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ABSTRACT

The Lower Bajocian (Jurassic) ammonoid faunas from the lower
parts of the Yakoun Formation along Skidegate Inlet (Queen Charlotte
Islands) belong to three distinct faunules, probably of different
ages: the Zemistephwus richarisoni faunule at MacKenzie Bay (upper
Sauzei Zone or lowermost Humphriesianum Zone), the Stepharocerus -
skidegatense - Chondroceras defontii faunule at Richardson Bay
(Humphriesianum Zone) and the Stephwioceras itinsae - Chondroceras
oblatwn faunule on South Balch TIsland (upper Humphriesianum Zone).

Taxonomic and stratigraphic comparisons with other ammonoid
faunas from the western margins of both North and South America show
that close affinities exist with-southern Alaska, mainland British
Columbia, western Alberta and castern Orecgon, and lesser ones with
western interior United States, Chile and Argentina. Larger samples
led to a number of taxoromic revisions Ly establishing the range of
variation of species. . ’

The following dimorphic specices are recognised: Stephwioceras
itinsae (Mclearn) Q & 07 [= Stephanoceras yakounense. McLearn Q -
I[tinsaites ilinsae McLearn '), Stephanoceras skidegutense (Whitcaves)

§ 0" [microconch new), Zemistephanus richardsoni (Whitcaves) Q & o’
%microconch new], Chondroceras oblatwn (Whiteaves) Q & 0" [microconch
new) and Chondroceras defontii (McLearn) Q & 0" [microconch new].

As a conscquéence of these dimorphic pairings the. microconch genus
Itinsailes McLearn, 1927 is regarded as a junior subjective synonym
of Stephanoceras Waagen, 1869, and Karastephanus Mclearn, 1927 as a
subjective synonym of Zemisiephanus Mclearn, 1927. The new species
Zemisiephanus alaskensis Q is described.
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CHAPTER 1
INTRODUCTION

Early failures to separate Juraésic and Cretaceous faunas from
the Queen Charlotte Islands derived from the mixing of collections
thought to have come from the same strata exposed on several islands
in Skidegate Inlet (Whiteaves, 1876, p. 6). MacKenzie (1916) finally
. recognised that this confusion had arisen because of’failure to separate
sandstones of the Cret;ceous Haidé Formation from the underlyiné Middle

" Jurassic Yakoun Formation.

" The presence of two distinct ammonite faunas within the Yakoun
Formation was shown by McLearn's careful collecting from several measured
stfatigraphic sections (McLearn, 1927, 1949).' Ammonites from three
localities within the lower Volcaniclastig parts of the Yakoun Formation
(Richardson Bay, Maékenzie Bay’and South Balch Island; see Text—fig. 1)
were presumed to represent a single ammonite faunule belonging'to the
%umphriesianum’Zone (McLearn, 1949; Imlay, 1964, p. B19). Arkell. (1956,
p. 542), however, suggested that the fauna‘from MacKenzie Bay was older
and possibly represented the Sauzei Zone; this‘waé based on misident-
ification of Zemistephanus carlottensis (Whiteaves) Q with Pseudotoites

(p. 81).



,
Published faunal lists and descriptions of Lowér Bajocian

stephanoceratid ammonites from localities in western Canada and Alaska

also indicated the presence of forms now believed to be sexual dimorphs.

I made new collections from the Queen Charlotte Islands and

parts of western Alberta during the summer of 1971 with a view to:

1. clarifying the faunal assoclations at each of the three localities
in the lower parts of the Yakbun Formation where the supposed

"Lower Yakoun or Stephanoceras fauna'" was present;

2, degermining the stratigraphic sequence and dges of these ammonite
faunas and attempting to correlate them with similar faunas from
Alaska, mainland western Canada and United States, Chile and

Argentina;

3. obtaining sufficient material for biometric anélysis in an attempt
to demonstrate infraspecific morphological identity of the

juvenile stages of several sexual dimorphs and allow pqiriné at

the species level..



" CHAPTER 2

FIELDWORK AND FOSSIL MATERIAL >

2.1 Fieldwork

Strata oé the lower Yakoun Formation crop out along the shores of
Skidegate Inlet, Queen Chaflotte Islands and on several small islands in
‘the Inlet (Text-fig. 1). Ammonites of Lower Bajocian age (hére defined
to include "Sowerbyi" - Humphriesianum Zones) have previously been recordéh
‘and described by a number of writers (Chapter 4.1.1a) from three
localities: Richardson Bay a?d MacKenzie Bay’on the south-east and
'north—west shores respectively of Maude Island and on South Balch Island.
These localities are easily accessible by small boat from Queen Charlotte
City on the north shore of Skidegate Inlet. New collections were made by
me in May-June, 1971 from these three localities. Detailed méasurements
of each section, with in situ collecting of fossils, was unqertaken in an
attempt ‘to est;blish'the stratigraphic and geographic distributions of
ammonites. Special attention was given to those forms believed to represent

‘dimorphic pairs.

Stratigraphic measurement, correlation and fossil collecting was

-

hampered by several physical features of these islands: -

1. The average tidal range .of approximately 7.5 m allows access to much

of the rock platforms along the shore only during short periods each
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day. Much of the exposed platform is covered by seaweeds and other
marine life which makes collecting more difficult. Many of the
fossils, covered by water much of the time, are badly wbéthered and
difficult to remove or transport in a useful state.

2. Although exposure on the wide, wave-cut platforms is gooh, sections
are poften interrupted by Recent beach deposits, ranging from sand and
pebbles to larée boulders. Thick forests of pine, cedar and hemlcok
with a thick undercover of mosses, ferns and fallen trees cover the
islands to within a few metres of the high tide level, so that tracing
beds across even the smallest islands is not possible. Stream; which
would expose rock outcrops occur only on the largesﬁ islands.

3. Many small faults break up the sections but, again, cannot be traced

laterally for any distance.

"Access to isolated outcrops of the Yakoun Formation in the intgribr
of the two-largest islands (Graham and Moresby) is by priQate forestry
roads. Outcrops yieldingla few specimens of Lower Bajocian age are not
easily located and they are of no biostratigraphic value for the lower
part of the Yakoun Formation.

7
Collectiogs were also made from the Rock Creek Member of the Fernie
Group in Ribbon Creek, southerm Alberta. This outérop is well exposed

and easily accessible from the Kananaskis-Coleman road.

Attemps during the 1971 field season to make collections from a



number of localities within Jasper National Park from which Lower Bajocian
ammonites have previously been recorded were blocked by bushfires and the

subsequent closing of all access roads within the Park.

2.2 Other Material

Collections made by me from the Queen Charlotte Islands were
supplemented with material collected by.A. Sutherland Brown between 1958
and 1965 and some undeseribed specimens collected by F. H. McLearn; this
material was made available on loan from the collections of the Geological
Survey of Canada in Ottawa. Two specimens of Stephanoceras itinsae
(McLearn) 9 known to have come from Skidegate Inlet (the lithology of
. the matrix is identical with that on specimens collected by me from South
Balch Isléhd? were loaned by the Gedlogy Department museum at the
University of British Columbia. Comparative material from southern
Alaska was obtained on loan from the U.S. National Museum in Washlngton,
‘D.C. Material collected by G. E. G, Westermann and myself from the Ribbon
Creek locality was also included in this stuéy. Specimens from the Rock
Creek Member collected from several scattered localities in northern
Alberta and kept in the collections of the Geology Department, University

of Alberta, were examined, but most lacked information on locality,

associated fauna and precise stratigraphy.

Holotypes and other figured specimens of species based on material
from the Queen Charlotte Islands, western Alberta and southern Alaska

were re-examined; when such material was not easily accessible plaster



molds were obtained.

Comparison of North American with North-west European species

was facilitated by visits to the British Museum (Natural History) and

British Geological Survey Museum in London and the Sedgwick Museum in

Cambridge in 1972.

2.3

Repositories

Institutions in which material described or figured in this

thesis 1is kept are indicéted by the following prefixes:

McM

GSC

"UBC

USNM

*Department of Geology paleontology collections, McMaster

University, Hamilton, Ontario; includes all material collected
from the Queen Charlotte Islands and southern Alberta by me,
as well as material from Ribbon Creek collected by G. E. G.
Westermann.

Geological Survey of Canada collections, Ottawa; includes
material collected by Richardson, McLearn, Sutherland Brown
and Frebold.

University of British Columbia, Geology Department museum.

U. S. National Museum, Washington, D. C.{ from southern
Alaska. Unfigured material from southern Alaska is“identified
by the U. S. Geological Survey Mesozoic locality numbers with
decimal digits added by me for identification of individual

specimens from each locality.



UA

-- University of Alberta, Edmonton; Geology Department.

——

N ol



CHAPTER 3

METHODS OF STUDY .

3.1 Measurements

Whenever possible, measurements were made.using polished cross-
- sections or broken whorls obtained during dissection of spepimens. Cross-
sectioﬁs were drawn from the same material either directly using a camera
lucida or by tracing photographs. For specimens on loan which could not
be cut or broken, cross-sections were obtained using a Formagage.
<

The earliest phragmocone whorls were obtained by dissection of
suitablylpreserved*material under a binocular microscope using dissecting
neeqles. Protoconchs thus obtained were then drawn with the ;id of a
camera lu§ida. ‘Suture lines were exposed after removal of the test by
mechanical flaking and careful etching with dilute (10%) HCl; they were
drawn using thé camer; lucida and the microscope stage apparatus described

by Palframan (1968).

3.2 Terminology

Iy

For most features of the ammonoid shell the terminology in.the
Txeatise'on Invertebrate Paleontology, volume L (Arkell, 1957, pp. L81-
;100) has been used. The genera discussed in this thesis have poorly
d;fined umsilical walls, lacking any 'shoulder" or "edge" differentiating

the umbilical wall from the flank. Hence the term "flank" is used for
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that part of the whorl extending. from the umbilical seam to the lateral
shoulder (though even this is hard to define in Chondroceras and some

mature whorls of Stephanoceratidae).

3.3 Statistics . '
Measurements used in the statistical calculations and plotted on

«

the various graphs in this thesis are given in Appendix 1.

As outlined in:Chapter 8.1 the plots of whorl dimensions (D vs.
W, H and U) are "mass curves'" with usually more than one measurement from
eaéh specimen. The regression lines illustrated on these. graphs vere
céléulated using only data from the phragmocone whorls (excluding »
measurements from both the first whorl and body chamber), éhis being the

-

stage during which growth is isometric.

" Appendix 2 lists the data and results of formal statistical
comparisons of the growth patterns 6f macroconch-microconch pairs. Here

only a single measu{?ment from each specimen was used; these measurements
. )

£ ¢

were selected to cover the range of growth stages between the end of

the first whorl and the maximum septate diameter attained by the smaller
microconchs. This repfesent§ the range over which. dimorphic pairs are
expected Ee.follow the séme growth patterns. The(similarity of these
growth patterns was tested using éhe statistical methods outlined by
Bro&nlee (1960, pp. 334-357). Tests of significance are all at the 95%

.level of confidence.



CHAPTER 4

STRATIGRAPHY AND FAUNAS

4.1 FOSSIL ZONATION

Table 1 shows the,scheme of Zones and Subzones used here for the
Bajocian Stage. Those Zones previously making up the Lower Bajocian
(Opalinum to Concavum) now comprise the Aalenian Stage (Colloque du
Jurassique g Luxembourg, 1967); the remaining Zones are divided into
Lower Bajocian (Discites to Humphriesianum) and Upper Bajocian (Sub-

furcatum to Parkinsoni). This usage follows the revised Zonal schemes

{

STAGE ZONE
Callovian
Bathonian,
Parkinsoni
Upper Garantiana
Subfurcatum
Middle Jurassic Humphriesianum
Bajocian l Sauzei
Lower Laeviuscula
Ovalis
Discites
Aalenian

Table 1. Stages and Zones for the Middle Jurassic:.
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Table 2. Correlation of some Lower Bajoclan ammonite faunas from
Europe and the western Americas.

()

Y
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proposed by Mouterde gé_gl (1971, pp. 9-13) for Franceé, and by Parsons
(1974, Table 1, p. 154) and Morton (1975, Table 1, p. 43) for Great
Britain. Table 2 shows a suggested correlation of ‘Lower Bajocian
ammonite faunas from the western Americas with those from selected areas

of western Europe (excluding the lowermost Discites Zone).

4.2 BRITISH COLUMBIA

4,2.1 Queen Charlotte Islands

4.2.1a Previous Work

. Early geological eéploration of the Mesozoic formations of
Skidegate Inlet was prompted by commercial interests in the coal-bearing
rocks of the area. J. Richardson first examined the broad synclinal
structure along the Inlet and nearby islands in 1872 and divided the
rocks. into three horizons (Table 3). Believing the shales on several
islands to represent the same geological horizon he did not think it
nécessary to maintain separate fossil collections (Whiteaves, 1876, p. 6).
In describing these fossils Billings (1873) inferred that more than one
fauna was present. Whiteaves (1876, pp. 87, 88) alsc noted "an apparent
mixture of Oolitic and Cretaceous types". He recognised that such forms
as Ammontites Ric.hardsoni, A. Carlottensis, A. Skidegatensis.and A.
Loganianus forms A and B resembled "Oolitic" forms from England (Middle-
Upper Jurassic), but added that this similafity "i{s oftén of a very
general character and can scarcely in any case be shown to amount to
actual specific identity" (p. 91). Among Richardson's specimens were

several species known to be Cretaceous and so Whiteaves'(pﬁ 9) concluded

?
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that only one fauna was present and that it represented "a blending of

the life of the Cretaceous period with that of the Jurassic".

The failure of Richardson to separate Cretaceous rocks (now Haida
Formation) from Jurassic rocks (now Yakoun Formation) and the continued
insistence by Whiteaves (1876, 1884, 1900) that only one fauna was present

confused later workers.

More extensive work by Dawson (1880) resulted in division of the
"Cretaceous" sequence into five units (Table 3). Whiteaves (1884)
described the fossils collected by Dawson and again noted four awmonites
from the "lower shales'" (Unit C of Dawson) that he stated would be
regarded as Jurassic in Europe: Ammonites Richardsont, Stephanoceraé
oblatwm (= Ammonites Loganianus form A}, S. cepoides [= Ammonites

J
Loganianus form B] and Perisphinctes Skidegatensis. However, the
association in the collection of these and known Cretaceous forms again
led Whiteaves (1884) to suggest a lower Middle Cretaceous age. Sianton
and Martin (1905) noted the resemblance of early Middle Jurassic fossils
from southern Alaska to certain forms in the "lower shales" of the Queen
Charlotte Islands; they believed the latter to have no connection with
the Cretaceous faunas supposed to occur in the same formation.

In 1889 Dawson distinguished his Units C, D and E as the Queen
CQarlotte Islands Formation, believing them to represent a continuous

sequence which rested unconformably on older (probably Triassic) rocks.
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Unit D was separated from the overlying coal-bearing beds by Ells (1906)
and given a pre-Cretaceous age. However, Clapp (1914) extended the
Queen Charlotte Series to include Unit D, believing it to be a basal
conglomerate of local development, conformable with the overlying Units,
but resting unconformably on "metamorphic volcanic rocks which seem to
belong to the Vancouver Group'" (p. 12). Argillites and sandstones,
shown by field relations to lie unconformably below the Queen Charlotte
Series, were presumed to be of Jurassic or Triassic age. Clapp
formally named the Skidegate, Honna and Haida Members for Dawson's

subdivisions A, B and C.

The Jurassic strata of Skidegate Inlet were finally distinguished
as two.formations by MacKenzie (1916): the lower Maude Formation
(Dawson's Unit E) and the overlying Yakoun Formation (Dawson's Unit D
and those parts of Unit C which contained Jurassic fossils). MacKenzie
recognised that the strong lithological similarities between the
Cretaceous Haida Formation and parts of the Jurassic Yakoun Formation
had been responsible for Dawson's failure to separate them and the faunas

they contained. He stressed the importance of the unconformity between

- these two Formations.

Detailed mapping and careful collecting with attention to
stratigraphy by McLearn in 1921 led to the recognition of scveral faunal
horizons within the Jurassic formations of Skidegate Inlet. His

descriptions of the stratigraphy and ammonite faunas of the Yakoun
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Formation (McLearn, 1927, 1929, 1932, 1949) led to the distinction of
two faunas: the Lower Yakoun or Stephanoceras fauna of Lower Bajocian
age and the Upper Yakoun or "Seymourites" fauna of Lower Callovian age,

separated by a thick sequence of unfossiliferous volcanic agglomerates

A}
\

and tuffs. A detailed section along the southern shore of Maude Island
from Richardson Bay to Robber Point was recorded; it has recently been
re-measured and designated the type section for the Yakoun Formation by

Sutherland Brown (1968, pp.68, 72, 73).

4.2.1b Stratigraph; and Faunas

}he Yakoun Formation %s comprised of a great variety of rocks
ranging from massive volcanic agglomerates and tuffs go‘volcanic sang—
stones, shales and siltstones. The type section on the southeastern
shore of Maude Island is about 915 m. thick.and h;s been subdivided into
five members (Sutherland Brown, 1968, p. 73; Table 1, pp. 38, 39). The;e

subdivisions are summarjised in Table 4.

The rocks present in any one section of .the Yakoun Formation

" vary considerably. Sutherland Brown (1968, Fig. ld, p. 67) has delineated
a "facie; front" which marks the zone of transition from dominantly
volcanic agglémerate in the east to tuffs, volcanic sandstones.and shales
in the west. The type section is in this ZOn; bf_transition so that all
lithologies are present in abundance. Clastic rocks ig the sequence are
composed predominantly of fragments derived from porphyr?tic andesite.

The agglomerates, tuffs and lapilli tuffs contain mainly blocks and
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fragments of porphyritic andesite, about 20% crystal fragnenté and 207
fine matrix which is usually considerably altered. Related conglomerates
are also composed almost entirely of rounded volcanic rock fragments.

The volcanic sandstones are made up of subangular fragments of porphyritic

andesite and angular crystal fragments in a chloritic matrix.

Sutherland Brown (1968, pp. 75, 76) envisaged the agglomerates
and tuffs originating from a series of vents aloqg a line on the eastern
edge of the Islands. Pulsés of volcanic activity were separated by
periods of marine sgdimentation with redistribution of volcanic detritus
in a shallow, neighbouring sea. The abundance of leéves, fruit and wood
frégments:in some of these marine strata points to the proximity of a
vegetation—éovered land surface while a period of non-marine accumulation

has resulted in the formation of coal beds within the volcanic sandstones

of the Yakoun River valley.

McLearn (1949) reviewed the ammonité; from the Lowér Yakoun or
Stephanoceras ﬁauna from three localities (MacKenzie Bay, Richardson
Bay and South Balch Island) which all lie within the shales and sandstones
of Sutherland Brown;s‘B member. The initial part of mf study consisted
o% detailed measuring and collecting from eth of these three localities
.(Text;fig. 1) and the results of this work are outlined below. The
detailed stratigraphy and faunas at each of these fo;siliferous

localities are shown in Text-figs. 2-4.
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MacKenzie Bay (Text-fig. 2). - Both the upper and lower boundaries

of the B member are covered by Recent beach deposits. The basal part of
the exposed section consists of just over 7 m of fine, dark shales,
highly fragmented and with many small (2-6 cm in diameter), hard, rounded
or elongated calcareous concretions. Several thin bands of grey-green
sandstone show graded bedd%nga From one horizon near the base (only
exposed at low tide) come larée, rounded calcareous concretions, 10-15 cm
in diameter, about half of which contain specimens of Zemistephanus
richardsont (Whitegvgs) g & 0 and Z. erickmayi (McLearn) o.
Chondroceras sp., a few bivalves and belemmites were collected from the
assoclated. shales. Abruptly overlying the shales is a thin but very
prominent bed (60 cm thick) of buff-coloured volcanic sandstone with some
minor bands of angular lithic fragments. Scour-and-fill structures are
abundant, with some cross—beading, and load structure§ occur along the

base of the unit.

