footno te, p. 72). Epiczekanowskites Popov is a jun ior synonym of Czekanowskites Diener (see 
Popov, Yu. N. in Kras nyi , L.E. {Ed.), Geological st ructure of the no rth western pa rt o f the Pacific Ocea n 
Mobile Zo ne, U.S .S . R. Min istry of G eology, VSEGEJ, 1966, pp. 151 , 154). The type species of Czekanow­
skites is evidently from Middle Triass ic beds, not Lower Triass ic as formerly be lieved (M. V . Korchinskya, 
pers. com.). 
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Type locality: West limb of anticline west of Mile Post 375, Alaska Highway, 
northeast British Columbia (ann . 28). 

Occurrence: Arctic islands - Schei Point Formation , Exmouth Island (?).Eastern 
Cordillera - Toad Formation, northeast Briti h Columbia ; Sulphur Mountain 
Formation, Silty Dolomite member, Alberta . 

Bes ides the index species the following amm onoids are known in the Deleeni 
Zone of northeast British Columbia: Gymnotoceras aft G. rotel/ifo rmis Smith , 
Longobardites nevadanus H yatt and Smith , Parapopanoceras tetsa McLearn , 
Anagymnites via-alaskae McLearn , Tropigymnites cf. T. planorbis (Hauer ), 
Ptychites sp. Gymnotoceras beachi McLea rn and Gymnotoceras liardense McLea rn 
are probably also from this zone. 

The Deleeni Zone is al so marked by the appearance of Daonella. Specimens 
actually associated with Gymnotoceras deleeni are referable to Daonella americana 
Smith , which according to Silberling (1962 , p. 157 , and pers. com.) is restricted 
to the lower part of the Upper Anisian in Nevada. The recognition of thi s zone in 
the Arctic islands is based solely on the occurrence of Daonella cf. D. americana . 

Any discussion of the correlation of the Deleeni Zone must await the full 
description of the Upper Anisian zones of Nevada by N . J. Silberling. 

Chischa Z one 

Index species: Gymnotoceras chischa n. sp. ( Pl. V ff , fi gs. 6, 7) 

Type locality: Chischa River, 8 miles above Muskwa River, northeast British 
Columbia (ann. 27). 

Occurrence: Arctic islands - Blaa Mountain Formation , Lower Shale member, 
E llesmere and Axel Heiberg Islands (?) ; Schei Point Formation , Exmouth 
Island . Eastern Cordillera - Toad Formation, northeast British Columbia; 
Sulphur Mountain Formation, Silty Dolom ite member, Alberta (?). 

The faun a of the Chischa Zone, at the type locality, comprises Gymnotoceras 
chischa n. sp., Celtites ? polygyratus Smith, Parapopanoceras sp. and Daonella cf. 
D. moussoni Merian. Gymnotoceras chischa has a well-defi ned ventral keel , unlike 
the Gymnotoceras species of the older zones. Keeled Gymnotoceras species, as yet 
unnamed, occur at other localities in British Colum bia and they evidently indicate 
the occurrence of at least approximate correlatives of the Chischa Zone. The 
specimen of Nevadites merriami Smith , recorded from the Toad Formation by 
Westermann (1963) , probably indicates the Chi sch a Zone or a slightly lower level. 
Unfortunately the exact locality and stratigraphic position of this Nevadites is 
unknown. 

The presence of Celtites ? polygyratus and Daonella cf. D. moussoni in the 
Chischa Zone indicates a correlation with the upper part of the Upper Anisian of 

evada (Silberling, 1962, and pers. com. ). ear or exact correlatives are present 
in Spitsbergen, as shown by the occurrence of Gymnotoceras laqueatum (Lind­
strom), which closely resembles Gymnotoceras chischa. 
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The record of the Chischa Zone from the Arctic islands is based on the occur­
rence of Gyrnnotoceras cf. G. laqueatum (Lindstrom) and Ptychites cf. P. trochlae­
fo rmis (Lindstrom) ( ann . 9 ) . 

Occurrences of Daonella dubia Gabb, as in the Sulphur Mountain Formation 
of Alberta, probably indicate the Chischa Zone, because Silberling (1962) has 
shown that thi s species is restricted to the uppermost Anis ian of Nevada. 

Ladinian Stage 

The type section for the Ladinian Stage is in the Italian Tyrol. In this bulletin 
the Ladinian is interpreted as including only the Buchenstein and Wengen beds 
and their equivalents. The St. Cassian beds, containing the zone of T rachyceras 
aon, wh ich overlie the Wengen strata, are regarded as Lower Karnian, following 
Mojsisovics (1 895) , Spath (1 934) , Leonardi (1 956), and Jacobshagen (1961) . 
Arthaber (1 905), Pia (1 930 ) , and Rosenberg (1952, 1959) adopt a different 
convention and assign the St. Cassian beds to the uppern10st Lad inian. 

L ower Ladinian Substage 

In evada, it has been shown by Silberling (1962, p. 653) that the appea rance 
of Protrachyceras apparently defines the base of the Ladini an Stage. 

Two ammonoid zones are recognized in the Lower Lad inian of Canada, the 
Subasperum Zone and the Poseidon Zone. These zones have not been observed 
in sequence. 

The recognition of Lower Ladinian beds in the western and northern parts of 
the Cordillera is based solely on occurrences of Daonel/a cf. D. degeeri Boehm . 
No determinable ammonoids are known from these rocks. 

Subasperum Zone 

Jndex species: Protrachyceras subasperum (Meek); Smith , 1914, p. 137. 

Type locality: Humboldt R ange, Nevada (N. J. Sil berling, pers. com.). 

Synonym : Protrachyceras Zone (Silberling, 1962, p . 153). 

Occurrence in Canada: Arctic islands - Blaa Mountain Fo rm ation, E llesmere and 
Axel Heiberg Islands; Schei Point Form ation, Ellesmere, Table, and Exmouth 
Islands. Eastern Cordillera - Toad Formation, northeast British Columbia. 

In evada this zone is characteri zed by the occurrence, in the same beds, of 
Protrachyceras subasperum, Protrachyceras meeki (Mojsisovics) , and a species of 
Gyrnnotoceras (N . J . Silberling, pers. com.) . In the Toad Formation of British 
Columbia Protrachyceras cf. P. meeki is associa ted with Gymnotoceras spp. , 
Ptychites sp., and Daonella cf. D. moussoni Merian, providing grounds for corre­
lating with the Subasperum Zone of Nevada, despite the fac t that the index species 
has not been found in Canada. 
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One specimen of Protrachyceras, wi th si mple spi nes adjacent to the ventral 
furrow like Protrachyceras meeki, is known from the Daonella frami bed of the 
Schei Point Formation of Ellesmere Island . Longobardites sp., Ptychites nanuk 
Tozer, and Daonella cf. D . degeeri Boehm also occur with Daonella frarni. This 
fa una probably indicate an approximate correlative of the Subasperum Zone. 

The relationship between the Subasperum Zone and the adjacent Chischa and 
Poseidon Zones has not been demonstrated in a stratigraphic section in Canada. 
The Subasperum Zone is regarded as younger than the Chischa Zone on the basis 
of data provided by Silberling ( 1962, and pers. com.). In anada the Subasperum 
Zone occurs in beds tha t undoubtedly represent the Toad Fomrntion. The Poseidon 
Zone occurs in the basal beds of the Liard Formation. The fau nas of the Subas­
perum and Poseidon Zones are m arkedly dissimilar. The available evidence 
suggests, but does not p rove, that the Subasperu m Zone is older th an the P oseidon 
Zone. 

Poseidon Zone 

Index species: Progonoceratites poseidon n. sp. (P l. V II[, figs. 3-5) 

Type locality: Bluff north of Tuchodi River, I 0 miles southeast of Mount Mary 
H enry, northeast British Columbi a (ann . 25). 

Occurrence: Eastern Cordillera- Liard Formation, northeast British Columbia. 

This zone is characte rized by Progonoceratites poseidon <tnd by the appearance 
of the gen.us Nathorstites. The fauna also includes Ptychites n. sp., Protrachyceras 
cf. P. sikanianum McLearn , and a di stinctive Daonella related to Daon.ella longo­
bardica Kitti. Another distinctive species of Daonella , resembling Daonella sub­
arctica Popov, associated with Protrachyceras, occurs above Progon.oceratites 
poseidon and below the Meginae Zone (Upper Ladinian.) . The bed with Daonella 
cf. D . subarctica is arbitrarily regarded as Lower L ad ini an. Until more ammonoids 
are known it is not possible to decide whether this bed represents a new zone or 
merely the upper part of the Poseidon Zone. 

The Poseidon Zone underlies the Meginae Zone, so its position , with respect 
to the younger zones, is well established. As already mentioned, the Subasperum 
and Poseidon Zones have not yet been discovered in. sequence. 

Progonoceratites poseidon is probably closely related to Progonoceratites atavus 
( Phillipi ) , the index fossil of the lowest zone in. the Upper M uschelkalk of Germany. 
T his part of the Muschelkalk is generally considered to be correlative with the 
Lower L adinian of the Alps (Spath , 1934, p. 35). 

Upper Ladinian Substage 

Three zones characte ri zed by Meginoceras meginae, Maclearnoceras rnaclearni, 
and Paratrachyceras sutherlandi are assigned to the Upper Ladinian. These three 
zones correspond to the Nathorstites Zone of ea rlier repo rts (McLearn , 1937a, 
p. 95; 1947b ; Tozer, 196la). Nathorstites is abu ndant in. all three zones but is 
not restricted to them; it is also present in the newly discovered Poseidon Zone of 
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Lower Ladinian age. Nathorstites mcconnelfi (Whiteaves), in a restricted sense, 
is apparently confined to the Sutherlandi Zone. The Nathorstites from the Poseidon , 
Meginae, and Maclearni Zones differ from the types of Nathorstites mcconnelli in 
the details of growth lines, sculpture, and whorl section . They are probably at 
least subspecifically distinct from Nathorstites rncconnelli, but as yet they have not 
been named . Daonella occurs in all three Upper Lad inian zones. Most of the 
specimens from the Meginae and Maclearni Zones are assigned to Daonella nitanae 
McLearn, which closely resembles Daonelfa lommeli Wissmann, a guide fossil for 
the Alpine Wengen beds (Upper L adinian). In the Sut]\erlandi Zone, Daonella 
nitanae is replaced by Daonella elegans McLearn . The occurrence of Daone/la 
nitanae in the Meginae and Maclearni Zones seems to justify their assignment to 
the Upper Ladinian. The Sutherlandi Zone, as noted below, probably has no exact 
counterpart in the previously proposed zonal schemes for the Triassic. It evidentl y 
lies close to the L adinian- Karnian boundary and is arb itrar ily placed in the 
Lad inian . 

T he Nathorstites recorded from the Arctic islands resemble Nathorstites 
mcconnel/i and are probably Upper rather th an Lower Ladinian. Neocladiscites 
cf. N martini (Smith) is the only other ammonoid known from the Nathorstites 
beds of the Arctic. On the basis of such a small fau na th e beds can not be more 
precisely dated . 

Meginae Zone 

Index species: Meginoceras meginne McLearn , l 930, p . 4. ( Pl. VIII, figs . 6, 7) 

Type locality : North side Liard Ri ver, Boiler Canyon , H mi les below the R ap ids 
of the Drowned, northeast British Columbi a (ann . 24). 

Occurrence: Eastern Cordillera - Liard Formation, northeast British Columbi a. 

The characteristic ammonoids of this zone are Meginoceras meginae McLearn , 
Silenticeras hatae McLearn , Thanamites schoolerensis (McLearn) , "Sagenites" 
ge thingi McLearn, and a spec ies of Nathorstites with simple, convex growth lines 
(McLearn, 194 7b, PL II, fi g. 6). Protrachyceras sikanianum McLearn has its type 
local ity in beds of the Meginae Zone but thi s species, as al ready noted , probably 
ra nges down into the Poseidon Zone. Species of M egaphyl/i tes [ =Nitanoceras] 
and L obites also occur in the Meginae Zone; they a re closely related to species th at 
occur in the overlying Maclearni and Sutherlandi Zones. Pnratrachyceras tetsa 
McLearn is about the same age as the typical members of the Meginae Zone but 
is probably somewhat older or younger and may eventuall y prove to be charac­
teris tic of an independent zone. A rpadites aff. A . toldyi M ojsisovics occurs in beds 
that are ass igned to the Megin ae Zone.1 

Maclearni Zone 

Index species: Maclearnoceras maclearni Tozer, l 963 b, p. 35. ( Pl. V ll [, figs. 8a, b) 

1See footn o te , page 67. 
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Ty pe local ity: orth side Liard Rive r, 2t miles west of Hell Gate, northeast British 
Columbia (ann. 24). 

Occurrence: Eastern Cordillera- Liard Formation, northeast British Columbia . 

Maclearnoceras macleami Tozer, Liardites whiteavesi Tozer, and "Para­
trachyceras" caurinum McLearn are the only three ammonoids so far described 
from th is zone. The undescribed fa una is large and includes H ungarites sp ., 
Protrachyceras aff. P. sikanianum McLearn, A nolcites cf. A. doleriticum (Mojsiso­
vics), Macleam oceras n. spp ., Clionitites? n. sp., Asklepioceras sp., N athorstites 
sp., etc. The species of Anolcites closely resembles A nolcites doleriticum from the 
Protrachyceras archelaus Zone (Wengen beds) of Northern Italy. 

Sutherlandi Zone 

Index species: Paratrachyceras sutherlandi McLea rn , 1947b, p . 22. (Pl. VIII , 
fi gs . 9-1 2) 

Type locality: North side Li ard River, Boiler Canyon, 3 miles below the R apids 
of the Drowned, northeast British Columbia (ann . 24 ). 

Occurrence: Eas tern CordiJlera - L ia rd Form ation and basal Grey beds, north­
east Briti sh Columbi a. 

The ammonoid fauna of the Sutherlandi Zone includes Protrachyceras sp. 
indet., Protrachyceras n. sp. aff. T rachyceras brotheus (Munster), Daxatina 
[ = Dawsonites] canadensis (Whiteaves), Paratrachyceras sutherlandi McLearn , 
Asklepioceras glaciense McLearn , A. laurenci McLearn, A. mahaffii McLearn , 
Hannaoceras n. sp., Lobites cf. L. ellipticus (H auer), Joannites sp., Megaphyllites 
sp., and Nathorstites mcconnelli (Whiteaves ) . 

In some sections several species (e.g., Daxatina canadensis, Protrachyceras 
aff. T. brotheus, and Joannites sp.) range higher than Paratrachyceras sutherlandi. 
These occurrences suggest that two zones may eventually be discriminated within 
the Sntherl andi Zone. On the other hand , Daxatina canadensis and Paratrachyceras 
sutherlandi, and probably also Protrachyceras aff. T. brotheus, are also known to 
occur together and consequently only one zone is recognized. 

At least the upper part of the Sutherl andi Zone is probably intermediate in 
age between the Protrachyceras arche/aus Zone (Upper Ladinian ) and the Trachy­
ceras aon Zone (Lower Karnian ). This suggestion is made because the Sutherlandi 
Zone overlies an equivalent of the Archelaus Zone (i.e. , the Maclearni Zone ) , and 
underlies the Obesum Zone of Lower Karnian age. It is probable, however, that 
equivalents of the Sutherlandi Zone are present in other parts of the world, in beds 
that have generally been ass igned to the Lower Karnian. The Daxatina beds of 
Bear Island (Boehm, 1903) are one example. Ammonoids identified as Paratrachy­
ceras regoledanurn (Mojsisovics) from Turkey ( Arthaber, 1914 ) and Thailand 
(Kummel, 1960) are possibly conspec ific with P. sutherlandi, and may indicate the 
occurrence of correlative beds. 
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Upper Triassic Series 

Karnian Stage 

T he Karnian Stage is used here in the sense of Mojsisovics ( l 895), that is 
to say it includes equ ivalen ts of the Cordevolic, Julie, and Tuvalic Substages. As 
already mentioned, the St. Cass ian beds, the stratotype for the Cordevolic Substage, 
are regarded as Ladinian by some authors. Spath (1934) recognized three divisions 
within the Karnian , from oldest to youngest the Trachycerata n, Carnitan, and 
Tropitan. The Trachyceratan includes the Cordevol ic and Julie Substages; the 
Tropitan, the Tuvalic. Spath's Carnitan Division was proposed on hypothetical 
grounds and as noted by Arthaber (1935) the recognition of this division is 
apparently not justified. Lower Karnian , as used in this bulletin, is equ ivalent to 
the Trachyceratan and to a comb in ation of the Cordevolic and Julie Substagcs. 
Upper Karnian is equ ivalent to the Tuvalic ( = Tropitan) . As noted below, it is 
possible that the Cordevolic and Julie Substages are partly contemporaneous. 

Lower Karnian Subs/age 
Obes11111 Zone 

fndex species: Trach yceras obesum n. sp. (p . 93 , PL IX, figs. l a, b) 

Type locality: Ewe Mounta in, 4~ miles E E of Triangulation Station 6536, Toad 
River area, northeast British Columbia (ann . 23) . 

Occurrence : Arctic i lands- Blaa Mountain Formation , Lower Shale member, 
Axel Heiberg Island (?). Eastern Cordil lera - Grey beds and equivalents, 
northeast British Columbia. Western Cordillera - Lewes River Group, 
Yukon (?). 

The Obesum Zone is named to include the beds th at contain Trachyceras s.s. 
in Canada and their apparent correlatives. Th is zone is as yet imperfectly known, 
but there seems to be no doubt that there is a Trachyceras-bearing zone between 
the Sutherlandi and anseni Zones. At the type locality only the index species is 
known. From other places in northeast British Columbia the following Lower 
Karnian ammonoids probably indicate near or exact correlatives of the Obesum 
Zone: Trachyceras cf. T. desatoyense Johnston, Clionitites reesidei (Johnston), 
Coroceras cf. C. nasutus (Mojsisovics). Halobia sp. indct. occurs at the type 
locality and elsewhere. 

Poorly preserved trachyceratids in the Lewes River Group of southern Yukon 
possibly indicate the Obesum Zone. 

In northwest Axel Heiberg Island there arc beds in the Lower Shale member 
of the Blaa Mountain Fomrntion that contain Discophyllites cf. D. taimyrensis 
Popov and Halobia cf. H. zitteli Lindstrom . These beds a re well below the anseni 
Zone and are probably approximate ly the same age as the Obesum Zone. 

The presence of Trachyceras s.s. in the Obesum Zone suggests that correlatives 
occur in the Trachyceras aon Zone of the Itali an Tyrol, or in th e Trachyceras 
aonoides Zone of Austria, or, as an a lternative, in both of these E uropean zones. 
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Traditionally the Aon Zone is regarded as older than the Aonoides Zone, but they 
are not known in sequence. It seems possible that the c two zones may include 
fau nas of essentially the same age. The Aonoides Zone, as represented at the 
Feuerkogel, is said to conta in an enormous fauna , including tropitids and juvavitids, 
a well as Trachyceras and Sirenite . This fauna includes genera that are restricted 
to one or other of four successive Karnian zones in Canada (Obesum, anseni, 
Dilleri , and Welleri) and also Lobites s.s., which is restricted to the Upper Ladinian. 
This suggests that the Aonoides Zones of the Feuerkogel represents a condensed 
deposit containing faunas of more than one age. The fauna listed from the 
Aonoides Zone at this locality even includes Cyrtopleurites and Waldthausenites, 
which in Canada are known only in the Norian. Norian ammonoid faunas, as well 
as the Aonoides and Subbullatus Zones of the Karnian are known from the 
Feuerkogel. In view of the anomaJ ies introduced by the composition of the Aon­
oides Zone at this locality it is worth considering the possibility that the fau nal list 
represents not only a condensed sequence, but also includes ammonoids derived 
from other zones. The fau na of the Aonoides Zone at R aschberg, unlike that of 
the Feuerkogel, may be relatively uncontaminated. The Raschberg fauna includes 
Trachyceras, Sirenites, Coroceras, etc., but there are no juvavitids or tropitids and 
none of the ammonoids that are restricted to the Norian in Canada. 

Clionitites reesidei and Trach yceras cf. T. desatoyense suggest a correlation 
with the Lower Karnian fau na of New Pass Range, Nevada (Johnston, 1941 ; 
Silberling, l 956) , but, as already noted , these two species are not known at the 
type locality of the Obesum Zone. 

Nanseni Zone 

Index species: Sirenites nanseni Tozer, 1961 b, p. 77. (Pl. IX, figs. 2, 3) 

Type locality: Ewe Mountain , 4t miles E ffi of Triangulation Station 6536, Toad 
River area, northeast British Columbia (ann. 23). 

Occurrence : Arctic islands -Blaa Mountain Formation, Middle Shale member, 
E llesmere and Axel Heiberg Islands; Schei Point Formation, Hat Island. 
Eastern Cordillera - Grey beds, northeast British Columbia. Western Cordil ­
lera - unnamed beds, Kluane area , Yukon (?). 

The Nanseni Zone is characterized by abundant Sirenites and num erous 
Halobia, including Halobia cf. H. zitte/i Lindstrom and Halobia cf. H . rugosa 
Gi.imbel. In British Columbia Sirenites nanseni, S. cf. S. senticosus (Dittmar) and 
S. cf. S. striatofalcatus (Hauer) occur at approximately the sa me level. ln the 
Arctic islands Sirenites nanseni commonly occurs below S. senticosus. The former 
is in the Middle hale member of the Blaa Mountain Formation; the latter is 
commonJy in the Upper Calcareous member. irenites senticosus may have a long 
range in the Karnian for this species possibly occurs with Jovites borealis Tozer, 
which indicates the Welleri Zone (Tozer, 196lb, p. 37). 

The questionable record of this zone from the Kluane Lake area, Yukon, is 
based on poorly preserved material. 
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Sirenites nanseni closely resembles a number of species in the Trachyceras 
ao110ides Zone of Austria (Tozer, 1961b, p . 77). 

Upper Karnian Substage 

The classification used for the Upper Karnian is based on th at of Silberling 
(1956; 1959, p. 22) who discriminated three divisions within this substage. Of 
the zones named by Silberling those characterized by T ropites dilleri, Tropites 
welleri, and Klamathites macrolobatus are recognized in Canada. Smith (1927) 
had previou ly recognized the Dilleri and Welleri Zones as the Trach yceras and 
Ju vavites Subzones of the Tropites subbullatus Zone. As indicated by Smith, the 
fa unas of the Dilleri and Welleri Zones have much in common with the Subbull atus 
Zone of Austria, wh ich forms the basis for the Tuvalic Substage. 

Dilleri Zone 

Index species: Tropites dilleri Smith, 1904, p. 393. (Pl. lX, figs. 4, 5) 

Type locality: Shasta County, California (S ilberling, 1956, p. 1152). 

Synonym: Trachyceras Subzone of Tropites subbullatus Zone (Smith , 1927, p. 4). 

Occurrence: Eastern Cordillera- Grey beds, northeast British Columbi a. Western 
Cordillera- Karmutsen Group and Quatsino Formation, Vancouver Island ; 
Open Bay Formation, southwestern British Columbi a; unnamed rocks , north­
west British Columbia. 

Well-preserved examples of Tropites dilleri are unknown in Canada, but 
several spec ies characteri stic of this zone in California occur in both the easte rn 
and western parts of the Cordillera. The following are present in both regions: 
Spirogmoceras shastense (Smith), Traskites spp., Paratropites sellai Mojsisovics 
(of Smith ), Discotropites sandlingensis (Hauer). The fauna from the Western 
Cordillera also includes Paratropites cf. P. sulcatus (Calcara of Gemmellaro) , 
Gymnotropites cf. G. americanus H yatt and Smith, Bacchites cf. B. bacchus 
Mojsisovics, L econteiceras sp., Trachysagenites herbichi Mojsisovics. Present in 
the Eastern Cordillera, but unknown in the west, are Thisbites sp. and Trachy­
stenoceras aff. T. gabbi (Hyatt and Smith). A fauna of this zone has recently been 
described from the Open Bay Formation of Qu adra Island by Carlisle and Susuki 
( 1965). This assemblage includes one small specimen compared with Tropites 
welleri, but the greater part of the fau na clearly indicates the Dilleri Zone, as 
recognized by Susuki. 

A negative characteristic of the fauna of the Dilleri Zone, apparently applicable 
in Californi a, evada, Vancouver Island, and in both north west and northeast 
British Colu mbia, is the absence of juvavitids. They have been recorded from the 
Lower Karnian of Europe, but none has been found in the Dilleri Zone, or below, 
in Canada . 

In Canada the halobiids that occur in the Dilleri Zone are poorly preserved. 
In northeast British Columbia Halobia ornatissima Sm ith is abundant in beds th at 
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lie between the Dilleri and Welleri Zones. Locally, Halobia ornatissima is asso­
ciated with ammonoids that may, eventually, permit the recognition of a new zone, 
intermediate in age between the Dilleri and Welleri Zones. The Discotropites sand­
lingensis beds of Peace River (McLearn, 1960a, p. 6) probably fall within this 
interval. 

Most of the ammonoids listed above occur in the Dilleri Zone of California. 
The Paratropites compared with P. sulcatus is apparent ly conspecific with specimens 
recorded under this name from the Dilleri Zone in the atchez Pass Formation of 
Nevada (Silberling, 1961). In both British Columbia and Nevada this species of 
Paratropites is associated with a nautiloid resembling Pleuronautilus alaskensis 
Kummel. 

W elleri Zone 

Index species: Tropites welleri Smith, 1927, p. 33. 

Type locality: Shasta County, California (Silberling, J 959, p. 21). 

Synonym: luvavites Subzone of Tropites subbullatus Zone (Smith, 1927, p. 4). 

Occurrence: Arctic islands - Blaa Mountain Formation, Axel Heiberg Island ; 
Schei Point Formation, Table Island. Eastern Cordillera- Pardonet Forma­
tion, northeast British Columbia. Western Cordillera - Quatsino Formation, 
Vancouver Island ; Kunga Formation, Queen Charlotte Islands; unn amed 
rocks , northwest British Columbia. Northern Cordillera - unnamed rocks, 

ash Creek area, Yukon. 

Tropites welleri is not represented in Canada by well-preserved specimens but 
several ammonoid species characteristic of this zone occur in British Columbia. 
They include Tropites johnsoni Smith, Tropites reticulatus Smith, Tropites sp. aff. 
T. welleri Smith, Discotropites theron (Dittmar), Discotropites mojsvarensis Smith , 
Hannaoceras major (Smith), Ju vavites subintermittens H yatt and Smith , and 
Homerites semiglobosus (Hauer). Also present, associated with typical members 
of the WelJeri Zone fauna, are Hoplotropites cf. H . auctus (Dittmar) and Jovites 
cf. I . bosnensis Mojsisovics. Pamphagosirenites pamphagus (Dittmar) occurs in 
beds that probably represent the Welleri Zone. 

In Arctic Canada, the beds in the Schei Point Formation containing Tropit es 
cf. T. morani Smith and Jovites richardsi Tozer probably represent the Welleri 
Zone. This is probably also true of the beds with A rctosirenites canadensis Tozer 
and Jovites borealis Tozer in the Blaa Mountain Formation. The age of Arcto­
sirenites canadensis is apparently established by the occurrence, in a single talus 
block from northeastern British Columbia, of Arctosirenites canadensis, together 
with Discotropites mojsvarensis Smith , I uvavites cf. I . hyatti (Smith), and I uvavites 
cf. I . brockensis Smith. 

The presence of this zone in the northern part of the Cordillera is indicated 
by the occurrence of Ju vavites cf. J. knowltoni Smith. 

Halobiids that resemble Halobia superba Mojsisovics are common in the 
Welleri Zone. 
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Macrolobatus Zone 

Index species: Klamathites macrolobatus Silberling, 1959, p. 38. 

Type locality : Union District, Shoshone Mountains, Nevada (Silberling, 1959, 
p. 22) . 

Occurrence: Eastern Cordillera- Pardonet Formation, northeast British Columbia. 

Klamathites macrolobatus is unknown in Canada. The presence of the 
Macrolobatus Zone is recognized chiefly by the presence of Anatropites sp. (of 
Silberling, 1959, p. 51 ), which is a member of the faun a of this zone in Nevada. 
Also present in the Macrolobatus Zone of British Columbia are Tropites aff . T . 
latiumbificatus Silberling, Gonionotites gethingi (McLearn) , Griesbachites cf. G. 
kastneri (Mojsisovics), H alobia cf. H . superba Mojsisovics . 

Norian Stage 

This stage is divided into three substages, designated Lower, Middle, and 
Upper orian (Tozer, 1965c; Silberling and Tozer, in press). Mojsisovics ( 1895) 
also recognized three divisions within the Juvavic ( = Norian) Stage, from oldest 
to youngest, the Lacie, Alaunic, and Sevatic Substages. H owever, as pointed out 
by Diener (1926) it cannot be demonstrated that the Lacie and Alaunic Substages 
are in sequence. The evidence from British Columbia suggests that the Lacie 
faun as (Sagenites giebeli and Cfadiscites ruber Zones) are younger, not older, 
than the Alaunic Zone of Cyrtopleurites bicrenatus (Tozer, 1965c). The Giebeli 
and Ruber Zones are probably about the same age as the Pinacoceras metternichi 
Zone of Sevatic age. The three divisions recognized in North America do not, 
therefore, correspond with those of Mojsisovics , although Upper Norian, as used 
in Canada, is essentially synonymous with Sevatic. The grouping of zones adopted 
to form the Lower and Middle ori an Substages is, of necessity, essenti all y 
arbit rary. 

Lower Norian Substage 
Kerri Zone 

Index species: M ojsisovicsites kerri (McLearn) , ( =Stikinoceras kerri McLearn , 
1930, p. 5). (Pl. X, figs. la, b ) 

Type locality: Brown HiJI , Peace River, northeast British Columbi a (ann. 20). 

Synonyms : Stikinoceras Zone (McLearn , 1960, p. 21 etc .); Guembelites Zone 
(S ilberling, 1959, p. 22). 

Occurrence: Eastern Cordillera-Pardonet Formation, northeast British Columbia. 
Western Cordillera- Quatsino Limestone and Bonanza Group, Vancouver 
Island ; unnamed beds, northwest British Columbia. 

The Kerri Zone of northeastern British Columbia is characterized by a rich 
ammonoid fauna th at includes Sirenites nabeschi McLearn , Cyrtopleurites sp., 
Mojsisovicsites kerri (McLearn), Thisbites dawsoni (McLearn), This bites 
charybdis (Gemmell aro) , Thisbites cf. T. pyrami (Gemmell aro), Thisbites custi 
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(McLearn), Styrites ireneanus McLearn, Tropiceltites columbianus (McLearn), 
J uvavites humi McLearn, J uvavites schoolerensis McLearn , Dimorphites par­
donetiensis (McLearn), Gonionotites rarus ( McLearn ), Guembelites clavatus 
(McLearn ), Guembelites jandianus Mojsisovics. 

In the Western Cordillera only the index species is known; there it is commonly 
associated with Halobia alaskana Smith. 

The Kerri Zone of Canada has a close correlative in the Luning Formation of 
Nevada ( Silberling, J 959). Farther afield no clear correlatives have been discrimi­
nated but they are probably present in Sicily (the type area for M ojsisovicsites) 
and also in Tim or and the Himalayas (where Guembelites jandia1111s is found). 

Dawsoni Zone 

Index species: Malayites dawsoni McLearn, 1937 b, p. 130. (PJ. X, figs. 2a, b) 

Type locality : Brown Hill , Peace River, northeast British Columbia (ann. 20). 

Occurrence : Eastern Cordillera-Pardonet Formation, northeast British Columbia. 

The ammonoid fauna of this zone includes Malayifes dawsoni and related 
species, Gonionotites belli McLearn , Gonionotites afI. G. gethingi McLearn , and 
Waldthausenites spp. Waldthausenites cf. W . leophanis Diener, described by 
McLearn (1960a, p . !06) , is probably from tbe Dawsoni Zone. The halobiids of 
the Dawsoni Zone are mainly delicately ribbed species, like Halobia fallax 
Mojsisovics and Halobia superbescens Kitti. A new fauna, obtained 10 feet above 
a bed with Malayites dawsoni in Toad River area (allll. 20) includes M etacarnites 
sp., a distinctive new species of J uvavites, and Waldthausenites cf. W . acutus 
(Mojsisovics) ( =Discotropites cf. D . acutus Mojsisovics of McLearn , 1960a, 
p. 74). Waldthausenites cf. W. acutus is said to occur with Malayites dawsoni on 
Peace River (McLearn , 1941a, p . 99) and this a sociation suggests that the new 
fauna represents the Dawsoni Zone. Representatives of the Magnus Zone were 
obtained above the beds that provided this new fauna. 

A correlative of the Dawsoni Zone is probably present in Austria, where 
Malayites is known only in the Heinrichites paulckei Zone of the Feuerkogel. The 
fauna of the Paulckei Zone also includes Drepanites, a genus restricted to the 
Middle orian Rutherfordi Zone in Canada. This probably indicates that the 
Paulckei Zone, like the Aonoides and Bicrenatus Zones, includes ammonoids of 
more than one age. At least two other ammonoids from the Feuerkogel, namely, 
Waldthausenites acutus (Mojsisovics) and Waldthausenites idunae Diener, closely 
resemble species in the D awsoni Zone. These ammonoids are said to be of Karnian 
age, but as noted on page 32 the ev idence for this conclusion may be suspect. 

Middle Norian Subvtage 

The Magnus, Rutherfordi, and Columbianus Zones, wh ich are classed as 
Middle orian, all show affinity with the Cyrtopleurites bicrenatus Zone of Austria. 
This gives grounds for suggesting th at the Bicrcnatus Zone, like the Aonoides Zone 
( p. 32), is a condensed deposit . 
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Magnus Zone 

lndex species: Juvavites magnus McLearn, 1940, p. 48. (PL X, figs. 3a-c) 

Type locality: Brown Hill , Peace River, northeast British Columbia ( ann. 20). 

Occurrence: Eastern Cordillera - Pardonet Formation, northeast British Columbia. 
Western Cordillera - Lewes River Group, southern Yukon ; Bonanza. Group, 
Vancouver lsJaod ; unnamed beds, central British Columbia (?). 

The fauna of this zone includes Cyrtopleurites magnificu McLearn, Pteroto­
ceras caurinum McLea rn , Ju vavites biornatus McLearn , and Ju vavites magnus 
McLearn. In evada l ndojuvavites cf. / . angulatus (Diener) occurs at approxi­
mately the same level as Juva vi/es magnus ( . J. Silberling, pers. com.). This 
suggests that lndojuvavites cf. I . angulatus, recorded by McLearn ( l 960a., p. 92) 
from an isolated locality in the Peace River Valley, is a member of the fauna. of 
the Magnus Zone. McLearn ( I 960a, p. 90) records a. single specimen of Guem­
belites from the beds now assigned to this zone. It should be noted, however, that 
the main level for Guembelites in British Colum bia, as in Nevada, is the Kerri Zone 
(see p. 36). 

The records of the M agnus Zone from the Western Cordillera are based on 
poorly preserved ammonoids that resemble Indojuvaviles angulatus. 

Ruther! or di Zone 

Index subspecies: Drepaniles hyalti rutherfordi McLearn , 1960a, p. 46 ( =Drepa­
nites rutherfordi McLearn , 1937a, p. 98) (PJ. X, figs. 4a, b). The writer 
agrees with McLearn (1960a, p. 46) that the index amm onoid of this zone 
is not specifically separable from Drepanites hyatti Mojsisovics. A binomja] 
combination, using the subspec ific name has been used for the zone (Table 
1 l ) so le ly to provide uniform , concise terminology (Tozer, J 965c, p . 224). 

Type loca li ty: Brown Hill , Peace River, northeast British Columbia. (ann. 20). 

Occurrence: Eastern Cordillera-Pardonet Formation , northeast British Columbia. 

The ammonoid fauna. of the Rutheriordi Zone comprises Drepanites hyatti 
rulherfordi McLea.rn, Cyrlopfeurites sp., Acanlhinites cf. A. Pusebii Diener, M eta­
carnites sp., and Didymites sp. The associated halobiids are mainly Halobia cf. 
H . fa/lax Mojsisovics. McLearn ( l 94lb, p. 96) also records Ha/obia symrnetrica 
lata McLearn, Halobia cf. H . dilata/a Kittl and Halobia paca/is McLearn from 
this zone. 

Columbianus Zone 

index species: Himavatites co/umbianus McLearn , 1939, p. 55. (Pl. X , figs. 5a, b) 

Type locality: Brown Hill , Peace River, northeast British Columbia (ann. 20). 

Synonym: Hima vatites Zone (Mc Learn , J 960a, p. 26, etc .). 
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Occurrence: Arctic islands - Heiberg Formation, Axel Heiberg Island. Eastern 
Cordillera - P ardonet Formation , northeast British Colum bia. Western Cor­
dillera-Bonanza Group, Vancouver Island . Northern Cordillera-unnamed 
beds, Nash Creek area, Yukon. 