The succeeding 15 m of grey shale with sandy interbeds are
sparsely fossiliferous, having yielded single specimens of Chondroceras
sp., Zemistephanus Q sp. and an unidentified stephanoceratid ammonite,
with a few belemnites, bivalves and brachiopod;. This uniL is very well

stratified with cohsPicuous bands of elongated calcareous concretions.

. Cutting unconformably across the top of these beds is a massive, wedge-~

shaped unit, 5 m thick, of green volcanic sandstone and agglomerate.

b

In the overlying 35 m of poorly-bedded grey, silty shale a few

-
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fossils were found at two horizons. From just 2 m above the agglomerate
come several specimens of Zemistephanus alaskensis n. sp. 9 and 15 m
higher are additional specimens of Z. richardsoni (Whiteaves) 0 & g

with rare bivalves, belemnites and some worm borings. Some grey-black

argillite bands give the only evideﬁce of stratification.

Taxa identified by previous workers from this locality are shown

in Table 5, along with their usage in this thesis.

.

Richardson Bay (Text-fig. 3) - The base of the section 1s covered

with Recent beach deposits. The lower 9 m consist of massive, poorly-.
bedded shales with some‘whit; felspar grains. From several broad and
poorly-defined "horizons" come specimens of Stephanoceras skidegatense
(Whiteaves) Q & 0" and abundant Chondroceras defontiz (McLearn)‘Q 5§07,
There follow 7.5 m of grey, highly—fractured sandy shale with occasional

thin bands of pebbly tuff and some lightly contorted bands of finer,

yellowish~green tuff. - ' .

From the succeeding 3.5 m of dark, grey-brown shale additional
specimens of S.‘skidegatense kWhiieaves;.Q & 0 and C. defontii (McLearn)
0”, some bivalves, gastropods and belemnites were collected. This unit '
also contains abundant hard, calcaréous concretions of varying size and

fragments of carbonizedllogs and branches.

Above a covered beach interval of 4 m is a thin sucpession of
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bands of alternating brown-grey sandy shales, blue-grey cherty argillite
and agglomerates which are highly contorted and broken apart. These are
faulted against massive brown, volcanic agglomerate containing some

large blocks of the contorted sediments from below. This fault represents

the base of the thick, massive agglomerate designated C member by

L™
Sutherland Brown (1968, p. 73).

Table 5 lists the ammonite species known from this locality and

their revised taxonomy.

South Balch Island (Text-Fig. 4) - The western shore of this

small island has an apbarently continuous exposure of about 51 m through
B member. Beginning on the southern'sbore is a sequence of 6 m of fine,
grey shales with three prominent beds of grey-green sandstone all showiﬂg
.minor fault displacements. Fossils in this sequence include abundant
Stephanoceras itinsae (McLearn) Q & Cf, some Choridroceras oblatum

(Whiteaves) g} & di bivalves, a few brachiopods and fossil fruit.

Next comes a barren, monotonous sequence of grey shales 25.5 m
thick extending along the western shoreline and largely covered by
loose boulders. It has yield;d se;eral bivalves and gastropods and some
fossil fruit. Towards the top of the sequence massive volcanic
ggglomeraée and sandstone become the dominant lithologies with a few

interbeds of sandy shales, one of which again yielded the S. ttinsae -

C. oblatum fauna, along with single specimens of 2Eutrephoceras sp.,
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Cenoceras sp. and Calliphylloceras sp. and rare bivalves.

The eastern side of the island is a large fault block cut by
several smaller faults. It is composed mostly of massive, coarse
volcanic séndstones, grey-green and brown in colour. There are minor
dark grey shales. Besides scattered specimens of S. iéinsae (McLearg)

Q & 0’,.0. oblatum (Whiteaves) Q& d" and a.single Calliphylloceras sp.,
these sandstones contain many large corcretions with concentric internal
layering, leaf impressions, fossil fruit, carbon;zéd stems and wood
fragments. Scattered fproughout the strata on both sides of* the island
are irregular accuﬁuiations, 10-30 cm across, of darker shale conta%ning
a concentration of broken ammonite fragments, small bivalve shells and

gastropods. Their origin remains unknown.

4.2.1cnSummary
It is clear from the faunal lists of the three fossil localities

in the lower Yakoun Formation (Table 5) that three distinct and

separate faunas are present; the problem of their relative ages now

arises. Although the section at each locality is thick and apparently

continuous, no specimen reéresenting the other two faunas has been found

in stratigraphic succession at any locality.. McLearn (1949) believed

that these three faunas were "apparently all of one fauna, the lower

Yakoun or Stéphanoceraé fauna" (p. 16). Imlay (1964, p. B19) also held

that the "various species of Chondroceras, Normannites and Teloceras

that were obtained from these localities on Maude Island occur together
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in the Fitz Creek Siltstone in Alaska and belong to a single faunule".
However, as discussed elsewhere (pp. 41, 42) the varfous species of these
genera are stratigraphically segregated in the Fitz Creek Siltstone.

In reviewing these faunas for comparison with Bajocian faunas
from Westemn Ausgralia, Arkell (1954) trans%erred Ammonites carlottenstis
fWhiteaves to Pgeudotoites believing it to resemble closely the Australian
P. leicharti (Neumayr). However, the characters of the m;ture body
chamber, septum and suture haye resulted in this species being placed
in the genus Zemistephanus McLearn (p. 81). On paleontological grounds
Arkell (1956, p. 542) suggested that the fauna from MacKenzie Bay was

distinct from, and older than, the Richardson Bay fauna.

MacKenzie Bay - The small, septate holotype and one other septate

specimeﬁ of Teloceras itinsae McLearn from this locality were both
collected as float and so havé no biochronological value. Supposed
Normannites [=Kanastephanus] are here recognised as microconch
Zemistephgnué: The Zeﬁistephanus fauna from this locality corresponds
very clésely in composition with that from the:Fitz Creek Siltstone in
southern Alaska (discussed on p. 92). Species in common are: Z. richard-
gont (Whiteaves) Q & O’; Z. carlottensis (Whiteaves) 9 ; 2. crickmayi
(McLearn) O7; and Z. alaskefsis n. sp. Q . Specles of Chondroceras are
also ‘present in both faunas.

Due to discontinuity of outcrop the stratigraphic positions of
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PREVIOUSLY IDPNTIFIED TAXA

HERE

1. MacKenzie Bay
:ﬁ'm‘:f:?:‘;n:icr:mdmi R § vesra.  Lemistephanus richardsoni (Whiteaves) Q
evees 2. richardsoni (Vhiteavea) (" *»
I. carlottnsis (Whiteaves) 2. carlottensis (Whiceaves) Q
2. vancouver{ MclLesrn
seeres Z. alaskanais n. sp. 9 Ll
Norrvmnites (Kanaetaphanus) erialonaytl O‘ch-m') .
A, (X.) canadensis (Mciearn) vierss L. orickmayi (Mcleamn) OF
#. (K.) altus (HcLearn) ’
N, (K.) mackensi{ (McLearn) , -
Teloceras itinsae Mclearn veveen feloceras itinsae Kclearm n
...... Chondroceras n, sp. indst. *#
2, Richardson Bay
Staphqnoccma skidegatense (Whiteaves) Stephanoceras skidegatense (Whiteavws) 9
5. skidegrtense var. laperousii NKcLeam
P S. #akidsgatanse (Vhiteaves) O'*
. S. sp. d" aff. S. skidagatense (\miteaves) fo gl
Chondrogeras (Defonticaras) 3efm¢ii (McLaarn) .
C. (0.) oolnetti (Mclesrn) verees Chondroceras defontii (Hclearn) @
C. (D.) sllel (Hclearn)
C. (D.) marchandi (HcLearn)
PO C. defontii (McLeam) O7#%
€. (D.) maudense (McLearn) X vennes C. m;zudanaa (HcLeamn) Q
3. South Balch Island
Stephawoceras yakounense Hcl.ur;: Stephanoceras itinsaa (Nclearn) 9
Normanitss (Itineaitse) itinsce (Mclearn) teenee S. itinsae (McLearn) O"
Stephanoceras oaamamoi Helaam 5. osammoi Mclasro Q
cedren Calliphylloceras sp. indet. % ’
esvess  TButrephoocras sp. jndet. **
) YT Cenoceras sp. indet. *#
Chondroceras (Defonticeras) oblatim (Whiteaves) fenies L‘hond;'ooam oblatim (Whiceaves) g
erates C. oblatum (Whiteaves) OV
List of previously recognised, revised and new taxa from the

Table 5.

lower part of the Yakoun Formation.

** indicates species described here for the first time.
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these beds relative to those at Richardson Bay and on South Balch Island
cannot be established. The only clue to the relative ages of the contained
faunas is a small ammonite nucleus (GSC 13636; Pl. 7, fig. 4) which,
according to McLearn's handwritten label was collected by him between
MacKenzie and Maude Bays on the north shore of Maude Island. This
locality description corresponds to the uppermosh part of the section
shown for MacKenzie Bay in Text-fig 2, i.e. stratigraphically above the
Zemistephanus horizons. No further material has been recovered from this
part of the section. This nucleus bears a very strong resemblance to a
specimen of similar size (McM j&802f; pl. 7, fig. 5) collected by me
-about 20 m above the exposed base of the gdection at Richardson Bay.

This is undoubtédly the nucleus of Stephanoceras skédegatense (Whiteaves)
(9 or d’), other more cowplete specimens of which occur in the same bed.
A detailed analysis of similar faunas within the Fitz Creek Siitstone

and Cynthia Falls Sandstone of southern Alaska (pp. 39-42) also suggests
that the Zemistephanus fauna is older than those from Richardson Bay and
Soﬁth Baléh Island which contain abundant Stephanoceras but no Zemiste-

phanus.

Richardson Bay - The Richardson Bay fauna is charactexrised by

abundant Chondroceras defontii (McLearn) Q& 0" and Stephanoceras
skidegatense»(Whiteaves) 9 & 07, while Zemistephanus is unknown. In
southern Alaska C. defontii Q ranges throug§ most of the Fitz Creek
Siltstone where it is associated with Zemistephanus and persisfs into the

overlying Cynthia Falls Sandstone where Z. richardsoni is absent and
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C. oblatum first appears. It is suggested that the 5. skidegatense
! g

faunule is probably younger than the Z. richardsoni faunule.

South Balch Island - Stephanoceras itinsae (McLearn) Q from

_ this locality is very similar to European species of the S. wmbtlicum -
S. mutabile group; these forms in western Europe first appear and reach
maximum numbers in the middle and upper parts of the Humphriesianum
Subzone (Schmidtill and Krumbeck, 1938; Mouterde et al, 1971).

S. itinsae Q , which 1s so abundant in the Bajocian faunas of the Queen
Charlotte Islands and Alberta, is not known from the thick sequences of
southern Alaska where the Zemistephanus faunule is dominant. However,
Stephanoceras obesum Imlay from the Tuxedni Formation in the Talkeetna
Mountains of southern Alaska (Imlay, 1964, pp. B45, 46; Pl. 18, figs. 5-
11) is a similar form (p. 128). 1In the Cynthila Falls Sandstone of
southern Alaska, however, Chonéroceras ob Latun (Whiteaves) occurs with
an undescribed Stephanoceras sp. (Imlay, 1964, Table 7). Chondroceras
cf. oblatum (Whiteaves) and C. defontii (McLearn) are listed from the
Cynthia Falls éandstone (Table 7), but they do not occur at the same
locality, a feature also noted in the lower Yakoun Formation. Whether
such segregation 1s due to some ecological factor or difference in age

of the faunas 1s not clear.

It is tentatively concluded that the S. itinsae - C. oblatum

faunule from South Balch Island is’ younger than the Zemistephanus

[
.

faunule at MacKenzie Bay and belongs to the mliddle and upper parts of

)
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the Humphriesianum Subzone of Europe (Table 2).

0y

4.2.2 Southern Mainland

Faunas described from Manning Park and the Taseko Lakes area of
south-western British Columbia brovide‘further evidence of Lower Bajocian
Strata (Frebold et al, 1969) ; ammonite speciesﬂwell known from southern

Alaska, the Queen Charlotte Islands and southern Alberta are present.

The Lookout Section in the Eastern Jurassic Belt at Manning Park
consists of coarse to medium grained volcaniclastic sediments with lesser
amounts of marine clastics~§nd massive lavas. Because of numerous
transverse and strike faults ;fthin this section (Coates in Frebold et al,
1969, p. 3) the sequence of ammonite faunas can have liltle stratigraphic
significance. Otoitidae, Stephanoceras cf.S. caamanot McLearn and
Chondroceras spp. represent faunas belonging to the Sauzei and
Humphriesianum Zones. The reported Zemistephanus richardsoni is not .
conspecific with McLeam's species (p. 82).

Stephanoceras (Skirroceras) cf. S. kirschneri Imlay, associated
with Witchellia, in the Taseko Lakes area represents the Sauzei Zone;
Chondroceras "marshalli" (McLearn) occurs elsewhere ip‘ihis area,
indicating strata of probable Humphriesianum Zone-age (Frebold g&_él,

1969, pp. 18, 19). -

L
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4.3 ALBERTA

4.3.1 Previous Work

Jurassic rocks ranging in age from Sinemurian to Upper Portlandian
comprise the Fernie Grbup which has been mapped extending from southern-
most Alberta over 1,000 km to the north in the Peace Riwer areaﬁ(Frebold,
1957, pp. 1, 24 Frebold and Tipper, 1969, pp. 9, 10; Fig. 6). The
section Ws incomplete with many hiatuses indicated by the absence of

. , .
index fossils.

Warren (1934) proposed the name Rock Creek Member for a marker
horizon 15-45 m above the gase of the Fernie Group. The unit is a
calcareous sandstone bed, 1.5-9 m thick with a rich and disé&nctive
Lower Bajocian fauna consisting mainly of stephanoceratid ammonites,
belemnites and bivalves. In his extensive review of the Fernie Group
Frebold (1957, p. 14) pqi;ted out that the éypical calcareous sandstone
of the type locality was often replaced in other areas by sandy shales
and. that its diagnostic fauna (referred to as the Teloceras fauna) also
occurred in shales with concretions below the typilcal Rock Creek Member. )
Frebold proposed use of the naﬁe Rock Creek Member éen§u lato for all

beds containing the "Teloceras fauna":

Ammonites from numerous localitiles supposedly representing the
"Teloceras ~ fauna" of Lower Bajocian age, which have been described and

figured by Warren (1947), McLearn (1927, 1928, 1930, 1932b) and Frebold

A3

(1957), are listed in Table 6.
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Evidence for the existence of more than one faunal horizon in the
Rock Creek Member (apart from the closely associated beds with Sonninta
discussed by Frebold, 1957, pp. 13, iS) was discussed by Westermann
(1964b, pp. 405-7). The occurrence of Arkelloceras m. sp. with
Stemmatoceras sp. aff. S. frechi René and S. (Kumatostephanus) sp. cf.
© 8. turgidulwn (Quenstedt) one foot below the upper sandstone bed in the
Snake River section (see Frebold, 1957, p. 92) led Westermann to place

this fauna in the Sauzei Zone.

4.3.2 Stratigraphy and Faunas

Ribbon Creek - The only fossil locality in the Rock Creek Member
to which the writer had access during the field season éf i97i yas that
in Ribbon Creek, southern Alberta. Details of this section were given by
Frebold (1957, pp. 81, 82). New collections made by myself and G.E.G.

Westermann (in the McMaster University collections) have been studied.

A . ' A4
The best preserved and most abundant forms at this locality are

C.
\

_oblatum (Whiteaves) 9 }. Zemistephanus crickmayi Frebold (Frebold, 1957,

1

Chondroceras allani (McLearn) Q and C. marshalli (McLearn) 9 [

pp. 52, 53; Pl. XXV; Pl. XXVI; PL. XXVII) is here referred to the genus

Teloceras (p. 169) and several other larger, fragmentary specimens in the

-

McMaster Universitj collections alsq represent this genus. The holotypé
of Teloceras. dowlingi McLearn is also assumed by Frebold (1957, p. 52)

to have come from this 1ocality: The specimen described in detail’ by

Frebold (1957, pp. 50, 51; Pl. XXI, figs. 2a; b;-Pl. XXIII, figs la-c)



LOCALITY

FAUNA

Sheep River

Stemmatoceras albertense McLearn
S. carrt Warren

Chordroceras allani (McLearn)

C. marshalli (McLearn)

C. spp.

Kananaskis Valley

Teloceras dowlingi McLearn

Porcupine Creek
(Kananaskis Valley)

Teloceras warrent McLearn

Whitehorse River

(Mountain Park area)

Stermatoceras palliseri McLearn
S. carri Warren

Teloceras stelcki Warren

Livingstone Gap

Stephanoceras ex. -gr. 8kidegatense (Whiteaves)
Chondroceras sp.

Snake Indian River

Stephancceras ;x. gr. skidegaiense (Whiteaves)
Stephmz;ceras sp. indet.

S. (Kwmtostephanus) sp. cf. 3. turgidulum

S. (Stemmatoceras) sp. aff. S. frechi
Arkelloderas n. sp.

Ribbon Creek

Stemmatoceras alberteni;e McLearn
Zemigtephanus crickmayi Frebold
Chondroceras allani (McLearnm)

C. marshalli (McLeapn)

Miners Creek
{Cadomin)

Stemnatoceras melearni Warren

2

Stoney Creek-Highwood
River-Sheep River drea

Stemmatoceras melearni Warren

Teloceras allani Warren

~i’old1ng Mountain

Stephanoceras cf. ekidegatense (Whiteaves)

no localitirg given

Zemistephanus ?
Itinsaites ?
Kanastephanus ?

, Table 6. List of ammonites described or identified from the Rock €reek

Member of western Alberta by various authors.

n
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as Stemmatoceras albertense McLearn is believed to be another Stephano-
ceras itinsae (McLearn) Q (pp. 126-7); other fragmentary material from
this locality is also identified with this species (Pl. 6, fig. 1).

The corresponding microconch ("Itinsaites itinsaé'McLearn) has also been
collected from the Ribbon Creek locality (McM J 1838; PL. 7, fig. 1)
along with numerous stephanoceratid nucleii which possibly also represent

this species.

?he occurrence of S. itinsae Q 8§ and C. oblatum Q togéther‘
in this bed indicates it is correlative with the lower’Yakoun Formation
exposed on South Balch Island (p. 30). The presence of several
macroconch Teloceras, but ﬁo Zemistephanus, suggests correlation with \
the upper parts of the Humphriesianum Subzone of western Eur;pe. Early‘
Teloceras, with narrower and less doropate whorl gections, are already

.

reported in this Subzone in France (Mouterde et al, 1971, pp. 11, 12)

~

fénd in England (Parsons, pers. comm.).

Snake Indian River - Faunas representing two horizons of

different age seem to be present in the section of the Rock Creek Member
s. 1. exposed in Snake Indian River valley: Stéphanoceras ex. gr.
skidegatense deécribed by Frebold (1957, pp. 49, 50; Pl. XXII, fig. 2;
Pl. XXv, fig. 2) is believed to be S. itinsae'(chearn) 9 (p. 127).
Unfortunately the exact stratigraphic hoyizon from which this speéimen
was collécted is not recorded; "$tephanoceratids" occur at several

horizons in this section (Frebold, 1957, p. 92). Westermann (1964b,.
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p. 407) believed that the faunule with Arkelloceras n. sp. aff. A.
melearni, which he correlated with the Sauzei Zone, probably came from
the same level as Frebold's desc;ibed specimen. The specimens referred

to Kwnatostephanus by Westermann (1964b) are a fragment of body chamber
about 8 cm in length which closely resembles the body chamber of
Skirroceras nelchinanum Imla§ from southern Alaska and another (body
chamber?) resembling a single whorl described from this same locality
by Frebold (1957, p. 50; Pl. XXII, figs. la,-b) as Stephanoceras sp:
indet. A Sauzei Zone age for Arkelloceras is supported by Imlay's
correlation (1964, pp. B53, 54) with the Zone of a fauna containing
Arkelloceras ? sp. juv. from the Kialagvik Formation at Wide Bay in
southern Alaskaf* However, the occurrence of several spkcimens representing
the genus Teloceras with S. itinsae (McLearn) 9 & 07 in the fauna from
Ribbon Creek suggests correlation of that fauna.with the Humphriesianum
Subzone (p. 30). Thus it is confirmed that ‘two faunas' are present in the
Snake Indian River section: the ArkeZZ;ceras fauglle from the Sauzei Zone
and the Stephanoceras itinsae faunule from the Humphriesianum Zone (and

Subzone).