The Colum bianus Zone contains the richest ammonoid fauna known in 
Canada. Most of these ammonoids were first di scovered in North America by the 
late F. H . McLearn , and descripti ons will be found in his monograph (McLearn , 
1960a). The foJ!owi ng genera are now known from the Columbianus Zone of 
northeast British Columbia: Pseudosirenites, V redenburgites, "Sandlingites" (group 
of "S." idae), Alloclionites, ''' Steinmannites, ''' Hirnavatites, " Buchites" (group of 
"B ." modest us), H elictites, Phorrnedites, Parathisbites, *Distichites, * Thetidites, 
':' Parajuvavites, *Episcu/ites, Hypiscu/ites, Sagenites, ''' P/acites, *Pinacoceras, 
''' R hacophyllites. 

T he genera marked wi th an asterisk (*) also occur in the Columbian us Zone 
of Vancouver Island. The fa una fro m Vancouver Island contains as well at least 
two ammonoids unknown in northeastern British Col umbia namely "Dittmarites" 
cf. "D." hindei Mojsisovics and "Sandlingites" cf. "S." striatissirnus Diener. 

In Arctic Canada only Himavatites is known, and the record of this zone from 
the orthern Cordillera is based on a single small specimen of Steinmannites. 

In terms of bivalve faun as the Columbianus Zone marks the appearance of 
the genus Monotis, represented by subspecies of M onot is scutiformis (Tel ler), e.g., 
Monotis scutiformis typica (Kiparisova) and Mono/is scuti fo rmis pinensis Wester­
mann. McLearn (1960a, p. 20) and the writer (Tozer, 1961 a, p . 4) have identified 
the Monotis specimens from this level as M anolis a/askana Smith but Westerm ann 
( l 962a, p. 7 59) has shown that this identification is incorrect. At Brown Hill , on 
Peace River, the lowest beds of the Columbi anus Zone carry Halobia and the 
higher beds carry Monotis ( McLea rn , 1941b, pp. 95-96), but from other occur­
rences there is no doubt th at the ra nges of Halobia and Manolis overlap withi n 
the Columbianus Zone. It is poss ible th at the ranges of the different subspecies of 
Monotis scutiformis wi ll permit subdivision of the Columbi anus Zone but additional 
work is necessary before this can be established. 

Manolis scutiformis and related fom1s have been described from Siberia 
(Kiparisova, 1936, 1937) and Japan (Nakazawa, 1964). In the past these 
Mono/is beds have been rega rded as Karnian (Kipari sova, 1936, p. 120 ; Popov, 
1960) ; more recently as Upper Karnian and ea rl y No rian (Vozi n and T ikhomirova, 
1964, p . 5) , or ea rl y Norian (Ichikawa, 1956; Nakazawa, 1964) , but no con­
vincing evidence fo r the adoption of these age assignments has been provided. Jn 
terms of the nomencl ature applied to the orth American seq uence it wo uld appear 
that these M onotis beds a re Middle orian and probably co rrelative wi th the 
Columbi anus Zone. 

Upper Norian Substage 
Suessi Zone 

Index species: Rhabdoceras suessi Hauer, 1860, p. 125 ( = Rhabdoceras russel/i 
Hyatt, 1892, p . 398) . (Pl. X, fi gs. 6, 7) 
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Type locality : Clan Alpine R ange, Nevada (Silberling, in Silberling and Tozer, 
in press). 

Occurrence : Arctic islands - Heiberg Formation, E llesmere, Axel Heiberg, Corn­
wa ll , and Brock Islands. Eastern Cordillera - Pardonet Fomiation, northeast 
British Columbia. Western Cordillera - Tyaughton Group, Nicola Group, and 
unnamed rocks, southern British Columbia; Bonanza Group, Sutton Forma­
tion, Vancouver Island ; Parson Bay Formation, Queen Charlotte Strait; 
Kunga Formation, Queen Charlotte Islands ; Sinwa Formation and unnamed 
rocks, northwest British Columbia; equivalent of McCarthy Formation and 
Lewes River Group, southern Yukon. Northern Cordillera - Shublik For­
mation and related , unnamed formations, northern Yukon. 

Tn terms of earl ier nomenclature applied to rocks in Canada, the Suessi Zone 
is eq uivalent to the Monot is subcircularis Zone of McLearn ( I 960a, etc.) and 
Tozer ( 1965c) , together with the beds in western British Colum bia and southern 
Yukon that contain the " late Norian fauna" (Tozer, 1954; 1958, p. 19). Rhab­
doceras suessi occurs in the Monotis subcircularis Zone and is also a member of 
the " late orian fauna". Two divisions are recognized within the Suessi Zone: a 
Lower Suessi Zone, equivalent to the Monotis subcircularis Zone; and an Upper 
Suess i Zone, which includes the Norian beds that overlie Monotis subcircularis. 

Westermann (1962a) has proposed an elaborate classification for the beds 
generally assigned to the Monotis subcircularis Zone, but for reasons given under 
annotation 19 his class ification has been found unacceptable. 

Tn most parts of Canada the Lower Suessi Zone is known on ly from pelagic 
faunas. The Upper Suessi Zone, on the other hand, contains a richly varied 
benthonic fau na. The differences between the faun as of the upper and lower parts 
of the Suessi Zone are largely due to environmental influences, and it is unlikely that 
the boundary between the two parts of the zone represents a constant time­
stratigraphic plane. evertheless, a division of the Sucss i Zone into two parts 
provides the most appropriate means of expressi ng the relationships observed in 
Canada. 

The fo llowing ammono'.ds are known from the Lower Suessi Zone of the 
Cord illera ("E" indicates occurrence in the Eastern Cordillera; " W" in the Western 
Cord illera): "Cera tit es" aff. C. riezingeri Mojsisovics (E), Rhabdoceras suessi 
H auer (E, W) , Halorites cf. H. americanus Hyatt (E, W) , Halorit es? n. sp. 
( = lndoclionites? sp., McLearn, 1960, p . 45) (E), Sagenites sp. (W), "A rcestes" 
sp. (E), Placites sp. (E) , Rhacophy/lit es sp. (E, W). 

The Upper Suessi Zone is known at only one locality in the Easte rn Cordillera 
- Rapide-qui-ne-parle-pas on Peace River - where Rhabdoceras suessi, Placites 
sp., Rhacophyl/ites sp., and nautiloids occur in beds above Monotis subcircularis. 

The Upper Suessi Zone of the Western Cordillera is known from numerous 
localities and has provided the following ammonoids: Choristoceras suttonensis 
Clapp and Shimer, Rhabdoceras suessi H auer, Paracochloceras suessi (Hauer), 
Cycloceltites cf. C. arduini Mojsisovics , Metasibirites sp., "A rcestes" sp., "Cladis-
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cites" sp ., Paracladiscites sp. , M egaphyllites cf. M . insectus (Mojsisovics) , Placites 
sp., Rhacophyllites sp. The faun a of the Upper Suessi Zone also includes m any 
benthonic bivaJves, echinoids, brachi opods, and corals. 

R ecognition of th e Suess i Zone in the Arctic islands is based solely on the 
occllfrence of Monot is ochotica (Keyserling). Monotis ochotica is undoubtedly 
closely related to M . subcircularis, but whether or not they are exactly the sa me 
age is uncertain. The evidence from British Columbia (ann. 18) seems to indicate 
that whatever the exact relationship M. ochotica is certainly not older than M . 
subcircularis. Ammonoids are also unknown in th e Suessi Zone of tl1 e Northern 
Cordillera, where the zone is recognized from the occurrence of M onotis subcircu­
laris and M . ochotica. 

The Suessi Zone m ay be correlated witl1 the Pinacoceras rn etternichi Zone of 
Austria , as represented in the H allsta tt Limestone of the Steinbergkogel, and in 
the Cochloceras-bearing p art of the Zlambach Beds, as exposed in the Stambach­
graben (Arth aber, 1905 , p . 380 ; Ki ttJ, l 903, p p. 16, 58-59 ; Kuehn, 1962, p. 
528) . Nearly all the ammonoid genera li sted from the Cochloceras beds are 
present in the Suessi Zone of Canada. Monotis salinaria Bronn, a close relative of 
M . subcircularis, is also a member of tl1 e fauna of the Cochloceras beds, acco rding 
to Kittl. Mojsisovics ( l 893) desc ribed both Rhabdoceras suessi and Paracoch­
loceras suessi from the Stambachgraben, and evidently regarded these species as 
representatives of the Choristoceras haueri Subzone, of the M etternichi Zone. H ow­
ever, it was later shown by Kittl that the H aueri Subzone includes two assemblages , 
one of Norian , the other of Rh ae tian age. Choristoceras haueri is fro m the part 
that is now generally regarded as Rhaetian (Spath , 1934, p. 39; Kuehn, 1962, p . 
87) . M ojsisovics recorded Rhabdoceras suessi from the Sagenites giebeli and 
Cladiscites ruber Zones, as well as from the M etternichi Zone. H e believed that 
the Giebeli and Ruber Zones were substanti ally older than the Metternichi Zone, 
but according to Diener (1926) the supposed age relationship between these three 
zones is not based on superposition. Mojsisovics' zonal sequence for the Norian 
is certa inly incorrect, and the Metternichi , G iebe li , and Ruber Zones are probably 
more or less the same age (Tozer, J 965c, p. 225). 

On the basis of occurrences of M onotis a nd Rhabdoceras, correlatives of the 
Suessi Zone can be recognized in the Tethyan, C ircu m-Pacific, and Circum-Arcti c 
areas. The occurrences in northeast Asia are of particu lar interest because they 
apparently permit the recognition of both the lower and upper parts of the zone. 
P opov ( J 96lc, d) has recently described Norian ammonoids from northeast Asia. 
He h as descr ibed ammonoids from two levels: the lower being the beds with 
Mono/is ochotica and the upper being the beds between those with Monotis and t he 
Lower Ju rassic. From the lower level he records ammonoids identified as follows: 
Clionites cf. C. gandolphi M ojsisovics , Anatomites cf. A. subinterruptus Mojsiso­
vics, J uvavites cf. J. senni Mojsisovics, A rcestes colon us Mojsisovics. Afitsky 
(1965) h as recently added Rhabdoceras boreale Afi tsky to thi s li st. From the 
beds above those with Monotis ocholica, on the Bolshoi-Anyuy River, Popov has 
described Placites symmelricus M oj isovics, Placites cf. P. platyphyllus Mojsisovics , 
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Megaphyllites insectus Mojsisovics. Arcestes cf. A . biceps Mojsisovics, Cladiscites 
beyrichi Welter, Rhacophyllites debilis timorensis Welter , Rhacophyllites cf. R . 
debilis H auer. Popov and Afitsky regard the M ono/is ochotica beds as "Lower 
Norian ", i.e., older than Sevatic ; the overlying beds they consider to be Upper 
Norian. From the evidence in Ca nada there seems to be no doubt that Monotis 
ochotica and Manolis subcircularis occur only in the Upper Norian, and this seems 
to justify the suggestion that the Manolis ochotica beds of As ia are corre lative with 
the Lower Suess i Zone, and the overlying beds , with Placites, etc ., with the Upper 
Suess i Zone. Anatomites and Juva vites, recorded by Popov from the Monotis 
ochotica beds, suggest an age older th an Upper o ri an, but the specimens illus­
trated are small and are possibly the inner whorls of Upper orian Halorites. 

Tuchkov (l 962) rega rds the Manolis oc/wtica beds as Upper Nori an and 
dates the immed iately over lying strata, in both Asia and Ca nada, as RJiaetian. 
This age ass ignment cannot be upheld because on both continents characteristic 
Nori an ammonoids occur above the Monotis ochotica and Manolis subcircularis 
beds. There is no justification for correlating any part of the Suessi Zone with 
the Rh aetian. 

In New Zealand the Warepa n Stage (with M ono/is richmondiana Zittel) and 
the overlying Otapirian Stage (with A rcestes cf. A. rhaeticus Clark) are probably 
equivalent, respectively, to the Lower and Upper Suess i Zones although it is 
possible, as generally held , that th e Otap irian includes beds of Rhaetian age 
(Marwick, 1953 ). 

Rhaetian Stage 

One ammonoid zone, that of Choristoceras rnarshi, is recognized in the Rhae­
ti an Stage. This zone as developed in Canada correlates with the typical Rhaetia n 
beds of the northern Alps in Austri a and southern Germany. The correlation is 
based on the occurrence of Choristoceras marshi and a lso on the stratigraphic 
position of the Marshi Zone with respect to the underl ying Suessi Zone, which , as 
already shown, clearl y includes cor relatives of the typical Upper Nor ian Metter­
nichi Zone. 

From the standpoint of ammonoid faunas the Rhaetian is not well endowed 
for world-wide recognition. Uncoiled representatives of the genus Choristoceras 
occur in the Suess i Zone . Not one ammonoid genus is restricted to the Rh aetian; 
all are survivors from the Norian. Spath ( J 934, p. 39) proposed two divisions 
(RJiaetitan, followed by Eopsiloceratan.) for the Rhaetian. Spath 's interpretation is 
not based on superposed faunas , and it appears that his conception of the RJiaetian 
as a long time interval is not supported by the ava ilable evidence. Popov 
( 196lb, c) has drawn attention. to the fau na! break that occurs at the base of the 
Upper orian and has proposed that the Rhaeti an should be enJarged by embracing 
the Pinacoceras metternichi and Sirenites argonautae Zones . However, the Metter­
nichi Zone is Upper orian in terms of the original definition of the stage and the 
Argonautae Zone has a very doubtful status (Kitti , 1903 , p. J 5). From the 
standpoint of priority and general usage it is thus imposs ible to support this 
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proposal , despite the fact, recognized by Popov, that the boundary beneath the 
Upper Norian is more readily recognized than that between the Upper Norian and 
the Rhaetian. 

TraditionaJly the A lpine Rhaeti an depos its have been correlated with strata 
that lie immediate ly beneath the Psiloceras planorbis Zone (lowest Ju rass ic) in 
northwest E urope. These beds beneath the Planorbis Zone are characterized by 
Rhaetavicula contorta (Portlock), a bivalve that is a lso recorded from the Alpine 
Rhaetian deposits. The wide di stribution of this bivalve led to the introduction of 
the "Contorta Zone" as a synonym fo r the Rhaetian Stage. o ammonoids have 
been described from the Contorta Zone of north west Europe. Slavin ( L 961 , 1963) 
has recently questioned the generally accepted correlation of the Alpine Rh aeti an 
with the Contorta Zone. He has suggested that the Contorta Zone of Schwab'. a, 
E ngland, etc., is younger than the Choristoceras-bearing, typ ica l Rhaeti an strata. 
He proposes th at the Contorta Zone of northwest Europe should be assigned to a 
new unit, the Bavari an Stage, which he rega rds as the basal stage of the Jurassic 
System. Because of the uncertainty of the correlation between the Alpine Rhaetian 
and the extra-A lpine Contorta Zone, Slavin"s proposal has much to recommend it, 
although it has been criticized by Tri.impy ( J 963), who accepts the class ical cor­
relation. Even if the Bava ri an Stage is rejected, it seems undesirable to continue 
use of the term Rh aeti an for the Contorta Zone of north western Europe. The 
Rhaetian Stage should accommodate onJy the beds that unquest ionably correlate 
with the stratotypc Rhaetian rocks of the A lps . 

Marshi Zone 

Index species: Choristoceras marshi Hauer, 1865, p . 655. (Pl. X , figs . 8, 9) 

Type locality: Kcnde!bachgraben , St. Wolfgang, Austria. Reference locality for 
Ca nada: Tyaughton Creek, above Spruce Lake Creek, southwest British 
Cor umbia (ann. 32) . 

Choristoceras marshi is cited as the zonal index for the Rhaetian Stage by 
Kumm el (1957 , p. Ll 24) . European authors do not use an ammono:d as a zonal 
ind vx for the Rh aetian , but Choristoceras marshi, ori gin all y described from the 
Kossen beds ( the stratotype formation for the Rh aetian) seems as suitable a 
choice as any. 

Occurrence: Western Cordillera - Tyaughton Group, southwest British Columbia. 

The Marshi Zone is known at only one locality in Ca nada, Tyaughton Creek 
on th e east si de of the Coast Mountains. Two specie of ammonoids occur: 
Choristoceras marshi Hauer, and "A rcestes" sp. The beds containing this small 
ammonoid fauna a re correlated with the typical, Alpine, Rhaeti an. Cephalopod­
bearing Rhaetian deposits are relatively rare. T hey occur in the Kossen Beds of 
the Bavarian Alps , notably near Garmisch , and in the Osterhorn area near St. 
Wolfgang in Upper Aust ri a (Mojs isovics, 1893). In Salzkammergut the Choris­
toceras haueri-bearing part of the Zlambach beds are generall y regarded as Rh ae-
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tian (Kitti , 1903, p. 16; Arth aber, 1905 , p. 380; Kuehn , 1962, p . 528) as are 
the Zlambach beds of F ischerwiesc, with Choristoceras cf. C. marshi (Arthaber, 
1905 , p . 383). 

Correlatives in the U nited States occur in the Upper Member of the Gabbs 
Form ation of Nevada (Mu ller and Ferguson, 1939, p. 1606; Sil berling, 1959, 
p. 27) and in the Modin Form ation of Ca li fo rnia (Sanborn , 1960). 
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ANNOTATIO S 
The annotations deal success ively with the Arcti c islands and the eastern , 

weste rn and northern parts of the Cordillera. Localities are given with refe rence 
to the 1 : 250,000 maps of the Nation al Topographic System. A full list of the 
map-a reas referred to and an index map showing their pos iti on is provided by 
Figure 1. 

umbers of fo ur or five digits in parentheses, without p refi x, refer to the 
Geological Survey of Canada catalogue of invertebrate fossil localities. These 
numbers a re pl aced on all specimens fro m one local ity; they do not refer to indivi­
dual specimens. In the palaeontological appendix and on the plate descriptions 
numbers prefixed "GSC No." refer to individual specimens housed in the type 
collection of the Geological Survey. 

1. The Suessi Zone is recognized in the Arctic is lands o n the basis of occurrences of 
M onotis ochotica (Keyserl in g) in the He ibe rg Fo rm at io n of Cornwall I sla nd (Cornwall I sland 
area), Brock Island (Ba ll antyne Stra it a rea) , R aanes Peninsul a, E ll esme re Island (Eureka 
Soun d South a rea) , and eas tern Axe l H eibe rg Island (Eureka So un d o rlh a rea) (Tozer, 
196 Jb, p. 106; McLaren, 1963 , p. 53 0; So uther, 1963 , p. 433 ; Toze r and T horstein sson, 1964, 
p. J 19). N o a mmono ids are known fro m the Suessi Zone in the Arctic is lands. 

2. The Columb ianus Zo ne i represented in the H eibe rg Fo rm ati on 3 miles east of the head 
of Wolf F io rd in G lacier F io rd a rea, Axel He iberg Isla nd (G le ni ster, 1963 , p. 477). Specimens 
of Mono tis fro m th is locality (26450 ) we re tenta ti ve ly ass igned to Manol is ocho tica (Keyser­
ling) (Tozer, 196 1b, p. 107, Pl. XX X, figs . 1-3), but, as indicated by Westerma nn ( 1962a , 
p. 773), these specimens shoul d not be assigned to that species. T hey probably rep resent a new 
subspecies of Monotis swtifom1 is (Teller). A new collec ti o n was obtained fro m thi s locality 
in J 962. Associated with Mo notis in the new co ll ecti on (5 1643) are specimens of Hi111avatites 
cf. H . canadensis McLearn. T he stra ti gra phic re lationship between the beds with H i111ava tites 
a nd th ose with Monoris ochotica has not bee n posit ively demonstrated o n Axel H eiberg Island. 
Their st ratigraphic separation is probably small. 

3. The M e/eagrinelfa antiqua beds o f Elles mere and Axel H eibe rg Isla nds (Eureka Sound 
No rth a nd South a reas, G lac ier io rd a rea, Gree ly Fio rd West a rea), which occur in the 
lowe r part of the H eiberg F o rm atio n (G lenister, 1963 , p. 477; Southe r, 1963 , p. 433; T oze r, 
196 1 b, p. l 04), can not be precisely dated but are youn ger th a n the Wei Je ri Zone and olde r 
than the Columbi anus Zone. 

4. U ppe r Ka rni an strata , probably correlative with the Welleri Zone, occur at several 
localities in the Arct ic is lands. They include the beds with A rctosirenites canade 11 sis Tozer, 
Sirenites costa111s T oze r, a nd Jovites borealis Toze r in the uppe r pa rt of the Bl aa Mounta in 
Formation of Axel Heibe rg Isla nd (Eureka Sound o rth area) (T ozer, 196 1 b, pp. 20, 3 7); 
the Jovites borealis bed of: the Schei Poin t Fo rmation of T able Island (Co rn wall I sland area); 
and the bed with T ropites cf. T . 111 orani Smith and Jovites richardsi T ozer in the Schei Poin t 
Fo rm ation of Camero n Island (Do mett Poin t a rea) (Tozer, J 96lb, p. 37). In add iti on, o ne 
we ll -prese rved Ju vavites has been ob ta ined fro m the uppe r pa rt of the Bl aa Mountain Form a-

44 



ANNOTAT IONS 1-8 

ti on of Strand Fio rd a rea, weste rn Axe l H eiberg Island (5 1632) (T ozer, J 963c, p. 13). All 
these occurre nces indi cate at leas t an a pprox im ate co rrelation with the Welleri Zone, fo r the 
fo ll owing reasons: Tropites m orani is a me mbe r of the fa un a of the Welle ri Zone; Arcto­
siren ites ca 11ade 11sis is now known to occur in a near o r exact We ll eri co rre lati ve in Bri tish 
Columbia (a nn . 22); l uvavites is not known to occur below the Welle ri Zo ne in Ca nada. 

5. The Sirenites beds in the Blaa Mounta in F o rm ation of E ll esme re and Axel H eibe rg 
Isla nds a re ve ry thick. As ye t they have not been subdi vided bios trati gra phica ll y, a lth ough as 
already noted, Sirenites cosla/11s T oze r is probabl y a relati ve ly youn g species, representin g the 
Welle ri Zo ne. Jn some sections S irenites se11 ticos11s ( Dittma r) occurs at a hi gher level th a n 
S iren ites 11a11se11 i Tozer, for exampl e, at Blaa Mounta in . E llesme re Tsland (Greely F io rd West 
a rea), where S irenites sen ticosus is in the U pper Ca lca reous membe r (55479) and Sirenites 
11a11se11i is in the lowe r part of the Midd le Shale membe r (Tozer, 196 1 b, p. 79) . In view of 
the associatio n in British Colum bia (a nn . 23), th is is rega rded a in uffi ient ev idence fo r the 
recognition of two S ire11 ites zones of use fu l applicatio n, and fo r the time be ing both the 
Sireniles 11anse11i and S ireniles se11t icos11s beds a re rega rded as re presentati ve o f the anseni 
Zo ne. Jn th is se nse the N anseni Zone is known fro m th e Sche i Point Fo rm ation of Borden 
Isla nd , Co rnwa ll I sland , Baum ann F iord . a nd E ureka Sound South a reas, and fro m the Blaa 
Moun ta in F ormatio n of Bukken Fio rd , Gree ly Fiord West, and Strand Fio rd areas. 

" Protrachyceras" sverd m pi Kitt i, descri bed fro m materi a l co llected by Pe r Schei o f the 
Second N orwegia n Expeditio n in the "F ra m" from Ammo nite Mounta in , Bjo rne Peninsul a , 
E llesmere Isla nd (Baum ann F io rd a rea) , is probabl y from the upper part of the Schei Po int 
Fo rmation a nd o f Karnian age. The exact age and affini ties o f this species a re not known. 

6. The Tri ass ic section N E of Griesbach C reek south of Bunde Fio rd in NW Axe l Heibe rg 
lsland (Buk ken F iord area) provides so me da ta o n the seq uence of the M idd le and Uppe r 
Triass ic amm o no id fa unas. as well as the best seque ntia l da ta fo r the lowermost Tri ass ic 
(ann . 17) . Sirenites 11a 11se11i T oze r, indica ting the N anse ni Zone, occurs near the base o f the 
M iddle Shale me mber o f the Bl aa Mo untain F ormatio n (64787). The underl ying Lowe r 
Ca lca reous member is o nl y 25 feet thick at thi s locali ty. The Lowe r Shale me mber, at the 
base o f the formatio n, is 335 feet thick and provided foss ils from three levels, as fo llows: 

U ppe r bed, 9 fee t be low Lowe r Calca reous membe r, Discophy llites cf. D . tai111 yre11sis 
Po pov, Ha/obia cf . H . zitteli Lindstrom (64795 in pl ace; 47565 , 47535 , 64727 in ta lus). 
M iddl e bed, 49 fee t be low Lower Ca lca reo us membe r, Neocladiscites cf. N. m ar tini (Smith ) 
(64726 ). Lowe r bed, 55 fee l be low Lower Ca lca reous member, D ao11e /la frami Ki tt i (64794). 

The bed with D aonella frc1111 i is Lower Ladini a n, pro bably Subas pe rum Zo ne. T he 
Neoc ladiscites is identical with a species th at occurs with Natho rstites o n Ellesme re Island 
(Tozer, 1961 b, p . 34) and is U pper L adini an. The bed with D iscophy llites and Ha/obia has 
no known exact coun terpart in Canada. Because it lies between the U ppe r L ad ini an and the 
Nanseni Zone it is presumabl y Lower Ka rnian and possibl y re presents an a pprox im ate co r­
re lative of the Obesum Zone. 

7. The Nathorstites beds of the Schei Poi nt and Bl aa Mounta in F o rm ations, in G reely Fiord 
West, E ure ka Sound South , Bauma nn F io rd , and Co rn wa ll Island areas (T oze r, 196 1 b, p. 90 ) 
a re dated as U pper Ladini an. Now th at it is known th at species of Na thorst ites closely re lated 
to Nathorstiles 111 cco11 11 elli (Whiteaves) range throu ghout the who le of the U pper Ladin ia n, 
it is not possible to ass ign the Arctic beds to a zo ne. Furthe r taxonomic stud y of the U ppe r 
Ladinian N athorstites will poss ibly pe rm it a more p recise dat in g of these beds. 

8. T he D aone/la frami beds of the Sche i Po in t and Blaa Mo un ta in Format ions (Toze r, 
196 lb, p. 33) probabl y re present the Su bas perum Zone. Amm onoids a re rare in these beds, 
but on Bjo rne Pe ninsul a, E ll esme re Isla nd ( Baum ann Fio rd a rea) , Longobardi/es sp. , Prolra­
chyceras sp., and Ptych ites 1wn uk T oze r occur with D ao11 ella frami K ittl. D aone//a fram i, 
occurrin g a lo ne o r associated with D ao11ella degeeri Boehm , is very widely di stributed fo r it is 
known from Otto Fio rd , Bu kken Fiord , G ree ly Fiord West, Middle F io rd , Eureka Sound 
No rth and South , and Co rnwa ll Tsla nd a reas. Fo rme rly these beds we re simpl y dated as 
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A nisian o r Ladinian , but now that Sil berl in g ( 1962 , p. l 53) has shown that Protrachyceras 
is unknown below the Lad ini an in Nevada it see ms probable tha t the D ao11ella fra111 i beds are 
post-Anisian . The Protrachyceras from Bjorne Peninsu la (Tozer, 196 1 b, Pl. XXI, figs . la, b) 
has simple sp inose, non -clava te ventra l tubercles, like Protrachyceras 111 eek i ( Moj isovics) 
which occurs in the Subasperum Zone of Nevada. 
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FIGURE 2. Spath and Di ener Creeks, south of Otto Fiord, Ell es'Tiere Island (Bukken Fiord 
area). Ligh l colour ed ro cks are Pennsy lvanian and Pe rmian; darker rocks are 
Tria ssic. Th e arrow indicat es th e co l, north of Spath Creek, w here the Subro­
bustus and Caurus Zon es a re in se quence in th e Lower Shale memb er o f th e 
Blaa M oun tain Forma tion. For d etail south of Di ener Creek see Fi g. 6 . RCAF 
T4 04l.216 (20, 000 feet elevation} 
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9. T he best known sequence of A nisia n fa unas in the Arctic islands is in the Schei Point 
Format io n of Exmouth Isla nd , which lies in Co rn wall I sla nd a rea (Tozer, 196 1 b, p. 15). The 
Caurus Zone occurs nea r the base of the format ion where it is represented by Pearyla11dites 
sp. (Toze r, J 96 1 b, Pl. XXII, figs. 3a, b) assoc ia ted with hun ga ritids now identified as 
Le11otropites cf. L. caurus ( McLea rn) (3 0339). Concret ions above the Ca urus Zone conta in 
Dao11 el/a cf. D. a111e rica11a Smith (3 0372) a nd a re Upper Anisian, probably D eleeni Zone. 
Hi ghe r beds conta in Gy11111otoceras cf. G. /aq11 eat111n (Lindst rom) ( = Frechites sp. of 
Tozer, J96 1b, Pl. XXII, figs . 4a, b) and Ptychites cf. P. trochlaefor111is ( Lindstrom) (op. cit., 
Pl. XX fT , fi gs. J, 2) that indicate the C hischa Zone. Ptychites cf. P. trochlaefonnis also occu rs 
in the Lower Shale member of the Blaa Mo untain Format ion. 

I 0. The Vari um Zone is prese nt in the Lower Sha le member of the Blaa Mountain Formation 
at Sm ith C reek NW of Hare Fiord , E llesmere Island, in Greely Fiord West area (Toze r, 
1965a, p. 4) (see F ig. 4). Posido11ia ara11ea Tozer, indicating the Subrob ustus Zone, occurs at a 
lower level in the Blind Fiord Formation ( 47549, 47563). The Vari um Zone is represented by 
A11agym11otoceras n. sp. (desc ribed by McLearn, i11 press) , 553 feet above Posido 11 ia ara11ea 
(5 1677). A lower bed , 540 feet above Posidu11ia ara11 ea, conta ins Sturia sp. indet. a nd 
Uss11rites cf. U. yabei Die ner indi ca tin g e ithe r the Ca urus Zone or the Va rium Zone (5 1676). 
Occu rre nce of the Va rium Zone in the lower part of the Schei Po in t Fo rmation of Ellesmere 
Is land is ind ica ted by the presence of A 11agy 11111otoceras cf. A. he/le (McLearn) (Toze r, I 96 1 b, 
p. 16) (28675). 

11. The Subrobustus Zone (type locality) a nd the Ca urus Zo ne a re in sequence in the Lower 
Sha le member of the Blaa Mountain Formation near Spath Creek, south of Otto Fiord, 
E llesmere Isla nd, in Bukke n Fiord a rea (see Fig. 2). 

E.T. T., 1964 

FIGURE 3. Cliffs 20 miles sou th ea st of Cop e Stollwo rthy, Ax el Heib erg Island (Cape Stallworthy oreo ). 
( l) indicates posi tion o f th e Sverdrupi Zone; (2) Smithion b ed s w ith Arctoceras; (3) th e Pil a ticus 
Zone; (4) the Subrobustus Zone. A sm all fault breaks th e section b etween (1) and (2). Th e 
Arctoceras beds ore near th e top of th e Blind Fiord Formation; th e overly ing strata are a ssigned 
to th e Lower Shale member of th e Bla a Mountain Formation. 
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This is the type locality for the Spathi a n tage (Toze r, I 965b, p. 4). The fa un a of the 
ubrobu stu s Zone fro m this loca lity has been described (T ozer, I 965a , p. 3) and includes 

Posidonia aranea Tozer, Popol' ites borea /is Tozer, Zeno ites arcticus Tozer, Olenikites cana­
densis Tozer, Svalbardiceras frebo ldi Tozer, and Keyserlingites s11brob11st11s (Moj isovics). 
From higher beds in the section , two beds, 9 feet a part, indicate the Caurus Zone. The lower 
bed (47550), 170 feet above the Subrobustus Zo ne. co ntains Crc1111bergia aff. C. 111 ctaggarti 
(McLea rn) , C y 11111ites ? sp. indet. , and Leiophyllites sp. The upper bed (47580), 179 feet 
above the Subrobustus Zone, has L eno tro pites cf. L. caums (McLearn) ( = Peary landites sp., 
Toze r, J 965a, p. 3) . 

12. The Pil alicus Zone ( type loca li ty) and the Subrobustus Zone are in seque nce in the 
Lower Sha le member of the Bl aa Mountain Formation al the cli ffs on the coast of Nansen 

ound, o n Axe l H e ibe rg Island, 20 mil es SE of Cape Stallworth y (Cape Stallworthy area) 
(Tozer, I 965b, fi g. I ) (see Fi g. 3) . The Pil a ti cus Zone, rep resented by Olenikites pi/aticus 
n. sp. a nd Co/wnbites sp. (647 J9) occurs about 80 feet above the base of the Lower Shale 
member and I 00 feet above Smithian beds with A rc toceras b/0111 stra11di ( Lindst rom ) (647 18). 
The Subrobustus Zone, abo ut 150 feet above the Pilat icus Zone, conta in s fra gile specimens 
of Posidonia ara11 ea, which we re not co llected. 

FIGURE 4. S11i th Creek, flowing into Nansen Sound, near Hare Fiord, Ell es11ere Island (Greely Fiord West 
area). (P) indicates Permian rock s; (BF), th e Blind Fiord Forma tion; (LS) th e Lower Shale memb er 
of the Bia a Mountain Fo rm ation. (1) indicates th e positioo of th e Ronund " ri Zone ; (2) th e Tard us 
Zone; (3), th e Subrobustus Zone, and (4 ), th e Variu11 Zone. Th e cli ffs facing Na nsen Sound have 
also b een illustrated. (Tozer, 1961 b, Pl. 11.) RCAf T408l -182 (2 0,000 feet elevat ion) 

13. The Romunderi , Tardus, and Subrobustus Zones a re in sequence in the upper beds of 
the Blind Fiord Formation , ex posed on the west coast of Ellesmere Island, 5 miles NW of the 
entrance to Hare Fiord (Greely Fiord West a rea) (see Fig. 4) . They a re also in seque nce 
about a mile inland, in Smi th C reek (Toze r, 196 1b, pp. 12, 13; 1965a , p. 3) (see Fig. 4) . 
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Thi is the type loca lity for the Smithian Stage. The stratigraph ic interval s a re as follows; each 
zone is about a foot thick . 

Sub robustus Zone: Posido11ia ara11 ea T oze r, 2,825 feet above base of Blind Fiord Forma­
tion (475 63) . 

Tardus Zone: Wasatchites cf. W. tard11s ( McLearn ), X e11 oce ltit es sp., "Pse11do1110 1101is" 
occide11talis ( Whiteaves) , 2,015 feet above base of Blind Fiord Formation ( 47 54 7). 

Romunderi Zone ( type locality): Pse11dosageceras 11111/rilobat11111 N oetlin g, E11f/emi11gites 
rom1111deri Tozer, Flemi11gites? sp., J11 ve11ites ca11ade11sis Tozer, J11 ve11ites crass11s Tozer, 
Prosphi11gites spat hi Frebold, A 11 akas/1 111irires borealis Tozer, Meekoceras graci /itatis White, 
Arcloceras blomstra11di Lindstrom [= A rctocerns oebergi ( Mojsisov ics) ], Posido11ia mimer 
Oeberg, "Pse11do1110 11 ot is" boreas Oeberg (Tozer. J 96 1 b, p. 13) , 1,795 fee l above base of Blind 
Fiord Formation . 

Twenty-two miles W from the ectio n desc ribed above, on the c liff 6 miles SE of the 
en trance to Otto Fiord ( Bukken Fiord a rea), the Tardus Zone is aga in exposed, with the 
fo ll owi ng (51672): Prosphi11gites cf. P. spat/i i Frebolc\ , A rctocerns b/0111strn11di ( Lindstrom) , 
Wasatchites cf. W. tard11s (M c L ea rn ) , and "Pse11do111 011otis" occide11talis (Whiteaves). This 
is the onl y place in Ca nada where Arctocerns is known to occu r in the Tardus Zone. Wasat ­
chites and A rctoceras a re undoubted ly assoc iated; they occur o n the same slab of rock . 

The T a rclu s Zone is a lso known from a section south of Bunde Fiord , Axel Heibe rg 
fslancl , in the western part of the Bukke n Fiord a rea (Tozer, 196 1 b, p. 3 I ) . 

14 . The re lationship between the Sve rclrupi a nd R omunderi Zo nes i hown in the Bline\ 
F iore\ omiation on the blu ffs west of Lindstrom Creek, on the north side of Otto Fiord , 
El le mere I sla nc\ (Cape Sta ll wo rth y a rea) (Tozer, i 965b, pp . I , 3) (see Fig. 5). Th is i the 

E.T.T. , 1961 

FIGURE 5. Exposures of Blind Fiord Formotion west of Lindstrom Creek, norlh side of Otto Fiord, Ell esmere 
Island (Cape Stallworthy a re a). Th e Sverdrupi and Romund eri Zon es were collected in sequence 
about half a mile north of the cliff. Th e level of th e Sverdrupi Zone is near or below th e base of 
se quence shown ; th e leve l of th e Romund eri Zone is near th e midd le. 
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type locality for Para11 orites sverdmpi T ozer, and the type locality fo r the Sverdrupi Zone. At 
thi s pl ace the Sve rdrupi Zone, represented by the index species, is a foot thick and lies about 
900 feet above the base of the Blind F iord Formation. Four hundred feet h igher (47801 ) the 
Rom underi Zone is represented by E 11 f/e111i 11gites ro111 111 llleri Tozer, J11 ve11ites crass11s Tozer, 
and "Pseudom o11 o tis" boreas Oeberg. A rc toceras cf. A . blom stra11di (Lindstrom ) occurs 253 
feet above the Ro munde ri Zone (47623) , and aga in 280 feet above the sa me datum (47534). 
The exact corre lat io n of these A rctoceras beds is unce rtain but they are undoubtedly Smithian. 