Other Localities - Ammonites from many localities within the Rock
Creek Member s. 1. (Table 6) éive evidence of the widespread occurrence of
the supposed '"Teloceras fauna". Further collectiéns in t?s 5epartment of
Geology, University of Alberta, Edmonton from Cadomin, Luscar, Mountain
Park, and the Whitehorse and Highwood River areas of the Alberta Rockies .

contain fragments representing Chondroceras spp. and both macroconch and
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microconch stephanoceratids. Wide geograghical separation of these
localities and lack of faunal sequences make it impossible yet to establish
any biochronological subdivisions within the Rock Creek Member, but as

suggested above these specimens probably represent more than a single fauna.

4.4 ALASKA

4.4.1. Previous Work

Detailed descriptions of Lower Bajocian (Sauzei and Humphriesianum
Zones) ammonite faunas from the Cook Inlet region and the Talkeetna
Mountains of southern Alaska were published by Imlay (1964). Material on
which these descriptions were based had been collected by numerous
geologists between 1904 and 1958 from the Tuxedni Group and the Tuxedni
Formation. The Lower Bajocian part of the Tuxedni Group along the nortﬁ—
west side of Cook Inlet contains four units which are of great, but ve}y
variable, thickness: fhe Red Glacier Formation, Gaikema Sandstone, Fitz
Creek Siltstone and Cynthia Falls Sandstone (Imlay, 1964, Table 2).
Characteristic fossils and suggested guide fossils for these.units and
" their correlation with the Standard Zones of North-West Europe are

summarised in Table 7.

Along the Alaskan Peninsula to the south-west, Bajocian faunas
correlated with the '"Sowerbyi" and Sauzei Zones have been described by
Westermann (1969). At the top of the Kialagvik .Formation is an ammonite

fauna which is correlated with the Parabigotites faunule from the top of

the Red Glacier Formation (Westermann, 1969, p. 22; Imlay, 1964, pp. B18,

14
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19). -

4.4.2 Stratigraphy and Faunas

Correlation of the richly fossiliferous Bajocian sequences of the

Cook Inlet region and Talkeetna Mountains with the Standard European
Zones 1s hampered by the scarcity of Sonniniidae (especially Dorsetensia,
Sonninia and Poecilomorphus) above the Red Glacier Formation and of the
familiar Stephanoceratidae so common in the Sauzei and Humphriesianum
Zones of Europe (i.e. Stephanoceras,'Stemmatoceras:‘Normannites“anﬁ
Teloceras). The great thicknesses (180-1200 m) of éhese sequences of
massive silty shales, sandstones and greywackes with.some massive conglo~
merates make detailed litho- and biostratigraphy difficult. Formations
vary tremendously in thickness from one locality to another and are

disrupted by major thrust faults (Imlay, 1964, pp. B6-10).-

The upper parts of the Red Glacier Formation were correlated with
the upper‘Sauzei Zone because Normannites and Chondroceras are not known
from below this level (Imlay, 1964, p. B125. The specimens of Chondroceras
cf. C. defontii (McLearn) listed as occurriné in the Red Glacier/Formatioﬁ
were not obtained in situ (Imlay, 1964, p. B12) and the reported species
of Normannites are now referred to other:genera: Normannites kialagvikensis
Imlay is the‘microconch of Parabigotites crassicostatus Imlay (cf. Imlay,
1973, pp. 32, 85, 95; both are restricted to the Red Glacier Formation

where they usually ‘occur together) and Normannites (Itinsaites)

erickmayt (McLearn) is a microconch form of Zemistephanus (p. 99).
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Both macroconch and microconch representatives of Chondroceras have been
recently repo;ted from the Laeviuscula Zone in southern England (Parsons,
1974, p. 167). Thus the constraints which led Imlay to suggest correla-
tion of this fauna with the upper part of the Sauzei Zone are no longer

operative.

Higher in the Red Glacier Formation Stephanoceras (Skirroceras)
kirschneri Imlay is the dominant species and is not associated at any of
the listed localities with P. crassicostatus Imlay Q & d’. The close
similarity of S. kirséhneri to the more evolute European Stephanoceras s?p.

suggests correlation of this upper faunule with the Sauzei Zone also.

The overlying Gaikema Sandstone, of which only the basal part is
fossiliferous, contains Emileia constricta Imlay, Bradfordia? caribouensis

Imlay, Witchellia sp. and Somninia (Papilliceras) cf. arenata (Quenstedt).

" This fauna should also be correlated with the Sauzei Zone. Witchellia and

Papilliceras are most abﬁndant,at the top of the "Sowerbyi" Zone in France
(Mouterde et al, 1971, p. li) and occur In the "“Sowerbyi" and Sauzei Zones '
of western Europe and England (Parsons, -1974) ‘and the Sauzei Zone of Chile
and Argentina (for a discussioﬁ see Westermaﬂn and Riccardi, 1972a,

pp. 73-77).

Due to the supposed presence of Normannites and Teloceras, the
fauna of the Fitz Creek Siltstone was correlated with the Humphriesianum

Zone (Imlay, 1964, p. QIZ). However, none of the figurele. (Irt.)
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crickmayi'(McLearn) and N. (It.) itinsae (McLearn) from this unit is a

true Normannites; as shown elsewhere in this thesis (pp. 99—107)'N. (K.) £§
erickmayi and its allied forms are microconch Zemistephanus. The Specimeés
figured under N. (It.) itinsae are likewise microconch Zemistephanus, as
they show neigher the rounded whorl section nor the persistence of dense
secondary ribbing (three to each primary) right to the aperture,’ two
features which characterise “Iti%saites” itinsae (here recognised as a
microconch Stephanoceras). Material identified with Teloceras itinsae
McLearn (Imlay, 1964, pp. B50, 51) does not exhibit features of mature
Teloceras from Euroge. The body chamyer of the Alaskan specimens egresses
strongly, is narrow with a rounded whorl section and highly arched venter
but lacks both steep umbilical walls and strong nodes. These characters
suggest that this material represents a coarsely-ribbed species of
Zemistephanus, here renamed 2. alaskensis n. sp. (p. 107). The dominant
ammonite species in the Fitz Creek Siltstone, 2. richardsoni (Whiteaves),
is restricted to this unit and so is proposed as an appropriate guide
fossil to replace "Teloceras itinsae' McLearn. The absence of any cfue
Stephanoceras suggests correlation of the 2. richardsoni faunule with the

Sauzei Zone or lowest Humphriesianum Zone.

Chondroceras defontii (McLearn), wﬁich forms a strong association
with Zemistephanus througﬁout the Fitz Creek Siltstone, does not usualel
occur with (. allant (McLearn); they are reported together only once at
USGS Mes; loc. 21276, which covérs a stratigraphic intervai of 10.7 m

¢(Imlay, 1964, Table 6). C. allant does occur with ¢. cf. ‘oblatum

4
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(Whiteaves) which first appears at the base of the overlying Cynthia Falls
Sandstone (Imlay, 1964, Table 8) and also with C. marshallt [= C. oblatum]
in the Tuxedni Formation (Imlay, 1964, Table 12). (. allant and C. oblatwnm
are found associated with undescribed Stephanoceras and Stemmatoceras,
genera with which they commonly occur in the Queen Charlotte Islands and

. ‘
western Alberta (p. 35). It is suggested that this faunule represents a

higher horizon than the 7. richardsont - C. defonti? faunule and may be

correlated with the Humphriesianum Subzone.

4.5 OREGON

4.5.1 Previous Work

Bajoéian rocks in east-central Oregon consist of sequences of
marine clastics ranging from coarse conglomerates to siltstones and mud-
stones. Fragments are of volcanic origin and locally there are develop~
ments of andesitic lavas and volcanic breccias. These rocks vary in
thickness from 335 m to 810 m (Imlay, 1973, p.8) and marked changes in
both thickness and lithology over short distances mean that ldcally
recogitisable lithological members cannot be traced laterally for any great
distance. Recognition of this limitation resulted in Dickinson and Vigrass
" (1965) using the term Snowshoe Formation.of Luphe; (1941) to include a
number of lithological units previously recognised as Formations by
Lupher. Thus the Snowshoe Formation in the Suplee area is divided into
three easily recognisable units: the lowest Weberg Member, the Warm
Springs Member and the upper Basey Member. Ammonite faunas and lateral

continuity of some beds allow correlation of these units with the outcrop
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of the Snowshoe Formation in the Tzee area where it is much thicker and
includes strata both older and younger than in the Suplee area (Imlay,

1973, p. 9; Fig. 1).

Extensive collections of ammonites from the Bajoclan strata of
eastern Oregon have been described and figured by Imlay (1973). The
contained faunas indicate that the Snowshoe Formation in the Izee area
represents Toarcian to early Callovian'while in the Suplee area it is
mostly Lower Bajocian ("Sowerbyi" to Humphriesianum Zoneé) with marked
hiatuses at its base and top. The basal Weberg Member unconformably
overlies strata of Pliensbachian and Paleozoic ages while the uppermost
Basey Member is separated from overlying Callovian strata by an

unconformity representing Upper Bajocian and all of Bathonian time.

4.5.2 Stratigraphy and Faunas

A westward onlapping sequence of hard, sandy limestone and.
calcareous sandstone, 15-75 m thick; comprises the Weberg Member in the
Suplee area. Ammonites, including Tmetoce}as scissum (Benecké),
Praestrigites and Eudmetoceras in the basal part of the Member, indicate
correlation with the Concavum Zone thle the middle and upper parts of
the Member (with Sonninia (Euhoploceras) modesta Buckman and Doctdoceras
lupheri Imlay) are correlated with the Discites and Trigonalis Subzones
of the "Sowerbyi' Zone (Imlay, 1973: pp. 20-22). These correspond to the

Discites and Ovalis Zones respectively, as recognised herein (Table 1 ).

N
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1

Correlation of the faunas in the overlying Warm Springs Member
with the middle and upper parts of the "Sowerbyi" Zone and the Sauzel
Zone 1is based on "the ﬁresence of Witchellia throughout the member, the
end of occurrences of Witchellia and Papilliceras at its top, the presence
of Emileia and Dorsetensia in its upper two thirds, the presence of
Normanni tes near its top, and the presence of Fontannesia near its base"
(Imlay, 1973, p. 22). This unit consists of soft, calcareous, thinly
laminated claystones and mudstones, 30-90 m.thick, and.on the basis of
faunal similarity may ge correlated with the upper parts of the unnaped
Lower Member in the Izee area. Here the Lower Member consists of 150-
230 m of black and dark grey siltstone, claystone and mudstone with local
dev;lopments of concretions and thin limestone beds (Imlay, 1973, p. 14).
In the upper parts of the Warm Springs Member the diagnostic ammonites:
are Parabigotites erassicostatus Imlay,'Skirrocerasujuhlei Imlay,
Wétchellia connata kBuckﬁan), Otoites contractus (J. de C. Sowerbyi) and
Emileia buddenhageni Imlay, all of which occur together in three
collections made from USGS Mesoz. loc. 78 (Imiay, 1973, Table 6).
This fauna correlates with the Parabigotites-faunule found in the upper
parts of the Red Glacier Formatlon in southern Alaska (Imlay, 1964, Fig. 5)

and is placed in the Sauzei Zone by Imlay (1973, Fig. 1, p. 10).

The overlyiﬁg Basey Member in the Suplee area consists of massive “\
units of volcanic fragmental rocks and interbedded andesitic lavas. It
is 760 m thick but thins rapidly to the east, grading into finer clastic

rocks which are blaced in the Middle Member of the Snowshoe Formation in
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the Izee area. Here this unit is 305 m thick and cénsists of thinly
bedded, dark grey and black calcareous siltstone and claystone with
alternating grey and green sandy siltstone and fine sandstones of volcanic
origin. Further east tgese beds intertongue with conglomeratic volcanic‘
‘rocks of the Silvies Member (Imlay, 1973, p. 14). According to Imlay

the lower part of the Basey Member (120-150 m) is characterised by
ammonite species which range upwards from the Warm Springs Member
(Dorsetensta cf. D. subtexta Buckman, Pelekodites silviesensis Imlay,
Skirroceras juhlei Imlay and Asthénoceras delicatwn Imlay) together with
Skirroceras kirschnert Imlay and Dorsetensia oregonensis Imlay. The
middle part of the unit has yielded. few ammonites but in the upper pgrt
Poecilomorphus varius Imlay, Choﬁdrocerﬁs allant (McLearn), Normannites
orbignyi Buckman, N. (Itinsaites) erickmayi (McLearn).and Stephanoceras
cf. nodoswn (Quenstedt) are said to make their first appearance. The
fauna of the lower part is correlated with the Sauzel Zone and that of
the.middle and upper parts with the Humphriesianum Zone (Imlay, 1973,

p. 24). However, the occurrence together of S. kirschneri and N. (It.)
erickmayt (= Zemistephanus O] nea} the top of the Basey Member again
ksuggests correlation with the fauna of the upper Red Glacier Formation
or loyermost Fitz Creek Siltstone in southern Alaska (Imlay, 1964,

pp. B28-30) and the Sauzei Zone. Pelekodites in Europe seems to be
;estricted to the "Sowerbyi" and the lower Sauzei Zones (Pavia and
Sturani, 1968; Parsons, 1974; Morton, 1975) while an abundance of
serpenticone Stephanoceras (called Skirroceras by Imlay) is character-

istic of the Sauzei Zone.
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At a number of Jocalities in the unnamed Middle Member of the
Snowshoe Formation in the Seneca and Emigrant Creek areas ammonite faunas
oégur which are very similar in generic and' even sp;cific composition to
those frﬁm the Fitz Creek Siltstone in southern Alaska (Imlay, 1973,

Table 9). The rechrring association of S. kirschneri - S. juhlei a;d

"N. erickmayi" (= Zemistephanus ') - 2. richardsoni. - "T. itinsae"

[=‘ Zemistephanus 9 ] - Chondfoceras without Stephanoceras spp. Q & d"
and Tecloceras Q which are so abundant in the faunas of the Humphriesianum

Zone in British Columbia and Alberta again suggests that the Zemistephanus

and Skirroceras faunules are older (i.e. lowermost Humphriesianum or

Sauzeil Zones). ‘ . . >

Specimens identified as Teloceras itinsae McLearn by imlay
(1973, p. 90; Pl. 46, figsj 10, 11, 13) are too poorly preserved and
fragmentary to allow confident‘placement in Teloceras; indeed, the
nature of the primary ribbing and nodes is very similar to that seen onm
the phragmocene whorls of Zemi;téphanus. Microconch forms described ’
as Normanni;es (Itinsaites) grickmayi (McLearn) ‘(pp. 83, 84; Pl. 41,
figs. 2-5), all lateFally crushed, have ribbing and coiling ind;cative
of Zemistephandé 0" as discussed else&here in this thesis (p. 133).
Specimens identified as N. orbignyi Buckman (pp. 82, 83; Pl. 41, figs. 9,
10, 18, 20), though apparently too fragmentary to allow detailed measure-
ment, also closely resemble Zemistephanus d’. Three specimens from a
single 1ocaiity (Lupher's 272) are compared with N. (I.) itinsae

(Mclearn) (p. 48; Pl. 41, figs. 6-8) but are much smaller than that

¢
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species and have stronger, more'rounded nodes. '"N. (I.) itinsae"

[= S. itinsae O] has not been found elsewhere. associated with the S.
kirschneri - S. juhlei faunules, and species of Pelekodites and Sonninia
which comprise the'rest of fhe fauna at this locality. suggest correlation
with the Sauzei or Laeviuscula'Zones. In British Columﬂia and- Alberta

S. itinsae 9 & 0" is associated with Teloceras spp. and C. oblatum
(Whiteaves) and placed in the Humphrieéianum Zone.

[y

In addition to those species and genera already discussed which

are in common. with the MacKenzie Bay fauna of the lower Yakoun Formation
(Queen Charlotte ‘Islands) and the Fitz Creek Siitgtone((southern Alaska),
the Snowshog Formation in the Emigrant Creek and Seneca areas yields
species of Otoites and Pelekodites which suggest ; pre-Humphriesianum
Zone age. At other logalities M?gasphaeréceras, Leptosphinctes and
Prorsisphinctes indicate the presence of strata which belong to the

Subfurﬁa;um Zone (Imlay, 1973, p. 29).

The virtual absence’in Oregon of the usual%y-rich faunas of
Stephénoceras, Chondroceras and Teloceras occurring in t@e Humph;iesianum o
Zoﬂe_of Alberta ;nd British Columbia is goteworthy. Stemmatoceras aff.
Sl a@bertense McLearn (Imlay, 1973, pp. 89, 90; Pl. 46, figs. 1f9) is
very similar to S. itinsae in whorl shape, ornaméntaéioéﬁgﬂd suture
pattern but has mofe closai; spaced primary ribs and fewer segondarieé

per primary. Imlay mentions resemblances oﬁ this material with a specimen

described by Frebold (1957; Pl. 21, fig.‘Qé, b; P1. 23, figs.  1b, c) as

’

“
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Stemmatoceras albertensemMcLearn from Ribbon Creek; this specimen is
herein referred to S. itinsae (McLearn) Q (pp. 126-7). The Oregon
specimens, however, all come from a conglomeratic sandstone (Lupher's
loc. 8) containing fossils which have been derived from underlying parts
of the Snowshge Formation (Imla}, 1973, pp. 29, 30), so have no bio-
stratigraphic significance. Fragments repyesenting four unnamed species
of Stephanoceras are known from localities within the undifferentiated
Snowshoe Formation of the Seneca area. Of these, Stephanoceras sp. C
and Stephanoceras sp. D are associated with Spiroceras suggesting a Late
Bajocian age and Stephanoceras sp. B is an evolute, finely ribbed form

associated with a fauna (Lupher's loc. 57) indicative of the Sauzei Zone.

4.6 WYOMING, IDAHO AND UTAH

4.6.1 Previous Wérk

Thick sequences of‘grey, shaly limestones with minor sandstone,
red beds and massive limestone found along the Wyoming—Idaﬂo border and
in por?h-central Utah have been.designated the Twin Creek Limestone. The
original definition.and shbséqueng use of thi; stratigréphic unit have
been reviewed by Iﬁlay (1967, p. 2; Table 1) who distipguished seven

Members and described their ammonite and bivalve faunas.

4.6.2 Stratigraphy and Faunas

The lowest unit of the Twin Creek Limestone, called the Gypsum .
Spring Member, varies from '4-120 m in thickness and consists mainly of

soft, brownish red to yellow siltstones and claystones which are poorly
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exposed, with interbedded brecciated and chert-bearing limestones (imlay,
1967, p. 17). Thick masses of gypsum also occur in sgme areas. A Léwer
Bajocian age (Humphriesianum Zone) was suggested for this Member because
of its position underlying thel81iderock Member which contains ammonzt;s
of earliest Late Bajocian age (Imlay, 1967, p. 19). The Gypsum Spring
Member itself is poorly fossiliferous, yielding only fragments of the

bivalve Camptonectes and 'some indeterminate crinoid and echinoid remains.