A somewhat simil ar rel atio nship is in evide nce in the vicinity of Bunde Fiord, NW Axel 
Heiberg Island (Bukken Fiord a rea). In this a rea the beds assigned to the Romunderi Zone 
a re characte ri zed by E11f/emingites cf. E . cirratus (White) . The strati graphic positi on of th is 
fau na is shown by the section on the NE side of Griesbach Creek, south of Bunde Fiord 
(T ozer, 1965b, p. 2) whe re £11flemi11gites cf. E. cirrat 11s (White) (64792) occurs 700 feet above 
the base of the Blind F iord Fo1111ation and 25 0 fee t above the Sverdrupi Zo ne, rep resented 
by the index species in situ (64723 , 64725) a nd Cly peoceras n. sp. (47 584) in talus. On the 
south side of the island between Bunde and Bukken Fiords the fo ll owing a re associated with 
Euf/e111 i11gites cf. E. cirratus (47526): "Paranorites" cf. " P." koly 111e11sis cos/ala Popov 
(1961) (not C/ypeoceras cost a/us (Popov) of Vavilov, 1965) , A rctoceras cf. A. blomstra11di 
(Lindstrom) . 

15 . At most loca li ties in the Arctic islands the Sverdrupi Zone yields onl y the index species; 
however there a re two pl aces in northern Axe l Hei berg Island where additional a mmonoids are 
known . One is in Cape Stallwo rthy a rea o n the cl iffs 20 miles SE of Cape Stal lworth y (see 
Fig. 3). The Sverdrupi Zone is in the Bli nd Fiord Form at ion . A sma ll fault occurs between 
the beds with the verdrupi Zone a nd those with Smithian and Spathian a mmo no ids (ann. 12). 

E.T. T., 1962 

FIGURE 6 . Bluffs south of Di ener Creek, south of Otto Fiord, Ell esmer e Is land (Bukken Fiord area). (1) indicates 
th e position of th e contact between Permian rocks and th e Blind Fiord Formation; Otoceras sp. 
occurs in th e sl ee p cutbank to th e right. Th e Strigatus and Candidus Zones are in sequence on th e 
slop e indicated by (2). (3) shows th e positi on of th e Sverdrup i Zon e. 
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The beds assigned to the Sverdrupi Zone a re 25 feet thi ck and lie about 450 feet above the 
base of the Blind F iord Formation. Foss il s we re obtained from three beds, as fo ll ows: 

Upper bed (647 J 6) : Para11orites heibergensis Tozer ( = Prio 11 0 /obus plicalus Toze r, 11 01 
Waagen) , Clypeoceras n. sp. (as at 47584, ann . 14). Midd le bed, JO feet be low U pper bed 
(647 17 ): Para11o rites cf. P . ki11gia11us (Waagen). Lowe r bed, 25 feet below Upper bed 
(64715) : Para11orites sverdrupi Toze r. 

The seco nd locali ty is in Bukken F iord a rea, south of Bunde Fiord, 3 miles W of Camp 
F ive C reek, where Pseudosageceras 111u/1iloba twn Noetling and Paranorites h eibergensis occur 
about 500 feet above the base of the Blin d F io rd Formation, and 200 feet above the 
Candidus Zone (6473 1, 64764 , 64856) . 

16. The Sve rdrup i, Ca ndid us, Strigatus, and Borea le Zones a re in sequence in the Blind Fiord 
Formation south of Diene r Creek , wh ich drain s into Otto Fiord on Ellesmere Island (Bukken 
Fiord area) (Toze r, l 965b, p. 3) (see F igs . 2, 6). Thi s area ( lat. 80° 57'N , long. 88 ° 50'W ) 
provides the type section for the D ieneri an Stage and fo r the Ca ndidus Zone. 

T he sequence of zones is as fol lows : 

Sve rdrupi Zo ne: Para11 orites sverdmpi Tozer (5 1695) , in line of concretions, 955 feet 
above base of Blind Fiord Formation. 

Ca ndidus Zone (type locali ty) : Prio 110/ob 11s cf. P. lila11ge11se (Krafft) , Proptychites 
ca11did11s Tozer (5 1691 , 51692, 51694) , 445-470 feet above base of Blin d Fiord Fo rm ation . 

Stri ga tus Zo ne: Ophiceras cf. 0. decipie 11 s (Spath) , Pachyproplychites strigatus (Toze r) , 
C /araia stachei Bittner (5 1689, 5 J 690), 325-350 feet above base of Blind F iord Formation . 

Commune Zone: not recognized. 

Borea le Zone: Otoceras boreale Spath ( not co llected) , abo ut 150 fee t above base of Blind 
Fiord Formation. 

A seq uence from the Borea le Zo ne to the Sverdrupi Zone is also known in the belt of 
Triassic outcro ps south of Bunde Fiord, Axel H eibe rg Isla nd ( Bukke n Fiord a rea). F ossils 
were first di scovered in thi s area by R . Tho rste insson in 1956 (Tozer, J961b, p. 12). The 
area was visited by the write r in 1961 and aga in in 1964. The faun a!. sequence determined 
fro m Th o rsteinsson's co ll ect io ns was confirmed, but some revision of the strati gra phic measure­
ments was made. The Boreale, Striga tu s, and Candidu s Zones a re re prese nted by their index 
species. Four miles SW of the mou th of Camp Five C reek good collecti ons we re obta ined 
from the St ri gatus and Borea le Zones. The fol lowing co llect ions we re obtained in situ . 

Striga tus Zone: 
Ophiceras sp. indet. (64774) , 55 fee t above 64773 . 
Pachyproptych ites strigatus (Toze r ) (647 68 ), 53 feet above 64773. 
Ophiceras decipie 11 s (Spath) (64769) , 36 feet above 64773. 
Pach y proptychites strigatus (Tozer ) (64770 ), 35 feet above 64773 . 
Pachyproptychites s triga tus (T oze r) ( 6477 1) , 25 feet a bove 64773. 

Commune Zo ne: 
Ophiceras decipiens (Spa th ) ( 64772) , 5 feet above 64773. 
Ophiceras decipie11 s (Spath ) ( 64773) , about 250 feet above ba~e c,f Bl ind Fiord 

Fo rm ation . 

Boreale Zone: 
O toceras borea/e Spath (64766), about 130 feet above base of Bli nd Fiord 

Formation. 

The illustrated specimen of Pac/1yproptych ites st riga tus ( Pl. Ill , figs . 2a, b) (64765) 
was obtained from ta lus de rived from the Striga tus Zone at this loca lity. 

The section given above illu strates the intimate rela tionship between the beds with 
Pachy pro ptychites strigatus a nd those with Ophiceras decipiens. 
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T he Candidu s Zo ne is also known fro m the sections south of Bunde F io rd . This zone 
occu rs abo ut 400 feet above the base o f the Blind F io rd F o rmatio n, i .e. , a bo ut 100 fee l above 
the Strigatu s Zone. IL was forme rl y be lieved to occur at a lowe r leve l in the Blind F io rd 
Fo rm at io n (T oze r, 196 l b, p. 58). At o r nea r lhe type locali ty of Proptychites ca11 did 11s T ozer, 
wl1ich is 3 miles south of Bunde F iord and 8 miles wes t of Camp Fi ve C reek, D isco p/1 iceras 
cf. D. co /11111 bia1111111 (T oze r) (475 51 ) was collected in 196 1. Forme rl y the specimens now 
identified as D iscophiceras cf. D. co/11111 bia1111111 we re tentative ly ass igned to Para 11 orites 
sverdrupi Toze r, a nd the suggestio n was made th at the fa un as with. Proptychites ca 11 did11s and 
Para11 orites sverdru pi we re abo ut the sa me age (T ozer, 1963a, p. 7). L ate r work has shown 
th at these ammonoids characte ri ze sepa rate zones. Jn the secti o ns south of Bunde Fio rd the 
Sve rdrupi Zone is re presented by Para 11 orites heiberge 11 sis T oze r, whi ch occu rs about 200 fee t 
above the Ca ndidus Zo ne (a nn. l 5) . 

An importa nt loca li ty fo r the Bo rea le, Commune, and Stri gatu s Zones is on the so uth 
side of the isla nd between Bunde and Buk ken Fiords ( Bukke n F io rd a rea). This locality was 
discove red by R . Tho rsteinsson in 1957 (T oze r, 196 1b, p . 13, e tc.) and was revis ited by 
Th.o rste insso n a.n d the write r in 196 l. AL thi s p lace a cove red interva l of abo ut I 00 fee t 
se pa rates the Pem1i an beds from the Tri ass ic . The sequence of foss il beds is given below. The 
Borea le Zone is in the basa l sha le unit of the Blind Fio rd Fo rm at ion; the Co mmune and 
Strigatus Zo nes a re in the ove rl ying beds o f green siltsto ne. The highes t Pe rmi an ex posure is 
the strati gra phic datu m used to ex press the position of the individu a l beds. 

Striga tus Zone : 
Pachyproptychites strigatus (T ozer) (4753 0 ) , 320 feel above datum . 
Pachyproptychites strigat11s (Tozer) (47607) , 296 fee t above datum . 
Ophiceras decipie11s (Spath ) (47609) , 295 fee t above dat um. 
Op/1iceras decipie11 s (S pa th ) (476 10 ), 292 fee t above datum . 
Pachyproptychites s1riga111s (T oze r) ( 476 1 I ), 289 fee t above da tu m. 
Ophiceras decipie11 s (Spath ) ( 476 12) , 287 fee t above datu m. 
Claraia stachei Bittner (47562) , 266 feet above datum. 
Op/1 iceras decipie11s (S path ) (476 15) , 26 1 feel above datu m. 
Ophiceras decipie11s (Spath ) (47528) , 259 fee t above datu m. 
Pachyproptychites cf. P. strigatus (Tozer ) ( 47570) , 258 fee t above datu m. 

Commune Zo ne : 
" C /yptophiceras" extre111111 11 Spath ( 4757 1) , 257 feet above dat um . 
Ophiceras decipie11 s (S path ) (47527), 256 feet above da tum. 
Ophiceras decipie11s Spath (47529) , 239 fee t above da tum . 

Bo rea le Zo ne: 
Otoceras borea/e Spa th (47 61 3) , 230 fee t above datum . 
Otoceras boreale Spath , M etophiceras cf. M . s11 bde111 iss111 11 (Spath ) ( 4 7578 , 47524) , 

about 230 feet above datum . 

Nu merous specimens of Ophiceras co 111 111 11 11 e and Ophiceras decipie11 s (47525) we re 
collected fro m talu s at thi s loca lity but no speci mens of Op/1 iceras co1111 111111e were fou nd in 
place. 

Hi ghe r beds in this sec tion conta in representati ves o f the Romunderi Zo ne (ann. 14) . 

The seque nce from the Borea le Zo ne to the Strigatus Zone has also been observed on 
Raanes Peninsula, E llesmere Island, lt miles W o f the head of Blind Fiord (Eureka Sound 

outh a rea) . A cove red inte rval of J 80 fee t se pa rates the Pe rmian and Tri assic stra ta at 
this loca lity, which is nea r the type secti o n of the Blind Fio rd Fo rm ati on. T he seque nce is as 
follows : 

St ri gatu s Zone: Ophiceras sp. indet. , Pachyproptychites striga111s (T ozer ) (5 1593) , about 
600 fee t above hi ghest Pe rmian ex posure. 
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Commune Zone: Ophiceras co1111111111e Spath , Discophiceras sp. indet., "G /yptophiceras" 
extre11111111 Spath , Claraia s1ac/1ei Bittner ( 5 J 59 1, 5 I 592) , 360-450 feet above hi ghest Pe r­
mian exposure. 

Borea le Zone: Otoceras boreale Spa th , M etophiceras cf . /\If . s11bde111 iss11111 Spath ( 51588 , 
5 1589), 265-285 feet a bove highest Pe rmian exposure. 

A loose block obtai ned near this loca li ty (47548) con tains specime ns o f Otoceras boreale 
assoc ia ted with a species of Ophiceras that has a n acute vente r. 

Fragme ntary specimens of Otoceras were coll ected by R . Thorsteinsson from beds near 
the base o f the Bjorne Forma tio n. west of the head of Trold F iord, El lesme re I sla nd (Eureka 
Sound South a rea) (Toze r. 1963c, p. 2). The' e specimens, fo rmerly reported as lost. have now 
been found (68350), a nd they proba bly in di cate the Borea le Zone. 

E.T.T. , 1961 

FIG URE 7. View up valley of Griesbach Creek, Bukken Fiord area, northwest Axel Hei b erg Island. Res istant 
rocks to the right are Permian chert, follow ed by a 36-foot cove red interval, and th e Concavum 
(l) and Borea le Zones (2) in the basal shaly b eds of the Blind Fiord Formation. (3 ) indicates the 
position of Fi g ure 8, whe re the Concavum to Stri ga tu s Zones (inclus ive) are exposed in sequence. 

17. The Concavum , Boreale, Commune, a nd S trigatus Zones a re in sequence in the lower 
beds of the B lin d F iord Forma tion on G riesbach C reek , south of Bu nde Fiord, NW Axel 
He iberg Is land ( Bukken F io rd a rea) (see F igs. 7, 8). T hi s a rea is the type locality fo r the 
Griesbach ia n Stage a nd for the Concavum, Boreale, and Strigatus Zones. Griesbach Creek is 
in lat. 80 ° 3 J' N , long. 94 °40'W. It is a t ri butary, from the east, of Camp F ive C reek, a nd 
the watercourse more or Jess follo ws the co ntact between the Blind Fiord Formation and the 
unde rl ying Pe rmian rocks. T he Ca ndidu s Zone has not been recognized in thi s sect io n, but 
hi gher parts of the section contain the Sverdrupi and Romunde ri Zones a nd faunas of Middle 
a nd U pper Tri ass ic age (ann. 6, 14 ). 

The seque nce of the lowest Triass ic zones is as fo llows: 

Str igatus Zone : Pachyproptyc/1ites strigatus (Toze r ) ( 64763) , 2 15 feet above base of 
Blind Fiord Formation . 
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E.T. T., 1964 

FIGURE 8. North e ast sid e of Griesbach Cree k, Bukke n Fiord area, north west Axe l He ib erg Island. Arrow points 
to abrupt, exposed contact between Pe rmian che rt and silty shal e of th e Blind Fi ord Forma tion. 
Man is stand ing at th e leve l of th e Concavum Zone. Th e Borea le, Commune, and Striga lus Zones 
are exposed to th e rig ht of the pho tog raph. 

Commune Zone: Ophiceras decipie11s (Spath ) , Claraia stachei Bittner (64752, 64753 , 
64762, etc.), 190- 214 feet above base of Blind Fiord Formation. 

Ophiceras commune Spath , Ophiceras decipiens (Spath), Discophiceras wordiei Spath 
(64744, 64748 , 64750, 64751, etc.), 175-190 feet above base of Blind Fiord Formation. 

Boreale Zone: Otoceras boreale Spath (64783 , 64782) , 100-120 feet above base of Blind 
F iord Formation. 

Concavum Zone: Otoceras co11 cav11111 n. sp . 64777, 64779 , 64781 , 47620, 47539 (talus), 
64732 (ta lus), 40-56 feet above base of Blind F iord Format ion . 

In the section described above the lowest 40 feet are unfossili ferous. Griesbach Creek 
is the only p lace where the Concavum Zone is known to occu r. The Boreale Zone is known 
from many localities and commonly 100 feet or more of barren strata ]je between the Boreale 
Zone and the highest Permian rocks (e.g., Toze r, 196lb, p . 12, sec. 3). 

18. The rel ationship between the Columbianus and Suessi Zones is well displayed in the 
Pa rdonet Formation exposed on the west side of Mount Ludington 8 miles SW of Chri stina 
Falls, in Halfway River area, British Co lum bia (see Fig. 9). Collections were made from this 
mountain by W.W. Nassichuk for E. J. W. Irish in 1961 , and the section was later described 
by Pelletier (1964, p. 83) . Further collections were made by the writer and N . J. Silberling 
in 1965. 

From the basal foot of the Suessi Zone the fo llowing were obtained ( 68300, 68304) : 
" Ceratites" aff . "C." riezi11geri Mojsisovics, Rhabdoceras suessi H auer, H alorites cf. H. 
a111erica1111s H yatt, Hato ri /es? n. sp. (= l ndoclionites? sp. of McLearn, 1960, p. 45) , 
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FIGURE 9. 

Westward clang spur an west 
si d e of Mo unt Ludin g ton, 8 
miles so uth west of Christina 
Falls, Halfwa y Riv er area, 
Bri tish Columbia. Th e arrow 
indica tes th e place where th e 
Calumbianus Zane, 5 fee t thi ck 
(68301, e tc. ) is fallowed 
dir e ctl y b y th e Suessi Zane 
(68300, etc.). Racks in fore­
gro und are Grey b e d s. Par­
donet Formation is ex posed in 
sa ddl e an spur. W est summit 
of spu r exposed beds of un­
certain (Jur assic?) age. Front 
Rang e of Roc ky Mo unt ai ns 
farms the sky lin e. 

A OTATIO S 17- 19 

f . T. T., 1965 

Placites sp., R liacophy l/ites sp., M onotis cf. M. s 11 bcircularis Gabb. Above this amrnonoid 
bed is 55 feet of beds with Mo11ot is cf. M. ochotica (Keyserli ng) (68299, 68300) , which also 
represent the Suessi Zone. Above the Suessi Zone are sil tstones and a grey limestone which 
Pelletier (Joe. cit. ) ass igned to the Pardo net Form at ion. These beds are devoid of diagnostic 
foss il s and cannot be dated . 

Immediatel y below the Suessi Zone a five-foot bed contains the fo llowi ng representatives 
of the Columbianu Zone ( 46998, 51207 , 68301 , 68305): Pse11dosire11ites sp ., "Sa11dli11gites" 
cf. "S." archiba/di Mojsisovics ( = H elictites sp., Tozer, 1962, Pl. X T, figs. 4a , b) , "Sa11dlingites" 
cf. "S." idae Mojsisovics, "'Sa11dli11gites" sp. , A l/oc!io 11ites cf. A . woodwardi (Mojsisovics ) 
(o p. cit., Pl. Xf, figs. 5a-c). Stein111annites sp. (op . cit., Pl. XI, figs. 3a, b), Himavatites cf. 
f-1 . co/11111bia1111s McLearn, H i111avatites canade11sis McLearn, Paraj11vavites sp., H alobia sp., 
Mo11otis scutifonnis typica (Kiparisova). 

Nine mi les NW of the locali ty described above, on the saddle of the spur immediately 
NE of Triangula tion Station 6740, E. J . W. Irish collected large phragmocones of "Arcestes" 
sp. associated with Mon o /is cf. M. ochotica (Keyserling) (46981) . This occurrence a lso indi ­
cates the Suessi Zone. 

The occurrences described above represent lhe lower part of the Suessi Zone . The rela­
ti onship between the lower and upper parts of this zone is shown by the section al Rapide­
qui-ne-parle-pas, on Peace River, in Halfway River area. This locality has been descri bed by 
McLearn ( 1960a, p. 6) and Tozer (l965c, p. 222). At least 328 feet of beds refe rable to 
the Suessi Zone is present. o older zones are exposed. The Lower Sue si Zone is represented 
by 267 feet of beds with M o11otis cf. M. och o tica (Keyserling) (64590, 6459 1, 64592, 64593) . 
The Upper Suessi Zone, 61 feet thick, contains the following ammonoids : 

1. 33 feet above the highest M o 11 otis bed: Rhabdoceras s11essi Hauer, Rlwcophyllites p. 
(64594). 

2. 42 feet above the highest M o 11 otis bed: Placites sp. (64595). 
3. 60 feet above the highest M o11otis bed: Plocites sp. (64596). 

McLearn (1960a, p. 6) descri bed Jurassic outcrops above the Pardonet beds of this 
loca lity, but in 1964 none was fo un d, possibly because of high wate r. 

19. The Mono/is-bea rin g beds of the Pardonet Formation in Pine Pass area, British Columbia, 
have bee n studied in detai l by Westermann (1962a). Accord in g to Westerm ann , the sequence 
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of Mono/is bed in this area is unlike th e sequence established in other parts of British 
Columbi a by McLearn ( 1941 a, p. 95, etc.). In 1965 the writer, with N. J. Silberling, examined 
the Monotis beds of Pine Pa s to compa re the sequence with th at of Peace Ri ver. It now 
appears that the sequence at Pine Pas closely resembles that of the local ities to the north, and 
that it does not possess the unique characteri st ics attributed to it by Weste rm an n. Well­
preserved am monoids are unknown from the M.onotis beds of Pine Pass, but it is necessary 
to discuss this section in order to show the relationship between the successive Mon otis beds 
discriminated by Westermann with the ammonoid zo nes recognized in thi s bu lletin. Accord­
ing to the writer's interpretation , these Mon o tis beds represent part of the Colurnbianus Zone 
and the Lower Suessi Zone. The M ono/is beds of Pine Pass do not include strata that are 
unrepresented in the sections on Peace River, as suggested by Westermann ( 1962a, p. 7 52, 
Table J). This may be shown by comparing the interpretation made by Westermann with 
that made in 1965. 

The section studied by Westermann is exposed in road and ra il way cuts on the north side 
of Pine River, three quarters of a mile west of Silver Sands Creek. He recognized five 
successive Mono/is faunas, which he obtained from seven beds considered lo form a strat i­
graphic sequence. According to hi s interpretation the seq ue nce is as fo llows: 

5. 111onotis ochotica postero plana Westermann .. 

4. Monotis subcircularis Gabb, M. pac/1yple11ra hen1ispherica 
Trechmann, M. cf. M. hoem esi Kitti .. 

3. Monotis cal/azonensis We termann, M. jak11tica (Teller) 

2. Mono/is ochotica densestriata (Tel ler) 

I. M onotis scllliformis pinensis Westermann , M. aff. 111. 
inaequivalvis Bronn . 

(bed h ) (youngest) 

(beds f and g) 

(bed e) 

(bed d) 

(beds b and c) 

M ono /is scutifom1is pinensis, at the base of this sequence, is a wide ly distributed member 
of the fauna of the Co lumbianus Zone, so there appears to be no doubt about the age of beds 
"b" a.ncl "c". However, according to the writer's interpretation , the beds " cl" to "h", inclusive, 
do not form a stratigraphic seq uence. Specimens obtained by the writer at the west encl of the 
railway bridge (i.e., from or near bed "cl") are identified as M ono /is cf. M. s11bcirc11/aris 
(68307). Those obtained 70 feet west of the bridge (i.e., near, but probably below, bed "e") 
a re M onotis scutiformis pi11e11sis (68312). Twenty feet west of the bridge, between localitie 
68307 and 683 12, there is a zone of hearecl strata , evident ly indicating the presence of a 
fault. According to thi interpretation , the beds with 111onotis sc11tiformis pi11 ensis at loca lity 
68312 are a repetition, through faulting, of Westermann's bed " b" or of bed "c". From this it 
follows that bed "e" is probably older, not younger, than bed " cl". From the westernmost 
Mono/is bed. which is the highest in the succession and is exposed about 350 feet west of the 
railway br idge, the writer obtained numerous specimen identified as Monotis subcircularis 
(68311) . Locality 683 11 is presumably at or near bed " h", the typical bed for Monotis 
ochotica posterop!ana, but no specimens resembling this subspec ies were fo und at 6831 l or at 
any other level. 

Expressing the conclusions in Westermann·s terminology, it wou ld appear that there is no 
good evidence for a zone of Monotis callazone11 sis between zones of M ono/is ocho tica 
densestriata and Monotis s11bcirc11/aris. Furthermore, the presence of a zone characterized by 
Mono/is ochotica posteroplana at the top of the sequence was not confirmed. In other words, 
at Pine Pass as on Peace River there are only two clearly defined Mono tis zones, a lower 
zone with M ono/is sc11tifor111is pi11e11sis (representing al least part of the zone of "Monotis 
alaska11a Smith var." of McLearn) (in McLearn a nd Kindle. 1950, p. 55) , and an upper zone, 
characterized by Monotis s11bcirc11/aris (McLearn , I 960a, p. 26). Westermann may be correct 
in recognizing a zone of Mo11otis cal/azonensis, but if there is such a zone it evident ly lies 
immediately above the zone of M o11otis scutiformis pine11sis a nd not above beds with Monotis 
ochotica densestriata (of Westermann) . 
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Tn the proposed zonal terminology the beds with Mo11otis scutifor111is pi11e11sis are 
assigned to the Columbianus Zone, and those with Mo11otis ocholica de11seslriata , Mo11otis 
s11bcirc11/aris, Mo11olis ochotica posleropla11a, and possibly also those with Mo11olis cal/a­
zo11e11sis (all identifications acco rdin g to Westermann) , are assigned to the Lower Suessi Zone 
( = M o11 o tis s11bcircularis Zone) 

Above the Mo11otis s11bcirc11/aris beds ( 683 11 ) is about 40 feet of calcareous siltstone 
th at is lilhologicall y similar to the Mo11olis beds a nd contains pectenid bivalves and also 
Gryphaea, etc. (68310). Next in the section is about 25 feet of grey platy sha les, interbedded 
with cherly or si liceous shale , containing one large ca lcareo us concretion. These shales, on 
lithological grounds, are tentatively assigned to the Nordegg Fom1ation of the Fernie Group. 
Where well developed, the Nordegg Formation ca rries a Sinemurian fauna (Frebold, 1957, 
p. 7). The exact age of the underlying "Pecle11 beds" (683 10) is uncertain. They may be 
eq ui va lent to the Upper Suessi Zone, or may be of Rh aeti an or Lower Jurassic age, but 
whatever their age they appa rently lie concordantly between the Mo11otis beds and the shales 
ass igned to the Nordegg Formation. According to thi s interpretat ion, the Pardonet Formation 
is conco rdantl y followed by Jurassic strata. West of the ordegg shales there is an outcrop of 
12 feet of fractured limestone, dippin g to the west. This limestone is probab ly of Triassic age, 
in fault contact with the Nordegg Formation. 

20. A succession of Lower a nd Middle Norian zones from the Kerri Zone to the Columbianu 
Zone occurs in the Pardonet Formation of Brown Hill , on the north side of Peace River, in 
H alfway River a rea , British Colum bia (McLearn , 1941 b, I 960a). The equence of faunas 
established by McLearn, expressed in the proposed zona l terminology, i as follows. Full 
detai ls for the individual beds will be found in McLearn 's memoir ( I 960a , pp. 13-16). This 
section provide the type local ities for the Kerri , D awsoni , Magn us. Rutherfordi , and Colum­
bianus Zones. 

Colu mbianu s Zone ( = Hi111a1•a1ite.1· Zone, ifcLearn , l 960a, p. 26): Pse11dosire11iles 
pardo11eti McLearn , Hi111 avatites co/11111b ia1111s McLea rn , Hypisc11/ites slelcki McLearn. Placites 
sp., Halobia sp., Manolis sc111ifor111is pi11 e11sis Westerm ann , a ll in situ ; "Sa11dl i11?iles" cf. "S." 
idae Mojsisovics, Alloclio11ites sp., Sage11ites sp. in talus. 

Ruthei-fo rdi Zone ( = Drepa11ites and Cyrlople11riles beds, McLearn , I 960a , pp. 25, 26): 
Drepa11ites hyalli mtherfordi McLearn. Cyrlople11rites sp., Aca11thi11iles cf. A. e11sebii Diener, 
Metacamites sp., Placites sp., Ha/obia spp. 

Magnus Zone ( = Pteroloceras- Cyrtop/e11rites 111ag11ific11s beds, McLea rn , 1960a, p. 25): 
Cyrtople11rites 111 ag11ific11s McLearn , Pterotoceras ca11ri1111111 McLea rn , J111 ·m •ites biomat11s 
McLea rn. J11 vavites 111ag1111s Mel.earn . J111•al'i fes cf. J. brocchii Mojsisovics, G11e111belites sp., 
Halobia sp p. 

D awsoni Zone ( = Go11io11otiles be/Ii and M alayi1es beds, McLearn , 1960a, p. 24): 
Go11 io11olites be/Ii Mel.earn, Go11io11otiles rams McLea rn , M alayites sp., in situ ; Go11io11otites 
f11sc11s McLea rn, Malayiles dawso11i Mel.ea rn , Malayites b11tleri M cLea rn , in talus. 

Kerri Zone ( = Stiki11oceras Zone, and T/1isbites-bearing beds, McLea rn (McLearn , 
l960a, T ab le I): Mojsisovicsites kerri (McLearn) , Th isbites da 1vso11i McLea rn. J11 vaviles 
schoolere11sis Mel.ea rn , Juva vites h11111i McLea rn , J11 vaviles cf. J. edit/we Mojsisovics, D i111or­
phites pardo11etie11sis ifcLearn , Go11io11o tites rams McLearn , Go11io1101ites cf. G . rams 
McLea rn , Ha/obia spp. In J 964 Sire11iles 11abeschi McLearn and "Tibelites" sp. (64664) were 
obtained 20 feet above the mai n bed of M ojsisovicsites kerri (64666). 

McLearn also described the sect ion a t Pa rdonet Hill , on the sou th side of Peace Rive r, 
6 miles upstream from Brown Hill. lt now appears that the P ardonet Hill section as described 
by McLearn is partly incorrect, because of repetitions due to faults that he did not recognize 
(Toze r, 1965c). On McLearn's map of P ardonet Hill ( 1960a , p. 7) there a ppears to be a 
sma ll fault between localities HT and V , and a nother, larger fau lt between localities V and 
VIT. T he beds and zones recognized by Mel.earn and the writer at Pardonet Hill are as 
fol lows: 
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FIGU RE 10. 

View across Peace River to 
the west si d e of Pa rd anet Hill. 
Exposures are af Pardanet 
Formation, dip ping steep ly 
toward s the observer. ( 1) indi­
ca tes th e position af the 
M acralabatus Zane (6461 6, 
etc.); (2), the Kerri Zane 
(64607); (3), a bed with 
Juvavites, etc., (64606) repre ­
senting the Kerri Zane or th e 
Dawsani Zane; (4), the Daw­
soni Zone (64605). Th e Co lum­
bianus Zane is p resen t at (5) 
(64643) and at (6) (64645). 
Between (5) and (6) th ere 
a re beds wi th Manolis sub­
circu /aris (6464 4), which indi­
ca tes tha t there is repetition 
by faulting . M onofis subcircu­
loris is a lsa present at (7) and 
(8) (64648). 

Columbianus Zone ( = Hi111 ava1ites Zone and Parathisbites oi11 e11s beds, McLearn , L950a, 
p. 26): Pse11dosire11ites pardo11eti (McLearn) , Pse11dosire11ites pressus (McLearn), Vrede11.­
b11rgites sp., Sa11dli11gites? sp., Alloclio11 ites sp ., Stei11111a1111ites sp. , H i111a vat ites co/u111bia1111s 
McLearn , Hima vatites cf. H . watso11 i Diener, Hima vatites burli11gi McLearn, Parat/1isbi tes 
o i11eus McLearn , Distichites cf. D . 111esaca11thus D iener, Thetic/ites exquisit11s McLearn , 
Placites sp. , Pi11 acoceras sp. A collection from locality J 3 of Tozer ( 1965c, fig. 1) , near 
locality XXII of McLearn (1960a, Fig. 2), provided Alloclio11ites sp., Hima vat ites cf. H . 
co /11111bia11us McLearn , Sage11ites sp., and M onot is sc11tiformis pi11e11sis Westermann (64634). 

Rutherfordi and Magnus Zones: not recognized on Pardonet Hill. 

Dawsoni Zone : Represented by Malayites cf. M. dawso11i nea r the head of Western Gul ly 
(64605; from local ity JO of Tozer, 1965c, fig. 1) (see Fig. JO) and by Malayites clawso11i 
on the east side of Pardonet H ill (64599, 64626 , from locality 8, Tozer, J 965c, fig. J ; 64602, 
from locality 9, op . cit. ). Mala yites b11tleri McLearn , Malayites cf. M . a11tipatris Diener, 
Malayites parcus McLearn , and Ma layites custi McLearn , a ll described from ta lus blocks on 
Pardonet Hill , are probably from the Dawsoni Zone. 

Kerri Zone (= Stiki 11 oceras Zone and part of Styrites ire11 ea11us Zone, McLearn , 1960a, 
pp. 21-23) : Sirenites nabeschi McLea rn, Cyrtopleurites sp., M ojsisovicsites kerri (McLearn) , 
Thisbites c/awson.i (McLearn), Thisbites charybc/is (Gemmellaro), Thisbites cf. T . pyrwni 
(Gemmellaro) , Thisbites custi (McLearn), Styrites ire11ea 1111s McLearn, Tropiceltites co /11111b i­
a11us (McLeam), Ju vavites !111111i McLearn, Ju vavites cf. J. editl/{/e Mojsisovics, Dim orphites 
pardonetiensis (McLearn) , G11embelites cla va t11s (McLearn), Co11io11otites rams (McLearn) , 
A rcestes sp ., Halobia spp. 

It is now known that the Macrolobatus Zone underlies the Kerri Zone on the west side 
of Pardonet Hill (Tozer, 1965c; this bu lletin, ann . 21). Co11io11otites gethi11gi (McLearn ) 
and Go11.io11otites cf. G. italic11s Gemmell aro, and possibly al o J11 vavites selwy11i McLearn , 
all of which were described from the Styrites ire11ea1111s Zone, are ev identl y from the Macrolo­
batus Zone. 
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McLearn described a rich fauna of the Columbianus Zone from "Black Bear Ridge", 
on the north side of Peace River. The rocks of "Black Bear Ridge" ( in the sense of McLearn) 
a re on strike with those of the we t side of Pardonet Hill. McLearn 's locality lies to the east 
of Black Bea r Ridge as shown on the published topographical map of the H alfway River area. 
The Columbianus Zone is represented by the fo llowing at this loca lity: Pseudosirenites pardo­
neti (McLearn) , Pseudosirenites pressus (McLearn) , Stei111na1111ites sp., Himavatites sp., 
H e/ictites cf. H. subgeniculatus Mojsisovics, H elictites decoms McLearn, Distichites cf. D . 
ce/ticus Mojsisovics, Distichites ca11ade11sis (McLearn ), D istichites palliseri McLeam, Para­
juvavites p., Episculi1es browni (McLea rn ) , Episculites omatus (McLea rn ) , £pisc11/ites teres 
(McLearn) , Episrnlites corpu/e11t11s (McLearn) , "Arcestes" sp. , Placites sp. A collection from 
this loca lity made in 1964 includes Steinmannites cf. S. 1111d11/atostriatus Mojsisovics, H ima­
vatites co/11mbia11 us McLearn , Placites sp., and Monotis scutiformis pi11e11sis Westermann 
(64638) . 

E.T.T. , 1965 

FIGURE 11. Vi ew to the north of valley west of Mount Mclearn, Toad River area, British Columbia . Th e stream 
in this valley flows into Sulphur Cre e k. Th e va ll ey is essentiall y sync linal in structure; dark coloured, 
recessive beds ar e Pardon et formation, and resistant light coloured rocks are Grey beds. (l) indi­
cates the position of th e small spur, with e xposures of Pardonet formation in which th e Ma crolobatus 
Zone (68202) is ove rlain by th e Kerri Zone (68180); (2) show s th e small gully where th e Dawsoni 
Zone (681 90) and Ma gnus Zone (681 98, e tc.) are in sequence. Higher beds contain th e Colum­
bia nus and Suessi Zon es, re presented by Monotis scutiformis pinensis at (3) and Monotis sub ­
circularis at (4) . 
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At all the locali ties described above, namely P a rdonet Hill. Brown Hill , and Black Bear 
Ridge, the Columbianus Zone is overla in by beds with Mono 1is s11bcirc11/aris, representing the 
Lower Suessi Zone . 

earl y a ll the Lowe r and Middl e Norian ammonoids know n from northeastern Briti sh 
Columbia are described in McLearn 's monograph ( 1960a) . A few additions have been made 
in recent years by E. J . W . ·Iri sh, B. R. Pel letier, D . F. Stott , a nd the writer. They are as 
follows. 

olumbianus Zone: 
I. Ridge south of Nevis C reek, 57 °20' , 123 °21 'W, Trutch area col lected by D. F. 

Stott, 1962: " Buchites" cf. "8." 111odest11s ( Buch ) associated with Mono/is sc11tifor111is pinensis 
Westermann ( 52233) . 

2. Nevi s Creek , no rth side , 3 miles a long the strike from loca lity 52233 (see abo1·e) , 
57 °23' , 123 °23'W, Trutch a rea. co ll ected by D. F. Stott, 1964: Phormedites cf. P. j1n•a1•ic11s 
Mojsisovics, associated wi th Dis1ichites spp., overlain by beds with Manolis sc11tifom1is 
pinensis Westermann , all specimens catalogued 66027 . 

3. Mount Ludington , SW of hristina Fall s, H a lfway Ri ve r a rea (se e annotation 18). 

Rutherfordi Zone : An impo rtant loca li ty for the Rutherfordi Zone is a small tributa ry of 
Graham River, west of the H ackney Hill s, in H alfway Ri ver area. Loca lly this strea m is 
known as Short Creek, or White Creek, or Crying Girl Prairie Creek. Coo rdinates a re 
56 °29' . 122 °53'30"W. Fossils were collected from this section by E . J . W. Irish in 1960 
(42537) and by B. R. Pelletier in 1962. Pe lletier's co llections permit the discrimination of the 
Daw oni , Rutherfordi . and Co lumbianu s Zones ( Pelletier. 1964, p. 88) . The fauna of the 
Rutherfordi Zone includes Drepaniles h.valfi m1herfordi McLea rn , M etacamites p., Didy111ites 
sp., Halobia cf. H. fa /la x Mojsisovics (42537. 46459). The Metacamites and Didy111ites were 
co llected by Irish a nd are attached to specimens of Drepanites hya tti m1herfordi. Drepanites 
and Didy111ites from thi s loca lity have been illu strated by Tozer ( 1962, Pl. X). 

M agnu s Zone : . J . Si lbe rlin g (pers. com.) has shown th at lndoj11vavites cf. / . ang11/a t11s 
Diener is a member of the fauna of the Magnus Zone in evada. It is the refore probable that 
lndojuvavites cf. / . ang11/at11s, recorded by McLea rn ( 1960 , pp. 18, 92) from McLay Spur, 
on Peace River (H a lfway River a rea ) indicates an occurrence of the Magnus Zone. 

Dawsoni Zone : This zone is we ll represented in the synclin al area west of Mou nt 
McLea rn , in Toad Ri ver a rea. One half mile SW of the summit of Mount McLearn the 
Dawsoni Zone carries Malayites dawsoni Mc Learn in situ ( 42327); and C onionotites aff. C. 
gethingi (McLea rn ) and Wald1/w11senites cf. W. leophanis Diener from loose blocks deri ved 
from the Dawsoni Zone (42328, 4232 9 ) (see Fig. 12 ). 3J miles NW of Tri angul a ti on 
Station 6536, in a small gu ll y on the east lim b of the synclin al stru cture , the Dawsoni Zone is 
represented by the index specie (68 190) and by a talus block co ntaining Waldtlwusenites sp. 
togethe r with Malayites dmvsoni (68200) (see Fig. 11 ) . Te n Feel above the bed with Malay­
ites dawsoni another bed con tains "Ju vavites" n. sp. , Wald1h a11senites cf. W . ac11t11s (Moj iso­
vics), a nd M etacarnites sp. (68 193). Fifty feet hi ghe r in the section a third bed ca rries 
.111 vavites 111agn11s McLearn (68 191 , 68 198) . The fa un a From loca lit y 68 193 probably repre­
sent the upper pa rt of the D awso ni Zone. 

Kerri Zone: An important loca lity for this zone, which co ntributes severa l species to the 
fauna known in Canada, occu rs ~ mi le SW of Mount McLea rn in the Toad River a rea 
(see Fig. 1 1) . From beds abo ut I 00 feet above the base of the Pa rdonet Formation at this 
locality the following were collected: Sirenites 11abesc/1i Mc Lea rn , Mojsiso 1•icsites kerri (Mc­
Learn) , Tropiceltites co /11111bia1111 s (McLearn ), ".111 va1·ites" spp .. Din1orphites pardonetiensis 
( McLearn) , Criesbachites n. sp., C11e111belites ja11dian11s Mojsisovics, Discophyllites sp., Ha/o­
bia cf. H. s11perba Mojsisov ics (68 180). 

2 1. Superposition of the Ke rri Zone above the M acrolobatus Zo ne ca n be demonstrated al two 
loca lities in E British Columbia. Both are in the Pa rdonel Formation ; one is at P a rdo nel 
Hill , in H a lfway Ri ve r area; the ot he r is in T oad Ri ver area . 
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At the head of Western Gul ly on Pa rdonet Hill (Joe. 2, Tozer, 1965c, fig. 1) (see Fig. 
10) the basal Pardonet bed contain the following fo sils indicat ive of the Macro lobatus Zone: 
Tropires sp. indet. , A natropites sp. ( = A natropites sp. , Silberling, J 959, p. 51), Gonionotites 
ge thingi ( Mclearn), Griesbachites cf. G. kastneri (Mojs isov ics), f-lalobia cf. J-1. s11perba 
Mojsisovics (646 16, 6462 7. 64628) . Abo ut 50 feet hi gher in the section , at locality 6 (Tozer, 
I 965c, fig. I ) the Kerri Zone is represe nted by Mojsiso1·icsites kerri (Mc Lea rn) , Go11io11otites 
rnm s (McLearn) (64607, 64629). 

T he locality in Toad River area is on the west limb of a synclinal structu re, ~ mile SW 
of Mount ifcLearn (see Fig. I I). There the Macrolobatus Zone occurs about 50 feet above 
the base of the Parclonet Formation and is represented by Tropites aff . T. /ati11111bi/icat11s 

ilberling. J11rn1·ires sp., f-lalobia sp. (68202). About 50 feet higher in the 'ect ion the Kerri 
Zone is represe nted by the fauna ( 68 180) listed under ann. 20. 

Mt. Mc learn 

E.T.T., 1965 

FIGURE 1 2. Southwest side of Mount Mcleorn, Toad Riv er area, Briti sh Columbia, aerial view. (T) indicates 
the position of th e boundary between th e Grey beds and the Pardonel Formation, wi th the W e ll e ri 
Zone (42320, e tc.) in th e basal Pardonet; (M), the position of th e Dawsoni Zone (42327, e tc. ). 
Th e bed s wi th th e Welleri Zone are slral igrap hica ll y above those with th e Dill eri Zone on the east 
face of Mount Mclearn (Fig. 14). 

22 . Superposit ion of the Macro lobatus Zone above the Weller i Zone has not been demon­
strated in a simple sect ion but is nevertheless more or less es tablished in the Parclonet Forma­
tion of Toad River area, British Co lumbi a. The occu rrence of the Macrolobatu s Zone, about 
50 feet above the base of the Pardonet Formation. has al ready been mentioned (ann. 2 1). 
The Macro lobatus Zone is on the west lim b of a synclin a l st ru cture. On the east lim b, a m ile 

NW of Triangulation Station 6536, SW of the summit of Mount McLearn (see Fig. 12), 
the fo ll owing ammonoids of the We lleri Zone occur at the contact between the P a rdonet 
Form ati on and the underlying Grey beds: Tropites spp., Discotropites 1110js1•are11sis Smith, 
Discotropites !heron (Dittma r), J111 ·m·ites cf. J. hyalli (Sm ith ) . Jo1• ites sp. ( 42320. 4232 1, 
42325, 42398. 68360) . The relat ive position of these two zones with respect to the base of the 
P ardonet Formation leaves li tt le doubt that the Macro lobatus Zone is hi gher than the Welle ri 
Zone. 

T he best loca lity for the Weller i Zone in NE British Co lum bia is on the hill south of 
Mile Post 427 on the A laska Hi ghway, in Tu chodi Lakes area. The secti on the re was studied 
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by B. R. Pe lletier and the writer in 1960 (Pelletier, 1961 , p. 30; Tozer, 1961a, p . 11). The 
fol lowing fauna of the Welleri Zone wa obtained from unit 10 of Pelletie r's section : Klama­
thites sp . indet., Ha1111aoceras major (S mith ) , Tropites n . sp . afL T. welleri Smith, Disco­
tropites mojsvare11sis Smith , Discotropites thero11 (Dittma r) , H oplotropites cf. H. auctus 
(Dittmar), J11vavites s11 bi11termitte11s Hyatt and Smith, Juvavites hyatti (Smith ) , H omerites 
se111iglobos11s (H auer) , Jovites cf. J. bos11 e11sis Mojsi ovics (42389, 42386, 42378, 42384). 
Some of the ammonoids from this locality h ave been il lustrated (Toze r, 1962, Pi s. Y TT, VIII ). 
The K!amathites was formerly compared with K. 111acrolobat11s Silberling, the index fossil of 
the Macrolobatus Zone. The specimens from Ca nada are sma ll and are not specifica ll y deter­
minable ; they could be K. schucherti Smith wh ich occurs in the Welleri Zone of Ca lifo rni a. 

One large ta lus block in the stream bed on the west side of the hill south of Mi le Post 
427 yie lded well-prese rved examples of the following: A rctosirenites ca11ade11sis Tozer, Disco­
tropites 111ojsvare11sis Smith , Discotropites the roll (Dittmar) , Juvavites cf. J. hyatti Smith, 
J11 vavites cf. J. brockensis Smith ( 42306). Presumably this block is from the Welleri Zone. 
The specimens of Arctosirellites are the onl y one known from British Columbia. Specimens 
from this block have been illu strated (Tozer, 1962, Pis. VII, VIII). 

23. The sequence from the Sutherlandi Zone (Upper Ladinian) , throu gh the Karnian 
Obesum, Nanseni , Dille ri , and Welleri Zones has been estab lished in the mountains that lie 
some 15 miles south of the Grand Canyon of Liard River. The e mountains are in the SW 
part of Toad Ri ver area , British Columbia . The five zones do not occur in any one place, but 
three stratigraphic sect ions illustrate the zonal sequence. These sections are and E of the 
Triangulation Station (6536) east of the divide that separates Eight Mile Creek and ulphur 
C reek. The Sutherlandi Zone occurs in beds ass igned to the Liard Formation. The Obseum, 
Nanseni, and Di lleri Zones occur in a resistant , cli ff-form ing equence of ca lcareous sandstone 
and siltstone that represent the Grey beds. The Welleri Zone, as a lready mentioned (an n. 22) , 
is in the basal pa rt of the Pardonet Formation, im med iately above the Grey beds. 

FIG URE l 3. Exposures o f Liard Fo rmation end Grey beds, east fac e o f Ewe Mountain, Toad River area, 
British Columbia , ( l) indica tes th e position of th e Nansen i Zone; (2). th e Ob esum Zone; (3), th e 
a pproximate position of th e Sutherlandi Zon e. Su therlandi Zone is in Liard Formation; Obesum 
and Na nseni Zon es are in th e Grey b ed s. 
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The Sutherlandi , Obesum, and N anseni Zones a re in sequence on Ewe Mountain whose 
summit lies 4t miles ENE of Triangu lat ion Station 6536 (see Fig. 13). The rock sequence 
there has been described by Pellet ier (1961, pp. 13-15). The fossi ls have been l isted, and 
some i llustrated, by Tozer (196 l a, p. 11; 1962, Pi s. VII, VIII). On Ewe Mountain the strati­
graphic interval between the beds with Daxatina ca11 ade11sis (Whiteaves) in the Liard For­
mation (Sutherlandi Zone) and Tracl1yceras obesum n. sp. (Obesum Zone) in the overlyi ng 
G rey beds is about 800 feet , and the faun a of the Nanseni Zone occurs about 300 feet above 
the Obesum Zone. T he faunas of the Sutherlandi and Obesum Zones a re meagre. The former 
( 42316) includes onl y Daxatina canadensis and Daonella sp. indet. The Obesum Zone is 
represented by the index species, un de te rmined naut iloids and H alobia sp . ( 42308). T he 
fauna of the Nan se ni Zone includes Sirenites nanseni Tozer, Sirenites cf. S. se11 ticos11s 
(Dittmar), and Halobia cf. H . z il/e /i L indstrom ( 42311). An oil company collection from 
Ewe Mountain includes Sirenites cf. S. slriatofalcat11s (Hauer) (6836 1). Ewe Mountain repre­
sents the type locality for the Obesum and Nanseni Zones. 

The Nanse ni and Obesum Zones are also exposed in the Grey beds on a ridge 3 miles 
west of Ewe Mountain. This ridge is 2t miles NNE of Triangulation Station 6536. The 
Nanseni Zone is represented by Sirenites cf. S. nanseni Tozer, Sirenites cf. S. striatofal­
catus (Hauer) and H alobia cf. H . rugosa Giimbel on the summit of the ridge (68215). The 
Obesum Zone is on the east face of the ridge, about 400 feet lower in the section, with 
Trachyceras cf. T. desatoyense Johnston and H alobia sp. indet. ( 68217) . 

In a third section, about 4 miles wes t of Ewe Mountain, the seq uence is carried up from 
the Nanse ni Zone to the Dille ri and Well eri Zones. Thi s sect ion is on Mount McLearn, 

Mt.Mc learn 

E.T.T. , 1965 

FIGURE 14. Ea st si d e of Moun t Mclearn, Toad Ri ve r area, Briti sh Co lum bia , (1) in dica tes th e position where 
fossils of th e Nanseni Zone we re obtaine d in ta lus; (2), th e pos ition of th e Dill e ri Zone. The stra ta 
a re assign e d to th e Gre y beds. (See also Fig. 1 2.) 
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whose sum mit is J ~ miles NN W of Triangul ation Station 6536 (see Figs. 12 , 14). T he 
sequence there is as foll ows. 

W el leri Zone: Jn basa l part of P ardonet Formation, on saddle. SW of summit of Mount 
Mel.earn (42320, see ann. 22). 

(St ra tigra ph ic inte rval , about 750 fee t ). 

D il le ri Zone: Spirogmoceras shaste11se (Smi th), Traskites sp .. Trachyste11oceras aff . T . 
{?abbi ( Hyatt and Sm ith ), T hisbites sp .. Tropites dilleri Smith. Discotropites sa11dli11ge11sis 
( Haue r ) , 1-falobia sp. (68208) , in resista nt sa ndstone unit. above brown calcareous siltstone, 
ex posed on east face of M oun t M el.earn. 

(Stra tigraphic inte rva l, about 700 feel.) 

anseni Zone: Sire 11 ifes sp. (ta lus) (68209), in grey calcareous siltstone, on east side of 
Moun t M el.ea rn , nea r base . 

Adm itted ly the record o f Sire11ites from this last locality is based on rather poor talus 
specimens, however, the re is good ii thostra tigraphic evidence for correlating the Sire11ites beds 
( ansen i Zone) of loca lity 682 15 with those of 68209. Above each occurrence of the Nansen i 
Zo ne the re is a di st inctive brown m arke r bed composed of recessive ca lcareous siltstone. 
Above loca lity 682 15 this bed is 70 feet thick; above 68209 it is 300 feet thick. 

Ammonoids that are ce rtainly l.ower Karnian and that probably indicate the Obesum 
Zo ne have been col lected by geologists of Triad Oi l Company from a ridge 21 miles E 
of C lea rwa'.er l.a ke. in Pine P ass a rea. Trachyceras? sp., Clio11itites reesidei (Johns~on), and 
Halobia sp. (4575 1) were co ll ected 1,835 feel above the base of the Triassic section. Trachy­
ceras? 5p .. Coroceras cf. C. 11as11t11s Moj5isovics. and Halohia sp. (45745) were obtained from 
a hi gh:: r level. 2, I 15 feet above the base. 

24. T he Meginae, Maclearni , and Suthe rl ancli Zones of Uprer Laclinian age a re subdivisions 
of the Nathorstites Zone of earlier publi cations (Mel.earn. I 947b; Tozer. 1961 b, p. 34). 
These th ree zones, each cha racterized by severa l di tinctive ammonoids of restricted strati­
graphic range, a re read il y recognized wi th in the Upper l.aclin ian Natl1orstites beds. Eventua ll y 
it may be poss ible to d isti nguish as many as five zones within the Upper l.adinian. 

In Toad Ri ver, T uchodi l.akes, and Trutch areas the Meginae, Maclearni, and Suther­
la nd i Zones occu r in the l.iard Forma tion, as interpreted by Pel letier ( 1964) . On Peace River 
(H alfway Ri ver a rea) the Meg in ae Zone a nd probably also the Maclearni Zone are in the 
" Da rk Si ltstones" (i.e., the l. iarcl Fo rmatio n), and the Sutherlancli Zone is in the lower part 
of the ove rl ying G rey beds ( Mel.ea rn , I 947b; Mel.ea rn and Kindle , 1950, p. 35). 

l.arge co llections from the Megin ae, M aclearni, and Sutherlancl i Zones are availab le al 
the Geo logica l Survey, mostl y made by geologists of severa l o il companies, E. J. W. Irish. 
B . R . Pell et ier, a nd the wri te r. Tl is imposs ib le to summarize a ll the information provided by 
th is material. Jn order to give the critica l data. a section is described on l. iard R iver 
where the Megi nae , M aclearn i, and Sutherla ndi Zones a re exposed in sequence. A lso included 
a re descriptions of locali ti es where o the r species, unknown in the described section , cccur in 
these zones. T he secti on o n l.ia rd River is not the only one in which all three zones occui 
in sequence. Tn add ition to the Toad R iver area, where the l.iard River section is located, all 
three zones are known in T uchodi l.akes, Trutch, and Halfway River areas. T he Meginae 
Zone is also known south of Peace R iver, in a section 20 mi les NNW of Monkman l.ake 
(Tozer, J96 l a. p. 9) in Monkman P ass a rea. 

T he Megi nae, M aclearni, and Sutherla ndi Zones are disp layed in seque nce. with perfect 
exposures, on the canyon wa ll on the no rth side of Liarcl River at Boiler Canyon I } to 3 
mil es downstream fro m the Ra pids of the Drowned, in Toad Ri ver area (see Fig. 15). O n the 
rive r ba nk at the base of th is section there is an abandoned pi le of broken mach inery. includ­
ing a boi le r : the wreckage of an abandoned river steamer. Tn thi section the three zones 
ra nge th ro ugh 1,000 feet of northeaste rl y cl ipping beds that represen t the Liarcl Formation, 
fo llowed by abo ut 300 feet o f thi ck-bedded sa ndsto ne sim il ar to the basal Grey beds of 
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FI GURE 15. Aeri al view up slream, from Boil er 
Canyon to th e Ra p ids of lhe 
Drowned on liord Riv er, Toad 
Riv er area, Briti sh Columbia. The 
Romund eri and Tardus Zon es are 
in sequence in th e Toa d Formation 
al (I), imm edia tely above lhe 
Rapi ds of the Drowned. Localit ies 
(2) to (8) ore in th e liord Formation, 
in Boi ler Can yon ' (2) indicates th e 
loca lity for lh e lower port of th e 
M egino e Zone; (3), th e M eginoe 
Zone (68251 ); (4), Mocleo rni Zone 
(68242); (5), Mocle orni Zone 
(68236, 68237); (6), Su th erlondi 
Zone (68234, 68254); (7) , Suther­
londi Zone (68231 ); (8), Sulher­
londi Zone (68229). Canadian 
Pacific Airlines, August 1 935. 

Pelletier ( 1964). T he Grey beds are ove rl a in di sconformably by the C retaceous Garbutt For­
mation. T he posit ion of the a111111onoid zones with respect to the Triassic-Cretaceous contact 
is as follows . 

Suthe rl and i Zone (type loca lity): Obta ined from five beds, betwee n 340 and 590 fee t 
be low the Cretaceous contact. 

I. 340 feet below contac t: Daxa1i11 a ca11ade11 sis (Whiteaves), Na thorstites 111 cco 1111elli 
(Whitcaves), Lobites cf. L. ellip1ic11s ( Hauer) (68229). 

2. 460 feet below contact : Daxati11a ca11ade11 sis (Whiteaves), Asklepioceras cf. A. 
/au renci Mc Lea rn, Nat /10rs1ites m cco1111elli (Whiteaves) , Dao11 ella e /egans McLea rn (6823 l ). 

3 and 4. 470 and 505 feel below contact: Paratrachyceras s11th erla11di McLea rn , Natho r­
stites 111 cco1111el/i (Whiteaves), Daonel/a elegans McLea rn (68232, 68253 ). 

5. 590 feet be low the co ntact : Paratrachyceras a ff . P. s11ther/a11di McLea rn , M ega­
phyllites sp., D aonella elegan McLearn (68234) . 

M aclea rni Zone: Obta ined from three beds, between 860 and 1,090 feel below the 
C retaceous cont act. 

I. The highest bed, 860 feel below the contact, contai ns a fa un a th at is largely 
undescribed : H 1111garites sp. , Protrac/1yceras aff. P. sika 11 ia11 11 111 McLearn , "Protrachyceras" 
n. sp. aff. "P." reit:::J (Boeck h ), Macleamoceras n. sp. aff. A,1. 111acleami T oze r, Maclear­
noceras? n. sp., Ask!epioceras n. sp .. Lobites cf. L. el/iptic11s (H aue r), M ega ph yllites sp., 
Nathorstites aff. N . 111cco1111elli (Whiteaves), Cy11111ites? sp., Monophy llites sp. (68236). 

2. The middle bed, 865 feet below the contact, provi ded Protrachyceras aff. P. sika11i­
a1111111 Mcl ea rn , A 110/cites cf. A doleritic11m ( Mojsisovics), Daone lla nitanae Mc Lea rn (68237). 
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3. The lowest bed, 1,090 feet below the contact provided Paratrachyceras ca11ri1111m 
McLea rn , A 110 /cites cf. A. doleritic11m (Mojsisovics), Nathorstites aff. N . mcco1111elli (Whit­
eaves) ( 68242) . 

Meginae Zone (type locali ty): Obtained from two levels, between 1,220 and 1,330 feet 
below the Cretaceous contact. 

l. 1,220 feet below the contact: Megi11 oceras 111egi11ae McLearn , Nathorstites aff. N. 
111cco1111el/i (Whiteaves), Dao11el/a nita11ae McLearn (68251). 

2. Between l ,320 and 1,340 feet below the contact: Protrachyceras sikania1111m McLearn, 
Sile11ticeras hatae McLearn , Megaplryl/ites selwy11i (McLearn) , Lo bites pacia11us McLearn, 
Nathorstites afI. N. mcco 1111el/i (Whiteaves) , Dao11ella 11ita11ae McLearn (68248, 68249 , 
68243). Talus blocks from this level provided Megi11oceras 111eginae McLearn and Tha11a-
111ites schoo/ere11sis (Mc Learn) ( 68244 , 68351). 

The section described above establishes the strat igraphic rel ationship between the 
Meginae, Maclearni , and utherlandi Zones. Additions to the fa unas of each zone may be 
made by considering the assemblages known from other localities. 

Additions lo S11th erla11di Zone. Daxati11a ca11ade 11 sis and Paratrachyceras sutlrerlandi are 
the most widely distributed members of the fauna of the Sutherlandi Zone. The section 
described above shows that Daxati11a ca11ade11sis, at least locall y, ranges above Paratrachyceras 
s11ther/a11di . A similar situation is found on the south side of Liard River, downstream from 
Boiler Gorge, 3t miles west of Hell Gate and again in the section 10 miles SE of Mount 
Mary Henry in Tuchodi Lakes area. However, the ranges of Daxatina canade11sis and 
Paratraclryceras s11therla11di definitely overlap in the section 3t miles west of Hell Gate and 
for the time being only one zone is recognized for this interval. Ultimately it may prove 
desirable to recognize two subzones within the Sutherlandi Zone. The following species are 
associated with either Daxali11a ca11ade11sis or Paralrachyceras s111her/a11di at other localities 
in British Columbia and may be rega rded as members of the fauna of the Sutherlandi Zone. 

l. Protrachyceras n. sp. aff. Trach yceras brotheus (Mi.inster) , associated with Daxati11a 
ca11ade11sis on south side of Liard River, 3t miles west of Hell Gate, 170 feet below Triassic­
Cretaceous contact (68272), and apparently with Paralrachyceras sulher/a11di, on north side 
Liard River, 2t miles west of Hell Gate ( 42351) , both localities in the Liard Formation of 
Toad River area. 

2. Asklepioceras g/acie11se Mel.ea rn , Asklepioceras /a11re11 ci McLearn, Asklepioceras 
mahaffii McLearn, associated with Paratrachyceras sutherla11di in the lower part of the Grey 
beds, East G lacier Spur, south side Peace River opposite Brown Hill , Halfway River a rea 
(9797) (McLearn, 194lb, p. 98; 1947b, p. 6; McLearn and Kindle, 1950, p. 49). 

3. Asklepioceras delica/11/11111 McLearn , associated with Paratrachyceras s11lherla11di, 
Liard Formation, 80 feet below Triassic-Cretaceous contact, north side of Liard River, 2t 
miles west of Hell Gate, Toad River a rea (42354). 

4. Ha1111 aoceras n. sp. , associated with D axat i11a ca11ade11sis, Liard Formation, 300 feet 
below Triassic-Cretaceous contact, south side Liard River, 3t miles west of Hell Gate, Toad 
Ri ver area (42335). 

5. Joa1111ites sp., associated with Daxati11a ca11ade11sis , Liard Formation. 10 miles SE of 
Mount Mary Henry, Tuchodi Lakes area (68280). 

Additio11s lo the Macleami Zone. The type local ity for the Maclearni Zone is in the Liard 
Formation on the north si de of Liard River, 2t miles west of Hell Gate, Toad River a rea 
(Pelletier, 1961, p. 25; Tozer, 1963 b, p. 32). The faun a from the Maclearni Zone at this 
locality includes: Protrachyceras aff. P. sika11 ia1111111 McLea rn , Ano/cites cf. A. doleriticum 
(Mojsisovics), Macleamoceras 111aclearni Tozer, Macleam oceras n. sp., Liardites white­
avesi Tozer, C/io11itites? n. sp., Nathorslites aff. N. 111cco1111el/i (Whiteaves) ( 42355). 

Paratrachyceras ca11ri11u111. Mel.ea rn is probably re tricted to the Maclearni Zone. The 
type locality for this species i Beattie Ledge on Peace Ri ver, in Halfway River area. This 
species is represented by two specime ns from Beattie Ledge ; the holotype collected by H. H. 
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Beach and another specimen coll ected by C . M. Ste rn berg in J 93 0 (9276) and described on 
the label as "near the top of secti on of steep beds." This suggests that Paratracli yceras ca11-
ri11wn occurs above the Meginae Zone at Beattie Ledge, and in view of the position of this 
species in Boi ler Gorge, indicates the presence of the M aclearni Zone in the h ighest part of 
the "Dark Siltstones" (Liard Formation). 

Additions to the Megi11ae Zone. Most of the species now known to characte rize the 
Meginae Zone we re first descr ibed from the "D ark Siltstones" (Liard Formation) of Beattie 
Ledge, on Peace River, by F. H . McLeam (1930, 193 7a, 1937b, 1940b, 1943, 1947b) . T he 
ammonoids described from this locality are Protrac/iyceras sika11ian111n McLearn, Protra­
chyceras zauwae McLeam , M eginoceras m eginae McLearn , Sile11ticeras hatae McLearn , 
"Sagenites" gethi11gi McLearn, L obites pacia11us McLearn, Proarcestes sp., Megaphyllites 
selwy 11i (McLearn), M egaph y/lites !eve (McLeam), Tlia11amites schoolere11sis (Mc Learn) , 
Thanamites schoolerensis parvus (McLearn) . The type locality for D aonella nitanae McLearn 
is in the Meginae Zone of Beattie Ledge . In Tuchodi Lakes area A rpadites aff. A . to ldyi M oj­
sisovics is associated with Daone!la 11itanae in beds that are provisiona ll y ass igned to the 
Meginae Zone (see ann . 25). 

The three zones described above ind icate the stratigraphic position of nearly all the 
ammonoids known from the Upper Ladinian of British Colum bia. There is, however, another 
faunal association known from the Liard Formation of at least two localities which cannot 
at p resent be placed in the sequence. This is the assemblage described from "Mount Hage", on 
the south side of Sikanni Chief River, in Trutch a rea. The name "Mou nt H age" does not 
appear on the published map for this area; it represents the NE part of Mount Woolieve r. 
The faun a from thi s locality, collected by McLearn (1947b, p. 8; McLearn and Kindle, 
1950, p. 45) includes Paratrachyceras tetsa McLeam (paratype), a distinctive new species of 
Silenticeras, and Nathorstites sp. (10790). A closely comparable fauna was collected by E. 
J. W. Irish , south of Graham Ri ver, 20 miles SE of C hri stin a Falls, in Halfway River area 
( 42535). Protrachyceras cf. P . sika11ia11 11m McLearn and D ao11 e!la 11ita11ae McLearn occu r 
at both localities, which suggests that the assemblage characterized by Paratrachyceras tetsa 
is related to the fauna of the Meginae Zone, but there is probably a difference in age and 
eventuall y it may be possible to di scriminate anothe r zone or subzone. T he holotype of 
Paratrachyceras tetsa is described as com ing from the Liard Formation exposed on the Alaska 
Highway near Mile Post 386, in T uchodi Lakes area. Exposures are poor and most of the 
fossils h ave been obtained from loose blocks; M eginoceras megi11 ae is present in Dr. McLearn's 
collection from th is locality (10781). No specimens of Paratrachyceras tetsa apa rt from the 
holotype are known in this collection, nor are they present in collections made by the writer 
(42299, 42412) . The preservation of the holotype of Paratrachyceras tetsa is identical with 
that of the paratype from "Mount Hage", an d it seems poss ible that a mistake was made in 
labelling the specimen . 

25 . The type locality fo r the Pose idon Zone is in the lower part of the Lia rd Form ati on, 
exposed on the promi11ent bluff fac ing the Rocky Mountains between Chisch a and Tuchodi 
Rivers in Tuchodi Lakes a rea. This loca lity is 10 miles SE of Mount Mary Henry (see F ig. 
16) . Well-preserved ammonoids of this zone we re obtai ned from two bed , 25 feet apart, and 
include Progonoceratites poseic/011 n. sp. , Protrachyceras cf. P . sikanianum McLearn , Pro­
arcestes sp., Nathorstites n. sp. , and Ptychites n. sp. associated with D ao11 e//a cf. D . /0 11go­
bardica Kitt! (68285, 68286, etc.). About 150 feet above the beds with Progo 11 oceratites 
poseidon, between points 1 and 2 on F igure 16, Dao11 e!la cf. D. s11barctica Popov togethe r 
with Protrachyceras sp. was co llected (68290) . At an eve n hi ghe r level, about 300 feet above 
the beds with Progo 11 oceratites poseido11, there is a prominent marker bed of dark recessive 
siltstone, about 75 feet thick, with A rpadites aff. A. toldyi Mojsisovics, S ile11ticeras sp ., 
Nathorstites aff. N. m cconnelli (Whiteaves), and D aonella 11ita11ae McLearn (68277); this 
fauna is rega rded a Upper Ladini an and ev idently indicates the Megin ae Zone. 1 

l]n 1966 Arpadites afT. A. toldyi was co llected abo ut 100 feel below M eginoceras 111eg i11ae on Mo unt 
Withrow in Trutch a rea . 
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FIGURE 1 6. 

Bluff 1 0 miles southeast 
of Mount Mary Henry, 
Tuchodi Lak es area, British 
Columbia. Exposures are 
of the Lia•d Formation 
with th e basal sandstone 
of the Grey beds forming 
the crest of th e blu ff. 
( 1) indicates posi tion of 
Poseidon Zone; (2), the 
M eginae Zone, with Arpa­
dites off. A. 1oldyi; and 
Daonella nitanae; (3), the 
Maclearni Zone; (4) and 
(5) indicate the Sutherlandi 
Zone. 

Provisionally the bed with Dno11el/n cf. D. s11harctica is regarded as Lower Ladini an and 
representative of the upper part of the Pose idon Zone, but future work may show that this 
Dao11el/a bed characterizes an additional zone between the Poseidon and Meginae Zones. 

Specimens of Dao11 ella cf. D. /ongobardica, identical with those a t the type locality of the 
Poseidon Zone, occur on the north side of Liard River, three quarters of a mile below the 
Rapids of the Drowned in Toad River area (68240). Progo11ocera1ites aff. P. poseido11 is 
present in a collection made by J. E. Mull er, 2t miles NE of Mount Hunter, in Pine Pass 
area ( 42468). There see ms to be no doubt th at the Pose idon Zone, although relatively 
rare, is widely distributed in NE Briti sh Columbia. 

26. The only occurrences of the Subasperum Zone known in Canada are north of Wapiti 
Lake in Monkman Pass area, E British Columbia. The Subasperum Zone occurs in beds 
a signed to the Toad Forlllation by Pelletier ( J 963, p. 4 1). Twelve miles north of Wapiti Lake 
Pelletier co llected the fo ll owing representatives of the Subaspe rulll Zone: Gy11111otoceras 
spp. , Protrachyceras cf. P. meeki (Mojsi sovics) , Ptychites sp., Dao11 el/a cf. D . 111011sso11i 
Merian ( 46484) . The Subasperum Zone is also represented in a collection recently submitted 
by Shell Oil Company, obtained frolll a section 10 miles NW of Wapiti Lake. Tn thi s col­
lection Protrachyceras cf. P. 111eeki (Mojsisovics) occurs 920 feet above the base of the 
Triassic section and abo ut J 00 feet above a largely cove red interval that provided abundant 
representatives of the Varium Zone. 

The stratigraphic rela tionsh ip between the Subasperum, Chischa, and Poseidon Zones 
has not yet been delllonstrated in a continuous stratigraphic sect ion. 

27. The Chischa a nd Deleeni Zones occur in seq uence in a section desc ribed by Pelletier 
(1960, p. 21) on Chischa River, 8 miles above Muskwa River, in the Fort Nelson a rea , 
British Columbia, at the boundary with the Tuchodi Lakes a rea . Di scrimination of the Chischa 
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Zone is possibl e on the basis of collectio ns obtained by Pe llet ie r. Both zones are in the T oad 
Formation . 

The C hischa Zone ( type locality) occurs 13 feet below the top of unit 8 (Pell etie r, 1960, 
p. 22) and co ntai ns Gylllnotoceras cli iscli a n . sp., Ce /l ites? polygyrat11s Smith , Parapopa110-
ceras sp . indet. , D aone/la cf. D . 111011sso11i Meri an (40088) . 

T he Deleeni Zone occurs 45 feet lowe r in the section, represented by Gy 11111otoceras 
de/ee11 i (McLea rn ), L o11gobardites 11 evada1111s H yatt and mith , D ao11 e//a a111erica 11 a Smith 
( 40089). A co ll ec tion obtained from this bed in J 966 a lso includes Gy111 11 01oceras aff. 
G. rotellifo rmis Smith and Tropigy11111ites cf. T . p/a11orbis (H auer) (74724). 

A foss il bed more or Jess correlative with the Chi cha Zone occurs on "H age C reek". 
This creek d ra ins the E side of Mo unt Wooliever o n the south ide of S ik a nni Chief Ri ve r 
in Trutch a rea. F. H . McLea rn di scove red thi s bed ( Joe. 2, McLearn and Kindl e, 1950, Fig. 6) 
and reported Gy11111otoceras sp. and Dao 11e //a cf. D . 111011sso11i Merian ( 10719). The species 
of Gy11111otoceras from this loca lity, like Gy11111oioceras chisclia , has a well -defined keel and 
thu s differs from the species of the Delee ni and older zones. 

Dao11 ella dubia Gabb, known from the Toad Formation a nd the Silty D olo mite member 
of the ulphur Mountain Formatio n, probab ly indi cates the Chischa Zone. Good specimens 
we re obtained by D . W . Gibson from the Si lty Dolomite member o n the SE side of Monagha n 
Creek, 5 miles west of the junction with Sulphur Ri ve r, in Mount Robson area (58386). 

28. The Caurus, Va rium , a nd D e leen i Zones a re in sequence in the Toad Formation exposed 
on the north side of the Ala ka Hi ghway in Tetsa River V alley, west of Mile Post 375, in 
Tuchodi Lakes area. The geology of th is a rea has been described by McLearn ( I 946a, b; 
McLearn and Kindle , 1950, pp. 38-40), and a geologica l map including the area has been 
prepared by Pelle tier ( 1959). ln 1965 the writer accompa nied by . J. il berling exam ined 
the section , and discriminated the Ca urus, Varium, and Delee ni Zones with in the "Beyric/iites­
Gy 11111otoceras" Zone of McLea rn (McLea rn and Kindle , 1950, p. 35). 

Two secti ons we re exa mined, one on the east li mb a nd the other on the west lim b of the 
a nticline immedi ate ly west of Mil e Post 375. T he Cauru s, Y arium , and De leeni Zones we re 
fo und on the east limb, and the Ya rium a nd De lee ni Zones o n the west lim b. 

T he seque nce of foss iliferous beds on the east li mb is given be low (Secti on 1) . The 
posi ti on of the ind ividu al beds is exp ressed in re lation to the co ntact betwee n the Triassic 
beds and the ove rl ying Lowe r C retaceous shales (Ga rbutt Formation). The contact is we ll 
exposed on the hi ghway. 

Section 1 

Deleeni Zone: Gym11otoceras de lee11i (McLea rn) , Lo11gobardires 11 evada11us H yatt and 
mith , Parapopa11 oceras sp. indet. , Uss11rites ar rliaberi ca111ero11 i Mcl earn, Dao11 e//a cf. D . 

america 11a Smith , 500 feet below Cretaceous contact (68224). 

Vari um Zo ne: A 11agym 11 o toceras cf. A . va ri//111 (McLea rn ) , Lo11 gobardites 11 evada1111s 
H yatt a nd Smith , Czeka11 owskites hayesi (Mcl ea rn) , Parapopa11oceras se/wy11i McLea rn , 
590 feet be low C retaceo us contact ( 68204). 

Ca uru s Zone ( type locality): Obta ined from two beds, 660 a nd 675 feet be low C retaceous 
contact. 