_ Abruptly overlying the Gypsum Spring Member is the basal oolitic
limestone of the Sliderock Member. This unit varies in\thickness from
6-86 m, most pf its upper parts consisting of dark, fossiliferou;, bedded
limestones. The ammonite fauna is'of interest because at numerous
localities the Member contains in its upper parts an association of
ammonites which has been.compared with species known from tﬁe Humphriesianum
Zone of western Canada together with Megasphaeroceras rotunduwn Imlay and
Eocephalites primus Imlay (Imlay, 1967, Table 3). The former species is
well known in southern Al§ska (Imlay, 1961, pp.‘470, 471; -1962, pp. A9-
11) where it is associated with "Dettermanites" [= Normannites] vigorosu’s
Imlay, Leptosphincfes cliffensis Imlay, L. (#rorsisphinctes) delicatus
.Imlay and Spifoceras? in the Twist Creek Siltstone of the Tuxed;f Group
(Imlay, 1964, Fig. 5). This fauna is corrélated with the European Sub-
furcatum Zone of Late Bajocian';ge. A single specimen described as
Stephanoceras cf. S. skidegatense (Whiteaves).from 33 m below the top of
the Sliderock Member (Imlay, 1967,-p. 89; Pl. 6, fig. 10) differs

markedly from that Queen Chaﬂiotte Islands speciés in both strength and
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density of the body chamber ornamentation and should instead be

identified with S. itinsae (McLearn) 9 . The specimen in question has
fine, dense secondary ribbing (with threg to each primary), very faint
primary ribs and weak tubercles, all characteristic of the body chamber

of S. itinsae 9 rather than S. skidegatense Q@ . The latter has strong
secondary ribs with only two to each primary. Imlay (1967, p. 89) noted
similarity of this specimen to one from the Fernie Group in Alberta
illustrated byAFrebold (1957; P1. 21, fig.ﬂl) which now also is assigned
to S. itinsae.g rather than S. skidegatense Q (p. 127). This occurrence
1s presumably stratigraphically lower than the numerous fragments of
Stemmatoceras aff. $. albertense McLearn found with Stemmatoceras
arcicostwn Imlay and the Megasphaeroceras faunule in the upper 15 m of

the Sliderock Member. Also assocliated with this fauma are four corroded
specimens tentatively identified as Normannites? cf. V. erickmayi
.(McLe;rn) (Imlay, 1967; Pl. 12, figs.3,‘4). These specimens have much
coarser ribbing than is known on "N. crickmayiﬁ [= Zemistephanus ') and
only two secondaries per primary on the phragmocone whorls compared with
3-4 on Zemistephanus O . Correlation of this fauna in the upper éliderock
Member with the Subfurcatum Zone makes these specimens much}younger than ‘

any known Zemistephanus.

4,7 ARGENTINA AND CHILE

4.7.1 Previous Work

Detailed ammonite zonations and some descriptions of the faunas

from the Bajocian of- the Cordilleran regions of Chile and central Argentina
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have recently been presented by Hillebrandt (1970, 1971), Westermann
(1971) and Westermann and Riccardi (1972a, 1972b). These zones and their

faunas are shown in Table 2. Some stephanoceratid elements of these

faunas, collected by G. Westermann, are figured and described hereln.

4,7.2 Stratigraphy and Faunas

In Neuquén and Mendoza Provinces (Argentina) relatively thick
sequences of shales and marls, with some sandstoné interbeds and minor
limestones and conglomerates, have yielded ammonite faunas from Lower
Toarcian to Oxfordian in age (Westermann and Riccardi, 1972a). The
measured sections exhibit many breaké in the record indicated by missing
faunal zones; faunas from parts of the "Sowerbyi" and Sauzei Zones are
well represented. Faunas representing the Sauzei Zone typically include
specles of Emileia, Otoites, Sonninia, Papilliceras a&d Dorsetensia along
with early forms of Stephanoce?as s. 1: (8. nodoswn, S. (Skirroceras)
macrwn) and Chondroceras ("C."giebeli, C. defontii and C. cf. allani)
(Westermann and Riccardi, 1972;). Faunas of th; Humphriesianum Zone
seem to be missing; the Subfurcatum Zone is represented by faunas
containing Stephanoceras, Chondroceras and “Itinsaites" associated with
Cadomites cf. cosmopoliticun, Teloceras multinodum, ?leptosphinctids and
Tperisphinctids (Westermann and Riccardi, 1972a).

Calcareous shales, marls, limestones and iron oolites in the
Chilean Cordillera contain ammonite faunas from the "Sowerb&i" Zone to

the Subfurcatum Zone (Hillebrandt, 1970). Séveral féunaé from the Sauzei
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Zone have been reported at Espinazito Pass and Manflas. They are

characterised by Emileia, Otoites, Sonninia and Papilliceras. Chondroceras

&

" aff. defontii is also associated with some of these genera (Westermann and

Riccardi, 1972a, p. 20). Occurrences of "Stephanoceras humphriesianum",
S. cf. nodosum, S. (Epalxites) anceps, Dorsetensia spp. and Chondroceras
spp. represent the lower part of the Humphriesianum Zone at Manflas and
Salar de Pedernales (Westermann and Riccardi, 1972a, 1972bj Hillebrandt,

1970) .

A fauna from Manflas with Cadomites pstilacanthus and Stephanoceras

triplex represents the upper part (Blagdeni subzone) of the Humphriesianum

Zone.

k% A new occurrence of Arkelloceras cf. A. tozeri in northern Alaska
has come to my attentidon since this chapter was written (Imlay, 1976).
This new matefial comes from the Kingak Shale on the Canning River where it

occurs- above PseudblioceraS,égain suggesting a Lower Bajocian age.
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CHAPTER 5
. PALEOGEOGRAPHY
Attempts to reconstruct the paleogeography of the eastern Pacific
margin during Middle Jurassic¢ time, dependent as they are on published
information on lithologies and faunas, vary in accuracy and detail
throughout the area under cgnsideration. In such well-studied regions
as Alaska, where good stratigraphic and paleontologic controi has been

established, much more detailed schemes have been proposed (Imlay and

" Detterman, 1973)° Text-fig. 5 shows the general‘distribution of marine

areas for Middle Jurassic time; known occurrences of some significant
ammonite genera from the Sauzei and Humphriesianum Zones (Lower Bajocian

as used here) are indicated.

A widespread marine transgression, beginning iﬁ the Aalenian
(Westermann, 1964c), attained. maximum extent during the Bajocian when it
covered extensive areas along the southern and southwestern coastlines of
Alaska .and limited.areas in the north. Accumulations of thick‘sequenqes
of coarse and medium~grainsize graywackes, p&lymictic cohglomerates,
siltstones and shales %howing‘great lateral variations in thickness and

the presence of regional unconformities suggest rapid erosion of rising

borderlands into shifting and subsididg basins along the southern coast

(Imlay. and Detterman, 1973). These sediments comprise the Red Glacier

Formation, Gaikema Sandstone, Fitz Creek Siltstone and Cynthia Falls

- 53
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Sandstone. The presence of stephanoceratid ammonites in the southern
Yukon (Frébold and Tipper, 1970, p. 10) suggested to Imlay and Detterman
(1973, p. 17) the possibility of a marine connection during Lower
Bajocian time between southeastern Alaska and that area. However, these
could have migrated north from the Alberta Basin where they were common.
Elsewhere in northern Alaska and in the Canadian Arctic islands faunas
representing the Humphriesianum Zone are missing (Frebold, 1961, pp. 25,
32; Imlay and Detterman, 1973, p. 16), although these are common in
Western Europe and western North America. The Aalenian Erycifoideg
howelli - Pseudolioceras melintocki whiteavesi faunule also occurs in
southern Alaska, northeast Yukon and the Canadian Arctic (Westermann,

1964¢, p. 345; Frebold, 1961, pp. 25, 26).

In northern Aléska, Aalenian siltstones and shales with ironstone
concretions and some graywackes of volcanic derivation are unconformably
overlain by Bathonian rocks (Imlay and Detterman, 1973). .The Colville
Trough of the northern Yukon £epresents a southward embayment of the
Arctic Ocean in which black shales and sandstones were deposited throughout
the Jurassic; it was believed that this trough was closed to the south.
However, in several‘areas of north and central Yukon which were
previously believed to have been land Surfages during the Jurassic,
strata bearing Lower, Middle and Uppe;'Jgrassic ammonites have reggntly
been reported (Frebold et al, 1967; Jeletzky, 1975). fhe Kingak Shgle
(Lower and Middle Jurassic),.cpnsisting of neritic and upper bathyal

marine shales was deposited further south in the intra-cratonic
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Porcupine Plain~Richardson Mountain Trough which, according to Jeletzky
(1975) 'was a persistent feature throughout Jurassic and into mid-Lower
Cretaceous times, extending into east-central Alaska and opening south-

ward into the Mesozoic orogenic belt of the Canadian Cordillera.

During the Middle Jurassic; rapidly subsiding, elongated troughs
of the Insular and Intermontane Belts of British Columbia were bordered
by emergent land masses (Douglas et al, 1970, Fig. VIII-1). These
features are interpreted as successor basins and foredeeps, formed over
an eastward dipping subduction zone, which were'filled with volcanic
rocks and volcaniclastic sediments derived from nearby arc systems
(Monger et al, 1972). Uplift of the emergent areas occurred during the
Inklinian Orogeny {(latest Triassic and early Jurassic) accoppanied by
emplacement of granitic plutons and metgmorpﬁism. Erosion of these
rising geanticlines produced sediment which was deposited in neighbouring
basins to form coarse clastic wedges characterised by a lack of lateral
continuity, frequent unconformities and rapid facies changes. Middle
Jurassic strata throughout the Cordilleran Oroéeny are mainly of volcanic
origin: coarse volcanig agglomerates’, tuffs, flows of andesite and
basalt, with interbedded sequences of reworked, water-lain tuffs, gray-
wackes, siltstones, shales and argillites. In the south the Insular
Trough is marked by over 2,000 m of Lower Jurassic po;phyrit;c andesites
(Bonanza Formation) on Vancouver Island while, at the same time in the
north, limestones and shales were depdsited under more stable conditions.

In the Middle Jurassic this northern area became more unstable with

s

N



decreasing relief of the land area to the west.
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accumulation of thick, porphyritic andesitic agglomerates, tuffs,
reworked volcanic sandstones and siltstones in a shallow sea adjacent to
an area of activé volcanism close to the east coast of the Queen
Charlotte Islands (Sutherland Brown, 1968). Plant fossils and carbonized

wood are commonly associated with abundant marine molluscan faunas in the

»

~

lower Yakoun Formation.
&

In the northern mainland of British Columbia volcanic debris is
agéin the major component in conglomerates, graywackes and argillites
making up the Lower and Middle Jurassic Laberge Group (3,500 m) in the
Whitehorse Trough (Wheeler, 1961). This material was derived from the
rising Coast Geanticline to the west and southwest and from the Omineca
Geanticline to the east. During the Middle and Upper Jurassic the rate
of sedimentation decliged with arenites, shales and some coal deposits

accumulating along the western margin of this frough, indicating

«

Rocks of Lo@er and Middle Jurass;c age make up the Hazelton
Group which is widespread throughout central and west-central British
Columbia (Tipper, 1959; Duffell, 1959). This thick sequence of graywackes
with some interbedded cherts and argiilites, volcanic tuffs and breccias
was deposited in the Nechako Trough. It is everywhe?e dominated by
pyroclastic agglomerates and tuffs of andesitic and basaltic composition,
with fossiliferous marine sediments consisting of reworked volcanic

detritus (Lord, 1948; Baer, 1967).
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Another thick, marine turbidite sequence forms the eastern 1limb
of ; synclinorial structure in southwestern British Columbia at Manning
Park (Coates, 1967; Frebold et al, 1969). Breccias, conglomerates and
medium-grainsize clastics containing fragments of andesitic and dacitic
volcanic origin are common, with lesser amounts of shale and argillite.
There 1is evidence of some deposition by‘turbidity currents and rapid
lateral facieé changes indicate an unstable environment. Bajocian
ammonites from several successive Zones are found in this sequence;
impressions of driftwood and logs indicate the presence of land nearby.

On the western limb of this structure most of the equivalent rocks are

fine, marine clastics with some sandstones of dacitic origin, massive

Yavas and pyroclastics. Again there is evidence of turbidite deposition.
,

The Jurassic Fernie Group of the Canadian Rocky Mountains and
Foothills is a relatively thin sequence (maximum 400-500 m) with many
periods of non-deposition indicated by the fossilnzonation (Fregsld, 1957,
p. 2). Accumulation was slowg in a shallow sea with periodic regressions.-
While the Middle Jurassic depésits only reach a maximum thickAess of about
100 m, the Lower Bajocian transg:ession was one of the most extensive and.
strata bear}gg the so-called "Te%oceras-fauna" (Sauzei and Humphriesianum
Zones as s;ggested by Westermann, 1964b) are widespread and called the
Rock Creek Member. This unit usually consists of dark grey shales with
harder bands of dark,Ac§lcareous sandstone. However, in the north-
eastern part of the basin a very shallow, near-shore facies is inaicated

by sandstones with ripple marks, tracks and plant remains (Frebold, 1957,
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pp. 15, 16). The sequence of minor epeirogenic movements and thin’
deposits of shallow-water sediments interbedded with sandstone derived
from the continent to the east (Sweetgrass Arch), all point to a stable

-

environment. ks

During Middle Ju%assic time the seas of the Alberta Trough
advanceéd southward into the shallow Williston Basin, reaching southeré )
Saskatchewan, southwestern Manitoba and the western Dakotas. From the
eastern marging of this Basin, relatively thin (200 mj Middle Jurassic
evaporites, quartzose nearshore marine sapds and basinal clays grade
southwestward into thicker (1,000 m) evaporites, claystones, limestones
and redbeds marking the centre of the basin in southwestern Wyoming
(Carlson, 1968). The upper Lower Bajocian (Humphriesianum Zone) is
probably represented by the Gypsum Spring Member of the Twin Creek
Limestone which crops out along the Wyoming-Idaho border and south into
~ﬁtah (Imlay, 1967). This unit is predominantly brownish-red to yellow
siltstones and cléystqnes wit& interbeds of limestone, often brecciated
and chert~bearing, aqd local developments of gypsum. Although of very
uneven thickness, it geqerally thickens toward the west and southwest.
Fossils are scarce, throughout consisting mainly of crinoid columnals and
echinoid spiges with a few bivalves. On lithologic and stratigraphic
grounds the Gypsum Spring Member is tentatively correlated with ghe lower
part of the Gypsum Spring Formation of north-central Wyoming, the lower

redbed member of the Piper Formation in southern Montana and parts of the

middle shale member of the Sawtooth Formation of north-west Montana

4
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‘(Imlay, 1967, pp. 19, 20). The Gypsum Spring Member indicates accumula-
tion of fine sediments in a very shallow sea which was advancing eastward
from the deeper westemn part of the basin. The extent of redbeds and
gypsum deposits of the same age to thé east, westward thickening of unlts
and more abundant fossils to thg west all suggest that thé source of the

clastic sediment was south and west of the basin (Imlay, 1967, p. 22).

‘Rocks deposited in eastern Oregon during Bajocian time consist of
. marine volcaniclastic sediments, lavas and volcanic breccias interbedded
with limestoEFs, mudstones and claystones. This thick %equence‘(hoo-_;
900 m) exhibits marked lateral facies changes and most ﬁnits are recognised
as lotal ﬁembers; correlation éf these members is achieved using ammonite

faunas (Imlay, 1973, pp. 8-11).

Throughout the Mesozoic those parts of the South American

<

continent now occupied by the Andean Cordillera and the narrow west
‘coastlwere the site of several elongated, meridional marine basins. The
unstable nature of this area during-the JUrassic is reflected in
alternating mgrine transgressions and regressions producing accumulgtions
of marine clastics and continental redbeds, both of which were associated
with volcanic activity (Harrington, 1961, p. 175; 1962, pp. 1794-5;
. Childs and Beeﬂe, 1963). Howa§er,.the Bajocian was apparently a time of
sgability duringIthch shelf seéiments (sandstoneé, limestones, marls and

oolites) and deeper-water shales were deposited, with only localised

volcanic activity.
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The Peruvian and Chile-Argentine Basins are characterised gy
marine transgression in the Aalenian~Bajocian. In particular, sequences
containing LoweF Bajocian faunas of the "Sowerbyi' ;nd Sauzei Zones are
abundant in Argenfinaoand northern Chile (Westermann, 1967; Stipénicic,

. a
1969; Hillebrandt, 1970; Westermann and Riccardi, 1972a, 1972b). Inter-
beddeé sandstones, shales with concretions,~marlé, limestones and .
conglomerates were de;osited dutidg ‘this time in the Neuquén-Mendoza
embayment (Groeber et al, 1953, fig. 18; Westermann .and Riccardi,ﬂl972a).
Béjocian sediments at Caracoles and Pedernales in nofthern Chile are
associated with andesiticrvolcanics. fhe Lower Bajocian Torcazas and
Coronado Formations at Caracoles, predominaﬂtly brown" and grey calcareous
sandstqﬁés with interbedded sandy shales. and some fine-grained conglomer-
ates contain abundant fossil.molluscs.(Hérrington,'1961; p. 187). At

-

Manflas, thick shales and marls containing ammonites belonging to. the

* Sauzei Zone are overlain by irom oolites with stéphénoceratids indicative

of the Humphriesianum Zone. Other faunas representing the Humphriesianum
Zone are known from Salar de Pedernales, the Lower part of the sequence

at Quebrada Asientos and the Coastal Cordillera near Santiago, all in

‘northern Chilé (Hillebrandt, 1970; Westermann and Riccardi, 1972b).

However, in Argentina only two records-of Humphriesianum Zone faunas are

known (Stipanicic, 1969, p. 3743 , but thesé need verification.

>

“

Close generic, and sometimes specific, relationship between
Baﬁdcian ammonites from the eastern Pacific margins of both North and

South America with those of Northwestern Europe suggest a direct
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_floor of the Blake-Bahama Basin (Leg 44, Site 391) "hard, red marly
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migfation route between these two areas via an early Atlagtic (Westermann,
1969; Khudoley, 1974). Weétermang has also indicated the probability of
migration by longer routes along the continental shelves. Occurrences

of elements from the Erycitoides howelli fauna (Late Aalenian, Howelli
Zone) in southern Alaska, northeast Yukon (Westermann, 1964b, p. 338)

and the Canadian Arctic (Frebold, 1961) indicate one such route through
the Arctic. However, during much of’the Lo&er Bajocian this route must
have been closed, there being no record in the Canadian Arctic of the

stephanoceratid faunas typical of this time (Frebold, 1961, pp. 25, 32).

Indeed, recent investigators now‘propose that the initial
;iftiﬁg and'opening of the central Atlantic occurred 180-200 million
years ago (Late Triassic and Early Juréssic) based on distribution of
basaltic lavas and intrusives, the magnetic "quiet zones'", backward
extrapoiation of seafloor spreading raFes and paleomagnetic studies
(Larson and Pitman, 1972; Phillips and Forsyth, 1972; Pitman and Talwani,
1972; balfymple et ‘al, 1975; Gibb and Kanaris-Sotiriou, 1976).

,

Jurassic marine sediments are known from the. Labrador Sea and

" Labrador coast (McMillan, 1973; Johnsén et al, 1974; King and McMillan,

1975), east Greenland and east-central ﬁexico (Hallam, 1971a) and western

Cuba (Meyerhoff églgl, 1969). At a sub-bottom depth of 1412 m on the

limestone of Upper Juragsic (Tithonian-Kimmeridgian) age" was encountered

some 300 m above probable baseent when the dqill—hole-was abandobned



63

(Scientific Staff, 1976). At least 1,100 m of Upper Jurassic and Lower
Cretaceous clayey limestones have been recorded and Tithonian (Upper
Juragsic) ammonites are common in the lower parts. Nearby (Leg 11,
Site 100), green-grey limestones of possible Callovian age (uppermosf
Middle Jurassic) contain a microfauna suggesting a neritic to upper

bathyal environment of deposition (Scientific Staff, 1970).



CHAPTER 6

FAUNAL REALMS IN THE JURASSIC

Increasing knowfgage of Jurassic¢ ammonoid faunas has necegsitated
constant revision of the concept of faunal realms first discus;ed by
Neumayr (1883) and "further developed b} Uhlig (1911). As.pointed out by

‘Arkel} (1956) these early schemes attempted to Qeal with the whole-of
Jurassic time, leading to many Aiscrepanciés as new faunas became known.
Such comprehehsive treatmehé was impossible because, as is now clear, the
differentiation of Jurassic ammonoid faunas was both spasmodic and
progressive, reaching a maximum in the Upéer Jurassic (Gordon, 1976).

'Arkell still believed that the Lower Jurassic ammonoid faﬁnas vere
un?versal in their distribution (Arkell, 1956, p. 609{ but mofg recent

work has shown the existence of provinciality throughout most of the

Lower Jurassic (Dean et al, l96i;‘ﬁa11aﬁ, 1971b; Sapunov, 1967; Howafth,

1973).