I. Le11 otro piles ca11ms (McLea rn ) . Groe11/a11 dites cf. G . 11ielse11i Kummel, Cra111bergia 
n. sp ., Uss11 rites 11111skwa McLea rn , Leio pliy llites ki11d/ei McLea rn , 660 feet below C retaceous 
contact ( 68203). 

2. Acrocliordiceras a111erica1111111 M·cLea rn , Peary /a11diies aff. P. troelseni Kummel, Ste110-
popa11oceras sp. , 67 5 fee t below retaceou s contact ( 68226). 

On the west limb of the anticline the fo ll owing seq ue nce of four fossiliferous beds was 
fou nd (Section 2; see Fig. 17 ). These beds are ex posed between 175 a nd 300 feet west of the 
poi nt whe re the anticlina l ax is in te rsects the Alaska Hi ghwa y. 
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FIGU RE 17. Exposu res of Toad Formafion, north sid e of Alaska Hi ghway, west limb of anti cline west of Mil e 
Post 375, Ala ska Highway (Tuchadi Lakes area, British Columbia). Th e b eds are numbe red a s in 
the text; ( l) and (2) represent th e Va ri um Zane; (3) and (4) th e Deleeni Zone. 

Section 2 

Deleeni Zone (type loca lity): Beds 3 a nd 4. 

Bed 4. Gym 11 otoceras delee11i (Mc Lea rn ) , Longobardi/es 11 evada11us H yatt and Smith, 
Parapopanoceras sp. indet ., Ussurites sp. indet ., D ao 11 e!la sp. indet. (68297). 

Bed 3 (25 feet below bed 4) . Gymno toceras de!eeni (McLea rn) , Longobardites cf. L. 
11evada1111s H yatt a nd Smith , Parapopanoceras letsa McLearn , Dao11ella sp. indet. (68228). 

V ari um Zone (type locality): Beds l and 2. 

Bed 2 (32 feet be low bed 3). H ollandites spivaki Mc Lea rn, Gy 11111otoceras sp., L ongo­
bardites 11 evada11us H yatt and Smith , Proarcestes sp., Parapopa11 oceras cf. P. se/wyni McLearn 
(68295). 

Bed 1 (33 feet below bed 2). A 11agy 11111otoceras vari11111 (McLea rn ), A 11agy 11111o toceras 
m oderatum (McLearn) , L ongobardi/es 11 evada1111s H yatt and Smith, Parapopanoceras selwyni 
Mc Learn ( 68294) . 

Bed 1 is approxim ate ly, or exactl y, loca li ty 6 of McLea rn ( 1946a, p. 4 ; McLearn and 
Kind le, 1950, p . 39) from which he obtai ned A11agy11111otoceras varium (McLea rn ) (ho lo­
type), A nagymnotoceras columbia1111111 (Mc Lea rn ) (ho lotype), A 11agy 11111otoceras he/le 
(McLea rn) (paratype), A 11agy 11111o toceras m odera/11111 (M cLea rn ) ( hol otype) , Lo11gobardites 
larva/is (McLea rn ) (holotype) (10696). 

The Caurus and Varium Zones occur in equence in the Sul phu r Mountain Formation of 
the Alberta Foothill s. This is shown by collections made by D . W . G ibson. G ibson's best col­
lections, obtai ned in 1963 , a re from Monaghan Creek a pproximately 5 mil es west of the 
juncti on with Sulphu r R iver in Mount Robson a rea . The collectio ns a re mainly from talus, 
but their position on the outcrop was accurate ly reco rded and there seems to be no doubt 
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th at the sequence has been established. The Caurus Zone is represented by a talus collecti on 
"from the very base of the Black Sha le mem ber or absolute to p of the Blocky Brown membe r" 
(G ibso n, fie ld label ) by G rambergia 11 ah wisi (McLearn ) (583 85A). T alu s fro m the lowe r part 
of the Black Shale member yielded Anagym11 otoceras co /111nbia11 11m (McLearn ) and Czekan.­
owskites hayesi (McLearn ) indicating the V a rium Zone ( 58385B ). 

T he Ca uru s, Va rium , and De leeni Zones are aJso known fro m othe r localities in Brit ish 
Columbi a and A lbe rta. The occurre nce descri bed be low are of pa rt icular importance in that 
they add to the known fa unas of the indi vidu a l zones. 

Caurus Zo ne. Am ong McLea rn 's collecti ons the Caurus Zone is present at loca lity 2 on 
"Ca me ron Hill " nea r Mi le Post 378 on the Al aska Hi ghway. T his locality, in the Tuchod i 
L akes a rea, is a short distance wes t of the secti ons already described (McLea rn, 1946a, p . 4 ; 
Mc Lea rn and Kindle, 1950 , p. 39) . T he collec ti on representing the Caurus Zone at the loca li ty 
contain s Acrochord iceras wnerica 11 um McLea rn (holotype), Grambergia n. sp. (descri bed 
by McLearn , in press), Parapopa 11oceras 11on 11ale McLearn (holoty pe ) , Vss11r ites 111 11skwa 
McLearn (holotype) (10732) . 

Ammonoids of the Ca uru s Zone we re a lso descri bed by Mc Lea rn (1948) fro m Chisch a 
Ri ver in Fo rt Nelso n area, whe re W . I. W right fo und these foss ils in a sectio n 6 m iles 
upstream from the junction of C hischa and Muskwa Rivers. Wri ght collected L e11o tropites 
dawso11i (McLea rn ) (holotype), Gram bergia macke11 zii (McLearn ) (ho lotype), a nd Para­
popa11 oceras sp. on the no rth ba nk o f the ri ve r (1 0736). Along the strike, on the south side 
of C hischa Rive r, Wright collected G ram bergia ovi11 us (McLea rn ) (holotype) and Vssu rites 
m uskwa McLea rn (pa ra type) ( l 0733) . Mc Learn ( in. press) places Le11otropites dawso 11 i in 
sy nonymy with L enotropites caurus. Vssu rites muskwa, as already mentioned, is in the Caurus 
Zone on the A laska H ighway . Thus there seems to be li ttl e doubt th at these co llecti ons fro m 
Chischa Rive r re present the Cauru s Zo ne.1 

T he Cauru s Zone is also prese nt in the type sect ion of the Toad Formation o n the south 
side of L ia rd River about 2 miles downstrea m from the mouth of Toad Ri ve r, in Toad Ri ve r 
a rea (K ind le, 1944, p. 7; 1946, p. 21 ; McLea rn and K indle, 1950, p. 40). T he collecti on made 
by Kindle at this loca lity includes Acrochordiceras americanum McLea rn , Longobardites 
nevadan us H yatt and Smith , Grambergia mctaggarti (McLea rn ) (ho lotype) , Grambergia 
nah wisi (McLearn ) (holotype), L enotropites caurus (McLea rn ) ( ho lotype) , Leno tropites 
boreas (McLea rn ) (holotype), A rctohungarites bufon is (McLearn ) (holotype), A 11 agy111nites 
hol/a ndi (McLea rn ) (holotype), S t11 ria sp., L eiophyllites k indlei Mc Learn (ho lo type) ( 10660). 
This locali ty was revisited in 1960 by B. R . Pelle tie r a nd the write r; most of the species listed 
above a re re presented in co llectio ns made at th at time (42337 , 42338, 42339, 42343). T he 
Cauru s Zone is about 20 feet thick at this locality. 

Kind le also collected Anisian ammonoids from a locality on the no rth side of Lia rd 
Rive r, 8 miles SW of the mouth of Toad Rive r (Kind le, 1944, p . 8; 1946, p . 22; 1948, p. 38; 
McLea rn an d Kind le, 1950, p. 40 ) . H e records two foss ili fero us beds at this locali ty: an 
upper 40-foot limestone, and a lowe r sha le with foss iliferous concreti ons. The fossi ls obta ined 
by Kindle have been given one catalogue numbe r (10659). A la rge collection was made fro m 
the same pl ace by the writer in 1960. Fossils a re ha rd to extrac t from the outcropping lime­
stone, but a re easily obtained fro m talus blocks. In 1960 the collect io n fro m each talus block 
was cata logued separa te ly. From the fa unul es in the individua l blocks it a ppea rs that fo ur 
fa una! asse mblages a re present. T wo evidently represent the Caurus Zone, and two mentioned 
late r, the Va rium Zone. Those th at represent the Caurus Zone a re as fo ll ows: one fro m 
a talus concretion p resum ably derived from the lowe r sha le contai ns Lenotropites caurus 
(McLea rn ) and L eiophyllites kind le i Mc Lea rn ( 423 49). The second Cau ru s Zone assemblage 
is in three bl ocks appa re ntly fro m the uppe r bed with Gra111bergia n. sp. (as at locality 
10732 on the A laska Hi ghway) , Vss 11 rites cf. V. m uskwa McLearn a nd Leiophy llites ki11dlei 
(McLea rn ) ( 4240 1, 42403, 42404). 

1Th is was confirmed when the writer visi ted C hischa River in 1966. 
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Ammonoids have been reco rded from the Guardian We ll , wh ich was drilled in the Grande 
P ra irie area, Albe rta (Hunt and R atcliffe, 1959, p. 569 ; Armitage, 1962, p. 39). C.R. Stelck 
identified specimens obta ined at a depth of 5,737 feet as Nathorstites and Parapopanoceras. 
P rofessor Stelck kindl y pe rmitted the writer to examine these specimens, which a re frag­
menta ry and not well prese rved . The best speci me n is the o ute r part of a whorl showi ng a 
ce ratitic suture line. Wh at re ma ins of this specimen suggests identificat ion with Grambcrgia 
ovinus (McLea rn) or Grr11 11bergia na/11visi (McLea rn ). Thi s specime n evidentl y indicates an 
occurrence of the Caurus Zone in the Do ig Formation . 

Vari um Zone. McLearn ( 1946a , p. 4 ; 1948, p. 5) li sts rep resentati ves of the Va ri um 
Zone fro m locality 2 on Ca me ron Hill near Mile Post 378 on the Alaska Hi ghway (see 
McLea rn and Kindle, 1950, p. 39). Two collections evidentl y indicate thi s zone: one contai ns 
A nagy11111o toceras ino (McLea rn ) (holotype) and C zekanowskires hayesi (McLea rn) 
( I 0698) ; the other has C zekano1vskites hayesi and Parapopanoceras p. ( l 0699 ) . A lthough 
listed from the same geographic locality as Acrochordiceras a111erican11111, etc. ( 10732), which 
represent the Caurus Zone, McLea rn 's field notes make it quite clea r th at the specimens fro m 
I 0732 , 10698 , and 10699 were obtained from three sepa rate outcrops, projecti ng as ledges 
from the hill side, more or less on strike with one another. T he re is no evidence to suggest 
that the fa unas of the Caurus and Varium Zones occur in the sa me bed at locality 2. The 
holotype of A nagymnotoceras wrighti (McLea rn) , which was coll ected from talu s near 
locality 2, is probabl y from the V a rium Zone. 

Among the collections made on Li ard Rive r 8 miles SW of the mouth of Toad Ri ver two 
of the four assembl ages me ntioned evidentl y indicate the V a rium Zone. One is represented by 
three blocks contai ning A nagymnotoceras sp., L ongobardi/es lar va /is McLearn, Parapopano­
ceras obeswn McLearn , Parapinacoceras hagei (McLea rn ), Anagy111 nires sp. (42400 , 42406, 
42409). The other assemblage is represented by two blocks wi th A nagym notoceras sp., 
L ongobardi/es nevadanus H yatt a nd Smit h, C zekanowskites hayesi (McLea rn ) ( 424 10, 42411 ) . 
Czekanowskites hayesi and L ongobardi/es larva/is ev idently do not occur together at thi 
locality. The sa me is true on the Alaska Hi ghway (see above) , where Longobardi/es lar va /is 
is recorded from the locality on the west lim b of the a nti cline and Czekanowskites lwyesi from 
the east limb. This introduces the possibility that two subzones may be distinguished wi thin the 
Va rium Zone, one characte ri zed by Longobardi/es larva/is and Parapinacoceras hagei; the 
other by C zekanowskites hayesi.1 

Well -prese rved am mono ids of the Va rium Zone have been collected by B. R. Pelle tier 
from the Toad Format ion on Chlotapecta Creek, 10 miles east of the Rocky Mountain front 
in Tuchodi Lakes area. The fau na fro m this loca lity in cludes two species unknown elsewhe re 
- Hollandites n. sp. (described by McLea rn , in press) and l s111idites sp. - associated with 
A nagymno toceras cf. A. co/11111bian11111 (McLearn) and Parapopanoceras sp. ( 40109). 

Deleeni Zone. The holotype of A nagymnites via-alaskae McLea rn is from talus col­
lected on the Al aska Hi ghway near Mile Post 375. The nature of the attached mat rix leaves 
little doubt th at this specime n ca me from the D elee ni Zo ne. T his a lso app lies to the type speci­
mens of L ongobardites canadensis McLea rn and Longobardires intomatns McLea rn . Both 
these species were later pl aced in ynonym y with L ongobardi/es nevadanus H yatt and Sm ith 
(McLearn , 1951) . 1cLea rn a lso collected fragments of a large Prychites in talus on the 
Hi ghway ( I 0694; this specimen. too, is almost ce rtainl y from the Deleeni Zone). 

A richl y fossiliferous local it y for Ani sian a mmonoids occurs in the Silty D olomite 
member of the Sulphur Mountai n Form ation east of Su lphur Ri ver in the Mount Robson 
a rea, Alberta (= loc. 28 , Irish, 1965, p. 17 1). Coll ections by Trish (25 11 8) a nd subse­
quently by geologists of an oil compan y (55007) include Gymnotoceras cf. G . deleeni 
McLea rn a nd large Ptyc/1 ites cf. P. troch/aeformis Lindstro m. These collections evidentl y 
indicate the Deleeni Zone. 

IJn 1966 Czekanowskites hay esi was found 7 feet above a bed with Parapi11acoceras /iagei on C hischa 
Ri ve r 6 miles abov~ Muskwa Ri ver in Fort elson area. This suggests that Czeka 11owski1es liayesi may 
c haracterize the upper part of the Vari um Zone. 
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The foregoing account indicates the stratigraphic position of most of the Anisian ammo­
noids described from the Eastern Co rdillera. A few species are still of uncertain posi tion . 
They include Ptychites wrighti McLea rn , descri bed from McTagga rt Creek (1073 1) , on the 
west side of Mount Wooliever in Trutch a rea (McLearn and Kindle, 1950, p. 37, Fig. 6) , 
possibl y from the Va.rium Zone. H ol!a11dites hum i McLearn , described from a talus block 
in McTagga.rt C reek (107 18), is also a. possible representative of this zone. Cymnotoceras 
liardense McLearn and Cy11111otoceras beac/1i McLea.rn are probably from the Deleeni Zone. 
Cymnotoceras ki11dlei (McLea rn ) is possib ly from the Deleeni Zone, but this is by no means 
certa in. 

29. Three sections in the H alfway River a rea illu strate the relationship between the Candidus, 
Sverdrupi , Romunderi , and Subrobustus Zones. All fo ur zo nes are in the Toad Formation, 
which rests di rectly on the Fantasque Formation of Permi an age. Section J co ntain a.11 four 
zones. Sections 2 and 3 a re less co mplete, but they provide addition al data on the co mpo­
sition of these zones. 

Section 1 is on the prominent west-facing bl uff 7 mi les north of Mount Laurie r. 

Section 1 

Subrobustus Zone: Pseudosageceras bicarina/11111 Tozer, Pref/oria11ites i11ter111edius Tozer, 
Prosphingites cf. P. czekanowskii Mojsisovics, l sculitoides 111i11or Tozer, Popovites occide11ta/is 
Tozer, Monacanthites monoceros Tozer, K eyserlingites s11brob11st 11s (Mojsisovics), Procamites 
modest 11s Toze r, Posidonia aranea Tozer, 406-420 feet above base of T oad Formation (fu ll 
details in Tozer, 1965a, pp. 5, 6). 

Romunderi Zone : Posidonia 111i111er Oeberg (562 13, 562 14) , 150 and 2 10 feet above base 
of Toad Formation. 

verdrnpi Zone: Paranorites sverdrnpi Tozer, Paranorites aff. P. i11flat11s Spa.th, H ede11-
stroemia or Pse11dosageceras sp., "Di11arites" cf. D . mi1111t11s Waagen etc. (56209, 56222, 
56223. 56225 etc.). 90-JOO feet above base of Toad l'ormation. 

Ca ndidus Zone: Prio110/ob 11s cf. P. lila11ge 11 se (Krafft), Prio110/ob11s cf. P. p/icat11s 
(Wa agen) , Proptychites cf. P. ca 11 did11s Tozer (562 18, 56219, 56220, 56203 etc.), 50-80 feet 
above base of Toad Formation. 

Section 2 is 2t miles S7 °W of the sum mit of Mount Laurier (Tozer, l 963a, p. 3; 
1965a, p. 6). 

Section 2 

Subrobustus Zone: l sculitoides minor Toze r, Popovites occide11talis Tozer, Mo11aca11thites 
monoceros Tozer, M etadag11 oceras pu lcher Tozer, K eyserli11 gites subrobustus (Mojsisovics), 
Svalbardiceras chowadei Tozer, Procarn ites 111odest11s Tozer, Posidonia aranea Tozer, 320-335 
feet above base of Toad Formation (Tozer, 1965a, pp. 6, 7). 

Romunderi Zone: Posidonia 111i111er Oeberg (56 189, 56190), 110 and 123 feet above base 
of Toad Formation. 

Sverdrupi Zo ne: not recognized. 

Candidus Zone: Priono/obus cf. P. lilangense (Krafft), Proptychites cf. P. ca11did11s Tozer 
(56180) , 45 feet above base of Toad Formation. Talus blocks from this level contain Priono­
lobus cf. P. i11doaustra!ic11s (Wan ner) (56 182, 56 183). Specimens of Proptychites cf. P. 
ca11did11s Tozer from this loca li ty have been illustrated (Tozer, 1963a, p. 22, Pl. UT) . 

Section 3 is in the go rge of Needham C reek, 3 mi les above the junction with Graham 
River. Coll ection s were firs t made from this section by geologists of Shell Oil Company and 
B. R. Pelletie r, and later ( in 1963) by the writer. In the section given below the position of 
the fossil beds is expressed as the stratigraphic elevation above the hi ghest exposu re of the 
Fantasque Formation, which underlies the Toad Formation . The act ual contact between the 
Permian and Triassic beds is not exposed. The measure ments given a re those made by the 
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writer in 1963. Comparison with previous accounts (Pelletier, 1963 , p. 26 ; Tozer, 1963a, p. 3) 
reveal s slight discrepancies in the measurements, but whatever the exact figure may be the 
differences do not affect the conclusions rega rding the fauna! sequence . The discrepancies may 
be due to differing estimates of the covered interval between the Permian and Triass ic rocks. 
Pelletier estimated the interval as J 5 feet ; the writer's figure is 45 feet. 

Section 3 

Subrobustus Zone: Popovites sp. indet. , Procamites modestus Tozer, Posidonia aranea 
Tozer, about 400-430 feet above Fantasque Formation. 

Romunderi Zone: Euf/emingites cf. E. cirratus (White) , Ju veniles needhami Tozer, 
Ju veniles sp., Meekoceras cf. M. gracilitalis White, Posidonia mimer Oeberg (56166) , in 
large concretion , 190 feet above Fantasque Formation. 

Talus concretions, probably from exactly the same level , provided Dieneroceras sp., 
Euf/emingites cf. E. cirratus (White) , A 1wkas/1111irites sp., A rctoceras cf. A. b/omstrandi 
(Lindstrom) , new ammonoid genus (oxycone), Posidonia mimer Oeberg (56169, 56170, 56171, 
56172, 56173, 56174, 56279). 

Sverdrupi Zone: Paranorites sverdrnpi Tozer, 85 feet be low Romunderi Zone (Pelletier, 
1963, p. 26; Tozer, 1963a, p. 15) . 

30. The principal locality for the T ardus Zone in British Columbia is in the Toad Formation 
on Liard River and on the Toad, nea r the confluence of the two river . This locality i in 
Toad River area. Original ly discove red by E. D. Kindle (Kindle , 1944, pp . 7, 8; McLearn and 
Kindle , 1950, p. 40), it was revisited by B. R . Pelletier and the writer in 1960. Fossi ls from 
this local ity have been desc1-ibed by McLearn (1945). The fossil beds on the Toad and Liard 
Rivers are on stri ke with one another and about 3 miles apart. The ma in Tardus bed is 4 to 
6 inches thick and is a mass of ammonoids and bivalve . The relationships are best displayed 
on Toad River, 2 miles above its mouth . The section is as follows. 

Tardus Zone (type locality): Upper Bed, Xenoceltites subevo /11111 s Spath , "Pseudo-
1110110/ is" occidentalis (Whiteaves) ( 42363). 

(4-foot unfossiliferous interval) . 

Lower bed, 4 to 6 inches thick, Xenoceltites robertsoni McLearn , X enoceltites warreni 
McLearn , Wasatchites tare/us McLearn , "Pse11do111011 01is" occidentalis (Whiteaves) , Posidonia 
aff. P. mimer Oeberg (42364). 

Romunderi Zone (?): 60 feet of ca lcareous silty shale with ba nds of coquinoid rock 
composed of shells of Posidonia mimer Oeberg (42365, 42366, 42367). 

At the locality on Liard River a tal us fragment of rock with Posidonia mimer Oeberg 
also contains a fragment of E11f/e111i11gites ( 42362). This suggests that the Posidonia mimer 
beds, beneath the Tardus Zone, represent the Romunderi Zone. 

The total ammonoid fauna of the main Tardus bed comprises Pseudosageceras n. sp., 
Xenoceltites robertsoni McLearn, Xenoceltites warreni McLearn , Xenoceltites cf. X. ha1111ai 
Mathews, Anasibirites cf. A . crickmayi Mathews, Prionites hol/andi McLearn , Wasatchites 
( = A 11a1vasatchites) lard us (McLearn) , Wasatchites merrilli (McLearn), Wasatchites cana­
densis McLearn, Wasatchites m eeki deleeni M cLearn , Wasatchites proc11r v11s McLearn. Wasat­
chites is represented by several hundred specimens that exhibit extraordinary variability and 
it is possible that only one species is, in fact , represented . Xen oceltites is represented by 
severa l tens of specimens; Anasibirites by one specimen from Liard River (42340). Pseudo­
sageceras is known from on ly one specimen obta ined from a loose block (42369) , clearly 
derived from the main Tardus bed. 

In 1965 the Tardus Zone with Wasatchites cf. W . tardus ( McLearn ), and "Pse11do111011otis" 
occidenta!is Whiteaves (68 184) was fo und on the north side of Liard Rive r immed iately 
above the Rapids of the Drowned (see Fig. 15). Large crushed E11f/emi11gites (68 183) were 
obtained from ta lu s of beds that underlie the Tardus Zone. The re lations observed on Toad 
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and Li ard Rive rs leave li ttle doubt th at the Ro munderi and Tardus Zones occur in seque nce 
in British Columbia, as they do o n Ellesme re Island (a nn . 13) . 

The Romunderi Zone is represented by Euf/e 111i11gites in the Su lphur Mountain Formation 
at several loca lities in the Albe rta Foothil ls (Tozer, 196 1 a, p. 7) . Tn Jaspe r N ational Park 
this zone lies within the Blocky Brown Sil tstone member (G ibson, 1965 , p. 6). 

3 J . T he re la ti onship between the Ca ndidus Zo ne and Griesbachi an beds has been observed 
in the Grayling Formation exposed on Duned in R ive r 4~- miles north of Mi le Post 384 on the 
A laska Highway, in Tuchodi Lakes a rea, northeastern British Colum bia (Pelletier, 1961 , 
p. 27; Toze r, J963a, p. 2). At this local ity Clara ia stachei Bittner of Griesbachian, probably 
Upper Griesbachian, age occurs IOI feet above the base of the Grayling Formation and the 
fo llowing ammonoids were obta ined from a single concretion 11 7 feet above the base: 
Xenodiscoides cf. X. radians (Waage n) , Discophiceras co /1/111 bian11111 (Toze r) ( = K oninckites 
co/11111bia1111s Toze r) , Prop tychites 111111/eri Toze r, Proptychites k 11111111 eli Tozer, Proptychites 
newel/i Toze r, Dunedinites pinguis Tozer. Proptychites 111111/eri closely re emb les Proptychites 
ca11 did11s Toze r and this is taken to justify ass ign ment o f this a mmonoid fauna to the Ca nd idus 
Zone . 

Jn addition to the loca li ty desc ribed above, Claraia stac/1 ei is al so known from the 
Grayling Formation of Li a rd Ri ver in Toad River a rea (McLea rn , 1945; McLearn and 
K indle, 1950, p. 36) ; the Sha ly Si lts:o ne membe r of the Sulph ur Mounta in Formation in 
Mount Robson area, A lberta (G ibson, 1965, p. 5), and in the Foothil ls and eas tern ranges of 
the Rock y Mountains in Brazea u, Ca lga ry, and K anan askis La kes a reas (Ma lloch, 1911 , p. 
47 ; Warren , 1945 , p. 486; orris , 1958, p. 10 ; Tozer, l96la , p. 3) . 

32. The rel ationship between the Ma rshi and Suessi Zones has been es tab li shed in the 
vicinity of T ya ughton C reek in T aseko Lakes a rea, southern Bri tish Colum bia. A variety of 
Tri ass ic rocks and foss il s have been known from thi s area for so me time (Shimer, 1926 ; 
Ca irnes, 1943; McLearn , 1942; 1953 , p. 12 16), but until recently little was known of the 
sequence. Recent study of this area by H . W. Tipper (1963b) and the writer has led to the 
identificat ion of evera l distinct rock units within the T yau ghton Group of Ca irnes (l 943). 
The write r's work was co nfined to a small a rea sou th a nd west of Castle Peak, which lies 
north of Tyaughton C reek. 

The four fossiliferous Tri assic units in the Tyaughton Group of this a rea are , in ascend­
ing order, ( I ) limesto ne with co rals and megalodont biva lves, including Neom egalod11s 
ca11ade11sis (Shimer) ; (2) limestone a nd calcareous shale with M onotis s11bcirc11/aris G abb; 
(3) calca reous sandstone and si ltsto ne, with Rlwbdoce ras s11essi H auer a nd other a mmonoids, 
a nd characte rized pa rticula rl y by a n abundance of Cassianella li11g11/ata Gabb; ( 4) green 
conglomeratic sandstone with Choristoceras 111arshi H auer. Unfossilifero us sa ndstones and 
conglomerates occur between units 2 and 3. 

T he Monotis subcirc11/aris beds (2) represent the Lower uessi Zone; the Cassianella 
beds (3) the Upper Suessi Zone ; and the uppe r green co nglomerate (4) conta ins the Ma rshi 
Zo ne. Lowermost Jurass ic (Hettangia n) ammonoids have bee n known from this a rea for 
some time (Frebo ld , 1951 ), a nd new collections have a lso been described by Frebo ld 
( 1967). The exact rela tionsh ip between the Ma rshi Zone and the Hetta ngian beds has not 
been demonstrated in a strati gra phic section , but accordi ng to Tipper (pers. com.) it is 
probable that am mono ids represe ntin g the Planorbis Zone ( lowest Jurassic), identified by 
Frebold ( 1967) , occur in the upper part o f the conglomeratic unit th at conta ins the M a rsili 
Zone. Jn other words, the green conglomeratic sandstone probabl y bridges the Tri ass ic­
Jurassic boundary. 

Two stratigraphic sections illust rate the re la tionships of the four fossiliferous Tri ass ic 
units. 

Section l illu strates the uppe r beds, showing the boundary between the Marshi and 
uessi Zones. Thi s sect ion is exposed o n the north side of Tyaughton C reek , 4,700 feet up­

strea m from the mouth of Spruce Lake C reek (see Fig. 19) . T he beds a re ve rtica l and face 
eastwards. 
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E. T.T., 1963 

FIGURE 18 . View to th e north of ridge west of Castle Peak, Ta seko Lakes area, Briti sh Columbia (see ann. 32). 
(L) indicates th e limestone with Neomega/odus, e tc., (M), th e Monotis subcircu/aris b e d s re prese nting 
the Lower Su essi Zone, (C), the Cassiane//a b eds of th e Upp er Suessi Zone. 

Unit No. 

Sectio11 1 
Top of Section 

Thickness 
of U ni t 
(feet) 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-

3. 

2. 

I. 

M arshi Zone (unit 3) 
Green sandsto ne, with pebbles of volcanic rock up to 3 inches in 

diameter. Topmost bed has Cho ristoceras mars/ii Hauer, M elea­
gri11 el!a sp. (56395); lower 3 feet have Choristoceras cf. C. 
111ars/1i, Modiola cf. M. strigil/ata Gold fu ss, "Myophoria" sut1011-
e11sis C lapp and hi mer (56396, 56397) ........... .. 

Covered interva l 

Sucssi Zone (u ni t I ) 
"Cassia 11 e lla beds'', sandstone and siltstone, green , brown weathering, 

coquinoid beds contai n Modio la cf. M . strigil!ata Goldfuss, Cassi­
a11 el!a li11g11/ata Gabb, Myophoria cairnesi McLearn (56398, 
56400, 5640 I) 

30 
25 

45 

In J 939 C. H . C rick may co llected foss il s from this loca lity and they include good 
speci mens of C horistoceras marshi associated with small "Arcestes" sp. ( 10095) . 
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Section 2, illustrating the lower beds in sequence is o n the ridge NW of Castle Peak. 
The sectio n was measured east o f the pro minent limestone summit I t miles NW of Castle 
Peak (see Fig. 18) . The beds a re mo re or less verti ca l throu gho ut the secti on. Alth ough 
vertical the re is no doubt about the sequence, fo r a simil a r succession ca n be de monstrated on 
seve ra l adj acent fault blocks. 

U nit N o. 

9. 

8. 
7. 

6. 

5. 
4. 
3. 

2. 

I. 

Sec tio11 2 

T op of Section 

Suessi Zone (uni ts 2-9) 
"Cassia11 ella beds", green sa ndstone with ha rd reddish brown weather­

ing coquino id layers; Cassia11 ella li11gulata G abb (564 11 ) 
Mainl y covered, some ribs of conglomeratic sa ndstone 
Sandstone and conglomerate; sa ndstone green, medium lo coa rse 

grained, in pa rt reddish brown wea thering; co nglo me rate com­
posed of rounded pebbles o f vol canic rock, commonl y less th an 
3 inches in diamete r 

Covered interval 
Sa ndstone, grey, with granul es of qu a rtz and sea ms of conglo merate . 
Covered inte rval 
Conglomerate, com posed almost entirely of unso rted limesto ne clasts 

up to 6 inches in diamete r. M atrix is red qu artzose sa ndstone a nd 
granule sa ndsto ne 

Limestone, grey, thin bedded, min or grey che rt, ca lca reous sha le pa rt­
ings; M o11 otis s11bcirc11/aris G abb 30 fee l above base o f unit 
(56407); H alorites cf . H . a111erica1111s H ya tt (c ru shed) 35 fee t 
above base o f unit (56410 ) 

L imestone, grey, weathe rs ve ry li ght grey, th ick bedded to mass ive, 
mino r grey che rt, Neo 111 egalod11s ca11 ade11sis (Shimer) and cora ls 
(56406) 

Red sandstones and co nglo me rates, devoid of dete rm inab le foss ils, 
underl ie unit 1. 

Thick ness 
of U nit 
(feet ) 

150 
65 

160 
60 

5 
40 

70 

55 

150 

A mmonoi ds were not fo un d in the Cassianella beds of the measured secti ons but severa l 
are known fro m nea rby ex posures of this unit. Rhabdoceras suessi H aue r occurs wi th Cassia-
11 ella li11g 11 /a ta (564 15) It mil es NW of Castle Pea k, on the fa ult b lock immedi ate ly west o f 
the one o n which the section de cri bed above was measured. Paracochloceras suessi Mojsiso­
vics is with Cassia11 e/la li11g11/ata (56405) 5,400 feet NW of Cas tl e Peak on the fault block 
east o f the measured sectio n. Other a mmonoids obta ined from the Cassia11 ella beds of the 
a rea aro und Castle Peak and T yaughton C reek include Placites sp. ( I 01 4 l ) collected from 
the mo uth of Spruce Lake C reek by . H . C ri ckm ay ; Paracladisciles sp. ( I 0 153) a mile SE 
o f Castle Peak also co llected by C ri ck may: and la rge "A rcestes" sp. (62360, 62458) fro m the 
ridge west of Castle Peak, collected by H . W . Tipper. 

There see ms to be no doubt th at the Cassia11e/la beds, which a re very di stincti ve both 
lilho logica ll y a nd fa unall y, fo rm a marker unit th roughout the Castle Peak- Tya ughton C reek 
a rea. Accepted a uch , they serve lo lie the succession fro m the Lower Suessi Zone (Mo 11 otis 
subcircularis beds), throu gh to the Uppe r Suessi Zone (Cassia11 e/la beds) , and fin all y, on 
T yaughton C reek fro m the U ppe r Sues i Zo ne to the M a rshi Zone. The Cassia11 ella beds 
close ly resembl e the Middle Member of the Ga bbs F o rm ation of Nevada descri bed by Muller 
a nd Fe rguson ( J 939) , whi ch the write r had the o ppo rtunity to see in 1964, under the 
guidance of N. J. Si lbe rlin g. The Middle Membe r o f the Gabbs is evide ntl y the so urce of the 
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E.T.T., 1963 

FIGURE 19. View downstream on Tyaughton Creek, Taseko Lakes a rea, Bri tish Columbia. The rocks are broken 
by many faults. The crossed hammers are positioned immediately to th e right of the place where 
th e Cassianel/a b eds (Upper Suessi Zone) are overlain by th e Marshi Zone (page 76). 

type specimen of Cassianella li11g11/ata (S. W. Muller, pers. com.) , and, like the beds in 
British Columbi a, represents the Upper Suessi Zone (Si lberling, in Sil berling and Tozer, 
in press ). 

33 . The Sutton Formation of Cowichan Lake, Vancouver Island (Cape Flattery area) , 
contai ns an unusua l fau na of the Suessi Zone, which includes the genus Choristoceras as well 
as Rhabdoceras. The locality at Cowichan Lake has been described by Clapp and Shimer 
(19 11 ) , Clapp (1912, p. 61) , and Fyles (1955 , p. 23). C lapp and Shimer originall y dated the 
Sutton as Jurass ic, but M artin (1916) and Smith ( 1927 , p. JO) recognized that the fauna was 
Triassic. Smith assi gned the Sutton fauna to the Lower Norian , the date he chose for all 
the Triassic coral beds of weste rn North Ameri ca. Coral beds are now known to occur at 
several levels in the Upper Triassic and Smith 's assignment of the Sutton to the Lower 
Norian cannot be upheld . 

At the type locality on Cowichan Lake the Sutton Formation forms a belt about 500 
feet wide fl anked on both sides by volcan ic and pyroclastic rocks (Clapp and Shimer, 1911 , 
p. 427) . The limestone beds dip steeply to the northwest and are concordantly overlai n by 
pyroclastic rocks (Clapp, 1912, p. 65 ; Fyles, 1955, p. 23). The rel ation ships of the basal beds 
of the Sutton Formation are less clear. Fyles (o p. cit.) co nside rs th at the Sutton beds overlie 
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the Franklin Creek Volcanic Formation, but in the opinion of J. A. Jeletzky a nd the writer, 
who studied the section in 1953, the eastern contact is probably a fau lt. 

Fossil s a re abunda nt in the Sutton Formation. Several corals, Choristoceras suflonensis 
Clapp and Shimer, Terebratula suttonensis C lapp and Shimer, and "M yophoria" suttonensis 
Clapp a nd Shimer, were described by C lapp and Shimer ( 19 J l). C lapp's collection, hou sed 
at the Geological Survey (13703) , includes many undescri bed foss ils, main ly bivalves. Addi­
tional collections made by J. A. Jeletzky and the writer in l 953 reveal the occurrence of 
several ammonoids previous ly unknown. 

The seque nce of a mmonoid-bea rin g beds in the Sutton Formation is as fo ll ows . 

(Top of section) 

Unit No. 

3. Limestone, grey, mainly bioclastic; M yophoria s11t1011e 11sis and corals 
in uppe r 40 feet ; Placites sp. and M egaphyllites cf. M . insectus 
(Mojsisovics) , 60 feet from top (23374) ; C/10ristoceras suttonensis, 
70 feet from top (23380) . Unit 3 forms the western limestone 

Thickness 
of Unit 
(feet) 

point on the lake shore (Clapp and Shimer, 1911 , fi g. 3) 95 

2. Covered inte rval about 150 
(The marsh of C lapp and Shimer, op. cit., fi g. 3) 

1. Limestone, grey, 4-foot coral bed 60 feet from top. Rhabdoceras suessi 
Haue r, Choristoceras s11tto 11 ensis C lapp and Shimer, Cycloceltites 
cf. C. arduini Mojsisovics (Tozer, 1962 , Pl. XlJ , fi gs. 16a, b) , 
M egaphyl/ites sp. (23370 , 23372) 73 feet from top of unit ; 
Choristoceras s11tto11 e11sis, cladiscit id indet. (23373 ) 100 feet from 
top of unit 200 

U nit 1 forms the eastern limestone point (Clapp and Shimer, l 911 , fig. 3). 

Rhabdoceras suessi was found only in the lower beds (u ni t l) whe re it is associated, 
in the same rock, with Choristoceras. The occurrence of Placites in the upper beds ( unit 3) 
is taken to justify their assignment to the Suessi Zone, rather than to the Marshi Zone, despi te 
the absence of Rhabdoceras. Poss ibly units 1 and 3 are the sam e bed, repeated by a fault in 
the covered intervaL Exposures a re not good enough to confirm or deny this possibility. 

The benthonic fau na of the Sutton Formation suggests that the Upper, rather than the 
Lower Suessi Zone is represented. 

34. The Suessi Zone is widely distributed in the Western Cordillera. 

The Lower Suessi Zone ( = Monotis subcirc11/aris Zone) is known from the fo ll owing 
local ities in western British Columbia: ( 1) Bonanza Group of Vancouver Island ( Alert Bay, 
Nootka Sound, and Alberni areas) (Gu nnin g, 1932 ; Jeletzky, 1950; Hoadley, 1953 ; McLea rn , 
1953 , p. 1210; Surdam, et al. , 1964) ; (2) Parso n Bay Formation of H a rb ledown Island 
(Alert Bay area) (Crickmay, 1928); (3) Tyau ghton Group of Taseko Lakes area (ann. 32) ; 
(4) Nicola Group of Ashcroft a rea (Cockfield, 1948, p. 14); (5) Antoine Creek, Quesnel 
Lake a rea (40031) (Ca mpbell, 1961); (6) Bowron River, t mile W of 122 meridi an, 
Prince George area (42501) (Tipper, 1961) ; (7) Takla Group of Fort Frase r area (Arm­
strong, 1949, p . 58) ; (8) Telegraph Creek area (Kerr, 1948, p. 83, and J. G. Souther, pers. 
com.); (9 ) Si nwa Formatio n of Tulsequah a rea (Souther, 1960) ; (10) Kunga Formation of 
the Queen Cha rl otte Islands, in Moresby Isla nd and Graham Island areas (McLearn, 1953 , 
pp. 1207-1209; A. Sutherland Brown, pers. com .) . 

In southern Yukon Territory the Lower Suessi Zone is represented by Manolis subcircu­
laris in the St. E li as Mountains of K luane Lake a rea (Mull er, 1958) , and in the Lewes River 
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Group of Whiteh orse, Laberge and G lenlyon areas (Lees, 1934; Bostock a nd Lees, 1938 ; 
Wheeler, 196 1, p. 34; Tozer, 1958 ; Ca mpbell , 1960) . The loca lity in G len lyon area is at 
Eagles Nest Bluff on Yukon Ri ver (28504). 

Ammono ids are rare in the Lower Suessi Zone of the Weste rn Co rdill era. R lrabdoceras 
s11essi H a ue r, Halorites cf. H . america11 11s H yatt, and Rlracoplryl/ites occu r in the Lewes R iver 
Group of southern Yukon (Toze r, 1958 , p. 15 ; 1962, Pl. X ff , figs. 17, 18). Halorites cf. 
H. america1111s also occur wi th Mo11otis s11bcirc11/aris in the Tyaughton Group (a nn . 32) 
in the Sinwa Formation of Tul sequ a h a rea (40429) a nd in an ol d coll ection (6897) made by 
V. D olm age from th <> west coast of Vancouver l sland . T hi last co llecti on also conta ins 
crushed specimens ot Sagenites sp. associated with Monotis s11bcircu laris, and specimens 
of Rlrabdoceras s11essi . The locality give n for 6897 is "One Tree Island", which is now 
known as Clark Island , in ootk a Sound a rea. Accord ing to Je letzky (1950) , C la rk Island 
is unde rl a in entire ly by C retaceous rocks, but he obtai ned represe ntatives of the Lower Suessi 
Zone at Mushroom Poi nt, a m il e east of C lark Island. Probab ly the specimens co llected by 
D ol mage a re incorrect ly labe lled . Although their exact localit y may be unce rtain , they never­
theless estab li sh the occurre nce of F-falorites, Sagenites, and Rliabdoceras, with Monotis 
s11bcirc11/aris. 

The U pper Sue si Zone is also known from many localities in western British Colu mbi a 
and southe rn Yukon . The Lower and Upper Suessi Zones occur in sequence at Tyaughton 
Creek (ann . 32) a.nd also, as mentioned be low, o n Vancouver I sland and in southe rn Yuk on. 

The Upper Suessi Zone is pa rticul arly we ll deve loped o n Vancouver Tsland in Nootka 
o und and Alert Bay areas, where it has been found by J . A. Jele tzky ( 1950, and unpubl. 

MS.) from the Arenaceous and Limestone members of the Bona nza Gro up. ft has been 
shown by Jeletzky ( 1950, p. 7) th at the Arenaceous and L imesto ne members overlie the 
Man olis subcircularis beds (Lower Suessi Zone). At one t ime it was tho ught th at the secti on 
might be in verted (see McLearn , 1953 , p. 1210). but later field wo rk by Jeletzky has estab­
lished beyond doubt th at the sequence as origina ll y described in 1950 is co rrect ly interpreted 
( pers. co m. from J . A . Jeletzky) . The extensive co llections obta ined by Je le tzky in clu de many 
biva lves ( Plicat11/a peri1n bricata Gabb, Cassianella li11g11/ata Gabb, "Myop/1oria" cairnesi 
McLearn , etc .). A l o present, for examp le at W a lters Cove, K yuquot. a re Rlrabdoceras 
s11essi H auer a nd Paracochloceras snessi M oj isovics (23072) (Toze r, 1962, Pl. X II , fig. 4). 

The occurre nce of the Uppe r Suessi Zone in the Sutton Fo rm ation of Cowicha n Lake, 
Vancouver Island, is described above (a nn . 33). 

Mainland locali ties for the Upper Suessi Zone besides Tyaugh ton Creek ( an n. 32) include 
Mount Snippaker in Tskut Ri ver a rea (28949) and the Klastline Pl ateau in Telegraph Creek 
a rea (32767) where co llections have been made by J . G. Souther. Di agnostic a m111onoids of the 
Suessi Zone a re unk nown from these loca lities, but characteristic bivalves, such a Plicatu/a 
perimbricata Gabb and "M yophoria" cairnesi McLearn . are present. "M yoplroria" adornata 
McLea rn , recorded from the icola Group, probably indicates the occu rrence of the Upper 
Suessi Zone in the H ope a rea ( Rice, 1947, p. 14; McLea rn , 1942, p. 99). 

In southern Yukon, the Upper Suessi Zone is in the upper part of the Lewes Ri ve r Group 
in Whitehorse and Laberge areas (Lees, 1934; Tozer, 1958; Wheeler. 1961 , p. 35). The 111ost 
co111mon foss il s are Spondylospira /eivesensis (Lees), "Varia11111ss i11111" y11ko11 e11se Lees, and 
"Trigonia" textilis Lees. Corals a nd brachiopods a re also present. A111monoids are very rare 
but a re represented by one specimen of Paracoclrloceras (Toze r, 1958, p. 19) , a nd by one 

111 a ll M etasibirites recently fo und in the collection from 14860 northeast of Fish L ake in 
Whiteh or e area (Wheeler, 196 1, p. 35). 

35. The Co lumbianu s Zone is well represented in co llections made fro111 the west coast of 
Vancouver I sla nd by J. A. Jele tzky in Esperanza In let (N ootka Sou nd area) and o n U nion 
and Amos Islands (A le rt Bay a rea). The zo ne occurs in the Thinl y Bedded member of the 
Bo nanza G rou p (Jeletzky, 1950, p. 7; 1954) . 
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On the north shore of Espera nza Inl et east of Peculi a r Po int the zone is represented by 
Hi111avatites cf. H. 11111/tia11rit11s McLea rn , Th etidites? n. sp., Distichites sp., £pisc11/ites sp. , 
Placites sp. , Pi11acoceras sp ., Halobia sp., Mo11 otis cf. M . sc111i/or111is pi11e11sis Weste rmann 
( 19678, 19709, 19275). 

From the NW part of Union Island Jeletzky obtained "Sa 11d/i11gites" cf. "S." striatissi11111s 
Diener and Placites p. (20255) from beds 33 feet below the first occurrence of M ono/is 
s11bcirc11/aris (Lower Suessi Zo ne). This is the only known occurrence of thi species of 
"Sa11dli11gites" in Canada a nd it is tentat ively rega rded as representing the Columbia nus Zone. 

On Amos Island the following represe ntatives of the Columbi a nus Zone were obtained 
by Je lelzky from severa l " nests" occurring in about 12 feet of strata: Ste i11111 a1111ites cf. S. 
1111d11/atostriat11s Mojsisovics, H i11 w1'a fit es sp., Thetidites cf. T. bryso11is Diener, Parajuvavites 
cf. P. b11ddhaicus Mojsisovics (Tozer, 1962, Pl. XC, fig . 6a , b) , Placites p. (2143 1, 24352, 
2435 1). About 15 fee t lowe r in the sectio n specime ns of " Ditt111arites" cf. "D." hi11 dei Mojsiso­
vics were collected (2143 0 ). 

Surdam, et al. ( 1964) report Monot is cf. M. sc11 tifor1 11is pi11 e11sis Weste rm ann from the 
section o n Iron River in Alberni a rea, and this occurrence probabl y in licates the Colum bianus 
Zone. C rickmay (1928 , p . 59) recorded M o11 o tis alaska11a Sm ith from the Pa rson Ba y 
Formation of Swanson Tsland at the SE end of Queen Cha rlotte Strait (Ale rt Hay area). 
C rickm ay's "M o11 otis alaska11a" a ppa re ntl y occurs be low Mo11otis s11bcirc11/aris, and as sug­
gested by McLea rn (1953 , p. 1211 ; 1960a, p. 36) the lowe r M o1101is bed is probably co rrela­
tive with the Columbianus Zone. 

Specimens that probably repre ent M o11otis scutifonnis pi11 e11sis (40028) occur in Gravel 
Creek 6 mi les west of Horsefl y in Quesne l Lake a rea (Ca mpbe ll. 196 1). 

36. Tt is probab le that the juvavitids th at occur in Formation "D" of the Lewes Rive r Group 
in L abe rge a rea, Yukon , represent the Magnus Zone (Lees, 1934; T oze r, 1958, pp. 15, 16 ). 
Al l the a mmo noids from this loca lity are cru shed . At least three genera are present : a 
juvavitid , a tibelitid (?), a nd a third genu s, evo lute, with stron g, unbranched ribs. The 
juvavitids have projected ribs th at cross the vente r; the identification of J11 vavites s11bi11ter­
rupt11s Mojsisov ics made by Lees ( 193 4 ) and suggesti ve of a Ka rnian age ca nnot be upheld. 
Tt is mo re likely th at they a re re lated to lndojuvavites a11g11/at11s Diener, which is a ppa rentl y 
a member o f the fau na o f the Magnu s Zone ( p. 37). Similar foss il s, with comparab le prese r­
vation, occur at localities 14859 and 24379 on the east side of I bex Rive r Valley in White­
horse area (Wheeler, 1961 , p . 34). A single specimen of /11 do j11 va1•ites? sp. (40032) has 
been collected on the north shore o f the easterly of the Prouton Lakes in Quesnel Lake area 
( am pbell , 1961 ). Possibl y this occurrence indicates the M agnu s Zone. 

37. The Ke rri Zone is known from the no rthern pa rt of Vancouver Island (Alert Hay 
a rea ), from co llections made by H . . Gunning and J. A. Jeletzky. At Ru pert Inlet in 
Qu al ino Sound Jeletzky obtai ned Mojsisovicsites kerri (McLea rn) from the Qu atsino For­
mation (23266). Tn the Nimpkish ma p-a rea Gunning obtained a co llection fro m the Bonanza 
Group in which specimens of M ojsisovicsites kerri are assoc iated with H alobia alaska11a Smith 
( = H alobia cf. H . arthaberi Kitti of T oze r, J96 1a, p. 15 ) ( 137 12) . Fa rthe r to the south on 
U ni on Tsland Jeletzky co llected Halobia a/aska11 a (20237) from the lowe r pa rt of the Thinl y 
Bedded member of the Bonanza Group (Jelelzky. 1950, p. 7; 1954). 

M ojsisovicsites kerri is known fro m eve ra l localities in the T eleg ra ph Creek area (Kerr, 
1948, p. 82) . Good speci mens we re co llected from the hill It miles north of Dutch Cha rlies 
Riffie o n Stikine Rive r (13248). 

Halobia alaska11a has been collected from the Kunga Formatio n of Graham Island 
(Graha m Island a rea) in the Queen Cha rl otte Islands by A. Sutherland Brown (48606) , 
a nd thi s species is a lso recorded from the P arson Bay Formation of H a rbledown Island 
(Alert Bay area) (Crickmay, 1928, p . 59). 
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38. The fo llowing occurrences of the Welleri Zone are known in the Western Cordillera. 

The Welleri Zone is well repre ented in a co llectio n obtai ned by J. G. Souther, 3 miles 
west of Bob Quinn Lake in Iskut River area by: Pamphagosire11ites cf. P . pamphagus (Ditt­
mar), Tropites joh11so11i Smith (Tozer, 1962, Pl. VIII , figs. l2a, b), Tropites reticulatus Smith , 
Discotropites sp. , Ho111 erit es semiglobosus ( Hauer) (28941 ). 

Juvavites cf. 1. obso/etus Smith and H omerit es se111iglobos11s (69190) indicate the Welleri 
Zone in a collection made by A. Suthe rl and Brown from the Kunga Formation of Blue Jay 
Cove, Burnaby Island (Moresby Island area). 

From Vancouver Island J. A. Je letzky has co llected representatives of the Welleri Zone 
from the Quatsino Formation of Ououkinsh and Malk sope Inlets (A le rt Bay area) , and from 
Union Island , which lies in the Alert Bay a nd Nootka Sound a reas. 

The col lections li sted below will indicate the known associations and the total composition 
of the ammonoid fauna. 

I. Isl and at mouth of Power River in Ououkinsh Inl et: Discotropites sp., H o111eri tes 
se111iglobos11s ( Hauer) (23161). 

2. 500 yards SE of Iza rd Point, Ououkinsh Inl et: Tropites cf. T. wel/eri Smith , Ju va­
vites cf. J. brockensis Smith, Trach ysagenites cf. T. /1 erbichi Mojsisovics (23066). 

3. I slet immediately south of Amos Island, NW of Union Island: luva vites sp. indet ., 
T ardeceras pyg111ae11s (Smith) , Trachysagenites sp. indet. (20236). 

Jeletzky obta ined good specimens of Pa1nphagosire11ites pamphagus (Dittmar) (22270, 
Tozer, 1962, Pl. VII, figs. 5a-c) 950 yards SE of Izard Point , from severely faulted beds. 
This occurre nce probably indicates the Welleri Zone. 

R. B. Campbell has recently collected Upper Karnian ammonoids, probably of the 
Welleri Zone, from Quesnel Lake and Bonaparte Lake areas. The collection from the Quesnel 
La ke area is from Beaver Valley Road at lat. 52 °25'10" and includes Discotropites and 
luvavites (68122) , an association suggestive of the We lleri Zone. The collection from the 
Bonaparte Lake area is from south of Friendly Lake (5 1°34', 120 °28') , and contains Tropites 
sp. indet (68119); this collection cou ld be as old as the Dilleri Zone. 

39. The Dilleri Zone is known from several localities in western Briti sh Columbi a. 
From King Salmon Mountain in the Tul sequ ah a rea J. G. Souther collected the fo ll owing 

represe ntatives of the Dilleri Zone: Spirogmoceras cf. S. shaste11se (Sm ith ), Traskites sp., 
Discotropites cf. D. sa11dli11ge11sis (Hauer) ( 43695). 

On the west coast of Vancouver Island J. A. Jeletzky obta ined Paratropites cf. P. sulcatus 
(Calcara of Gemmellaro) and Ple11ro11autilus cf. P. a /askensis Kummel (24033) from 
sedimentary inclusions within the topmost part of the Karmutse n Volcanic Group, exposed 
on the NW shore of Union Isla nd in Alert Bay a rea. A large col lection from st ructu ra ll y 
isol ated rocks believed by Jeletzky (pe rs. co m.) to represent beds low in the Qu atsino For­
mation, exposed on the la rgest of the Hisnit I slands in Ououkinsh Inlet ( Alert Bay area), 
contai ns Tropites sp. indet., Paratro pites sel/ai Mojsisovics (of Smith) , Paratropites cf. P. 
sulcatus (Calcara of Gemmellaro) , Trach ysage11ites cf. T . herbichi Mojsisovics , Pleuro11auti­
/11s cf. P. alaskensis Kummel (23147, 23939). These assemblages evidentl y represent the 
Dilleri Zone. 

Givens and Susuki (1964) report Spirog111ocerns shastense (Smith) , Traskites sp., Para­
tropites sp., and Trachysage11ites sp. from "Jnterlava Sediments" in the Campbell River region, 
A lberni area. This fau na is presumably from an eq ui valent of the Karmutse n Group 
and, like the fau na from Union Island, clea rl y indicates the Dilleri Zone. 

Carlisle and Susuki ( 1965) have described an Upper Karnian fauna from the Open Bay 
Formation of Qu adra Island (B ute Inlet area). Thi s fauna comprises Spirogmocerns sp., 
Traskites cf. T. carey i Smith Traskites cf. T. compressus (Hyatt and Smith) , Trnskites cf. 
T. r1.1gos1.1s (Hyatt and Smith) , Ha1111aoceras sp., Tropites dilleri Smith , Tropites cf. T. welleri 
Smith , Tropites spp., Discotro pites cf. D. sa11dli11ge11sis ( Hauer), Paratro pites sel/ai Mojsisovics 
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(of Smith) , C y 11111o tropites cf. C . a111 erica1111s H yatt and Smith, Tor11q11istites? sp. , B acchi/es 
cf. B . bacc h11s (Mojsisovics) , L econteiceras sp. , Trachysagenites herbichi (Mojsi sovics), 
Arcestes sp. Despite the presence o f Tro pites cf. T. welleri the re see ms to be little dou bt 
that this fauna represents the Dilleri Zone as recognized by Carlisle and Susuki (1965 , p. 458). 
These authors also state (op. cit. , p. 473) th at Tropites dilleri occurs at least 200 feet above 
the base o f the Qu atsin o Formation in lron River, Alberni area , in the section briefly described 
by Surdam, et al. (1964). 

Tropitid and trachyceratid a mmonoids, including Paratropi tes speps11111e11sis C rick may asso­
ciated with Ha/obia, have been recorded from the Ashcroft a rea (Crickmay, 1930 ; Duffell 
and McT agga rt, 1952, p. 30). The trachyceratids reco rded as Pro trachyceras (Duffel I and 
Mc Tagga rt, Joe. cit. ) ( 18607) a re possib ly Spirog111 oceras, sugges tin g that thi s fauna repre­
sents the Dilleri Zone. 

40. Upper Triassic halobiids a re known from widely scattered areas in western Briti sh 
Colum bia , for example in the McD ame area (Gab rielse, 1963, p. 13); a nd in the Takla 
Group of Fort Grahame (Roots, 1954, p. 126) , Whitesail Lake ( Duffel! 1959, p. 34) , Nechako 
River (Tipper, 1963a, p. 23) , and Manson River (A rmstron g, 1949, p. 57) a reas. Most, if not 
a ll , of these occurrences are probably of Upper Karnian age. 

A peculiar Upper Tri ass ic ammonoid of uncerta in age is A croc/1ordiceras carlottense 
Whiteaves, described from Hou ston Stewart Channel , Mo resby l sland a rea . Smith ( 1927 , 
p. 54) tentative ly assigned this species to l11 vav ites and suggested that it might be of orian 
age, presumabl y because G . M . D awson who collected the type specimens a lso obtained 
M o no tis s11 bcirc11/aris from Hou ston Stewart Chan nel. The latera l sculpture of "Acrocho rdi­
ceras" car/ottense consists of low ribs of the inne r half of the fl ank s. T owa rds the venter these 
ribs break into low, long, rather erratica ll y distri buted bullae. The erratic scul pture is certainly 
sugges ti ve of that found in some species of H a/orites, so from the evidence prov ided by the 
type specimens alone it would seem reasonable to suggest that Acrocho rdiceras car/ot tense is 
an Upper Nori an Ha/orites. On the other hand, McLearn ( I 947a, p. 4, and field notes) 
reco rded a specimen of Juvavites cf. J . car/01te11se (Whiteaves) (9687) from ta lus on "Cas­
cades Cree k", on Pa rdoner Hill , in H alfway Rive r area (Easte rn Co rdille ra) . T he specimen 
from Pardoner Hill is probabl y Upper K a rnian or Lower Norian. For the time being the age 
of these unusual ammonoids mu st be regarded as uncertain . 

41. A possible occurrence of the N anseni Zone is known from Kletsan Creek in the western 
part of Klu ane Lake area, in Yukon Te rritory near the Al aska border. Halobia sp. indet. and 
Sirenites sp. indet. (3 1406) occur in shale at this locali ty, above volca nic rocks that are 
correlated with the ikolai Greenstone (Muller, 1958, p. 4) . Th.is occurrence is not far from 
the type loca lity of Sirenites hayesi Smith , which is on the Middle Fork of While River, on 
the north front of the Wran gell Mountains, Alaska (Martin , 1926, p. 35; Smith , 1927, 
p. 82). Siren ires h ayesi is close ly related lo Sire11ites se11ricos11s Dittma r, a nd probab ly indi cates 
the N anseni Zone. 

42. C rushed a mmonoids, possibl y Trac/1yceras cf. T. ao noides Mojsisovics, have been recorded 
from the lowe r part (Formatio n " A") of the Lewes Ri ver Group of Laberge area, southern 
Yukon Territory (Toze r, 1958, p. 9) . These ammonoids are probab ly Lower Karnian , Obesum 
Zone. 

43. Middle Triassic D aone ll as th at resemble Daonella degeeri Boehm and a re probabl y of 
Lower Ladinian age, are now known from three widely scattered areas in the Western Cordil ­
lera . They are (1) Kluane Lake a rea, Yukon , where Daonella (31403) occurs in beds that 
overlie Permian limestone and unde rlie the correlative of the Nik olai Greenstone (Muller, 
1958, p. 4); (2) Near the head of Scud River (32768) in Telegra ph C reek a rea , northwestern 
Briti sh Colum bia, where the specimens were di scovered by J. G. Souther; (3) from ma p-unit 
9 (Little and Thorpe, 1965 ) nea r Phoeni x in Penticton area, southern British Columbia 
(569 10, 56905). A small undetermined ammonoid with a ceratitic suture line is in the col­
lection from loca lity 56910. 
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44. M ono11·s ocho rica (Keyserlin g) and M o notis s11 bcirc11/aris Gabb, indi cat ing the Lower 
Suessi Zone. are now known from wide ly scattered localities in no rthe rn Yuko n Territory. 
Specimens identified as Manolis ocho tica are known from the fo llowing loca lities (Mountjoy, 
in press): ( 1) Loney C reek, tributary to Firth River, He rschel Island area (52795); (2) Bab­
bage Rive r, JO miles south of Trout Lake (53302, 53326) a nd JS miles south of Trout Lake 
(53322), Blow Ri ver area. 

Specimens referable to either Mo no tis ochotica o r M a nolis s11bcirc11 /aris ( 47132) occur 
on the north side of Monste r Ri ver at 64 °58'N, 140°05 'W (47132) a nd at 65 °00'N , 
138 °38'W (47137) in the NW pa rt of D awson a rea (G reen and Roddick , 1962), and also 
in the SE part of the D awson a rea, 6 miles west of Tombstone Mounta in (68900) , where 
they were obtained by D. Tempelman-Kluit in 1965. ln N ash C reek area Kee le obtained 
Triassic foss il s many years ago (McLearn 1953, p. J 2 13) , inclu ding Mono/ is s11bcircularis. 
Green a nd Rodd ick ( 1962 ) rece ntly obtained new collections from thi s a rea , includ ing 
Mono/is s11bcircu /aris , collected on R ackl a Rive r, J- m ile south of the creek d ra ining the 
Kathleen Lakes ( 4714 1). Mono/is s11bcirc11/aris is a lso known o n Tay River ( 42893), in Tay 
Ri ver area (Green and Roddick, 1961) . 

45. A single small specimen of Stei11111an niles ( 47 J 34) was collected 3 miles SW of the 
la rgest of the Kathleen Lakes in Nash C reek a rea, centra l Yu kon Territory (Green and 
Rodd ick, 1962). Undetermined species of M o not is occur at the same loca lity. T he Steinman­
nites probably indicates occurrence of the Columbianus Zone. 

46. Specimens of Ju vavites cf. J . knowltoni Smith have bee n collected o n R ackla Ri ver, t 
mi le south of the creek draining the K athlee n Lakes, in Nash C reek area (47 135) (G reen 
and Roddick, 1962 ). T hese specimens probabl y indicate the We lleri Zone . The Wei Jeri Zone 
is probab ly also present o n the no rth bou nda ry of the D awson a rea, north of Monster River 
(65° 00'N , 139 °38'W ). At thi s loca lity (47133) halob iids simil ar to those in the We lleri Zone 
of NE Briti sh Columbia were obtai ned by Green and R oddick ( 1962) . 

47. Specimens of Daone //a cf. D. degeeri Boehm have recentl y been co llected by D. 
Te mpelm an-K luit, 6 miles west of Tombsto ne Mounta in in D awso n area (68899). These speci ­
mens are probably of Lower Lad ini an age . 

48. Abundant small specimens, a pparently referable to Posido nia 111i111er Oeberg, have been 
co llected by D. Te mpelman-Kluit, 6 mi les west of T ombsto ne Mountain in D awson a rea 
(69117) , stratigraphica ll y be low the Lower Ladinian foss il s mentioned under ann otation 47. 
T his specie occurs in great numbers in the Romunderi Zone of the A rcti c island and the 
Eastern ordi llera, and a lso on the north slope of Al aska (S ilberling and Patton, 1964, p. 
A145 ). The occurrence in the D awson a rea probabl y also indi cates the Romu nderi Zone. 
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APPENDIX 

DESCRIPTION OF NEW SPECIES OF AMMONOIDEA 



Family OTOCERATIDAE 

Genus Otoceras Griesbach 

Otoceras concavum n. sp . 

Pl ate I , figures 1-3 ; Figure 20 

Otoceras n. sp., T ozer, J 965b, p. J . 

Diagnosis. Otoceras with a phragmocone at least 95 mm in diameter. Fl anks con­
cave on inner whorls and fl at on outer whorls ; venter, on phragmocone, with three 
strong keels; sutme line li ke that of Otoceras boreale Spath . 

Types and dimensions1
• 

Specimen Loca lity D H w u 

1888 1, para type 64779 47 21 (0.45) 34 (0 .72) ca JO (0.21) 

18882, holotype 64777 64 31 (0 .48) 36 (0 .56) ca 13 (0.20) 

18883 , pa ratype 47539 90 46 (0.51) 40 (0.44) 17 (0.19) 

18884, para type 64732 95 49 (0.52) 52 (0 .55) ca 17 (0 .1 8) 

'The measurements given in th is appendi x a rc in mm , in the co nve nti o na l 111anner for dia 111 ete r (D) , 
who rl height (H ), who rl width (W), a nd umbilica l width (U) . Figures in parentheses a re th e p ropo rti on s 
of H, W, a nd U expressed as a deci 111 al frac ti on of 0. 

Description. The small para type (18881, Pl. I , figs . 3a, b) shows the character­
istic concave flanks . The holotype ( 18882 Pl. I, fi gs. l a, b) shows the transi tion 
from concave to more or less fl at flanks. The largest known specimen ( 18884 
Pl. I , figs. 2a, b) has near ly flat whorl sides and retai ns three strong keels to the 
end of the phragmocone. The last few septa of this specimen show slight approxi­
mation. Paratype 18883 (not illustrated on plate) closely resembles o. 18884. 

o. 1888 3 is the only specimen th at reveals the suture line on the umbilical wall 
(Fig. 20). 

Comparisons. Otoceras concavum differs from Otoceras boreale Spath , of which 
the original of Spath, 1935, Plate ITT, figures J a, b , is now chosen as lectotype, 
in having concave flanks on the inner whorls ; no well-defined spiral shelf adjacent 
to the umbilical margin ; a more steeply inclined umbilical wall ; and in the smaller 
size. The venters of the two species are also different. H they be compared with a 
gabled roof, the venter of Otoceras concavum has a lower pitch than that of 
Otoceras boreale. Furthermore, the outer whorl of Otoceras boreale loses the tri-
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FIGURE 20. Exte rn al suture lin es a l Otoceras concavu m n. sp. (x2). Upp er two fi gures o f paratype, GSC 
No. 18883; lower two figures of holotype, GSC No. 188 82. 

carinate venter. In compari son the venter of Otoceras concavum reta ins the three 
keels at least to the end of the p hragmocone, judging from No. 18884. Spath 
( 1935 , p. I 0 ) described one specimen of Otoceras boreale as having concave inner 
whorl sides and a much wider ventral area than the other specimens. This parti­
cula r specimen ( o. 17 5) has been examined by the writer at the Mineralogisk 
Museum , Copenhagen. It is only 30 mm in diameter and lacks the prominent 
ventro-lateral keels of Otoceras concavum. Also the concavity of the flanks is 
much Jess marked. The umbilicus of Otoceras concavum is more like that of 
Otoceras woodwardi Griesbach th an th at of Otoceras boreale. H owever, the bifid 
second lateral saddle and concave inner whorls distinguish the new species from 
Otoceras woodwardi. The outer whorl of Otoceras concavum resembles that of 
Otoceras indigirense Popov from Siberi a, but there is no evidence that the Siberian 
form has concave :fl anks on the inner whorls. It is assumed that the holotype of 
Otoceras indigirense is the origin al of Popov, 196l a, Pl. T, fi gs. 3a, b; not the 
specimen illustrated in 195 8 (Popov, 1958, fig . 2 ). The specimens of Otoceras 
boreale and Otoceras indigirense th at Popov fi gured in 1958 (figs. 1, 2) and in 
1961 ( Pl. I , fi gs. 3a, b ; PI. III, figs. 4a, b ) are transposed . The specimen illustrated 
as Otoceras boreale in 1958 appea red as Oroceras indigirense in 196 1, and vice 
versa. Otoceras fissisellatwn Diene r has a suture line li ke th at of Otoceras con­
cavum, but Diener's species Jacks the characteri stic concave flanks of the new 
species . The concave fl anks of Otoceras concavum. invite compari son with some of 
the Permi an otoce rataceans from Dzhul fa in Armeni a, particula rly with Araxoceras 
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tectum Ruzhencev. However, the suture line of Otoceras concavum, with two large 
well individualized auxiliary lobes and two smaller ones, immediately clistinguishes 
the new species from the Permian forms. 

Occurrence. Blind Fiord Formation, Griesbach Creek, east of Camp Five Creek, 
Axel Heiberg Island (80°3 l 'N, 94 °40 ' W) (Bukken Fiord area). GSC localities 
64777, 44 feet above base of Blind Fiord Formation, E. T. Tozer, 1964; 64779, 50 
fee t above base, E. T . Tozer, 1964; 47539 , from talus, R. Thorsteinsson and E. 
T. Tozer, 1961; 64732, from talus, E . T. Tozer, 1964. 

Age. Lower Griesbach ian, Concavum Zone. 

Family DI NA RITJDAF. 

Genus O lenikites Hyatt 

Olenikites pilaticus n. sp . 

Pl ate VI, figures 1-5; Figure 2 l 

Nordopliiceras pi/a/11111 (Hyatt and Smit h), Tozer, 1965b, pp. 2, 5, no t M eekoceras pi /arum Hyatt a nd 
Smith , 1905, p. 144 . 

Diagnosis. Olenikites attaining a diameter of at least 46 mm. Inner whorls coronate 
with strong bullae; later whorls with bullate ribs; outer whorl s with distantly spaced 
bullate ribs which become progressively less p rominent towards the aperture. 
Suture line with two ceratitic lateral lobes and an incised suspensive lobe. 

Types and dimensions. 

Specimen Locali ty D 

18890, pa ratype 64719 11.5 
18891, paratype 64719 16 
18892, para type 64719 25 
18893 , holotype 64719 40 
18894, para type 64719 46 

' '.V---

V(/Vl 

H 

4 (0.35) 

8.5 (0.34) 
17 (0.42) 
22 (0.48) 

w u 

ca 6 (0.52) 5 (0.43) 

8 (0.32) 8 (0.32) 
ca JO (0 .25) 11 (0.27) 

16 (0.35) 11 (0 .24) 

FIGURE 2 1. Exte rnal suture lin es cf O/eni­
kites p ilaticus n.sp . (x3 ). Holo­
typ e, GSC No. 18893. 

Description. The small paratype, o. 18890 (Pl. VI , figs. l a, b) has an outer 
whorl that is wider than high . The whorl bears seven strong bullae that achieve 
their maximum elevation at the middle of the whorl side. At this stage the venter 
is wide and gently arched, the ventral shoulder is fairly well defined, and there is 
no distinct um bilical shoulder. 
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No. 1889 l (Pl. VJ, fi gs . 2a, b ) shows the change from depressed to relatively 
eleva ted whorls. With the proportion al increase in eleva tion, the bullae are replaced 
by bullate ribs. 

No. 18892 (Pl. VI, fi gs . 3a, b) shows the m ature whorl section . Th e umbilical 
wall is vert ical , the umbilical shoulder rounded, the fl anks are mildly convex, and 
lhc vente r is rounded . This specimen has thirteen essenti ally radi al bullate ribs 
which arise at the um bi lical shoulder and fade on the outer third of the flank. 

The holotype, N o. J 8893 (Pl. VI, fi gs. 4a, b ) has ten ribs on the outer whorl. 
T hey are bull atc near the umbilica l shoulder, fade abruptly towards the venter and 
are barely discernible on the outer half of the whorl side. 

No. 18894 (PL VI, fi gs. 5a-d ), the la rgest known specimen, preserves a body 
chamber three qu arters of a whorl long. The sculpture on the initial three quarters 
of the outer whorl is li ke th at of the holotype. On the last qua rter the bullate ribs 
are replaced by ribs that are littl e more th an elevated growth lines . T hese lines 
show adapical curvature just below the umbilical shoulder and on the greater p <l" rt 
of the fl ank and across the venter they fo llow an essenti all y radi al course. 

The holotype shows the suture line (Fig. 2 1). 

Comparisons. O fenikites pi faticus is morp hologically intermediate between repre­
sentatives of A rctoceras and Ofenikites. The sculpture resembles that of Olenikites, 
th e suture line is like that of A rctoceras. Ofenikites pilaticus is intermediate in age 
between A rctoceras b fom strandi (Lindstrom ) and Olenik ites canadensis Tozer , and 
the new species probably fo rms a phylogenetic link between the a rctoceratids of 
the Smithi an and the typical representatives of Olenikites in the Subrobustus Zone. 
Olenikites pilaticus may also be related to Prohungarites tuberculatus Welter, which 
differs only in having a fas tigate vente r on the outer whorl. 

The most closely related species is "M eekoceras" pi fatum H ya tt and Smith , 
with which the new species was fo rmerly identified. Examination of the syntypes of 
" M eekoceras" pilatum has revealed the following di stinctions: ( l ) "M eekoceras" 
pifatum, at a comparable diameter ( 35 mm ) has ribs th at persist, at even strength , 
over the whole of the fl ank; those of Olenikites pifaticus are restricted to the inner 
half of the fl an k; (2) the inner whorls of "M eekoceras" pifatum are not known to 
bear the strong bull ae of O fenikites pilaticus; (3 ) "M eekoceras" pilaturn attains a 
larger size than any known specimen of Olenikites pi faticus ; ( 4 ) the suture of 
O fenikites pilaticus has wider saddles and more prominently incised lobes th an th at 
of " M eekoceras" pilaturn . 

"Xenodiscus" karpinskyi Mojsisovics, the type species of Nordophiceras 
Popov, lacks sculptured whorl s, and the writer no longer beli eves th at "M eekoceras" 
pi fatum should be assigned to that genus. 

Occurrence. Blaa M ounta in Formation, Lower Shale member, about 80 feet above 
base; cuff on coast of Nansen Sound , 20 miles SE of Cape Stallworth y, northern 
Axel H ei berg Island (Cape Stallworth y area). GSC local ity 647 19; E. T. Tozer, 
1964. 
A ge. Spathian, Pi!ati cus Zone. 
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Family B EY RICHITJDAE 

Genus Gymnotoceras Hyatt 

Gymnotoceras chischa n. sp. 

Plate VII, figures 6, 7; Figure 22 

Diagnosis. Gymnotoceras with quadrangular whorl section. Inner whorls have 
bullae on the inner half of the flanks from which falcoid ribs and parabolae arise. 
Ribs have tuberculate endings at the ventral shoulder. Ventral keel well defined. 
Suture line with wrinkled saddles. 

Types and dimensions. 

Specimen Locality 

18885, holotype 40088 

18886, paratype 40088 

D 

29 
ca 34 

FIGURE 22. External suture line, below umbilical 
sho uld e r, of Gymnotoc era s chisch o n.sp. 
(x3). Holotyp e, GSC No. 1 8885. 