Arkell (1956)‘recognised three Jurassic ammonoid Faunal Réalﬁs,
the Boreal, Tethyan andIPécific, distinguished mainly on the basis of
" restricted occurrences 6f certain aﬁmonite faﬁ;lies. fhe Boreal and
Tethyan Realms'a;e clearly discerned on Fhis basis for -most:of thé
Jurassic, though the boundary betwqén them frequently flucguated north
and south. The causes of initiation, maintenance and periodic gxpansions

of these two Realms have been the subject of much’ recent discussion
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(Imlay, 1965; Stevens, 1971; Stevens and Clayton, 1971; Hallam, 1969,

1971b) .

Development of the Pacific Realm, beginning in the Lower
Bajocian with the appearance of the "peculiar Pacific genera Pseudotoites
and Zemistephanus" was proposed by Arkell (1956, p. 609). These genera
were supﬁosedly restricted to Western Australia, Indonesia and the
western seas of North and South America. ‘Records of Zemistephanus from
Western Australia are now believed due to misidentification.(p. 81)
and it seems this genus was endemic to the North American Cordilléran
geosyncline. It is definitely known only from the Queen Charlotte Islands
and southern Alaska, where it occurs in spe uppermost Sauzei or lower
Humphriesianum Zones. Pseudotoites is well known from the Sowerbyi
Zone of southern Alaska (Westermann, 1969), Chile and west-central
Argentina (Westermann and Riccardi, 1972a). The transfer of Zemistephanus
carlottensis (Whiteaves) to Pseudotoites by Arkéll_(l954) has been shown
to be unwarranted (Imlay, 1964; Westermann, 1964a). Pseudotoites is also
known from Western Australia (Arkell, 1954) and some islands of the
Indonesian Archipelago (Westermann and Getty, 1970). On the other hand
the distribution of the overwhelming number of Lower Bajocian genera is
cosmopolitan: Otoites (including Emileia), Sonninia and Stephanoceras
(Skirroceras) in the Sauzei Zone; Stephanoceras s. s.(including
Normannites) , Teloceras and Chondroceras in the Humphriesianum Zone.
Other genera do seem to be endemic to the western Cordilleran seas of

North America: Parabigotites Q & 0"; Zemistephanus Q & 0.



The restricted occurrence of these few genera in faunas otherwise
composed of predominantly cosmopolitan families indicates some endemism

but does not justify separate Realm status.

Also, Pseudotoites and Zemistephanus are of different age,
further diminishing the number of supposedly "unique'" forms defining
the Pacific Realm at any one time. Different parts of the proposed
Pacific Realm were inhabited at various times by ammonite genera which
migrated from the Bofeal, eastern Tethyaﬁ and western Tethyan Realms.
While it is clear that some genera were able to migrate across the

Pacific basin, others remained of quite restricted distribution

(Westermann, 1969; Khudoley, 1974).

Of greater significance may be the geographic distribution of
Arkelloceras which is known in relative abundance from strata of
uncertain age in the North West Territory and Arctic areas of Canada
(Frebold, 1961; Frebold et al, 1967) and represented elsewhere in the
Sauzei Zone by single specimens from southernzAlaska (Imlay, 1964) and
western Alberta (Westermann, 1964c)f The dominance ©of this genus

inm. Arctic areas may represent the initiation of the more strongly defined
Boreal faunas with Cranocephalites in the Upper Bajocian and Lower

Bathonian .(Frebold, 1961, p. 36).

“

* see note, p. 52.



CHAPTER 7

SEXUAL DIMORPHISM AND TAXONOMY

7.1 The Nature of Dimorphism in Ammonoidea

Early authors frequently recorded the occurrence in the same beds
of two groups of ammonites having similar morphology but differing markedly
in size; the varied interpretations given to this phenomenon have been
extensively reviewed by Makowski (1962) and Callomon (1963). These two
writers also presented detailed studies comparing the morphology of many
such paired groups of Jurassic ammonites and their suggestion that these
groups probably represent sexual dimorphs has prompted much recent
investigation. Sexual dimorphism is now recognised as a commonplace
feature of ammonoids throughout most of thé Jurassic Period (Westermann,,
1964a; Howarth and Donovan, 1964; Lehmann, 1966; Palframan, 1966, 1967,
1969; Cope, 196%; Guex, 1968; Zeiss, 1969; Tintanf, 1969; Westermann
and Riccardi, l97éa; Verma and Westermann, 1973) with rarer occurrences

also in Cretaceous'(Cobban, 1969; Kennedy, 1971; Reyment, 1971) aﬁ?
i
e

Paleozoic forms (Davis, Furnish and Glenister, 1969). /f

One of the most conspicuous features of dimorphism in ammonites is
difference in size of the mature shell; many early workers interpreted
the smaller members of a dimorphic pair (microconchs) as immature or dwarfed
representatives of the larger form (macroconchs). Thus it became, important

to be able to recognise shell features indigating attainment of the adult

~»
“
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stage with consequent cessation of growth. The following phenomena are

now generally accepted as characteristic of the adult shell:

1. Approximation of the last few septa (shortening of the camerae) as

growth decelerates approaching adulthood. The associated sutures are

usually simplified.

2. Change in density and/or pattern of shell ornamentation is usually

closely associated with the adapical end of the body chamber.

3. Departure of the body chamber whorl from the growth spiral followed

throughout the phragmocone, usually seen as egression of the umbilical

seanm.

4. Modification at the aperture such as constrictions, flares, lappets,

rostra and horns.
"

-
\

-

It is now recognised that the smaller microconch members of
proposed dimorphic pairs are indeed adult shells rather than juveniles .
and while they differ more or less strongly from the macroconch in size
and appearance at the adult'stage,-thei; inner whorls are indistinguishable.
The identical morphology of early growth stages and the fact that pgrgllel
modifications occur at similar growth stages in both forms suggest close
genetic relationship. Callomon (1963, p. 28) has also indicated that new
features appear more or less simultaneously in both evolving "lineages"

during phylogeny.
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Makowski (1962, p. 13) advanced four pre-requisites for acceptance
of the theory of sexual dimorphism in ammonites which, with some

modifications, have been followed by later workers:

1. "identicai initial stages of ontogeny in both (small and large) forms
and identity of their phylogeny.' As mentioned above, this feature
has been the essential basis for pairing supposed dimorphs. The
assumption that such morphological similarity derives from close
genetic relationship is supported by the occurrence of parallel morpho-
logical changes at comparable stages in both "lineages" during ontogeny
(p. 98) and phylogeny (Callomon, 1963, pp. 35, 36). It is noteworthy
that phylogenetic changes are not always simultaneous in both '"lineages"
as seen in Middle Jurassic Kosmoceratidae (Callomon, 1963, pp. 36, 37).
Rib densities on the phragmocones of supposed dimorphs are not always

ﬁ
identical (Cope, 1967).

A quite different expression of dimorphism has been suggested by
Reyment (1971) iwn several species of Cretaceous Benuettes where the
nature and density of ribbing and nodes on the supposed dimorphs are

consistently different while adult diameters are the same.

2. "lack of intermediate fotms in adult (gerontic) stages." In most
reported cases of ammonoid dimorphism there is a clear separation of
adult specimens into two groups with different maximum size and number
or whorls. In thése li&ing cephalopods ‘which are markedly dimorphic

&
the male dimorph is consistently smaller (Westermann, 1969a, p. 19)
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and it is on this basis that the sex of fossil macroconch/microconch
forms is assigned. Some fossil dimorphic faunas, however, are not

clearly separable into large and small forms, there being an overlap

in the range of adult shell sizes (Cobban, 1969; Reyment, 1971).

"presence of both forms in the same strata.' Makowski himself (1962,

p. 13) noted the difficulty of fulfilling such a condition due to:

a. uncertainty in defining the "same strata' where individual beds
vary in thickness. While study of a large, essentially contemp-

. oraneous, population from a single horizon is ideal (e.g. those
described by Lehmann, 1966; Palframan, 1966, 1967, 1969); many
dimorphs must be recognised from scattered collections through

perhaps tens of metres of section.

b. uncertainty in determining the stratigraphic range of a species,
especially as specimens become increasingly rare towards the top

of its range.

While there are conditions which may lead to segregation of
dimorphs (see 4, below), the occurrence of both forms in the same beds

with at least a closely similar stratigraphic range is still strong

evidence in establishing dimorphic relationship.

"numerical ratio of the two supposed sexes (sex ratio), comparable

to that observed in living forms." 1In many reported dimorphic faunas
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the macroconch/microcongh ratio departs significantly from unity, though
the expectation that such a.ratio properly reflects conditions in the
living population has been expressed (Makowski, 1962, pp. 13, 1l4;
Howarth and Donovan, 1964, p. 292). Westermann (1964a, pp. 36, 37)

has outlined some of the factors which may modify numerical correspon-
dence of dimorphs in living and fossil populations. Some of these
reflect behaviour of the living population while others are related to
post-mortem behaviour of the shell or biases introduced during fossil-

isation and collecting.

Sexes In some living cephalopods undergo temporary separation during
migrations associated with breeding (Westermann, 1969a, p. 20).
Dimorphs varying strongly in size and érnamentation may have been
adapted to different ecological niches and so spent even longer periods
of their life cycles in separate schools. Mortality rates in the two
sexes may also have been different (Makowski, 1962, p. 1l4). Factors
assoclated with differené behaviour of the shell immediately after
death of the aniral and during fossilisation which may alter the sex

ratio include:

a. different rates of poét—mortem decay or removal of the animal from
the body chamber to permit floating]siqking of the shell (Westermann,
1964a, p. 37);

b. preferential destruction of larger shells during burial (Makowski,
1962, p. 14);

c. restriction of mineral replacement to parts 'of the shell below a
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certain maximum size (Palframan, 1966, pp. 290, 301, 302);
d. collection failure, particularly in older collections where micro-

conchs were often regarded merely as immatures.

In the faunas described from the Queen Charlotte Islands several
instances of sexual dimorphism are recognised based on the pre-requisites
outlined above. Two forms of dimorphism occur: one in which the adult
forms differ in size and apertural modification (Family Stephanoceratidae;
and corresponding tp Type II dimorphism as suggested by Hou$a, 1965, p. 33)
and another in which adult size is the only dif ference (Family Sphaero-
ceratidae; Type I dimorphism of Housa). It should be emphasised that
while dimorphism so far seems restricted to these two types, attempts to
reconstruct ammonite classification and phylogeny on this feature aiope
are premature (Makowski, 1962; Houéa, 1965; Morton, 1971), especially
in light of the fact that most Triassic and Cretaceous ammonites do not

exhibit shell dimorphism.

Comparison o the phrégmocone whorls in forms which, in this thesis,
are considered to be sexual dimorphs is based on the dimensions and cross-
sectional shape of the whorls, density and pattern of the ribs, nature of
the tubercles, suture patterns and ontogenetic development. These are
illustrated and discussed under the appropriate species descriptions in
Chapter 8. In each case of dimorphism recorded here, specimens came from
beds at a single locality in the lower paxt of the Yakoun Formatioﬂ; macro:-

conchs always outnumbered microconchs by at least 2:1.
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7.2 Taxonomy of Dimorphs

Taxonomic treatment of recognised dimorphic pairs remains in
dispute. Some authors conclude that, since they represent the.cwo sexes
of a single biospecies, or at least closely approach that ideal within the
limits setvby the necessarily morphologic nature of 41l paleontologic
"séecies", they should bear the same genus-level and, where recognisablé,
specific names (Makowski, 1962; Lehmann, 1966; :%alframan, 1966, 1967,
1969; Cope, 1967; Guex, 1967; Westermann, 1969b). Others, emphasising
the impossibility of defining true biospecies in fossil faunas and the nature
of morphospecies to which paleontologists will always be restricted, propose
classification of dimorphs as separate subgenera (Callomon, 1963, 1969).

i

Difficulties facing the paleontologist in properly recognising
biospecies as opposed to morphospecies seem to me not to mitigate against
recognition of a dimorphic pair by using the same biological name. The
additional complexity mentioned by Cailomon (1969, p. 118) of having to
delineate fossil Speéies in a "vertical" as well as "horizontal" sense is
equally a problem whether dealing with supposed biospecies or morphospecies.

\

Tracing phylogenetic changes in both "lineageéﬂ’gg a dimorphic pair through
successive Zones, as has been excellently portrayed by Callomon (1963,
pp. 35, 36; Pl. I, figs. I-Q) for the Family Kosmoceratidae, confirms that
we are dealing with an evolving population closely approximating a biospecies.
Continuing research on other groups in favourable sequences should increase
our understanding of ammonite phylogeny and taxonomy; increasing regognition
of the behaviour of dimorphic pairs in space and time must also increase

our feeling for ammonites as dynamic populations. :
’

!
|
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Taxonomic treatment of dimorphs has sometimes depended on the
degree of differentiation between the two sexes. Thus in groups exhibiting
Hou$a's Type 1 dimorphism (adults differing mainly in maximum size),
dimorphs were usually separated only at the species or subspecies level

-

(Chondroceras, Scaphites). Those forms which differed in size, ornamentation

of the body chamber and modification of the aperture (Hou$a's Type II
dimorphism) were usually separated ingg different subgenera, genera or even
families (Stephanoceras and Normannites; Emileia and Otoites). Still
otﬁers differ in adult size and ornamentation but have similar apertures

(Macrocephalitidae) and have been treated as separate subgenera (Callomon,

1955, p. 237).

Each of the three Lower Bajocian faunas described from the Yakoun
FormaFion on the Queen Charlotte Islands is of very low diversity, usually
with only one stephanoceratid and one sééeroceratid dimorphic species at
each locality (Table 5). Thus difficulties due to possible overlap of
morphological features between closely related specles are minimised,
especiallylamongst the less~variable microconchs; allowing dimorphs Fo be
paired at the species level. Corresponding dimorphs are regarded as the
sexes of a single ammonite species and given the same name; the probable .
sex of each dimorpﬁ is indicated by the use of the appropriate biological
symbols, though this is recognised as being a convention (Palframan, 1969,
p. 148). 1In this usage I am following the procedures proposed by
P;lfréaan (1969), Westermann (1969b), Makowski (1962) and Guex (1967),

among others. Where one partner of a dimorphic pair has not been previously

named no new name 1is given and the two dimo{iif are regarded as being
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conspecific. In those cases where both dimorphs have previously been

described and named, rules of priority must be followed when choosing a

\\
~

single name for the species.

4

& v
*
While each dimorphic species must be treated as a separate case
depending on the previous taxonomic designations of each member, there are

some general rules which should be observed to avoid confusion:

1. When two previously-named species are drawn ipto synonymy as sexual
dimorphs the choice of both generic and specific names must be based
on priority. This procedure has not always been followed: Guex (1967)
placed Onychoceras Wunstorf 1907 in synonymy with Hammatoceras Hyatt 1867
not on grounds of priority (which, in this case, yould have been the
correct procedure) but because the former was "a genus whose taxonomic
value may be largely doubtful" and whose "existence is not justified"

(p. 11).

2. Pairing of two species from different genera does not always mean that
the two genera involved can be paired (as is usuvally done in the sub-
generic approach to the taxonomy of dimorphs), eveit in the case where
the type spgcies are paired. For instance, if Normannites Munier-Chalmas
1892 1is understood to include as synonyms the Canadian forms
Kanastephaﬁus McLearn 1927 and litnsatties Mclearn 1927 (Arkell, 1957,
p. 289), then microconch forms of both Zemistephanus and Stephanoceras
are both to be found in Normannites. Pairing of these dimorphs on

the grounds of priority alone would result in the following:



76

Stephanoceras Waagen 1869 (macroconch: Stephanoceras s. s.)
(microconch: Normannites s. s.)
Normannites Munier-Chalmas 1892 (macroconch: Zemistephanus)

(microconch: Normannites)

In this case the well-established Normannites Munier-Chalmas
would take on a quite different meaning from that originally proposed,
leading to taxonomic confusion; recognition of dimorphs has here
produced a more detailed and more truly evolutionary taxonomy, separating
microconch forms which had previously been included together in I
Normannites (McLearn, 1949; Arkell, 1957; Imlay, 1964). While
examination of more extensive collections has enabled separation of
Kanastephanus from Normannites (p. 86) which avoids the possible
confusion caused by pairing of certain genera as outlined above, the
‘choice of Zemistephanus McLearn 1927 as the nominate genus rather than
Kanastephanus McLearn 1927 is an arbitrary one based essentially on
the larger size and possible greater interspecific variation of the

macroconch form, .

This case is instructive in view of the difficulty raised by some
of finding equivalent numg;rs of macroconch/microconch species in two
supposedly dimorphic é;nera (Callomon, 1969, pp. 118, 119; Guex, 1968,
pp. 57, 81). Guex (1968) suggested limiting the number of macréconch
species to correspond with the number of recognised microconch species,

the latter generally being fewer in number because of lower interspecific

variation. While such an approach may represent a more pragmatic
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treatment of the species problem it does not allow for such factors as
differential preservation, collecting failure and increasing systematic

refinement, and so may be no closer to biological reality.

As suggested by Westermann (1969b, p. 235) "gepus—group names are
synonymized prior to the species epithets" (keeping in mind the
restriction mentioned in (1) above). In the case of Stephanoceras
yakounense McLearn 1930 and its microconch dimorph Itinsaites itinsae
McLearn 1927 the specific epithet "itinsae 1927" has priority;

however, if species—name priorities were also used to determine generic
placement, the situation could arise in which some dimorphic pairs of
the Stephanoceras - Normannites [= Itinsaites] group would be classified

as Stephanoceras and others as Normannites. .

When two previously-named species’ are drawn together as dimorphs

the determination of the correct specific epithet must be based on

priority regardless of which generic name has been retained.

Full descriptions and synonymies of both dimorphs are given separately,
then comparison of their juvenile morphologies is made. The holotype
of a dimorphic species must be that of the species having priority
irrespective of the generic name retained (some will be macroconchs,
others microconchs within the onz genus); a specimen representing the

other dimorph is designated "allotype'.



CHAPTER 8

SYSTEMATIC PALEONTOLOGY

8.1 Abbreviations and Measurements

All measurements of specimens are given in millimetres: Where-
ever possible whorl dimensions were measured on cut and polished cross-
sections or on Sroken specimens obtained during dissection. Most
measurements were made on internal molds. The following abbreviations

are used throughout the text and in Text-figures:

D = shell diameter.
W = maximum whorl width measured between ribs or tubercles.
H = height of the whorl measured from the umbilical seam to the
venter.
U = diameter of the umbilicus measured between the umbilical
seans.
P = primary ribs; the number of ribs per half-whorl always
counted adapicad from the stated shell (or umbilical) diameter.
S = secondary ribs onAthe venter; numbers counted the same way
as for primary ribs.
PL = length of the primary ribs measured from the umbilical seam

to the centre of the tubercle or point of furcation.

The graphs represent mass curves with usually more than one measure-

78
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ment taken from each specimen; points measured on phragmocone whorls

are representéd by open symbols, those from the body chamber are filled
in. Macroconchs, microconchs and specimens from different localities are
indicated by the use of various symbols which are explained on each graph.
Points joined by thin, continuous lines represent measurements made from
various growth stages on thé same specimen ("individual growth curve");
heavier continuous lines joining numbered points represent measurements
from holotypes; other dashed lines joining numbered points represent
measurements on "species” considered to be synonymous with the named
species. Regression lines, based only on measurements from the phragmo-
cone whorls, are represented by the heaviest continuous lines and, where
relevant, the suggested sexes are indicated by the appropriate symbols.
Small, inset axes indicate the approximate positions of "growth lines”

for each dimorph. ,
On graphs showing rib counts, individual points from different
growth stages of each specimen are joined to produce a “growth cruve",
emphasising individual ontogenetic variation. The use of umbilical diameter
allows data to be insérporated from the inner whorls of undissected
specimens and figured specimens, at least for primary ribbing exposed on

the lower flanks or umbilical walls.