H 

13 (0.45) 

17 (0.50) 

w 
12 (0.4 1) 

12 (0.35) 

u 
9 (0.31 ) 

9 (0.27 ) 

Description. The hoJotype (PJ. VIl , figs . 7a, b ) is entirely septate. There are nine 
bu ll ate ribs on the inner half of the fl ank on the last half whorl , and about eighteen 
more or less tuberculate rib termin ations at the ventral shoulder. To within a 
qu arter of a whorl from the aperture parabolic sculpture (Arkell, et al., 1957 , 
p. L89, fi g. 17) is clearl y visible on the outer third of the whorl side. The para type 
(Pl. VII, figs. 6a, b) preserves one third of a whorl of body chamber, most of 
which is in the fo rm of internal mould. The initia l part of the last whorl shows 
sculpture li ke that of the holotype: bullate ribs on the inner third of the whorl side, 
with a second rib implanted on the oute r half. The bullae and ribs fade on the last 
quarter whorl but the ventrolateral tubercles are reta ined. The ventral keel is 
prominent on both the holotype and paratype, and is visible on both the test and 
the internal mould . 

Comparisons. Th e Gymnotoceras species from Nevada do not show the parabolic 
sculpture that characterizes Gymnotoceras chischa, G y mn otoce ra s del ee ni 
(McLearn), and Gymnotoceras laqueatum (Lindstrom). The angular, tuberculate 
ventral shoulders and strong ventral keel distinguish Gymnotoceras chischa from 
Gymnotoceras deleeni. Gymnotoceras laqueatum from Spitsbergen closely resembles 
Gymnotoceras chischa and apparently differs onl y in the character of the ventral 
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shoulders, those of Gymnotoceras chischa being more angu lar at small diameter 
th an those of Gymnotoceras laqueatum. Compared with the remaini ng species 
from Spitsbergen, some or all of which m ay be conspecifi c wi th Gymnotoceras 
laqueatum, Gymnotoceras nathorsti (Mojsisovics) is more infl ated, with more 
prominent bullae; Gymnotoceras geminatum (Mojsisovics) has stronger bullae and 
a Jess prominent keel ; and Gymnotoceras fa lcatum (M ojsisovics) h as denser 
ribbing. 

Occurrence. Toad Formation, 13 feet fro m top of uni t 8 (Pellet ier, 1960, section 
6, p. 22), east entrance of canyon on Chischa Ri ve r, 8 m iles above M uskwa 
Ri ver, Fort Nelson area, northea tern Briti sh Columbia. GSC locality 40088, 
B. R. P elletier , 1959. 

Age. Upper A nisian, Chischa Zone. 

Family CERATITIDAE 

Genus Progo n oceratites Sch ram mcn 

Progonoceratites poseidon n . sp. 

Plate VICI, figures 3-5; F igure 23 

Diagnosis. Progonoceratites attaining a diameter of about 75 mm . Sculp tured 
whorls persist to a diameter of about 27 mm ; thereafter the whorl s bear faJcoi d 
growth Jines onl y. The adult suture line has faintly wrin kled saddles a nd two well 
individu ali zed auxili ary lobes. 

Types and dimensions. 

Specimen 

18887, para type 

18888, ho lotype 

18889, para type 

Loca lity 

68286 

68286 

68286 

\ 
) 

D 

17 

28 

42 

H w u 

8 (0.47) 4 (0.24) 4 (0.24) 

15 (0.53) 8 (0.29) 5 (0. 17) 

23 (0.55) 12 (0.28) 5 (0. 12) 

FIGU RE 23. Externa l suture lines, below umbi lica l 
shoulder, of Progonoceratites poseidon 
n.sp (x3). Up per f igure is o f p ara type, 
GSC Na. 1 8 889. Lawer three figur es 
a re of halaty p e, GSC Na. 18888. 
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Description. The small paratype (Pl. VIII, fi gs . 3a, b) shows the inner, sculptured 
whorls. On the last whorl , th is specimen has fifteen r ibs at the inner half of the 
whorl side, the last eight of which are buU ate. Each bullate rib branches to form 
two falcoid ribs that have strong termin ations at the ventral shou lder. In addi tion, 
one or in places two falco id ribs are implanted near the middle of the whorl side 
between the bullate ribs. As a resul t, for each bull ate r ib there are three or four 
tubercul ate rib terminations at the vent ral shoulder. The r ibs cease abruptly at the 
ventral shoulder, and the venter is smooth and gently arched. 

The holotypc (Pl. VII I, figs. 4a-c) is wholl y septate and hows the transition 
from sculp tured to smooth whorls. T he fi rst quarter whorl shows fa int, but clearly 
recognizable sculpture like th at of the small pa ratype. This sculpture fades pro­
gress ively and is absent enti rely on the last half of the outer whorl. The suture line 
(Fig. 23) shows one well-defined auxiliary lobe and anotl1er at the umbilical 
shoulder. Initial ly the sadd les appear to be enti re, but near the aperture they a re 
clearly wrinkled. 

T he large para type (Pl. VHI, figs . 5a-c) is a lso enti re ly septate, but apparently 
shows the adult characters. TI1e umbilical wall is ve rtical ; the umbilical shoulder 
rounded; whorl ides convex, and widest at the inner third ; ventral shoulders arc 
rounded, but distinct; and the venter fo rms a low arch. The face of the last septum 
shows two well individualized auxili ary lobes below the umbilica l shoulder. 

The estimate of maximum size given in the diagnosis is based on frag mentary 
body chambers that occur in association with the type specim ens. 

Comparisons. Compared with Progonoceratites atavus (Philippi) and the otl1er 
species described from the M uschelkalk of Germany, Progonoceratites poseidon 
loses its sculpture at an earlier stage. The suture line of Progonoceratites atavus 
is ceratitic, but according to Philippi (1 901, p. 50 ) the incisions climb higher on 
tlle saddle walls ilian on the younger Muschelkalk ceratitids. There is some 
resemblance to species of Paraceratites, e.g., Paraceratites binodosus ( Hauer), 
which as noted by Wenger (1957, p. 72) is not easily separated, morphologicall y, 
from Progonoceratites atavus . At present there is insufficient data to decide whether 
the resemblances between Progonoceratites atavus and Paraceratites binodosus 
indicate affinity or homeomorphy. There seems to be little doubt that Progono­
ceratites atavus is substantially younger than Paraceratites binodosus. In any event, 
Progonoceratites poseidon is morphologically di stinct from both Progonoceratites 
atavus and Paraceratites binodosus. The new species is also quite distinct fro m 
tlle typical, trinodose, representatives of Paraceratites. 

Occurrence. Liard Formation, blu ff between Chischa and T uchodi Rivers, 10 miles 
southeast of Mount Mary H enry, T uchodi Lakes area, northeast British Columbia, 
GSC locality 68286; N. J. Silberling and E. T. Tozer, 1965. 

Age. Lower Lad inian, Pose idon Zone. 
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Family TRACHYCERATIDAE 

Genus Trachyceras Laube 

Trachyceras obesum n. sp. 

Plate IX, figures 1 a, 1 b 

Trachyceras sp., Tozer, 1962, pl. VU, figures la , lb. 

DESCRIPTION OF NEW SP ECI ES 

Diagnosis. Large, thick-whorled Trachyceras with eleven rows of spirally arranged 
tubercles : one on the umbilical shoulder, eight on the flanks, and two adj acent to 
the shallow ventral furrow. There is a band of almost smooth shell between the 
two ventral rows and those of the flanks. 

Material . Holotype, GSC No. 14311 , from GSC locality 42308. 

Description. This species is known only from the holotype and a few associated 
fragments. The holotype is a whorl fragment with no sign of septa. A t a height 
of about 50 mm the whorl is about 40 mm wide. The whorl section is U-shaped. 
The umbilical wall is visible at one place (Pl. IX, fig. l a); it is about 10 mm high, 
vertical, and it shows one tubercle on the umbilical shoulder. Just below the place 
where the umbilical wall is preserved the shell is slightly distorted, but the greater 
part of the specimen is apparently undistorted. The inner and middle parts of the 
whorl side bear six evenly spaced rows of tubercles. They are followed by two 
more rows that are closer together. Adjacent to these rows there is an almost 
smooth band, traversed only by faint ribs. The smooth band is bordered by the 
two rows, characteristics of Trachyceras, adj acent to the ventral furrow. The ribs 
are of irregular strength but are never prominent; most, if not all, can be traced 
from th e umbilical shoulder to the venter without branching. 

Comparisons. There is considerable resemblance to Trachyceras austriacum 
Mojsisovics, which differs in having more rows of tubercles on tl1 e whorl side. 
Trachyceras desatoyense Johnston has the same number of rows but is more com­
pressed, is not known to attain the large size of Trachyceras obesum, and lacks 
the well-defined smooth band adj acent to the rows of ventral tubercles. 

Occurrence. Grey beds, summit ridge of Ewe Mountain, between north and south 
summits, 4t miles ENE of Triangulation Station 6536, Toad River area , northeast 
British Columbia (59 °05'N, 125 °20'W) , GSC locality 42308; B. R. Pelletier and 
E. T. Tozer, 1960. 

Age. Lower Karni an, Obesum Zone. 
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PLATES I to X 

Figures are natural size unless otherwise stated 
X marks the position of the last septum 



Figures la, b. 

Figures 2a, b. 

Figures 3a, b. 

PLATE I 

LOWER TRIASSIC AMMONOIDS 

GRIESBACHlAN STAGE 

Lower Griesbachian - Concavum Zone 

Otoceras co11cavum n. sp. (Page 86) 

Venter ( la) and side (I b) of holotype, GSC o. J 8882, Blind Fiord 
Formation, Griesbach Creek, Axel Heiberg Island (GSC Joe. 64777). 

Venter (2a) and side (2b) of paratype, GSC No. 18884, talus from Blind 
Fiord Formation , Griesbach Creek, Axel Heiberg Island (GSC Joe. 64779). 

Venter (3a) and side (3b) of paratype, GSC No. 18881 , Blind Fiord 
Formation , Griesbach Creek, Axel Hei berg Island (GSC Joe. 64779). 







Figures la, b. 

Figure 2. 

PLATE II 

LOWER TRIASSIC AMMONOIDS 

GRIESBACHIAN STAGE 

Lower Griesbachian - Boreale Zone 

Otoceras boreale Spath 

Side (la) and front (lb) of GSC No. 14026, Blind Fiord Formation, 3 
miles south of Bunde Fiord, 8 miles west of Camp Five Creek, Axel 
Heiberg Island (GSC Joe. 32215). 

Side of GSC No. 18895, t natural size, Blind Fiord Formation, sou th 
shore of island between Bunde and Bukken Fiords, Axel Heiberg Island 
(GSC loc. 47524). The outline shows the whorl section at the end of the 
phragmocone. The inner whorls of this specimen can be seen and are like 
No. 14026 (figs. la, b) . Phragmocone diameter is 236 mm. 



Figures la, b. 

Figures 2a, b. 

PLATE III 

LOWER TRIASSIC AMMONOIDS 

GRIESBACHIAN STAGE 

Upper Griesbachian - Commune Zone 

Ophiceras commune Spath 

Venter (la) and side (lb) of GSC No. 18897, Blind Fiord Formation, 
south shore of island between Bunde and Bukken Fiords. Axel Heiberg 
Island (GSC Joe. 47525). 

Upper Griesbaehian - Strigatus Zone 

Pachyproptychites strigatus (Tozer) 

Venter (2a) and side (2b) of GSC No. 18896, Blind Fiord Formation, 
4 miles SW of mouth of Camp Five Creek, Axel Heiberg Island (GSC Joe. 
64765). 
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Figures la, b. 

Figures 2a, b. 

PLATE IV 

LOWER TRIASSIC AMMONOIDS 

DIENERIAN STAGE 

Candidus Zone 

Proptychites candidus Tozer 

Venter (la) and side (lb) of holotype, GSC No. 14044, Blind Fiord 
Formation, 3 miles south of Bunde Fiord, 8 miles west of Camp Five 
Creek, Axel Heiberg Island (GSC Joe. 32368). 

Sverdrupi Zone 

Paranorites sverdrupi Tozer 

Side (2a) and venter (2b) of GSC No. 18898, Blind Fiord Formation, 
cliff facing Nansen Sound, 20 miles SE of Cape Stallworthy, Axel Heiberg 
Island (GSC loc. 64715) . 



Figures la, b. 

Figures 2a, b. 

Figures 3a-c. 

PLATE V 

LOWER TRIASSIC AMMO oms 
SMITHIAN STAGE 

Romunderi Zone 

Eufiemingites romunderi Tozer 

Side (la) and venter (lb) of holotype, GSC No. 14051, t natural size, 
Blind Fiord Formation, west coast Ellesmere Island, 5 miles NW of 
entrance to Hare Fiord ( GSC loc. 28680). 

Side (2a) and venter (2b) of paratype, GSC No. 141 91 ( listed in error 
as No. 14052, Tozer, 196lb, p. 52) , Blind Fiord Formation, west coast 
Ellesmere Island, 5 miles NW of entrance to H are Fiord (GSC loc. 28681). 

Tardus Zone 

Wasatchites tardus (McLearn) 

Side (3a), venter (3b) , and front (3c) of holotype, GSC No. 9470, Toad 
Formation , north side Liard River, 2 miles below Toad River, NE British 
Columbia (GSC loc. 10657) . 
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Figures l a, b. 

Figures 2a, b. 
Figures 3a, b. 
Figures 4a, b. 
Figures 5a-d. 

Figures 6a, b. 

PLATE VI 

LOWER TRIASSIC AMMONOIDS 

SPATHIAN STAGE 

Pilaticus Zone 

Olenikites pilaticus n. sp. (Page 88) 

Venter (la) and side (lb) of paratype, GSC No. 18890, Lower Shale 
member, Blaa Mountain Formation, cliff facing Nansen Sound, 20 miles 
SE of Cape StaJlworthy, Axel Heiberg Island (GSC toe. 64719). 
Side (2a) and venter (2b) of paratype, GSC No. 18891 , locality as fig. l. 
Side (3a) and front (3b) of paratype, GSC No. 18892, locality as fig. l. 
Side (4a) and front (4b) of holotype, GSC No. 18893, locality as fig. 1. 
Both sides (5a, c), front (5b) and venter (5d) of paratype. GSC No. 
18894, locality as fig. 1. 

Subrobustus Zone 

Keyserlingites subrobustus (Mojsisovics) 

Venter (6a) and side (6b) of GSC No. 18845, Lower Shale member, Blaa 
Mountain Formation, Spath Creek south of Otto Fiord, Ellesmere Island 
CGSC toe. 47545). 



Figures la, b. 

Figures 2a-c. 

Figures 3a, b. 

Figures 4a, b. 

Figures 5a, b. 

Figures 6a, b. 

Figures 7a, b. 

P LATE VII 

MIDDLE TRIASSIC AMMONOIDS 

ANISIAN STAGE 

Lower Anisian - Caurus Zone 

Lenotropites caurus (McLearn) 

Venter (la) and side (lb) of holotype, GSC No. 9585, Toad Formation, 
south side Liard River, 2 miles below Toad River, NE British Columbia 
(GSC Joe. 10660). 

Middle Anisian - Varium Zone 

Anagymn.otoc:eras variwn (McLearn) 

Side (2a), front (2b), and venter (2c) of topotype, GSC No. 18899, Toad 
Formation, west of Mile Post 375, Alaska Highway, NE British Columbia 
( GSC loc. 68294). 
Both sides of holotype, GSC No. 9595, locality as fig. 2 (GSC Joe. 10696 ). 

Upper Anisian - Deleeni Zone 

Gym11otoceras delee11i (McLearn) 

Venter (4a) and side (4b) of holotype, GSC No. 6479, Toad Formation, 
talus near Mile Post 376, Alaska Highway, NE British Columbia (GSC Joe. 
10694 ). 
Side (5a) and venter (5b) of paratype, GSC No. 6480, locality as fig. 4. 

Upper Anisian - Chischa Zone 

Gymnotoceras chischa n. sp. (Page 90) 

Side (6a) and venter (6b) of paratype, GSC No. 18886, Toad Formation, 
Chischa River, 8 miles above Muskwa River, NE British Columbia (GSC 
Joe. 40088) . 
Venter (7a) and ide (7b) of holotype, GSC No. 18885, Toad Formation, 
locality as fig. 6. 
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Figures la, b. 

Figures 2a, b. 

Figures 3a, b. 

Figures 4a-c . 

Figures 5a-c. 

Figures 6a, b. 

Figures 7a, b. 

Figures 8a, b. 

Figures 9a, b. 

Figures 1 Oa-c . 

Figures 11 a-c. 

Figure 12. 

PLATE VIII 

MIDDLE TRIASSIC AMMONOIDS 

LADINIAN STAGE 

Lower Ladinian - Subasperum Zone 

Protrachyceras cf. P. m eeki (Mojsisovics) 

Side (1 a) and venter (1 b) of GSC No. 18900, Toad Formation, 12 miles 
north of Wapiti Lake, NE British Columbia (GSC Joe. 46484). 
Side (2a) and venter (2b) of GSC No. 18901, Toad Formation, locality as 
fig. 1. 

Lower Ladinian - Poseidon Zone 

Progonoceratites poseidon n. sp. (Page 91) 

Side (3a) and venter (3b) of paratype, GSC No. 18887, Liard Formation, 
10 miles SE of Mount Mary Henry, NE British Columbia (GSC loc. 
68286). 
Side (4a), front (4b), and venter (4c) of holotype, GSC No. 18888, 
locality as fig. 3. 
Side (5a), front (5b), and venter (5c) of paratype, GSC No. 18889, 
locality as fig. 3. 

Upper Ladinian - Meginae Zone 

Meginoceras meginae McLeam 

Side (6a) and front (6b) of holotype, GSC No. 9042, "Dark Siltstones", 
Beattie Ledge, Peace River, NE British Columbia (GSC Joe. No. erased). 
Side (7a) and venter (7b) of topotype, GSC No. 8811, "Dark Siltstones'', 
Beattie Ledge, Peace River, NE British Columbia (GSC loc. 9163). 

Upper Ladinian - Maclearni Zone 

Maclearnoceras maclearni Tozer 

Side (8a) and venter (8b ) of paratype, GSC No. 14299, Liard Formation, 
Liard River, 2t miles above Hell Gate, NE British Columbia (GSC Joe. 
42355) . 

Upper Ladinian - Sutherlandi Zone 

Paratrachyceras sutherlandi McLearn 

Oblique view (9a) and venter (9b) of GSC No. 18902, Liard Formation, 
south fork, Tetsa River, NE British Columbia (GSC Joe. 36484). 
Venter (lOa), side (!Ob), and front (lOc) of GSC No. 18903, Liard For­
mation, Liard River, 2t miles above Hell Gate, NE British Columbia 
(GSC Joe. 42351). 
Front (lla) , venter (llb), and side (llc) of GSC No. 18904, Liard For­
mation, locality as fig. 10. 
Side of holotype, GSC No. 9547, Liard Formation, Prophet River, NE 
British Columbia (GSC Joe. No. erased). 



Figures la, b. 

Figures 2a, b . 

Figures 3a, b. 

Figure 4. 

Figure S. 

Figures 6a, b. 

Figures 7a, b. 

PLATE IX 

UPPER TRIASSIC AMMONOIDS 

KARNIAN STAGE 

Lower Karnian - Obesum Zone 

Trachyceras obesum n. sp. (Page 93) 

Side (la) and venter (lb) of holotype, GSC No. 14311, Grey beds, 
Toad River area, NE British Columbia (GSC Joe. 42308). The arrows indi­
cate the position of the spiral rows of spines adjacent to the ventral furrow. 

Lower Karn ian - Nanseni Zone 

Sirenites nanseni Tozer 

Side (2a) and venter (2b) of topotype, GSC No. 1890S, Middle Shale 
member, Blaa Mountain Formation, west coast Ellesmere Island, lS miles 
NW of entrance to Hare Fiord (GSC loc. 28439) . 
Side (3a) and venter (3b) of GSC No. 18906, Middle Shale member, Blaa 
Mountain Formation, west coast Ellesmere Island, 7 miles NW of entrance 
to Hare Fiord (GSC Joe. 28427). 

Upper Karnian - Dilleri Zone 

Tropites di/Leri Smith 

Imperfectly exposed specimen showing umbilical shoulder and spines, 
GSC No. 18907, Grey beds, Toad River area, NE British Columbia 
(GSC loc. 68208). 
Venter (GSC No. 18908) and flank, showing spiral striae (GSC No. 
18909), Grey beds, locality as fig. 4. 

Upper Karnian- Welleri Zone 

Tropites sp. aff. T. welleri Smith 

Venter (Sa) and side (Sb) of GSC No. 18910, Pardonet Formation, hill 
south of Mile Post 427, Alaska Highway, NE British Columbia (GSC loc. 
42389). 

Upper Karnian - Macrolobatus Zone 

A natropites sp. 

Venter (6a) and side (6b) of GSC No. 18911 , Pardonet Formation, head 
of Western Gully, Pardonet Hill, Peace River, NE British Columbia (GSC 
Joe. 64627) . 
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Figures la, b. 

Figures 2a, b. 

Figures 3a-c. 

Figures 4a, b. 

Figures 5a, b. 

Figure 6. 

Figures 7a-c. 

Figures Sa-c. 

Figure 9. 

PLATE X 

UPPER TRIASSIC AMMONOIDS 

NORlAN STAGE 

Lower Norian - Kerri Zone 

Mojsisovicsites kerri (McLearn) 

Side (la) and venter (1 b) of topotype, GSC No. 22736, Pardonet Forma­
tion, Brown Hill, Peace River, NE British Columbia (GSC Joe. 9157). 

Lower Norian - Dawsoni Zone 

Malayites dawsoni McLearn 

Side (2a) and venter (2b) of bolotype, GSC No. SS36, Pardonet Forma­
tion, north side Peace River, near Jewitt Fault, NE British Columbia (GSC 
loc. 9556). 

Middle Norian - Magnus Zone 

Ju vavires magnus McLearn 

Front (3a), side (3b), and venter (3c) of holotype, GSC No. SS37, Par­
donet Formation, Brown Hill, Peace River, NE British Columbia (GSC loc. 
9S36). 

Middle Norian - Rutherfordi Zone 

Drepanites hyatti rutherfo rdi McLearn 

Side ( 4a) and venter ( 4b) of GSC No. 1424S, Pardonet Formation, near 
Graham River, Halfway River area, NE British Columbia (GSC Joe. 
42537). 

Middle Norian - Columbianus Zone 

Himavatites columbianus McLearn 

Side (5a) and venter (5b) of GSC No. 9625, Pardonet Formation, Sikanni 
Chief River, below mouth of Chicken Creek, NE British Columbia (GSC 
loc. 10739) . 

Upper Norian- Suessi Zone 

Rhabdoceras suessi Hauer 

Side of GSC No. 14265, Lewes River Group, Formation "D", near Summit 
of Povoas Mountain, Laberge area, Yukon Territory (GSC loc. 23457). 
Dorsal (7a), side (7b), and ventral (7b) views of GSC No. 14264, locality 
as fig. 6. 

RHAETlAN STAGE 

Marshi Zone 

Choristoceras marshi Hauer 

Side (Sa), oblique (Sb), and ventral (Sc) views of GSC No. 1S9.12, 
Tyaughton Group, Tyaugbton Creek above Spruce Lake Creek, SW Briti h 
Columbia (GSC Joe. 56395). 
Side of specimen with uncoiled outer whorl, GSC No. 1S913, Tyaughton 
Group, Tyaughton Creek, below Spruce Lake Creek, SW British Columbia 
( GSC loc. 62392). 
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5, 44 , 45, Greely Fiord West a rea, N .W.T. 

47, 48 
Green , L. H . 2 
Green land 3, 16, 17 , 24 
Grey beds 6, 7, 8, 31-3 3, 55 , 59 , 61-66, 68 
Griesbach C reek, Axel H e ibe rg Island 88 

Die neri an a nd Sm ithi a n of 50 
Griesbach ia n of 15, 16, 17, 53 , 54 
Ladinian a nd Karnia n of ........ 45 

Griesbachi a n Stage 13, 14- 17, 53, 75, 88 
G riesbac/1 i /es 

cf. kast11eri 35, 6 1 
n. sp . .................. ... ....... .. .. 

Groe11/a11dites 
cf. 11ie/se11i . ..... .. . 23, 

60 
23 
69 
57 Gryphaea .... .. . . .... . 

Guadalupian Stage ... .......... ..... . 13 
Gua rdia n Well , Alberta 

Caurus Zone of 
G 11e111be /i1es 

clavalus 
ja11dia1111s 
sp. 
Zone 

G unning, H. C. .. . . .. . 
Gy11111ites? sp. 

sp. indet . . . . ... 
Gy11111otoceras 

6, 72 

36, 58 
36, 60 

57 
35 

2, 81 
65 
48 

27 , 69 , 90 
beaclii 
cliischa 
c/1isclw Zone 
deleeni 
cf. de/ee11i 
delee11i Zone 

26, 73 
26, 69, 90, 9 1, Pl. VIT 

.. 6, 12, 26, 27 , 47, 68, 69 , 9 1 
25 , 26, 69 , 70, 90, Pl. Vil 

72 

falcatu111 ... . .. ..... 
6, 12, 25, 47, 68-73 

91 
gemi11atum 
ki11dlei ..... ........... ........... ........ . 
/aqueat11m 
cf. /aquea /11111 
/iarde11se 
11atlwrsti 
aff. rotellifonnis 
Sp. 
variuni 

Gy111110/ropites cf. a111erica11 11s 
Gyronitan Division 

91 
73 

26, 90, 9 1 
27, 47 
26 , 73 

91 
26, 69 

27 , 68-70 
24 

33, 83 
13 , 18 



P AGE 

H age C reek 69 
H alfway Fo rm at io n 6 
H alfway Ri ver a rea, B.C. 5, 7 , 8, 54, 55 , 

57, 59, 60, 64, 66, 67 , 73, 83 
limesto ne 40 H a ll statt 

Ha l obi a 
a!aska11a 
cf. arlhaberi 
cf. di/a/ala 
fa/lax 
cf. fa/lax 

Ha lab ia 
or11a1issi111a 
paca/is 
cf. rugosa ... 
sp. 
sp. indet 
s11 perba 
cf. s11 perba 
s11 perbesce 11s 
sym melrica /ala 
cf. zi//e li 

Haloriles 
cf. a111erica11 us 
n. sp. 

Hannaoceras 
111 ajor 
n. Sp. 
sp. 

1, 8, 32, 38 , 45, 83 
36, 8 1 

8 1 
37 
36 

37, 60 

33, 34 
37 

32 , 63 
55 , 57, 58, 6 1, 63, 64 , 8 1 

3 1,63,83 
34, 60 
35, 60 

36 
37 

3 1, 32, 45, 63 
80, 83 

39, 54, 77 , 80 
39 , 54 

34, 62 
30, 66 

82 
Harbledown Isla nd , B.C. 

Ker ri Zone of 
Suessi Zone of 

H are F io rd, E lles mere Island 
A nisia n near 
Smithi an a nd Spathi an nea r 

Ha rl a nd , W . B. 
Ha ue ri Subzo ne 

8 1 
79 

47 
48, 49 

3 

(Cho ristoceras ha11eri Su bzone) 
H augi Zone 

40 

(Neopopanoceras haugi Zone) 
Hede11 stroe111ia 

23 

beds 
sp. 

Heiberg Fo rmation 
Hei11 richi1es pa11/ckei Zone 
Helictites 

deco r us 
Sp. 
cf. s11 bge 11 ic11/a111s 

Hell Gate, L ia rcl Ri ver 

20 
18, 73 

. 6 , 38, 39 , 44 
36 
38 
59 
55 
59 

Ladini an 211z miles west o f 30, 66 
Ladini an 3 \/2 miles west of 66 

He rschel Island a rea, Yu kon 5, 9, 84 
H ettangia n Stage 75 
Him alayas 3 

Lower Tri ass ic of J 8, 22 
M iddle T ri ass ic of 25 
U pper Triass ic of 36 

Hi111avaliles ........................ . 38 , 44 
b11rli 11gi 58 
ca 11 ade11 sis . ... . ... . ... . ... . 55 
cf. ca 11 ade11sis 44 
co /11 111bian11s 37, 57-59, Pl. X 
cf. co /11111b ia1111s 55, 58 
co/11111bia 1111s Zo ne 6, 11 , 12, 36, 37 , 

111 11/tia11ril11s 
44, 54, 55-60, 80, 8 J' 84 

8 1 

sp. . ........... .. .. . 
cf. wa tsoni 
Zone 

Hisnit Islands, B.C. 
Dille ri Zone of 

Hollandites 
hum i .. .. ...... ..... . 
n. sp. 
spivaki 

H omerites sc111 iglobos11s 
H o pe a rea, B.C. 
Hoplotropiles cf. a11ct11s 
H o rse fl y, B.C . 

Co lumbia nu s Zone of . 
Housto n Stewa rt C hannel 
H owa rth , M. K. 
Hum bold t Ra nge, N evada 

Ani sian of 
K arni a n of . 
L adini an of 

H 1111garites 
boreas . 
b11 fo nis 
caurus ............... .. . 
dawsoni 
mackenzii 
nahwisi . 
ovin 11s . 
sp. 

Hypisc11/ites 
stelcki .. 

I bex River Va lley, Yu ko n 
M agnu s Zone of 

Idaho 
Smithia n o f 
Spathi an of 

!11 doclio11i1es? sp. 
!11doj11 vaviles 

P AGE 

59, 8 1 
58 

37 , 57, 58 

82 
25 

25 , 73 
25, 72 
25, 70 

34, 62 , 82 
5, 80 

34, 62 

8 1 
....... . 83 

3 

24, 25 
34 
27 

. 23 
23 
23 
23 

.... 23 
23 

........ .. 23 
....... 30, 65 

38 
57 

81 

20 
2 1, 22 
39, 54 

a11gu/a1 11s 37, 8 1 
cf. ang11 /a111s 37, 60 
? Sp. 8 1 

Induan Stage 19 
I ndus Stage 19, 20 
I rish, E. J. W . . .. ...... 2, 60, 67 
I ron Ri ver, Vancouver Island 

Colu mbia nus Zone of . 
l scu!itoides 

minor 
Iskut Ri ve r a rea, B.C. 
Island between Bunde a nd Bukken 

Axel Heiberg Island 
Griesbachian of 
Ro munderi Zone of 

l smidites sp. 
Ita li an Tyro l 

Ka rn ia n of . 
Ladinia n of 

Iza rd Poin t, Va ncouve r Isla nd 
Welleri Zone of .................. ........ . 

Japan 

8 1 
2 1, 22 

73 
5, 80, 82 

F io rds, 

52, 53 
50 

25, 72 

. .. .. 3 1 
27 

82 

25 Ani sian of 
N o ri an of . 
S mi thia n of 

. ..... ···· ··· ·· 38 

Je le tzky, J. A. . ... .. ... ........ . 
Joannites sp . ................ . 

20 
2, 79-82 

30, 66 
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Jovites 
borealis .................. . 32, 34, 44 

34, c;2 
........ 34, 44 

cf. bos11c11sis 
richardsi . 
sp. . ··············· ··· 6 1 

Juli e Substage 
Jurassic- Tri ass ic bou ndary 
Ju vavic Stage . 

3 I 
42, 75 

35 
36, 45, 58, 82 , 83 

37, 57 
57 

34, 62 , 82 
83 

57 , 58 
36, 57 , 58 

62 
34, 61, 62 

34, 84 
37 , 57. 60, Pl. X 

6, 12, 36, 37, 57-60, 81 

Juvavites 
biornat11s 
cf. brocchii 
cf. brocke11sis 
cf. car/01te11se 
cf. Nlithae 
/111111 i 
hyatri 
cf. hvalti . 
cf. k.1101vlto11i 
111ag11us 
111ag1111s Zone 
n. Sp 
cf. obsoletus . . ......... .. . 
sclr oolere11sis . 
selwyni 
cf. se1111i 
sp. 
sp. indet 
s11hinter111itte11s 
s11bi11te rr11pt11s 
subzone 

J11 ve11ites 
ca11ade11sis ..... ........ .. . 
eras.ms 
11 eedlra111i 
Sp. 

Kananask is Lakes area, 
Alberta and B.C. 

Karmutsen Group 
Karni an Stage 

K athleen Lakes, Yukon 

60 
82 

36, 57 
58 
40 
61 
82 

34, 62 
8 1 

33, 34 
19 
49 

... 49 , 50 
74 

60, 74 

5, 75 
6, 9, 33 , 82 

27 , 31 , 44, 45, 62, 
64, 81-83 , 93 

Upper Triass ic of 84 
Kende lbachgraben , Austria 

Marshi Zone of . . .............. ... 42 
Kerri Zone (Mojsisovicsites kerri 

Zone) 6, 8, 12, 35, 57-6 1, 8 1 
K eyserli11gites 21, 22 

a11R11stecostat11s 24 
s11brob11st11s 21 , 47 , 73 , Pl. VI 
subrob11st11s Zo ne 6, 12, 21 , 23 , 46-49, 

Kin ~ Salmon Mountain, B.C. 
Dilleri Zone of 

Kiparisova, L. D. . . ... 
Kla111 athites 

111acrolobat11s . 
macro/obat11s Zone 

sclr11cherti ... 
sp. indet. 

Kl astline Plateau, B.C. 
Suessi Zone of . 

Kletsa n Creek, Yukon 
Nanseni Zone of 

Kluane Lake area, Yukon 
Kollma nn , H . 

73, 74, 89 

82 
3 

62 
35, 62 

6, 8, 12, 33 , 
35 , 58-62 
... ....... 62 

62 

80 

83 
5, 32, 79, 83 

3 

PAGE 

Ko11i11 ckites co/11111bia11us 
Koptoceras 

75 

beds 
1111d11/at11111 

Korchinskya , M . V. 
Kossen beds . 
Kri stan-Tollmann , E. 
Kulling, 0 . 
Kummel, B. 
Kun ga Formation 
Kyuouot, Vancouver 

Suessi Zo ne of . 

Labenre area, Yukon 
Lacie Substage 
Ladinian Stage 

Leco11teiceras 
L eioplry/lites 

ki11dlei 
sp. 

Le11 otrupites . 
boreas . 
ca11r11s 

sp. 

cf. ca11rr1s 
ca11 r11s Zone 

da1vso11i 
Lewes Ri ver Group 

Liard Formation 

Liardites wlrirea vesi 
Li a rd Ri ver, B.C. 

Anisian of . 
Diene ri an of 
Ladinian of 
Smithi an of 

24 
24 

3, 25 
. . . 42 

3 
3 
3 

34, 39, 79, 81 , 82 
Island 

80 

5, 80, 8 1, 83 
35 

6, 12, 27 , 45 , 46, 62, 
64, 67, 68, 83 , 92 

33, 83 
21 

23 , 69 , 7 I 
48 

.... 23 
71 

23 , 24, 69 , 7 I , Pl. Vfl 
47 , 48 

6, 10, 12, 22, 23 , 
24, 46-48 , 69-72 

7 1 
6, 9, 3 1, 37 , 39 , 

79 , 80, 8 I , 83 
6, 7, 28-30 , 62-64, 

66-68, 92 
30, 66 

7 1' 72 
74 , 75 

29, 30, 62, 64-66 , 68 
75 

8 Lima? poya11a fau na 
Lindstrom C reek, N.W.T. 

Lower Triass ic of . 
Lobites 

cf. e/lipticus 
pacia1111s 

Lombardy 
Loney Creek, Yukon 

Suessi Zone of 
Lo11gobardi1es 

ca11ade11sis 
i11lornar11s 
larrnlis 
mctaggarti 
11e vada11 11s 
cf. 11 evada 1111s 
sp. 

Lower Calca reous member, 
Blaa Mountain Formation 

Lower Ce rati te Limestone 
Lower Muschelkalk 

18, 49 
29 

30, 65 
66, 67 

3 

84 

72 
72 

24, 25 , 70, 72 
23 

24, 25 , 69-72 
70 

28 , 45 

4 , 6, 45 
18 
22 

Lowe r Oplriceras beds 15 , 16 
Lower Sha le member, Bl aa M ou nta in 

Formation 4 , 6, 20, 2 1, 23, 25 , 

Lower Suessi Zone 

Luning Formation 

26, 31 , 45-48, 89 
6, 12, 39 , 55 , 56, 60, 

75-77, 79-8 1, 84 
36 



P AGE 

M aclea rni Zone (Macleamace ras 
mac/eami Zone) .. 6, 12, 28, 29 , 30, 64-68 

Maclear11aceras 
111 acl ear 11 i 
111acleam i Zone 
n. Sp . 

29, 66, Pl. VIII 
6, 12, 28, 29, 30, 64-68 

n. sp. aff. M. 111 acleomi 
M acro lobatus Zone 

30, 65 , 66 
65 

(Kla111ath ites 111 acralaba111s Zone) 6, 8, 
12, 33 , 35, 58-62 

Mag nu s Zo ne (Juvavites 111 ag11us 
Zone) 6, 12 , 36, 37, 57 -60, 81 

Mahaffy C liffs fau na 8 
Ma/ayites . .. ...... ... . 36, 57 

cf. a11tipatris 58 
beds 57 
butleri 57, 58 
custi 58 
dawsa11i . 36, 57, 58, 60, Pl. X 
cf. dawsa11i 58 
dawsa11i Zone 6, 12, 36, 57-61 
parcus .. . .... 58 

M alksope I nlet, Vancouver Island 
Wel le ri Zone of 

M anson Ri ver a rea, B.C. 
82 

5, 83 
Ma rshi Zone (Charistaceras 111 arshi 

Zone) 6, 11 , 12, 42 , 75, 76, 78 , 79 
Martinson , G. G. 3 
M cCarthy F ormat ion 39 
Mc Dame area, B.C. 5, 83 
M cLay Spur, Peace Rive r 

M agnus Zo ne of . .. ................. . 60 
McLearn, F. H . 
M cT agga rt C reek, B.C. . .. .. . .. 
M eekaceras 

beds 
gracilitatis 
cf. gracilitatis 
gracilitatis Subzone 
pi/a/11111 

2 
73 
19 
18 
49 

..... 74 
19 
89 

Megaphyllites . 
i111111at11r11s 
insect us 

. ............... 29 
22 
4 1 

cf. i11sect11s 
/eve . 
selwy11i 
sp . 

Megin ae Zone 
Zone) 

Megi11aceras 

40. 79 
67 

66, 67 
30, 65, 79 

(Megi11aceras 111 eg11we 
6, 12, 28, 29, 64, 68 

111 egi11 ae 
m egi11 ae Zone 

M e/eagrinel/a a11tiq11a 
sp. 

Metacamites sp. 

29 , 66, 67, r1. vm 
6, 12, 28, 29, 64-68 

44 
... 76 

36, 37, 57 , 60 
M etadagn.aceras ............. .. 

pulcher . .. ........................ ...... .. .. 
21, 22 

73 
80 
39 

Metasibirites 
sp. 

Metaphiceras 
cf. subdem issum 
s11bdemissu 111 Zone 

Metle rnichi Zone ( Pi11 acaceras 
111ettemichi Zone) 

Middle Fiord a rea , N .W .T. 
Middl e Sha le membe r, 

Bl aa Mounta in Fo rm ati on 

J 6, 52, 53 
16 

35, 40, 41 
5, 45 

4, 6, 32, 45 

P AGE 

Mil e Post 375, 
Anisia n of 

Mile Post 378, 
A ni sian of 

A las ka High way 
23 , 24 , 26, 69 , 70 

Alaska Hi ghway 

Mile Post 384, Alaska H ighway 
Lowe r Tri assic no rth of . 

7 1, 72 

75 

67 
Mile Post 386, A laska H ighway 

Ladinian of 
Mile Post 427 , Alaska Highway 

Weller i Zo ne near 
Modin Fo rmation 
Madia/a cf. strigil/ata 
M ajsisa 1·icsites . 

6 1, 62 
43 
76 
36 

kerri 
kerri Zo ne 

Ma11aca111hites 
111 a11aceras 

35, 57, 58, 60, 6 1, 81, Pl. X 
6, 8, 12, 35, 57-61, 8 1 

2 1 
73 

Monaghan Creek, Alberta 
Anisian of 

Monkman Lake, B.C. 
Meg in ae Zone nea r 

Monkman P ass a rea, B.C. 
Ma11 aphyl/i1es? sp. 
M a11 a11·s 1, 8, 38, 40, 

a/aska11a 
alaska11a va r. 
callaza11e11sis 
cf. lwem esi 
jakutica 
achatica 

de11sestriala 
pasterap/ana 

cf. ac/101ica 

69 , 70 

64 
5, 7, 64, 68 

65 
55-57 , 81, 84 

38, 8 1 
56 

56, 57 
56 
56 

40, 41, 44, 84 
56, 57 
56, 57 

55 
pachypleura he111ispherica ........... . . .. 56 

4 1 rich11 1a11 dia11a 
sali11 aria 
sc111ifam1is 

pi11e11sis 
cf. sc11tifar111is pi11e11sis . 

40 
38, 44 

38, 56-60, 8 1 
8 1 

38, 55 
40, 4 1, 56-60, 75-77, 

79-8 1, 83, 84 
55, 56 
39 , 79 

typica 
s11bcirc11/aris 

cf. s11bcirc11/aris 
s11 bcirc11/aris Zone 

Monster Ri ver, Yukon 
Suessi Zone of . . . . . . ... 

Montney Formation 
Mo resby Island area, B.C. 
Mount Ha ge 
Mo unt Hunte r, B.C. 

Poseidon Zone of 
Mount La urie r, B.C . 

Lower Tri assic 
2\12 miles sout hwest of 

84 
6 

5, 79. 82 , 83 
67 

68 

Lowe r Triassic 7 miles no rth of 
73 
73 

Mou nt Ludington, B. . 
ori an of 

Mou nt Mary Hen ry, B.C. 
Ladinian near 

Mou nt McLearn , B.C. 
Ka rnian of ........... .. 
N orian near ................ . 

Moun t Robson a rea, 
Al berta and B.C. 

Mount Sn ipakker, B.C. 
Suessi Zone of 

54, 55 , 60 

28, 66-68 , 92 

8, 63 , 64 
59-6 1 

5, 69 , 70, 72 

80 



PAGE 

Mount Woolieve r, B.C. 
Ani sian of .... .................. ... .. . 73 

69 
67 

C hischa Zone of ............... . ..... . 
Megi nae Zone of 

Mount Wright Fo rmati on 
M ountjoy, E. W . .................. . 
Mulle r, J. E. 
Muller, K. 
M uller, S. W. 
Musche lka lk 

7 
2 

2, 68 
3 

78 
28, 92 

Mushroom P oin t, Vancouver I sland 
Suessi Zone of 

M uskwa River, B.C. 
Mu tve i, H . 
Myophoria adomala 

caimesi 
s1111011e11sis 

80 
26, 68 , 7 1, 9 l 

3 
80 

76, 80 
76, 79 

Nanseni Zone (Sire11ites 11a11seni 
Zone) 6, 8, 12, 32 , 45 , 48, 62-64, 83 

89 
5, 34, 84 

54 
34 

28, 64 , 72 

Na nse n Sou nd 
Nash Creek a rea, Yukon 
Nassichuk , W. W . 
Natchez P ass Formation 
Nathorslites 

111 cco 1111el/i 
aff. mcco1111elli 
n. ~· .......... . ... .. . ..... ..... . 

29, 30, 45, 65 
65-67 

67 
30, 67 
28 , 64 

5, 83 

sp. 
Zone 

Nechako Ri ver a rea, B. 
eed ham C reek, B.C. 
Lower Triassic of 

Neocladiscites cf. 111arti11i 
Neomegalodus 

ca11ade11sis 
Neopopa11oceras 

haugi ............... .. . 
haugi beds 
haugi zone 
evada 
An isian of 
Dieneri an of 
Ka rnia n of 
Ladinian of 
Nori an of 
Spath ia n of 

Nevadites 111erria111i 
Nevis C reek , B.C. 

Co lumb ianus Zone near 
New P as Range, Nevada 

Karnian of 
ew Zeal a nd 

37, 

or ian a nd Rhaet ia n of 
Nicola Group 
Nikolai Greenstone 
Nimpk ish map-a rea, B.C. 

Ke rri Zone of 
Nita 11 oceras 
Nootka Sound a rea , B.C. 
Nordegg Formation 
Nordophiceras pi/a111111 

73 
29 , 45 

76 
75, 77 

22 
22, 23 

22 
23 

24, 26 , 27 , 90 
18 

32, 33 , 35 
27, 46 

39, 43 , 60, 77 
22 
26 

60 

32 

4 1 
39, 79, 80 

83 

8 1 
29 

5, 79 , 80. 82 
57 
89 
21 pi/a111 111 Zone 

Norian Stage 
No rris, D. K. 

35, 36-4 1, 57, 60, 78 , 83 
2 

o rthern Cordillera region 9, 27, 39 

PAG E 

O besum Zone (Trachyceras obeswn 
Zone) 6, 8, 12, 30, 31 , 45 , 62-64, 83 , 93 

Olenek River, Si beria 
S pathia n of 

Ole nek ian Stage 
Ole11ikites 

ca 11 ade11sis 
pilaticus 
pilaticus Zone 
pi la t us 

22 
19, 20 

21-23 , 89 
47 , 89 

2 1, 48 , 88, 89 , Pl. Vl 
6, 12, 21, 47, 48, 90 

One Tree Isla nd, B.C. . ............. .. .. . 
21 
80 

33 , 82 
J 5, 16 

l 6, 52 , 53, 54, Pl. Ill 

Open Bay Format ion 
Op/1iceras 

C0 /11111/.///e 
co11 11111111e Zo ne 
co11 11ecte11s bed 
decipie11s 

6, JI , 12, 16, 17, 51-54 
JS 

cf. decipie 11s 
gree 11/a11dicu1n 
1iberic11111 Zone 
tra11sitori111n 
sp. 
sp. indet. .......................... . 

16, 17, 51 , 54 
51 
16 
15 
16 
15 

51, 52 
Oste rho rn , Austr ia , 

Marsh i Zone of 
Ota piri an Stage 
Otoceras 

42 
4 1 

15, 53 
16, 18 

15, 16, 51-54, 86, 87, Pl. II 
beds 
boreale 
boreale Zone 6, 11 , 12, 15, 16, 17, 51-54 

J 5, 54, 86, 87 , 88 , Pl. I 
6, J l , 12, 15, 53 , 54, 88 

CO ll Cl/V /1 11/ 

co11cav11111 Zone . 
fissisella tum 
i11digire11 se ...................... ... ... . 
sp. 
woodwardi 
woodwardi Zone 

O toceratan Di vision 
Otto Fiord a rea 

87 
87 
50 
87 

13- 15 
13 

5, 45 
Ou oukinsh I nlet , Vancouver Island 

We ll eri Zone of 82 
19, 2 1 Owenitan Di visio n 

Pac/1yproptychites 
striga t11s 
strigat11s Zone . 
t11rgid11s 

17, 51, 52, 53, Pl. Ill 
6, 11 , 12, 16, 17, 50-54 

19 
Pain khanda, Him a layas 

Lowe r Triassic of 
Pakistan (see Sa lt Ra nge) 
Pa111phagosire11ites 

pa111 p/1ag11s 
cf. pa111 plwg11s 

Paraceratiles 
binodosus 

Paracladiscites 
sp. . ................... . 

Paracoc/1/oceras 
suessi 

Parajuvavites 
cf. b11ddhaic11s 
Sp. 

Para11oriles 
heibergensis 
aff. i11flat11s 
ki11gia1111s 
cf. ki11gia11us 
ko /y111 e11 sis cos/ala 

20 

34, 82 
82 
92 
92 

40, 77 

39, 40, 77 , 80 
38 
81 

55, 59 

18, 19, 51, 52 
J 8, 73 

19 
18, 19, 5 1 

50 



P AGE 

111ag11wnbi/icat11s 18 
sverdmpi 18 , 19, 50-52, 73, 74, Pl. IV 
sverdrupi 

Zone 6, l 1, 12, 18, 19, 47, 49-53, 73, 74 
Zone 20 

Parapi11acoceras 
lwgei 

Parapopanoceras 
11or111ale 
obes11111 
selwyni 
cf. selwyni 
sp. 
sp. indet. 
tetsa 

25, 72 
23, 24, 72 

7 1 
72 

25 , 7 1, 72 
70 

26, 7 1, 72 
69, 70 
26, 70 

Paratrac!tyceras 
ca11ri111111! 
regoledanum 
s11t!ter/a11di 
aff. s11tl1 erla11di 
s11th erla11di 

30, 66, 67 
30 

30, 65, 66, Pl. YHl 
65 

Zo ne 
tetsa 

Parat!tisbites 

6-8 , 

oineus ............ . 
Pararirolites 
Paratropites 

se!lai 

12, 28, 29 , 30, 62-66, 68 
29 , 67 

38 
58 

13 , 14 

sp. 
spepsumensis 
cf. sulcat11s 

Pa rdo net 

33 , 82. 
82 
83 

33 , 82 

Formation . 6, 8, 34-39, 54, 55 , 57-62, 64 
Pardonet Hil l, Peace Ri ve r 

Macro lobatus Zone of 
Norian of ........................... .. 

60, 61 
57-59 

3 
39, 79 , 81 

Pa rker, J. R . 
Pa rson Bay Formation 
Paulckei Zone ( Hei11richites 

pa11/ckei Zone) 
Pearyla11dires 

beds 
aff. troelsen i 
Sp. 

36 
23 
24 

22, 23 , 69 
47 , 48 

Peculiar Point, Va ncouver Island 
Colum bianu s Zone near 

Pe ll etier, B. R. 
Penticto n area, B.C. 
Permian- Tri assic boundary 
PA au mann , U. 
Phoenix, B.C. 

Ladin ian near 
P/1 ormedites 

cf. j11va vic11s 

SL 
2, 60, 7 1 

5, 83 
13 , 14 

3 

83 
38 
60 

Pil at icus Zone (O lenikites pilatic11s 
Zone) 6, 12, 21, 47 , 48, 90 

38 
35 , 40, 4 1 

58, 81 
5, 55, 56, 64, 68 

Pi11acoceras 
mettemic!ti Zone 
Sp. 

Pine Pass a rea , B.C. 
Pine Rive r, B.C . 

Norian of ....... ..... .. 56, 57 
38, 79 

40 
40 

39 , 40 , 55 , 57-59 , 77, 79 , 81 

Placites 
cf. p!atyphy llus 
sy111 111 e1 ricus 
Sp. 

Planorbis Zone 
Zone) 

( Psiloceras p/a11orbis 
42, 75 

Pleuro11a11ti /11 s 
a/askensis 
cf. a/askensis 

Ple11ro11 odoceras 
Plicatula 

peri111bricata 
Popovites 

borea/is 
occidentalis 
sp. indet 

Popov, Yu . N . 

PAGE 

34 
82 
14 

80 
2 1 
47 
73 
74 

3 
Pose idon Zone (Progonoceratites poseido11 

Zone) 6, 7, 12, 27 , 28 , 29 , 67 , 68 , 92 
Posidonia 1 

aranea 21 , 22, 47-49 , 73, 74 
mimer 19, 49, 73 , 74, 84 
aff. mimer 74 

Power Ri ve r, Va ncouver Island 
Welleri Zone of 

Prefloria11ites 
intermedius 

Prida Fo rmation 

82 
21 
73 

Primor'ye ................ ..... ... .. .. . 
24, 25 

3, 22 
5, 79 Prince George area, B.C . 

Prio11ites 
!to!la11di 

Prio110/ob 11s 
cf. i11doa11stralic11s 
cf. /ila11ge 11se 
p/icatus 
cf. p/icat11s 

Proarcestes 
Sp. 

Procamites 

74 

18, 73 
18, 51,73 

51 
18, 73 

67 , 70 

111 odest11s ................ .. 
21 

22, 73 , 74 
91 

28, 92 
28, 67 , 91 , 92, Pl. VITI 

68 

Progo 11 oceratites 
atav11s 
poseido11 
aff. poseido11 
poseidon 

Zone 6, 7, 12, 27, 28, 29 , 67 , 68 , 92 
Prohungaritan Di vision 21 
Prohungarites 21 

t11berc11/at11s 22 , 89 
Proptychites . .... . ... . .... .... .. . .... .... 15 

a11oma/11s 17 
beds ......... . 13 , 17 
candidus 18, 51. 52 , 75, Pl. JV 
cf. ca11did11s 73 
candidus Zone 6, 12, 18, 50-53 , 73 , 75 
k11mmeli 18, 75 
markhami 18 
nw!leri 18, 75 
11ewelli .... ...... .. .. . .. .. .. 18, 7 5 
cf. rose11kra11tzi 17 

Prosp!tingites .............. 19, 21 
cf. czekanowskii 73 
spathi .. .. ................ 49 
cf. spat/t i 20, 49 

Prototoceras 14 
Protrachyceras 27 , 28, 46, 83 

arc!telaus Zone 30 
111eeki 27, 28 , 46 
cf. meeki 27, 68, Pl. YIU 
n. sp . aff . P. reitzi 65 
n. sp. aff. T rachyceras brotheus 30, 66 
sika11ia11111n ?9 , 66 , 67 
aff. sika11ia1111111 .... ........... 30, 65 , 66 



cf. sika11 ia1111111 .......... ... ... . 
sp. 
sp. indet 

P AGE 

28 , 67 
45 , 67 

30 
27 s11basper1111i 

subaspem111 Zone 
sverdmpi 

6, 12, 27, 45 , 46, 68 
45 
67 
27 

za111vae 
Zone . . ..................... . 

Prouton Lakes, B.C. 
Magnus Zone of 

Pseudogastrioceras 
Pse11do111 011 ot is 

boreas . . ... . ........ . 
himaica 
occide11ta/is 

Pseudosageceras 
bicarirwtum 
m ultilobatum 
n . sp. 
sp. 

Pseudosire11ites 
pardo11 eti 
pressus 
sp. 

Pseudotirolit es 
Psiloceras p/a11orbis 
Ptero toceras 

Zone 

caurinum 
Pterotoceras-Cyrtop/e11rites 

beds 
Ptyclrites 

11a11 1.1 k 
cf. trochlaeformis 
wrighti 
n . sp. 
sp. 

Q uadra Island , B.C. 

8 1 
l 3, 14 

49, 50 
20 

20, 49 , 74 
19, 21, 73 

73 
18, 49 , 5 1 

20, 74 
18, 73 

38 
57-59 

58 , 59 
55 
14 

42, 75 

37 , 57 
111 ag11ific11s 

57 
72 

28 , 45 
27 , 47 , 72 

25 , 73 
28 , 67 
26-28 

Dilleri Zone of 33 , 82 
Quatsino Formation 6, 9, 33-35 , 8 l -83 
Q uatsino ound, Vancouver Isla nd 8 1, 82 
Queen Charlotte Is lands 79 , 81 
Quesne l Lake area, B.C . 5, 79 , 8 1, 82 

Raa nes Peni nsul a, E ll esme re Island 
Griesbachian of 52, 53 
Suessi Zone of 44 

Rack la River, Yu ko n 
Upper Tri assic of 84 

R apide-qui -ne- pa rle-pas, Peace Ri ve r 
Suessi Zone of 39, 55 

Rapids of the D rowned , Lia rd Rive r 
Ladini an near 64, 65 , 68 
Smithian near 74 

Rasch berg 32 
Renz, 0. 3 
Rhabdoceras 40, 78 , 80 

boreale 40 
russel/i 38 
suessi 38-40, 54, 55 , 75 , 77 , 79 , 80, Pl. X 
suessi Zone 

6, 11 , 12, 38, 39 , 40, 44, 54, 55 , 59 , 75-79 
Rhacophyl/ites 38, 80 

cf. debilis 4 1 
debilis 1i111 ore11sis 4 l 
Sp. .......... .............. ... . 39, 40, 55 

Rhaetavicula 
COlllOr la 
co111orta Zone 

Rh aet ita n Di vi ion 

P AG E 

42 
42 
4 1 

Rh ae ti an Stage 40, 41 , 42, 43 , 57 , 75-78 
8 
2 

Rocky Mountain Trench 
Roddick , J . H. 
Romu nde ri Zone (E11f/emi11gites ro111 11 11deri 

Zone) 6, 11 , 12, 19, 48, 50 , 52 , 53 , 
65 , 73-75 , 84 

Ruber Zone (Cladiscites ruber 
Zone) 35 , 40 

Rupe rt Inle t, Vancouve r I sland 
Ke rri Zone of 8 1 

Ruthe rfordi Zone ( Drepa11ites mther/ordi 
Zone) 6, 12, 36, 37 , 57 , 58 , 60 

Sadlerochit Formation 20 
Sage11ites 38, 80 

gethingi 29 , 67 
giebeli Zone 35 , 40 
Sp. 39 , 57 , 58 , 80 

St. Cassian beds 27 , 31 
St. E li as Mounta ins, Yukon 

Suessi Zone of . .... ... . ... . .. . . .. . . . .. 79 
St. Wolfga ng, Austria 

Marshi Zone of 
Sa lt Ra nge, P ak istan 

Dieneri an of 
Griesbachi an of 

42 
3 

18, 19 

Smithi an of .............................. .. .. 
18 
20 
14 Permian- Tri assic boundary 111 

Salzk amme rgut, A ustria 
Ka rni an of ................... ...... . 

3 
31 -33 

36, 42 
38, 8 1 

55 
38 , 55 , 57 

38 , 8 l 
55 , 58 

4, 6, 23 , 25-28 , 

N o ria n of 
Sa11 dli11gites 

cf. archibaldi 
cf. idae 
cf. striatissi11111s 
sp. 

Schei Po in t Formation 

Schwab ia 
Rh aet ian of 

Scud Rive r, B.C. 
Lad inia n of .... ........ .. 

Seis beds 

32, 34, 44, 45, 47 

42 

Sevatic Su bstage . .. ............. .. 

83 
J 6 

35, 4 1 
Shal sha l C liff, Hima layas 

Lower Tri assic of l 5 
Sha ly Si ltstone membe r, Sulphur Mou nta in 

Formation 6, 8, 75 
Shasta County, Ca li fo rni a 

Ka rni an of 
Shevyrev, A. A. .. .................... .. 

33, 34 
3 

Short Creek , B.C. 
o ri an of 60 

Shoshone Mo un ta ins, evada 
Macro lobatu s Zone of 

Shublik Formation 
Siberia 
Sicily 

o ria n of 
Sieber, R. 
Sikanni Chief Rive r, B.C . 
Silberling, N . J. 
Sile11ticeras 

hatae 
n. sp. 

35 
6, 9, 20, 39 

3, 20, 22, 23 , 38 

36 
3 

67 , 69 
1, 2, 22-27, 37, 77 

29, 66, 67 
67 



Si lty Do lom ite member, 
Format ion 

PAG E 

Sul phur M ounta in 
6, 8 , 26, 69 , 72 

Sil ver Sands Creek, B.C. 
N orian nea r 

Si nwa Formation 
Sire11ites 

argo11au tae 
costatus 
hayesi 
11abeschi 
11a11 se11i 

Zone 

cf. nanseni ... 

56 
39 , 79, 80 
32, 45 , 64 

4 1 
44, 45 

83 
35 , 57 , 58 , 60 

32, 33 , 45, 63 , P l. IX 
63 

llCl/ISe lli 

Zone 
se11ticosus 

6, 8, 

cf. se11ticos11s 
sp. 
sp. indet 
cf. striatofalcatus 

12, 32 , 45, 48 , 62-64, 83 
45, 83 
32, 63 

64 
83 

32, 63 
Smi th C reek, E llesmere I sland 

A nisian of 
Lower T riassic of 

Sm ithian Stage 
Southe r, J. G. 

47 , 48 
48 , 49 

19, 47-50, 89 
2, 82 

Spath C reek, E llesme re Island 
A nisian of 
Spathi an of 

Spathi an Stage 
Spirog111oceras 

shaste11se 
cf. shaste11se 
Sp. 

46 
20, 21, 47, 48 

20, 21, 22, 48, 50, 90 
83 

33 , 64 
82 
82 

Spi ti, Hima layas 
Lower T ri ass ic of 

Spi tsbergen . . ...... . ... . . 
A nisian of ....... ... . ... . . 
Lowe r T ri assic of ..... ..... .. . .. 

Spo11 dy lospira 
lewese 11 sis 

Sp ruce La ke Creek , B.C. 
Ma rsh.i Zone of 

Staesche, K. .... .. .. .. . .. . . .. .. . 
Stam bachgrabe n, Au str ia 

Nori an and Rh aet ia n of 
Stankevich, H . S. .... ....... .. .. . 
Ste in be rgkoge l, A ustr ia 

Mette rnichi Zo ne of .... . ...... . 
Stei11111a11nites 

cf. 1mdulatostriatus 
sp. ·········· .... . 

Stelck , C. R. .. .. . ... . 
Ste11 opopa11oceras 

sp. 
Stephani/es superbus Zone 
Sticky Keep Fo rm at io n 
Stiki11oceras 

kerri 
Zone 

Strand F iord area, N.W.T. 
Stri gatus Zone ( Pachyproptychites 

55, 

I 8, 20 
3 

24, 26 
20, 22 

80 

75 
3 

40 
3 

40 

59 , 8 1 
58 , 59 

72 
24 
69 
20 
20 

35 
35, 57 , 58 

5, 45 

strigatus Zone ) 6, 11 , 12, 16, 17, 50-54 
Sturia 23 , 24 

sp . 7 1 
sp. indet. .... . .. .. .... . . 4 7 

Styrites 
ire11 ea11us 
ire11ea11us Zone 

36, 58 
58 

P AGE 

Subasperum Zone ( Protrachyceras 
subasperum Zone) 6, 12, 27, 45 , 46, 68 

Subbull a tus Zone (Trop ites s11bb11/lat11s 
Zone) 32, 33 , 34 

Subcolu111bites 2 1, 22 
Subrobustus Zone (Keyserlingites 

s11brob11st11s Zone) 6, 12, 21, 23 , 46-49 , 
73 , 74, 89 

Suess i Zone ( R lwbdoceras suessi 
Zone) 6, 11 , 12, 38, 39, 40, 44, 54 , 55 , 

59 , 75-79 
62 Sulphur Creek, B.C. 

Su lphur M ounta in 
Formation 6, 8, 15, 16, 19, 23 , 25-27 , 

69 , 70 , 72, 75 
Sul ph ur River, A lbe rta 70, 72 

De leen i Zone nea r 69 
Su the rl and Brown, A. 2, 8 1, 82 
Suthe rl andi Zone (Paratrach yceras 

sutherla11di Zone) .... 6-8, 12, 28, 29 , 30 , 
62-66, 68 

6, 39 , 78-80 
21 
73 
47 

4 

Sutton Formation 
S valbardiceras 

chowadei 
freboldi 

Sverd rup Basin 
Sve rd ru pi Zone 

Zone) 
( Paranorites sverdrupi 

6, l 1, 12, 18, 19, 47, 49 , 
50-53 , 73 , 74 

Swanson I sland, B .C . 
Columbian us Zone of 

T able I sland , N.W .T. 
K a rni an of 
L adini an of 

T ak la Gro up 
Tardeceras 

pygmaeus ................................... . 
Ta rdus Zone ( Wasatchites tardus 

8 1 

34, 44 
27 

79, 83 

82 

Zone) 6, 12, 19, 20 , 48 , 65 , 74, 75 
Tase ko Lakes a rea, B .C . 5, 75 , 76, 78 , 79 
T asnadi K ubacska, A . 3 
T ay lo r, G . C. 2 
T ay Ri ve r, Yu kon 

Suessi Zone of 
T ay R iver a rea, Yu kon 
Te legra ph C reek area, B.C. 
T empelman-Kluit , D . 
Terebratu la s11tto11ensis 

5, 79, 

84 
5, 84 

80 , 8 1 
2, 84 

79 
T e tsa Rive r Va ll ey, B.C. (see M ile P ost 

375 , 378 , 386, A laska Hi ghway) 
T ha ila nd 

Ladin ian of 
Thanamites 

schoolere11sis 
sc/100/ere11sis par vus 

T haynes Formati on 
Th etidites 

cf. brysonis 
exquisitus 
n. Sp. 

Th isbites 
beds 
charybdis 
custi 
dawsoni 
cf. pyra111i 
Sp. 

30 

29 , 66, 67 
67 
20 
38 
8 1 
58 
8 1 

57 
35 , 58 
35 , 58 

35 , 57 , 58 
35 , 58 

33 , 57 , 64 



Thorsteinsson, R. 
Tibeticum Zone (Ophiceras 

Zone ) 
Tibetites sp. 
Timar ........... .. ..... . . 
Tin tina Trench 
Tipper, H . W. 
Tirolites 

cassia11 11s Zone 
illyric11s 
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2, 51-53 
tibeticum 

15 
57 

3, 20, 22, 24, 36 
8, 9 

2, 77 
21 
21 
21 

Toad Formation 6, 7, 8, 18, 19, 2 1, 23 , 25, 
26, 28, 61, 65, 69-74, 9 1 

Toad River, B.C. 20, 7 1, 72, 74 
Tardus Zone of 20, 74 

Toad Ri ver area, B.C. 5, 7, 31 , 59, 60 , 

To ll mann, A. 
62-66, 68 , 7 1, 74, 75 , 93 

3 
Tombstone Mountain , Yukon 

Triass ic of 
Tompophiceras 
Tompo River, Siberia 
Tomq11istites? sp. 
Trac/1yceras 

aon Zone 
aonoides Zone 
cf. aonoides 
a11striac11111 
cf. desatoyense 
obes11111 31 , 

84 
13, 14 

19 
83 

32, 93 
27 , 30-32 
3 1-33 , 36 

83 
93 

31 , 32, 63 , 93 
63, 93, Pl. IX 

obeswn 
Zone 

Sp. 
Subzone 

6, 8, 12, 30 , 31 , 45, 62-64, 83 , 93 
64, 93 

Trachyceratan Di vision 
Trachysageniles 

herbichi 
cf. herbichi 
Sp. 
sp . inde t 

Trachystenoceras 
aff. gabbi 

Traskites 
cf. careyi 
cf. compressus 
cf. r11gos11s 
sp. 

Triassic- ) u rass ic bou nd ary 
Triass ic- Permian boundary 
Trigonia textilis 
Trold Fiord, El lesmere Isla nd 

Griesbachian of 
Tropiceltites 

co /umbia1111s 

33 
31 

33, 83 
82 
82 
82 

33, 64 

82 
82 
82 

33, 64 , 82 
42 , 75 
13 , 14 

80 

53 

36, 58, 60 
Tro pigy11111ites cf. T. p/a11orbis 
Tropitan Division 

26, 69 
31 

Tropites 
dilleri 33 , 64, 82 , 83 , Pl. TX 
dilleri Zone .. 6, 8, 12, 33, 34 , 61-64, 82, 83 
jo/111so11i 34, 8 2 
aff. /ati11111bilicat11s 35, 61 
cf. 111ora11i 34, 44, 45 
reticulat11s 34, 82 
Sp. 6 1, 8! 
sp. indet. 61, 82 
s11bb11 /la111 s Zone 32-34 
welleri 33, 34 
aff. wel/eri 34, 62, Pl. I X 
cf. wel/eri 82, 83 

PAGE 

1velleri Zone 6, 8, 11, 12, 33, 34 , 44, 45, 
6 1-64, 8 1, 82, 84 

Trout Lake, Yukon 
Suessi Zone nea r 84 

Trlimpy, R. 3, 16 
Trutch area, B.C. 5, 7, 8, 60, 64, 67, 69 , 73 
Tuchodi Lakes area, B.C. 5, 7 , 8 , 61, 64, 

Tuchodi R iver, B.C. 
Tulseq uah a rea, B.C. 
T urkey 

66-72, 75, 92 
67, 9 .! 

5, 79, 80, 82 

Anisia n of 25 
Ladinian of 30 

Tuva lic Substage 31 , 33 
Tyaugh ton C reek , B.C. 2 

Norian a nd Rhae ti a n of 75-78 
Tyaughton Group 6, 9, 39 , 42 , 75, 78, 80 

Union Di stri ct, evada 
Union Is land, B.C. 

Co lum bianus Zone of 
Dilleri Zone of 
Kerri Zone of 
Welle ri Zone of 

Upper Calcareous member, Blaa 
Mounta in Fo rm at ion 

Upper Ophiceras beds 

35 

80 
82 
81 
82 

4, 45 
16, I 7 

Upper Shale member, Bl aa M ountain 
Formation 4, 6 

Upper Suessi Zone . 6, 12, 39, 40, 57 , 75-80 
Ussurites 

arthaberi cwneroni 
11111skwa 
cf. 11111sk1va 
sp. indet. 
cf. yabei 

Utah 
Smithi an of 

69 
23, 69, 71 

71 
70 
47 

20 

3 

80 

Varfolomeev, P. N. 
V ariam 11ssiwn. 

yuko11e11se 
Varium Zone (A 11 agy11111otoceras vari11111 

Zone) 
Vavilov, M. 
Vishnuites 

6, 12, 24 , 47 , 68-73 
3 

beds 
decipiens 
wordiei ................ . 

Vrede11b11rgites 
Sp. 

Wa ldtha11se11ites 
{IC /If/IS 

cf. ac11t11s .... .... .... ... .. ... .. . 
id1111ae 
cf. leophanis 

Walters Cove, Va ncouver Island 
Suessi Zone of 

W a piti Lake , B.C. 
Anisian near 
Ladinian near 

Warepan Stage 
Warth , M. 
Wasatchites 

ca11ade11sis 
111eek i deleeni 
111errilli 

13, 16, 17 
16 
16 
38 
58 

36 
36, 60 

36 
36, 60 

80 

68 
68 
41 

3 
20 , 49, 74 

74 
74 
74 



PAGE 

proc11r vus 
ta rd us 
cf. tard11s 
tardus Subzone 
1ard11s Zone 6, J 2, 

74 
20, 74, Pl. V 

49 , 74 
20 

19, 20, 48, 65 , 74, 75 
Washin gton Sta te 

Smithian of 9 
We lle ri Zone (Tropites welleri 

Zone) 6, 8, 11 , 12, 33 , 34 , 44, 45, 

Wengen beds 
Weste rn Co rdi II era region, 
Weste rn Pl a ins, subsu rface 

61-64, 81, 82, 84 
27 , 29 , 30 

defined 8 

Triassic of ............... . 4, 7, 72 
2 Whee ler, J. 0 . . .............. . 

White C reek , B.C. 
N o ri an of 

Whitehorse a rea, Yukon 
Whitehorse Formatio n 
Whitehorse Trou gh 
White River, Al aska 
Whitesa il L ake a rea, B.C. 

60 
5, 80 

6, 8 
9 

83 
5, 83 

Wo lf F iord, A xe l H eibe rg I sla nd 
Co lumbi anu s Zone nea r 

P AGE 

44 
Woodwa rdi Zone ( Otoceras 1voodwardi 

Zone) 13-15 
Wrangell Mo unta in s, Alaska 83 

Xe 11 ocelt ites 
cf. ha1111a i 
robertso11i 
s11bevo /11111s 
warreni 

X enodiscoides 
cf. radians 

Xe 11 odisc11s 
karpinskyi 

Za pfe, H. 
Ze11oites 

arct ic11s 
Zla mbach beds 
Zoebe le in, H . 

20, 74 
74 

20, 74 
20 , 74 
20, 74 

18, 75 

89 

3 
21, 22 

47 
40, 42 , 43 

3 



BULLETINS 

Bulletins present the results of detailed scientific studies on geologicl,ll or related subjects. 
Some recent titles are listed below (Queen's Printer Cat. No. in brackets): 

126 Feldspar and quartz phenocrysts in the Shingle Creek porphyry, British Columbia, by H. H. Bostock, 
1966, $2.00 (M42-126) 

127 Ordovician Ostracoda from Lake Timiskaming, Ontario, by M. J. Copeland, 1965, $2.00 (M42-127) 
128 Upper Volgian (latest Jurassic) ammonites and buchias of Arctic Canada, by J. A. Jeletzky, 1966, 

$2.00 (M42-128) 
129 Structural evolution and plutonism in Valhalla gneiss complex, British Columbia, by J. E. Reesor, 

1965, $3.25 (M42-129) 
130 The copper content of Canadian Shield rocks, Red Lake-Lansdowne House area, northwestern 

Ontario, by R. F. Emslie and R. H. C. Holman, 1966, 90 cents (M42-130) 
131 The Permian ammonoids of Arctic Canada, by W. W. Nassichuk, W. M. Furnish, and B. F. 

Glenister, 1965, $2.00 (M42-131) 
132 The Cretaceous Smoky Group, Rocky Mountain Foothills, Alberta and British Columbia, by D. F. 

Stott (1967), $3.75 (M42-132) 
133 Upper Devonian stromatoporoids from the Redwater Reef Complex, Alberta, by J. E. Klovan; 

Upper Devonian stromatoporoids from southern Northwest Territories and northern Alberta, by 
C. W. Steam, 1966, $4.50 (M42-133) 

134 Contributions to Canadian palaeontology: Part I, Trilobites from Upper Silurian rocks of the 
Canadian Arctic Archipelago, Encrinurus (Frammia) and Hemiarges; Part II, Ordovician and 
Silurian tabulate corals Labyrinthites, Arcturia, Troedssonites, Multisolenia, and Boreastor; Part 
III, A new species of Hemicystites, by T. E. Bolton and G. Winston Sinclair, 1965, $2.50 (M42-134) 

135 Type lithostrotionid corals from the Mississippian of western Canada, by E.W. Bamber, 1966, $1.50 
(M42-135) 

136 Surficial geology of Dawson, Larsen ·creek, and Nash Creek map-areas, Yukon Territory, by 
P. Vernon and 0. L. Hughes, 1966, $1.00 (M42-136) 

137 A geochemical method of correlation for the Lower Cretaceous strata of Alberta, by E. M. 
Cameron, 1966, $1.35 (M42-137) 

138 Reconnaissance of the surficial geology of northeastern Ellesmere Island, Arctic Archipelago, by 
R. L. Christie, 1967, $1.65 (M42-138) 

139 Groundwater studies in the Assiniboine River drainage basin, by Peter Meyboom: Part I, The 
evaluation of a flow system in south-central Saskatchewan, 1966, $2.00 (M42-139). Part II, Hydro­
logic characteristics of phreatophytic vegetation in south-central Saskatchewan, 1967, $1.65. 

140 Silurian brachiopods and gastropods of southern New Brunswick, by A. J. Boucot, et al., 1966, 
$3.00 (M42-140) 

141 Geology and structure of Yellowknife Greenstone Belt, by J. F. Henderson and I. C. Brown, 1967, 
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