The diameter at which indix idual sutures were drawn is indicated
e
to the right of each figured suture. Shell diameters at which cross-
sections were drawn are indicated on each diagram. Sections through body

chamber whorls are shaded; black areas represent ribs and tubercles.
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8.2 Systematic Descriptions '
ORDER AMMONOIDEA
Suborder AMMONITINA Hyatt, 1889

Superfamily
Family

Genus

Type Species: Ammonites

STEPHANOCERATACEAE Neumayr, 1875
STEPHANOCERATIDAE Neumayr, 1875

Zemistephanus McLearn, 1927

richardsoni Whiteaves, 1876 (by original designation).

Discussion: The type species, originally described by Whiteaves (1876,

pp. 32, 33; Pl. 5, figs. 1, 2) was based on a single specimen from the

collection of fossils made by J. Richardson in 1872 from the shores of

Skidegate Channel in the Queen Charlotte Islands. No further information

as to its precise locality was gilven. McLearn (1929, pp. 18-21) described

an additional specimen as Zemistephanus richardsoni (Whiteaves) and two

other specimens (designated 2. vancouveri and 2. funteri, McLeam, 1929 spp.)

from the lower part of the Yakoun Formation on the north-east shore of

MacKenzie Bay, Maude Island, Skidegate Channel (Text-fig. 1). More recent

collections by Sutherland Brown (1968) and myself have produced a number

of macroconch Zemistephanus only from this locality, so it would seem

certain that this is the locality from which the holotype of Z. richardsont

came. Zemistephanus appears to be endemic to western North America and is

of restricted stratigraphic range and diversity; yet the identity and

affinities of the genus

other authors.

have been subject to widely varying treatment by
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Another specimen from Skidegate Channel recently recognised as
belonging to this genus (Imlay, 1964) was described by Whiteaves (1876,
pp. 38, 39) as Ammonites carlottensis. However, this species was not
included by McLearn (1927, 1929) in his original discussion of the genus
Zemistephanus and has been varlously placed in Perisphinctes, Stephanoceras
and Pseudotoites. Arkeli (1954) believed there was a strong resemblance
between A. carlottensis Whit;aves and the West Australian Pseudotoites
Zeictgi}i (Neumayr) and so transferred the poorly known Canadian species
to that genus. Later work on material from southern Alaska, with detalls
of the suture preserved for the first time, resulted in establishing
A. carlottensis Whiteaves as a Zemistephanus (Imlay, 1964). This was
based on the strong similarities of the body chamber, ornamentation and
suture with 2. richardsoni (Whiteaves). Similar characters are used here
(p. 111) in transferring the Alaskan material described by Imlay (1964,
pp. B50, 51) as Teloceras itinsae McLearn to Zemistephanus as 2. alaskensis
n. sp. The aplanuléte'structure of the septum indicates that Zemistephanus
should be affiliated with the family Stephanoceratidae rather than the
Otoitidae which exhibit an abullate septum (Westermann, 19643). E/L and

I/Un are much higher than adjacent saddle elements in the suture.

The two additional species erected by McLearn (2. vancowveri and
Z. funteri) were based on single, incomplete and poorly preserved specimens.
The holotype of Z. funteri is badly weathered and one side is missing
entirely; it is here regarded as a slightly smaller specimen of
7. richardsoni. As previously suggested by Imlay (1964, p. B53), the

incomplete holotype of 2. vancouveri Mclearn appears to be identical with
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the Alaskan specimens of Z. carlottensts (Whiteaves). |

Two alleged Australian species described by Arkell (1954),
Z. corona and Z. armatus, have been shoﬁn to be coronate developments of
Pseudotoites (Westermann,1964a, p. 62). From mainland western Canada
several specimens have previously been placed in Zemistephahus»
"7. erickmayi” Frebold (Frebold, 1957, pp. 52, 53) from the Rock Creek
Member of the Fernie Group  at Ribbon Creek in squthern Alberta is
clearly a Teloceras (pp. 168-9). '"Zemistephanus" sp. (Frebold and Tipper,
1973, p. 1123), from Tenas Creek in north-central British Columbia, is
represented by a poorly preserved outer whorl with ribbing exhibited only
oﬂ a short part of the whorl.‘ Coiling and cross~section are not able to
be determined and the specimen cannot be identified confidentiy with

Zemistephanus.

A single impression of a stephanoceratid ammonite from the Look~
out Section in Manning Park, southern British Columbia, was identified as
Z. richardsoni (Whiteaves) by Frebold (1969, pp. 25, 26; Pl. II, fig. 1;
Pl. IV, fig. 1). The specimen in question appears to be complete, so is
not significantly laréer than other described specimens from Aiaska and
the Queen Charlotte Islands. However, the occurrence of fine riblets or
striae in place of relatively coarse secondary ribs on‘all visible parts
of the flan%s and venter and the loss of the large, conical nodes on the
body chamber are not characteristic of 7. richardsoni (Whiteaves). Whether

the specimen is correctly identified with Zemistephanus is difficult to

judge in the absence of information on the whorl shape.
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It is suggested here (p. 166) that "Teloceras'" warreni McLearn
may represent a large form of Zemistephanus, being characterised by a
narrow umbilicus, steep umbilical wall and large nodes situated low on

the flanks.

Whiteaves (187%, p. 33) originally commented on the close
relationship of his Ar{nonites richardsoni to A. coronatus of Bruguiére
(1789) and A. Blagdeni of Sowerby (1818). Since then several authors
(Warren, 1947, p. 72; Frebold, 1957, p. 53; Arkell, 1954, p. 579) have
expressed doubt as to the genus-level distinction of Zemistephanus and
Teloceras, though McLearn (1929) in his original description of the type
species had already noted two important distinctions: the more dorsal
position . of the tubercles and the cgange on the body chamber to more
serpenticone coiling in Zemistephanus. Westermann (1964a, pp. 62, 68)
suggested ?emistephanus as a possible subgenus of Teloceras. In the
description of Bajocian collections from southern Alaska, Imlay (1964,

p. B52) distinguished the two genera based on characters of the body
chamber. Zemistephawus is characterised by "rather marked uncoiling of
the body chamber, the low position of the tubercles on the flanks of the
body chamber, a tendency for the tubercles to weaken near the aperture of
the large, adult specimens." By contrast, Teloceras "has a coronate adult
body chamber, its tubercles occur higher on the flanks and remain strong
on the body chamber, and the adult bod; whorl contracts little or none

at all from the preceding whorl."

Several specimens of Teloceras cf. multinodwn (Quenstedt) from

!
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Goslar in north-western Germany have been compared with the inner whorls
of specimens of Z. richardsoni from the Queen Charlotte Islands and southern
Alaska. Clear differences are already apparent at diameters of 25 mm.

In Zemistephanus, even at this early stage, the whorls are broader and
more strongly arched than in Teloceras; the imner flanks are strongly
convex and almost vertical on their lower parts, forming a deep, crater-
like umbilicus, apd the nodes are rather more blunt and much lower on the
flanks (Text-fig. 6). At similar diameters, 7. cf. multinodun is strongly
coronate with a broad and only slightly arched venter, an abrupt lateral
shoul@er and steep inner flanks which, however, are not convex as in
Zemistephanus. The umbilicus, then, is more open and conical. Primary
ribs in Teloceras are more prominent, sharper and higher than those on
Zemistephanus at the same growth stage, but the nodes are not as large

or conical in form, representing instead sharp terminations of the primary
ribs. On later growth stages the primary ribs are broader, but remain
prominent, the nodes become large and rounded and secondary ribs are strong
-and relatively sharp. In cross-section the coronate form of Teloceras
becomes more pronounced with a broad, flat venter. Near the end of the
phragmocone, Zemistephanus, in contrast, exhibits a decline in the strength
of ornamentation, primary ribs becoming broad undulations and the nodes

blunt and rounded.

Zemistephanus | 9 , macroconch]
Following is a revised diagnosis and list of recognised species:
Diagnosis: Inner whorls cadiconic with broadly arched venter, well defined

lateral shoulder with large, conical nodes and steep, convex
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Text-fig. 6. Comparison of cross-section of phragmocone whorls in
Zemistephanus and Teloceras. (a) 2. richardsoni Q,
MacKenzie Bay, Queen Charlotte Islands, McM J1797a, x 1,
drawn at D = 70 mm. Whorl overlap of 40%.

(b) 2. richardsoni Q , USNM 3000.1, Tuxedni Bay, southern

Alaska, x 1, drawn at D = 62 mm. Whorl overlap of 337.

(c) T. cf. multinodwn Q , Goslar, southern Germany, x 1,

drawn at D = 63 mm. Whorl averlap of 25%.
flanks forming a deep, narrow umbilicus. Primary ribs broad,
faint on lower flanks, with 3-6 secondary ribs to each primary
arching forward on the venter. Body chamber egresses strongly
with marked decrease in whorl width and rounding of the whorl
section, usually three-quarters to one whorl in length.
Aperture simple with f%fred collar.

Zemistephanus richardsoni (Whiteaves, 1876) 9 , lower part of the Yakoun
Formation, Queen Charlotte Islands and Fitz Creek Siltstone, southern
Alaska.

Zemistephanus carlottensis (Whiteaves, 1876) g , lower part of the
Yakoun Formation, Queen Charlotte Islands; Fitz Creek Siltstone and
Cynthia Falls Sandstone, southern Alaska.

Zemistephanus alaskensis n. sp. 9 , lower part of the Yakoun Formation,

Queen Charlotte Islands and Fitz Creek Siltstone, southern Alaska.

?Zemistephanus warreni (McLearn, 1930) 9 , Fernie Formation, Porcupine
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Creek, Kananaskis Valley, southern Alberta.

Zemistephanus | d , microconch]

The microconch form of Z. richardsoni is described here for the
first time, from MacKenzie Bay. In all essential features it closely
resembles those specimens from the same'locality described by McLearn (1927)
as Kanasteg&ahus. Arkell (1957) placed Kanastephan;s in synonymy with
Normannites Munier-Chalmas, 1892, but Kanastephanus differs from that
genus in having‘a deeper and narrower umbilicus, more coronate whorl section,
large conical tubercles and denser secondary ribbing throughout the
phragmocone. Westermann (1964a, p. 68) placed Kanastephanus in synonymy
with Itinsaites McLearn, 1927; however, I. if{insae is here shown to be
the microconch of Stephanoceras yakounense McLearn (pp. 134-5). The "micro-
coné% genus' Kanastephanus Mclearn, 1927 is placed in synonymy with the
corresponding macroconch, Zemistephanus McLearn, 1927. Following is a
diagnosis for microconch Zemistephanus [Cﬁ and a list of recognised species:
Diagnosis: Phragmocone cadiconic, whorl section strongly depressed with

broadly avrched venter, lateral shoulder and steep, con;ex
flanks formjng a deep, narrow umbilicus. Primary ribs broad,
faint on lower flanks, with large, conical nodes along the
lateral shoulder and 3-6 secondary ribs to each primary. Body
chamber egresses and contracts, aperture with ventro-lateral
lappets. Omnamentation strong to aperture but nodes lost and‘

primary ribs bifurcate.
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Zemistephanus richardsoni (Whiteaves, 1876) 0’, lower part of the Yakoun
Formation, Queen Charlotte Islands and Fitz Creek Siltstone (possibly
Cynthia Falls Sandstone also), southern Alaska.-‘

Zemistephanus erickmayt (McLearm, 1927) Cf, lower part of the Yakoun

Formation, Queen Charlotte Islandsj» Fitz Creek Siltstone and Cynthia

Falls Sandstone, southern Alaska.

Zemistephanus richardsoni (Whiteaves, 1876) 9 s d

(P1. 1, figs. 1-6; Pl. 2, figs. 1-4; Text-figs. 7-15)

Zemistephanus richardsont Q
1876  Ammonites richardsoni Whiteaves, pp. 32, 33; Pl. 5, figs. 1, 2.
1927  Zemistephanus richardsont (Whiteaves); McLearn, p. 63.
1929  Zemistephanus richardsoni (Whiteaves); McLearn, p. 19; Pl. 9,
figs. 1, 2; %1. 10, fig. 2.
"1929  Zemistephanus funteri McLearn, p. 20; Pl. 10, fig. 1.
1964  Zemistephanus richardsoni (Whiteaves); Imlay, p. B51; P1l. 25,

figs. 6, 7; Pl. 26, figs. 1-7.

Holotype: GSC 1053, collected by J. Richardson in 1872, presumably from
the lower part of the Yakoun Formation at MacKenzie Bay on the north shore

of Maude Island, Skidegate Inlet, Queen Charlotte Islands (Text-fig. 1).

Material: Two complete specimens (McM J1797a, b), five reasonably complete

specimens (McM J1797c-g) from Yakoun Formation, lower 5 m of the section
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Text—-fig. 7. Protoconch and first whorl of 2. richardsont ; all x 62.
(a) McM J1797i, ventral view of protoconch; b) MeM J17971,
] lateral view of protoconch; (c¢) McM J1797h, first whorl
with nepionic constriction at D = 0.8 mm; (d) McM J1797h,
lateral view of protoconch and part of first whorl;
(e) McM J1797h, ventral view of (d).

exposed at MacKenzie Bay; one specimen (McM J1797j) from shales 45 m above
base of exposed section at MacKenzie Bay. The holotype (GSC 5013),
McLeam's 'plesiotype' (GSC 9006) and another specimen from thié locality
(GSC 13639) were re-examined. Seven specimens from the Fitz Creek Silt-

stone, southern Alaska (USGS Mesoz. locs. 2999, 3000, 10515, 26599).
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Queen Charlotte Islands. Measurements from 16 macroconch
and 5 microconch specimens.

Description: Protoconchs were obtained from one Alaskan specimen (USGS

Mesoz. loc. 2999) and two juvenile specimens from MacKenzie Bay (McM

- J1797h, i). The protoconch is smooth and transversely elongate with a

width of abodt 0.5 mm and a height of 0.35 mm. The first whorl is smooth
with a broad, flattened venter which curves ébruptly near the umbilical
seam to form a short, convex flank. One whorl after the prosuture at a
diameter of‘0.8 mm there is a broad, faint constriction on the venter which
fades aéproaching the umbilical seam. The siphuncle at this stage has a

relatively large diameter and is centrally situated (Text-fig. 7).

Immediately following the constriction a distinct lateral shoulder
forms with steep, convex flanks falling to the umbilical seam. A change

in shell dimensions occurs at the end of the first whoxrl with positive
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Text~fig. 9. Plot of whorl height (H) against shell diameter (D) for
Zemistephanus richardsoni (Whiteaves) Q& 0" from Alaska and
Queen Charlotte Islands. Measurements from 16 macroconch
and 5 microconch specimens.

allometry for whorl height; growth ratios remain constant from this point
to the end 'of the phragmocone. At a diameter of 1.5 mm small, elongated
tubercles appear along the lateral shoulder and extend onto the upper
flanks; they are strongly prorsiradiate. At a diameter of 4 mm faint
secondary ribs appear; they are broad and rounded, usually two to each
primary. At this stage the tubercles are prominent and conical and the
primary ribs are broad, curved undulations of the flanks which still do
not reach the umbilical seam. Whorl cross-section is depressed and
coronate with H/W = 0.50-0.60. The venter is broad and only slightly
arched while the flanks become very steep and almost vertical near the
umbilical seam. Secondary ribs soon become sharper than the primaries

and more densely spaced with increasing diameter, as many as 5 per primary.
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and Queen Charlotte Islands. Measurements from 16 macro-
conch and 5 microconch specimens.

Primary ribs become rectiradiate but are still massive and rounded with
large, conical nodes; their spacing during ontogeny at first decreases
from 8-12 per half-whorl to a minimum of 6-8 between umbilical diameters
of 5 and 15 mm and then increases again to 8-10 on the final whorl (Text-
fig. 11). Fine striae, which may entirel& mask the secondary ribbing,

appear on the outer shell surface of some specimens at diameters between

50 and 75 mm.

Marked changes 1in growth occur on the body chamber which is about
one whorl in length. The umbilical seam egresses suddenly from the line
of nodes on the previous whorl, the flanks become less steep and the
relative (and sometimes absolute) whorl width descreases sharply, resulting

in strong contraction of the whorl (Text-figs.8, 13). H/W ratios increase
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Text-fig. 11. Plot of numbers of secondary (S) and primary (P) ribs per
half-whorl against umbilical diameter (U) for Zemistephanus
richardsoni (Whiteaves) Q& 0" from Alaska and Queen Charlotte
Islands.

to as much as 0.75 with rounding of the cross-section. Both primary and
secondary ribs become faint and may disappear entirely. Nodes are blunt
and rounded but persist to the aperture, situated low on the whorl. The
aperture is marked by a slight constriction followed by an expanded collar

and complete lip.

Remarks: The specimens from southern Alaska and MacKenzie Bay agree closely
in whorl shape, coiling and ornamentation (Text-figs. 8-11, 13). Most
Alaskan representatives of the species attain larger sizes and have broader
body chambers and coarser secondary ribs. The character of the nodes on

the body chamber also varies, some becoming blunt and rounded while others

remain high and fairly sharp.
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Text-fig. 12.

Sutural ontogeny for
Zemistephanus richardsoni Q
a-c: USGS Mesoz. loc. 2999.3
d-h: USGS Mesoz. loc. 26599.1
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Text-fig. 13. Cross-sections through the phragmocone and body chambers
(shaded) of Zemistephanus richardsoni (Whiteaves) .

(a) USGS Mesoz. loc. 3000.1, x 1; (b) USGS Mesoz. loc. 26599.1,
x 1; (c) McM J1797a, x 0.5.

Text-fig. 14. Cross—sections through phragmocone and body chambers

(shaded) of Zemistephanus richardsoni (Whiteaves) J.
(a) McM J1796b, x 1 (approx.); (b) McM J1796a, x 1.
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Thi® species differs from 2. carlottensis (Whiteaves) in having
more coronate whorls, losing strong secondary ribbing on the body chamber
but retaining the large, conical nodes. 2. alaskensis n. sp. 9 has
similar phragmocone whorls but a higher body chamber whorl (H/W = 0.80-

0.95) retaining strong secondary ribs with the nodes higher on the flanks.

Zemistephanus richardsoni O
This dimorph has not been previously described.
Allotype: McM J1796a, complete with lappets, from Yakoun Formation, lower

5 m exposed at MacKenzie Bay, Queen Charlotte Islands.

Material: Four specimens (McM J1796a-d), three complete with aperture, from
lower 5 m of Yakoun Formatlon exposed at MacKenzie Bay, Queen Charlotte
Islands; GSC 48593 from the same locality; two crushed specimens from

the Fitz Creek Siltstone in southern Alaska, USGS Mesoz. locs. 2999, 26599.

Description: The nature of the protoconch and earliest whorls is unknown.
At a diameter of 3-4 mm small, sharp tubercles appear along the lateral
shoulder, extending onto the upper flanks as small ridges. The venter is
smooth, broad and only slightly arched while the .flanks are steep, falling
straight to the umbilical seam. As diameter increases the tubercles.become
sharper and conical and the primary ribs extend further towards the
umbilical seam; there are 9-10 per half-whorl. Broad, faint secondary ribs
appear at a diameter of about 10 mm, two to each primary. At this stage
the primary ribs take on characteristics which are retained throughout the

phragmocone:. they are broad, rounded undulations of the flanks, fading
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near the umbilical seam, rectiradiate and terminating in very high and
sharp conical nodes on the lateral shoulder. Their number decreases to
6-8 per half-whorl between umbilical diameters of 5 and 15 mm, then later
increases to 10-12 near the end of the phragmocone. Secondary ribs become
strong, curving forward from the nodes, then crossing straight over the

venter. Density of secondaries increases to 3 per primary (Text—fig. 11).

Whorl cross-section throughout the phragmocone is coronate with
steep, convex flanks forming a deep, crater-Iike umbilicus. Nodes are
situated at the point of maximum whorl width on the abrupt lateral
shoulder which is at 40-50% of the total whorl height. H/W ratios

throughout the phragmocone are 0.50-0.60.

The body chamber occupies about three—-quarters of a whorl with
egression from the line of nodes on the previous whorl commencing just
after the last septum. While reﬁaining broad and depressed in section,
relative height iqcreases'on the body chamber, H/W ratios increasing to
0.62-0.64. 7Ribbing remains strong right to the aperture with only two
secondaries to each primary and the loss of the high, conical nodes.

Most primary ribs bifurcate simply at the point of maximum whorl width.
Flanks are less steep than on the phragmocone whorls. Lappets are venfro—
lateral, short and spatulate with prominent growth lines (P1l. 2, fig. la);
there is no strong constriction preceding the aperture and only weak

flaring of the flanks.

~
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Remarks: 2. rleiarleont dis dist inguished from the four "species"” of
Kanaotephanus described from this locality (MeLearn, 1929) in having a
broader living chamber (/W of 0.62-0.64 vs. 0.68-0.74) and less arched
venter, Tt also has more prominent conical nodes, broad rectiradiate
primary ribs and <teep, convex t-”ldnks; it resembles K lophoanis spp.
in the loss of nodes on the body chamber and decline of secondary rib

density to two per primary.

Dimggﬁﬁ:ﬂ: Comparison of whorl dimensions and ribbing pattern on the
phragmocone whorls shows these specimens to be fdentical with the inner
whorls of 2. »ichardeont Q (Text-figs. 8-11, 13, l4; compare P1. 1, figs.
5,6 with P1. 2, figs. le, 3; Appendix 1) which occurs in the same beds
both at MicKensie Bay and in southern Alaska. Both show steep flanks
with massive primary ribs and large, conical nodes, broad venter and
similar changes in ribbing density at the same growth stages during
ontogeny.  Ornamentation of the body chamber, however, is quite different:
while the microconch retains strong, bifurcating ribs but loses the sharp,
r
conical nodes (P1. 2, figs. la, 2a, 4) the macroconch has an almost omooth
body chamber except for the large, rounded nodes low on the flanks (P1. 1,
figs. 1-3). Adult macroconchs are about twice the size of microconchs
and in the MacKenzie Bay strata outnumber them approximately four to one.
7

Appendix 2 includes two scts of <hell measurements sclected from

corresponding growth <tages of macroconch and microconch phragmocones of

7. richardsonti and the results of statistical tests used for comparison



98a

of the growth patterns of these dimorphs.  The sceond set of data (pp. 229
and following) indicates similar growth patterns in both denorphs
(tdentical slopes for regression lines at 95% level of confidence);  the
frrst set of data (p. 222) 1s shown to have unequal varrances.  This may
indicate the need for further study as to how data should be selected 1n
attempts to show rdentical growth gradients for supposed dimorphs using
formal statistical testing; 1.e. whether one ~hould use regression
statistics based on (a) "mass'" curves in which numerous measurements are
obtained from cach individual at dutferent growth stages;  (h)"mass”
curves 1n which only one measurement 15 obtained {rom cach ~pecimen; or,
(¢) individual growth curves using many measurements tahen throughout
the ontogeny of a single specimen representing each dimoiph.
a

The intercept ("b" 1n the allometric equation: Y = bX )
hae o yehoe (value of "b" when X = 1) whose biological
meaning 1s uncertain.  The tnequality of “b" found 1n most of the growth
patterns for dimorphs tested here may rvepresent some real difference in
shape of the embryonic growth stages of males and females; on the other
hand dimenstons and growth patterns on the frest {(ncpronie) whorl of
ammonites are known to diverge significantly from those found throughout
the remainder of the phragmocone and so differences 1n "b™ may have no

biological signiticance,
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Zemistephanus crickmayi (McLearn, 1927) O
(P1. 3, figs. 1-5; Text-figs. 16-22)
1927  Kanastephanus crickmayt Mclearn, p. 73; Pl. I, figs. 5, 6.
1929  Kanastephanus erickmayi; McLearn, pp. 23, 24; Pl. XVI, figs. 7, 8.
1929  Kanastephanus canadensis McLearn, p. 25; Pl. XV, figs. 4, 5.
1929  Kanastephanus mackenzii McLearn, p. 23; Pl. XVI, figs. 1-3.
1929  Kanastephanus altus McLearn, p. 24; Pl. XVI, figs. 4~6.
1949  Normannites (Kanastephanus) crickmayi McLearn; McLearn, pp. 13, 16.
1954  Itinsaites crickmayi (MclLearn); Westermann, pp. 290-292; Figs. 122,
123; Pl. 27, fig. 3.
1964  Normannites (Itinsaites) crickmayi (McLearn); Imlay, pp. B43, 44
Pl 14, figs. 3-8, 13.
1964  Normannites (Itinsaites) itinsae (MclLearn); Imlay, p. B44; Pl. 14,

figs. 1, 2.

Holotype: GSC 9016, from the lower part of the Yakoun Formation on the
north side of Maude Island, Queen Charlotte Islands, 10-22 ft. (3-7 m) .

above the base of the section exposed there (MclLearn, 1929, p. 23).

Material: The holotypes of McLearn's four "species' of Kanastephanus

(GSC 9016, 9017, 9018, 9019) have been re-examined; one additional
complete specimen (McM J1798a) and a number of fragments (McM J1798b-h)
were collected from the type locality at MacKenzie Bay. Six specimens
from the Fitz Creek Siltstone in southern Alaska (USGS Mesoz. locs. 2999,

3000, 19997, 21276).
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Text-fig. 16. Protoconch of Zemistephanus crickmayi (McLearn) q.
Three views of the same specimen, USGS Mesoz. loc. 2999.4,
x 62.

Description: The protoconch is smooth and elongated transverse to the
plane of coiling; its width is about twice the diameter (Text-fig., 16).
Though the nepionic constriction was not observed, after approximately
one whorl (at D = 0.85 mm) there is a sudden decrease in relative whorl
width and an increase in umbilical diameter. After this point growth
ratios remain constant throughout Fhe phragmocone (Text-figs. 17-19). On
the first whorl the rhell is smooth and globose with broadly arched venter
and strongly convex flanks falling steeply towardﬁvthe umbilical seam.
The siphuncle 'is in a central posttion. At D = 3.0 mm small, elongated
tubercles appear along the sharp lateral shoulder ;hich is situated at
about 30-407 of the whorl height. These elongated tubercles are éirected
adapicad onto the upper flanks. .ThLy also extend slightly onto the venter
As faint, broad undulations when the diameter reaches 4.5 mm. There are

’

10 per half-whorl. The whorl cross-section is broad and depressed

(H/W = 0.50~0.60) with a gentl¥ arched venter, sharp lateral shoulder
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Text-fig. 17. Plot of whorl width (W) against shell diameter (D) for
Zemistephanus crickmayi (McLearn) O7from the Queen Charlotte
Islands and southern Alaska, including synonymous "'species'.
Measurements from 13 specimens.

and steep, convex flanks. Secondary ribs soon extend right across the
venter becoming much stronger than the primary ribs and outnumbéring
them two to one. Throughout the phragmocone the whorls remain broad and

depressed with H/W ratios of 0.55-0.65.

The number of primary ribs per half-whorl decreases from 10-13
on the earliest whorls to a minimum of 6~8 at umbilical diameters
between 5 and 15 mm, then increases again to 8-12 at the end of the
phragmocone (Text-fig. 20). At the same time the number of secondaries
per half-whorl increases to a maximum, then declines on the body chamber.
The ratio of secondary to primary ribs increases from 2 on the earliest

whorls to 3 or 4 and then decreases on the body chamber to 2. Similar
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Text-fig. 18. Plot of whorl height (H) against shell diametexr (D) for
Zemistephanus crickmayi (McLearn) from the, Queen
Charlotte Islands and southern Alaska, including synonymous
"species". Measurements from 13 specimens.

variations in ribbing dqnsity.during ontogeny were alsc noted on -
2. richardsoni O (p. 96). Primary ribs are broad and massive, but a -

little sharper and more curved than those on 2. richardsont c?; the

nodes on Z. richardsoni O are more massive and conical.

The body chamber is about one whorl in length and is marked by

egression off%he umbilical seam from the line of nodes on the previous
P

N ’

whorl, changes %S)the shape of the cross—section and ornamentation. The
flanks become less steep and the lateral shoulder more rounded with
contraction of the whorl (Text-fig. 22); H/W increases to 0.65-0.75.

Primary and secondary ribbing remains styong right to the aperture but

the nodes disappear; primary/;}b§/;E;31y hifurcate. There is no

]
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for Zemistephanus crickmayi (McLearn) o from the Queen
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constriction or flaring at the aperture which terminates with lateral

-~

lappets.

a

Remarks: The narrow body chamber clearly separates this- species from

2. richardsoni O7which occurs in the same beds at MacKenzie Bay. There
is pnlf a slight increase in the H/W ratios on the body chamber of that
specles from 0.50-0.60 to 0.62~0.64 while the values for the same stages
on Z. crickmayi d(are 0.55-0.65 and 0.65-0.75 respectively. The venter
on the body chamber of Z. crickmayi 0"1s more highly arched, having a
curvature radius of 80-100 mm at a diameter of 30 mm compared with a
raduis of 140 mm for Z. richardsoni O at the same size, In addition,
the nodes on the phragmocone whorls of 2. richardsont 0" are ‘more massive

and the primary ribs broader and rectiradiate. In the material described
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Islands and southern Alaska, including synonymous "speciles".

by Imlay (1964) as N. (I.) erickmayi (McLearn) from southern Alaska he
A

notes a considerable variation in whorl width; this suggests that specimens

of both 2. richardsoni (" and 2. crickmayi O are present, but due to

crushing are not easily distinguished.

McLearn (1929) distinguished four "species' in his genus
Kanastephdnus based on minor differences in coiling and ornamentation.
K. altus supposedly has a higher whorl section and wider umbilicus but
growth curves (Text-figs. 18, 19) show these differences to be very smaf;
and intermediate with values from other specimens. K. mackenzii was
separated from the type species on thé basis of more primary ribs but the
numbexr per half-whorl is the same as on K. altus and some of the Alaskan

]
material. K. canadensts has slightly broader whorls than the other
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Text—-fig. 21.

Sutural ontogeny for

Zemistephanus erickmayi

(McLearn) ot

a—~g: USGS Mesoz. loc.
2999.4
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Text-fig. 22. Cross-sections through phragmocones and body chamber
: (shaded) of Zemistephanus crickmayi (McLearn) O7.
(a) USGS Mesoz. loc. 19997.0, x2; (b) McM J1798a, x 2;
(c) USGS Mesoz. loc. 21270.1, x 2.
A
"gpecies" but is identical in this character with McM J1798a from
, MacKenzie Bay as well as some of the Alaskan material. McLearn's four
! "species" were each based on a single specimen and the minor variations
used to distinguish them are here shown to lie within the range of

variation of all the available material representing Z. crickmayi (McLearn) .

O’(Text-figs. 17-20).

This species could be the microconch of Z. carlottensis (Whit-
eaves) Q, the holotype of which probably came from the MacKenzie Bay
locality. Both forms are characterised by coronate early whorls which
contract strongly on the body chamber, losing the steep flanks. At the

same time relative whorl height increases with stronger arching of the
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venter. Broad ribbing persists right to the aperture on both forms with
a decline in the density of the secondaries to 2 per primary and loss of
the prominent nodes. However, the only other macroconchs described are
féom southern Alaska (Iq}ay, 1964) and the few entirely septate specimens
are too crushed to allow significant comparisons of whorl dimensions to

be made.

Zemistephanus alaskensis n. sp. Q
(P1. 3, fig. 6; Text—figs. 23, 24)
1964 Teloceras itinsae McLearn; Imlay, pp. B30, S51; PLl. 23, figs.
9, 10 [holotype}; P1l. 24, figs. 5, 7.
1964  Zemistephanus richardsoni (Whiteaves); Imlay, pp. B51l, 52;

Pl. 25, fig. 6; non Pl. 25, fig. 7; P1l. 26, figs. 1~7.

Holotype: USNM 131434, described and figured by Imlay (1964; Pl. 23,
fig. 10) as a "plesiotype" of Teloceras itinsae McLearn, from USGS Mesoz.
loc. 21270 in the Fitz Creek Siltstone of the Tuxedni Group, Tuxedni Bay,

southern Alaska. ) 4

Material: Three other specimens from the Fitz Creek Siltstone in southern

Alaska (USGS Mesoz. locs. 2999, 21270; McM J1245); two specimens
(McM J1858a, 1858b) from shales 30 m above the base of the Yakoun
Formation exposed at MacKenzie Bay and another (McM J1859) from 20 m

above the base of the section.
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Cross-sections of phragmocone and body chamber (shaded)
whorls of Zemistephanus alaskensis n. sp. Q from southern
Alaska and the Queen Charlotte Islands. (a) USNM 131434,

holotype, x 1, from USGS Mesoz. loc. 21270 in the Fitz

Creek Siltstone; (b) USNM 131433, x 1, same locality
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Text-fig. 23 (contd).

as (a);
MacKenzie Bay, Queen Charlotte Islands, x 1;

(d) McM J1858b, x 1, from the same locality as
(c).

(c) McM J1858a, lower Yakoun Formation,
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Zemistephanus  alaskensis

{mm)

54

Text-fig. 24. Suture line of Zemistephanus alaskensis n. sp. Q from
' southern Alaska and the Queen Charlotte Islands.
USGS Mesoz. loc. 2999.2.

Description: A large macroconch reaching maximum diameter of at least

155 mm with a simple, slightly flared aperture. Phragmocone whorls
coronate in cross-section, depressed (H/W = 0.55-0.65) with very steep
flanks, producing a deep umbilicus. The venter is broad &nd gently arched,
curving sharply onto the flanks along the line of'nodes forming an abrupt
lateral shoulder. Primary ribs are broad, rounded undulations of the
flanks, rectiradiate or slightly curved forward on the inner whorls,

8-10 per half-whorl and ending in prominent, conical nodes. Secondary
ribs are strong and broad, curving forward from the nodes and then

crossing straight over the venter; wusually 3-3.5 to each primary.

The body chamber is just a whorl in length and marked by similar
changes iIn growth ratios as seen in other species of the genus. Egression
of the umbilical seam from the line of nodes on the previous whorl begins
just after the last septum; it is accompanied by strong contraction of

the whorl with a marked decrease in the absolute whorl width and increase
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of whorl height so that H/W ratios change from 0.60-0.65 at the end of
the phragmocone to 0.80-0.95 near the aperture. The flanks become less
steep and are almost flat near the aperture while the undulations forming
the primary ribs almost disappear. The conical nodes remain prominent
right to the aperture but occur successively higher on the flanks: at
36% of the whorl height on the phragmocone, 40-457 on the early body
chamber and 55-60% near the aperture. Strong, coarse secondary ribs
persist to the end, usually 3-3.5 to each node. On two specimens (USNM
131437 and another from USGS Mesoz. loc. 21270) secondary ribbing is
obscured by fine striae on the outer surface of the shell on the early

parts of the body chamber.

Remarks: Coronate inner whorls with steep flanks, large conical podes set
low on the whorl and a gently arched venter are all features of the other
known species of Zemistephanus. The marked egression of the body chamber
with decrease in whorl width and flattening of the flanks, and the
persistence of the large, rounded nodes to the aperture are also diagnostic
of the genus. This species differs from 2. richardsoni (Whiteaves) 9

in the persistence of secondary ;ibs to the aperture, the higher position
of the nodes on the flanks and higher H/W ratios on the body chamber.
Density of secondary ribbing on the phragmocone is lower and the ribs are

much coarser than on Z. richardsoni.

2. carlottensis (Whiteaves) Q also has a high whorl section with

strongly arched venter on the body chamber, but differs from the present
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species in losing the large, conical nodes on the last part of.the body
chamber and having the point of rib bifurcation lower on the flanks (30-

35% of the whorl height).
Marked egression of the body chamber and the strongly rounded

cross~section at that stage clearly differentiate this specles from

Teloceras.
The corresponding microconch is unknown.
Subgenus Stephanoceras Waagen, 1869

Type Species: Ammonites Hwmphriesianwm J. de C. Sowerby, 1825 by
subsequent designation of Buckman (1898). Type specimen refigured by

Buckman (1908; P1. VII, fig. 1).

Discussion: The taxonomy of the group of ammonites closely allied to

Stephanoceras Waagen has iong been cthe subject of disputed and varied
treatments, especially in'Europe. Early difficulties arose in part
because of doubt concerning the availability of the name Stephanoceras
for an ammonite taxon; 'this was settled by Spath (1944) who pointed
out that the closely similar spelling of another previously erected
taxon in a very different group of organisms (Stephanoceros, Rotatoria)
did not invalidate the name Stephanoceras as applied to the Bajocian

ammonite genus. He also emphasised that the type species was
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Stephanoceras humphriesiaman (Sowerby, 1825) by a subsequent designation

of Buckman (1898, p. 454).

Because he believed the name was pre-occupied, Buckman had
emended Stephanoceras to étppheoceras; while rejecting the need for this
alteration Mascke (1907), however, retained both names, separating forms
with a very wide umbilicus, weaker sculpture and a strongly enlarged
aperture as Stepheoceras Buckman (group of Amm. Humphriesi Sow.).

Those species with heavy scuipture, a deeper umbilicus and only slightly
enlarged aperture (group of Amm. Hwmphriesi mutabilis Quenstedt) were
described as Stephanocefas (Waagen) em. Mascke. In addition he prﬁposed
three new groups of closely related stephanoceratids: Stemmatoéeras,

Skirroceras and Teloceras.

Stemmatoceras (type species: Amm. Humphriesianus coronatus
Quenstedt, 1886 [= S. frechi Renz, 1913] &as to include forms with a
mostly wide umbilicus, depressed whorls and medium:stroﬁg sculpture which
declines on the body chamber, particularly with respect to the density
of secondary ribbing. Skirrocerag (type species: Amm. Huﬁphriesianus
macer Quenstedt, 1886) was separated from Sfemmatoceras on the basis of
a more strongly incised suture and wider, more shallow umbilicus. The
whorls expand only slowiy and are rgunded in section with less inflated
flaonks on the body chamber. Teloceras (type species: Amm. Blagdeni

J. Sowerby, 1818) was characterised by great whorl thickness with laxge

nodes and a sharp lateral edge between venter and flanks; these
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characters persist onto the body chamber with only a decline in the

strength of ornament near the aperture.

In his extensive review of the group Weisert (1932) fecognised
only three subgenera: Stephanoceras Waagen, 1869; Stemmatoceras Mascke,
1907; and Teloceras Mascke, 1907. He included Mascke's Skirroceras and
Stepheoceras, along with many of Buckman's vast array of stephanoceratid
“genera" (Kallistephawus, Skolekostephanus, Rhytostephanus, Oecostephanus,
Stegeostephanus, Mollistephanus, Kumatostephanus) in Stepﬁanoceras
Waaéen. In addition he gave a detailed discussion of the characters
distinguishing each genus throughout ontogeny. Included under
Stephanoceras Waagen were forms with a'rounded whor% section, narrow to
broad umbilicus, ribbing of variable strength and low, fine nodes; the
suture was said to be strongly differentiated, with a gré;tly subdivided
"lst‘lateral" saddle (? L/U). Stemmatoceras on the other hand was defined
as having a little-differentiated suture (of which the "lst i:teral"
saddle was only weakly subdivided), strong, high and pointed no&es‘w{th
a decrease in the strength of the sculpture on the body chamber. The
whorls are not as rounded as in Stephanoceras and the venter is not as

highly arched.

* While following Weisert's treatment of these cloéely related
forms, Schmidtill and Krumbeck (1938) again made clear reference to the
existence of two groups within Stephanoceras Waagen as defined |

by Weisert. They emphasised the contrast between the group containing .
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S. wnbilicun (Quenstedt), S. duerbachense Schmidtill and Krumbeck and

S. mutabile (Quenstedt) having a deep umbilicus of medium width with
broader whorls and the group including S. humphriesfanum (Sowerby),

S. aieteni Quenstedt and S, scalare Mascke which all have a fairly wide,
shallow umbilicus, discoidal form and higher whérl section (p. 324).
These two groups would correspond to "Stephanocefds Waagen emend. Mascke"
and "Stepheoceras Buckman" respectively. Schmidtill and Krumbeck did |
not add furthef to the discussion of the genus Skirroceras Mascke, but
unlike Welsert (1932) accepted as probably reasonable its separation from

Stephanoceras.

The lectotype of S. humphriesianum'(BM 43908a) is an entirely
septate specimen cut ;long the sagittal plane; thus nothing is known
of its adult size or body chamber characteristics. It does, however,
have a rounded whorl section lacking any sign of a lateral shoulder, and
a broad, shallow umbilicus with uncoiling.commencing at least one complete
whorl (at U = 20-25 mm) before the end of the specimen. Clearly this
specimen is closer to the more serpenticone forms of Skirroceras than to
tﬁe S. mutabile group apd its choice as type specieé is unfortunate. Also,
those forms with @roader whorl sectiog, less archgd ventér, stronger and
sharper ornamentation and later uncoiling (often at U = 40 mm and
corresponding to khé beginning of the body chamber) bear close resemblance
to Stemmatoceras. Indeed, Scﬁmidtill and Krumbeck (1938, p. 325) noted
that forms of S. mu;abile "show a remarkaéle apptoach" to Stemmatoceras.

Other members of this group.wouyld include S. brodiaei (J. Sowerby),
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(Whiteaves). However, it must be emphasised that whatever character or
combination of characters is iused, there are transitional forms difficult
‘to place confidently in one subgenus. There seems to be a morphological
trend within the group for prolongation of the juvenile morphology into
successively mature stages of the conch (Mouterde et al, 1971, p. 12).
Thus in the early Skirroceras only the innermost whorls are rather
'involute cadicones; in Stephanoceras and Stemmatoceras these characters
are present in successively later stages till in Teloceras most of them
persist to the aperture. However, at any stratigraphic level a variety
of morphological forms is usually present, only the proportions changing

with time (Callomon, pers; comm. ).

. Although Telocerag with its broad, coronate whorls persistiné toh
the aperture, is élearly distinguiéhable in the adult stage, a number of
specimens of this genus from western.Europe and South America examined
by me have juvenile whorls difficult to distinguish from those of the
relatively broad-whorled Stephanoceras spp. This again emphasises the
necessity of systematic distinctions being based on mature specimens with
known body chamber characteristics; ;any European species have been
erected for small, incomplete phragmocones, e.g. the small.nucleus which
is the type specimen of S, wmbilicum Quenstedt makeé proper interpretation
of that species impossible.: Similar situations have led to blurring of

the distinctions between Teloceras, Zemistephanus, Stemmatoceras and

Stephanoceras in North America.
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In the Treatise on ITnvertebrate Paleontology Arkell (1957,
p. 289) streated JF ooy o as a subgenus of S jlue e s s, vhile
retaining S/ v and(7.7'°.5/: as scparate pencra. The great
N

variety of Scops.miscor7s s, 1. and the norphological resemblance of sone
specics to Slemrvtoceras require that St“?ﬁ7ﬁ%wvnﬁ'also be classified
as a subgenus of Girpleooccras Waagen. Indecd, mﬂny specimens from North
America which have been identified with Stomuioccrys are here shoun to
be closely allied with thq_Sicﬂhznoquns itinsae group and thus also the
broader-whorled European fggms such as Stepranoceras mutahile (Quenstedt).
Stemmaloceras is here treated as  « shqemes of  Sicphanoceras due

to the gradation in characters previously used to distinguish the two

"genera''. .

Because of the close similarity in whorl dimensions, coiling and
strength of the ribbing between Alashan spécics previously described uader
Skirvoceras (S. kivsclncr!, S. neleninopren, S. Jublei Imlay spp.) and the
lectiotype of Siephandceras hthﬂuics[¢u g7 (J. de C. Sowerby), thesc
species are transferred to Sisphanncoras s. s, If Skivroce»w: is to be
retained as a subgenus of Stopinvioc »as it should be restricted to forms
close to 8. (Skirvocoras) macrun (Quenstedt) which has round vhorls with

strong, sharp ornamentation.

Taxonomic treatment of microconch Stepharoceratidae has bren
varied. Westermann (1954) retained Jéinsaitlee as a genus, making the

Canadian species of Kunaetfophaws synonymous with it.  Arkell (1957,

>3
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p. L289) placed Normannites (which included I'tinsaites and

Kanastephanug, among others) in the family dtoitidae, a different family
from that containing some genera since recognised as corresponding
dimorphs (Stephanoceratidae). McLearn (1949) and Imlay (1964) both
regarded Itinsaites as a subgenus of Normannites; Imlay also transferred
the four Canadian species of Kanastephanus to Itinsaites, rightly
suggesting that they probably represented a single species. However, it
is shown here (p..133) that all Kanastephanus spp. differ from Itinsaites

.and are in fact the corresponding microconchs to Zemistephanus McLearn Q .

The pairing of macroconch-microconch genera in the family
Stephanoceratidae was attempted by Westermann (1964a); microconch
equivalents for Stephanoceras, Stemmatoceras, Teloceras, Zemistephanus,

¢

Kum&tostephanus and Cadomites were<sought in the several subgenera or
related genera of Normannites Munier-Chalmas. Itinsaites McLearn is
here shown to be the microconch equivalent to Stephanoce}as s. s. part.
Comparison of the inner whorls of Itinsaiieé itinsae McLearn and
Stephanoceras yakounense McLearn from South Balch Island in the Queen
Charlotte Islands indicates they are corresponding dimorphs (pp. 134-5).

Itinsaites McLearn thus becomes a junior subjective synonym of

Stephanoceras Waagen.
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Stephanoceras itinsae (McLearn, 1927) Q & o
(P1. 4, figs. l-4; P1. 5, figs. 1-4; Pl. 6, figs. 2-6;

PL. 7, fig. 1; Text-figs. 25-33)

Stephanoceras itinsae Q (= "Stephanoceras yakounense'']

1900

1930

1932

1947

1947

1957

1957

1964

1967

Perisphinctes skidegatensis Whiteaves (part), p. 278.
Stephanoceras yakounense McLearﬁ, p. 5; Pl. 1, fig. 1 (holotype).
Stephanoberas yakounense; MclLearn, pp. 56-59; PL. 2, fig. 1

(holotype); Pl. 3, figs. 2 (holotype), 4, 6 (holotype);

P1. 5, fig. 10.
Stemmatoceras melearni Warren, pp.l68, 69; . P1. I, fig. 1;

Pl. IV, fig. 1. o
Stemmatoceras carri Warren, pp. 69, 70; Pl. IV, fig. 2; P1,

Vi, fig. 3.

Stephanoceras ex. gr. skidegatense (Whiteaves); Frebold, pp. 49,
50; Pl. XXI, fig. 1; Pl. xin, fig. 2; Pl. XXV, fig. 2.
Stemmatoceras albertense McLearn; Frebold, pp. 50, 51; Pl. XXI,

figs. 2a, b; Pl. XXIII, figs. la-c.
Stephanoceras obesum Imlay, pp. B45, 46; Pl. 18, figs. 5-11.
Stephanoceras cf. skidegatense (Whiteaves); Imlay, p. 89;

Pl. 6, fig. 10.

" Allotype: GSC 9057, almost complete internal mold from lower part of

the Yakoun Formation, South Balch Island, Skidegate Inlet, Queen

Charlotte Islands [originally the holotype of Stephanoceras yakounensel.

Material: Ten reasonably complete specimens (McM J1807-1811) and many
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other phragmocone and body chamber fragments were collected from the
type locality; also from this locality four specimens, three almost
complete, collected by Suthexland Brown (GSC locs. 48601, 44711) and two

collected by McLearn (GSC loc. 13634). One complete specimen and another

with part of the body chamber collected by Sutherland Brown from Reef

Island, Queen Charlotte Islands (GSC loc. 40985). Two specimens, one
almost complete, on loan from University of British Columbia museum,
labelled '"Skidegate Channel'. The holotype and McLearn's 'plesiotype”
were also re-examined.

—_
Description: Maximum dlameters of adult macroconchs rangevfrom 148-196 mm.
One body chamber fragment has a width of 66 mm at the position of the
last septum and so must have attained a much greater diameter than any
of the complete specimens examined; wmost -adults reach a maximum width

of only 60-65 mm at the aperture,

On the phragmocone the umbilical seam lies along the outer edge
of the. l1ine of tubercles on the previous whorl. The whorls are much
wider than high, with H/W = 0.55-0.60 at diameters up to 30 mm; through-
out ont;geny the whorls gradually become higher with H/W = 0.65-0.70
between diameters of 30 and 100 mm. The flanks are strongly convex with
strong primary ribs which are prorsiradiate and curved forwards, ending
in prominent conical tubercles s£Cuated at about 50-65% of the whorl
height and just above the point of maximum whorl width. The fianks curve

stréngly onto the broadly arched venter forming a lateral shoulder,
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Text-fig. 25. Plot of whorl width (W) against shell diameter (D) for
.Stephanoceras itinsae (McLearn) Q & 0" from Queen Charlotte
Islands. Measurements from 15 macroconchs (13 from South

Balch Isiand and 2 from Reef Island) and 11 microconchs
(all from South Balch Island).

partiéularly on the:phragmocone whorls. The number of primary ribs per
half-whorl increases élowly throughout ontogeny from 9 at diameters up
to 30 mm to 11 at 30-60 mm and 14 at 60-100 mm. The number of secondary
ribs also increases from 3 per primary on the inner whorls to a maximum
of 4-5 at diameters between 40 and 50 mm and declines again to 3 on the
body chamber. Secondary ribs curve slightly forward from the tubercles

then crogs straight over the venter. ‘ -

. At diameters between 95 and 130 mm uncoiling begins (this
corresponds to U = 35-55 mm), the umbilical seam moving gradually away

from the line of tubercles, coiling thus bécoming more serpenticone.
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Text-fig. 26. Plot of whorl height (H) against shell diameter (D) for
Stephanoceras itinsae {(McLearn) & 07 from Queen Charlotte
Islands. Measurements from 15 macroconch (1.3 from South
Balch Island and 2 from Reef Island) and 1l microconchs
(all from South Balch Island).

The point at which uncolling begins also corresponds: closely to the
beginning of the adult body chamber‘which is usually.three—quarters of

a whogl in length. On the body cﬁamber there is a decrease .in relative
@horl heiggt and width (Text-figs. 25, 26), while the H/W ratio increases

‘ to'aboué‘0.75 and may be as high as 0.90. In cross—section the body
chamber is bval with a more strongly arched venter than on the phragmocone,
is almost as high as wide and has.lost the strong lateral shoulder seen

on the phragmocone. There are 16-26 (average 19),primary ribs on the
final half-whorl and usually 3 secondaries to each primary rib. However,

the secondary ribs are much'fainter than the primary ribs while the

tubercles become blunt and rounded and sometimes obsolescent near the
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Texﬁ-fig. 27. Plot of umbilical diameter (U) against shell diameter (D)
for Stephanoceras itinsae (McLearn) Q & 07 from Queen
Charlotte Islands. Measurements from 15 macroconchs (13
from South Balch Island and 2 from Reef Island) and 11
microconchs (all from South Balch Island).

aperture. The primary ribs are shorter near the aperture, extending

to less than 50% of the whorl height. The aperture is marked by a broéd,

shallow constriction and a slightly expanded, complete lip.

The suture is moderately deeply incised (Text—fig. 29). E is
deep and narrow, L fairly broad, straight and trifid, almost as deep as
E. Umbilical'lobes strongly retracted;‘ Un is aeep, narrow, trifid and
oblique: I is much deeper and narrow. E/L is. broad and high; L/U2 is

very broad and not nearly as high as E/L. The tubercle is situated on

L/Uz.
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Text—fig. 28. Plot of the number of secondary (S) and primary (P) ribs
per half-whorl against umbilical diameter (U) for
Stephanoceras itinsae :(McLearn) Q& o.

Remarks: S. itinsae 9 strongly resembles the European species group
including S. wnbilicwn (Quenstedt), S. mutabile (Quenstedt) and

S. brodiaet (Sowerby) all of which are characterised by a relatively deep
umbilicus with late uncoiling and broad whorls. S. wmbilicwn at similar
diameters has a considerably smaller umbilical diameter (33% vs. 40-50%
on S.itinsae), and relatively wider whorls (H/W of 0.58 vs. 0.68).

S. mutabile has a less depressed whorl gection than §. itinsae (H/W of
0.75 vs. 0.65-0.70 on S. itinsae at similar diameters). S. itinsae most
closely resembles S. brodiaei differing only slightly in ornamentation:
the holotype of S. brodiaeti has fewer primary ribs (13 per ha1;~whorl vs.
15-24 on S. itinsae at D = 105 mm). However, other specimens in the

British Museum (Natural History) collections gxamined by me and regarded
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Text-fig. 29.

Sutural ontogeny for
Stephanoceras itinsae
(McLearn) 9 .

a, b: McM J1810b
c,-d: McM J1808g
e: McM J1809a
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Text-fig. 30. * Cross—sections of the phragmocone and body chamber (shaded)
of Stephanoceras itinsae (Mclearn) Q - (a) McM J1808g,
x 2; (b) UBC specimen, x 1. .

as conspecific with $. brodiaei have ribbing densities closer to those on
S. 1tinsae 9 . The tubercles on S. brodiaqei are larger and more rounded

.than the sharp, pointed tubercles characteristic of §. itinsae Q .

The single specimen from the Rock Creek Member in Ribbon Creek,
southern Alberta, described by Frebold (1957, pp. 50, 51) as Stemmatoceras

albertense McLearn, is very similar_to §. itinsae Q in whorl dimensions,

-
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coiling and the style and density of ribbing. The inner whorls are
coronate, wider than high (H/W = 0.60-0.70 at D = 60 mm) with a broadly
arched venter, distinct lateral shoulder and steep, convex flanks curving
continuously to the umbilical seam which runs along the‘line of‘tubercles-
on the previous whorI: Primary ribs are strong and fairly sharp on the
inner whorls, curving forward slightly with small, rounded tubercles at
about 50% of the whorl height. The secondary ribs are also strong and
sharp, passing almost straight over the venter from the tubercles. On
the outerﬁbat presefved whorl (of which three-quarters is body chamber
according to Frebold's description) the primary ribs become broader and
less sharp but remain curved, the tubercles decline in strength and the
secondary ribs are less sharp but still spaced 3 to each primary. The
increase in the density of secondary ribbing from 3 to 4 per primary at
diameters between 40 and 50 mm‘wich the subsequent decline to 3 on the

body chamber matches similar ontogenetic variation in 5. Ztinsae Q .

Two other specimens described and figured by Frebold (1957, pp.
49, 50; Pl. 21, fig. 1; Pl. 22, fig. 2; Pl. 25, fig. 2) as
Stephanoceras ex. gr. skidegatense (Whiteaves) are more probébly
synonymous with S. Z#insae Q_ , having three secondary ribs to each
primary on the adult whorls; these secondary ribs are broad, rounded and

faint, not sharp as on S. skidegatense Q .

The holotype of Stemmatoceras melearni Warren (UA Jr 192) is very

similar to S. ttinsae Q in coiling and ribbing. The umbilicus appears
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to be shallower and the flanks less convex, but due to poor preservation

the actual whorl dimensiopns are difficult to estimate.

Stephanoceras obesum Imlay, from the lower part of the Tuxedni
Formation in the Talkeetna Mountains of southern”Algska (Imlay, 1964,
pp. B45, 46) has almost the same whorl dimensions as 5. itinsae 9 on Ehe
. phragmocone whorls (H/W values of about 0.70), though the body chamber of
the Alaskan material is unknown. Both have close}y similar rib densities

and style of ornamentation; secondaries on S. obeswn are finer and sharper.

Stephahoceras itinsae d‘[= "Ttinsaites 1tinsae”) -

1927 Itinsaites itinsae McLearn, p. 73; Pl. I, fig. 7 (holotype).

1929  Itinsaites itinsae; McLearnm, pp. 26, 27; P1. XV, figs. 2, 3 (holo-
type)ﬂ

71933 Otoites reesidei Crickmay, p. 912; Pl. 27, figs. 9-11.

1949 Normannites (Itinsaites) itinsae (McLearn); McLearn, pp. 15, 16.

1954  Ttinsatites itinsa; McLearn; Westermann, pp. 251-254; P1..26,
fig. 5a, b (holotype refigured); Pl. 27, fig. la, b; .Tcxt—

figs. 101~107.

Holotype: GSC 9020, from the lower part of the Yakoun Formation, South

Balch Island, Skidegate Inlet, Queen Charlotte Islands.

Material: The holotype was re-examined along with three other complete
specimens from the GSC collections, Ottawa, which came from the type

lécality (GSC locs. 13634, 48601). Four complete speciqens'(McM J179%a-c,

Iy
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Text-fig. 31. Protoconch and first whorl of Stephanoceras itinsae
. (McLearn) 07.(a), (b) McM J1800, x 75, protoconch showing
two closely spaced protosepta .and the primary suture;
(c) McM J1800, x 30, first whorl with arrow indicating
position of nepionic constriction at D = 0.8 mm.

J1800) and numerous fragments and incomplete phragmocones (McM J1799d,

* J180la, b and J1810b) were collected by me from the type locality.

Description: The protoqonch is cigar-shaped, elongated tf;nsverse to the
plane of coiling, being‘more than twice as wide as high' (H/W = 0.43) with
a diameter in the plane of coiling of 0.43 mm (Text-fig. 31). At a

» diameter of 0.8 mm the nepionic constriction, seen clearly on the venter,

marks the end of the first whorl (Text-fig. 31).

The shell is smooth uniil a diamete? of 2.5 mm is reachgd. The‘
first ornamenFation consists of:brp;d secondary ribs and small tubercles

" along the lateral shéulder; primary ribs are faint. By D = 6 mm strong,
curved primary ribs éxtend from the umbilical seam to the lateral
shoulder where Fhey terminate in large, conical tub;rcles; two secondarf

ribs arise from each tubercle and at this stage in growth are stronger

and sharper than the primary ribs. Whorls are much widex than high

[
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a .
Text-fig. 32. Cross-sections of phragmocone and body chambers (shaded)

of Stephanoceras itinsae (McLearn) O7. (a) McM J1799a,
x 2; (b) McM J1800, x 2.

(H/W ratios of 0.50-0.60) with a broad, slightly arched venter, pronounced
lateral shoulder and gently convex flanks curving gradually to the
umbilical seam which runs just on the ventral side of the row of tubercles

on the previoys whorl.

Throughout the phragmocone the’ whorls are coronate in cross-
section, wider than high with a broadly arched venter (Text-fig: 32);

the lipe‘of tubercles and the positiom of the pronounced lateral shoulder
are a little higher on the flanks éﬁan the position Ef maximum whorl
|

width (as measured between the primary ribs). Secondary ribs remain

/ .
sharp, stronger than the primaty ribs, and increase in density from two
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per primary to three and even four. Primary ribs are strongly curved
forward reaching their maximum strength in the centre of éhe flanks and
becoming weaker towards the umbilical seam and also towards the tubercles;
the latter are large, conical and sharp. The number of primary ribs per

half-whorl increases gradually from 8 at diameters below 30 mm to 10 at

diameters between 30 and 40 mm.

The body chamber is half a whorl or a little more in length, but
consplcuous uncoiling occurs only in the last quarter-whorl before the
aperture where the umbilical seam moves away from the line of tubergls§
on the previous whorl. This is accompanied by a decrease in relative )
whorl ﬁ;ight and width, with a marked change in the cross-section which
becomes rounded with loss of the marked lateral shoulder. .There is an
increage in the H/W ratio from.0.60 at the end of the phragmocone to
0.70-0.80 just behind the aperture. Ornamentation on the body chamber
" remains strong, the shérp, curved primary ribs now being stronger than
the secondaries. There are 10-12 primary ribs on the last half-whorl with
2.5-3.0 secondary ribs to each primary; tubercles become a little less
sharp but are still prominent. The apérture is marked by 4 narrow
constxiction with a flared lip extending into long, lateral lappets.

Maximum diameters, of about 50 mm are attained.

- On the single protoconch obtained there are two closely spaced
protosepta.showing the large, rounded .ventral saddle with adjacent marrow

lobes on the external suture (Text-fig. 31). Un apbears high on the
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Stephonoceras thnsae O

0

\/\/\/W\ . Text-fig. 33.

Sutural ontogeny for

Stephanoceras itinsae
[0y (McLearn) O”.
. a-h: McM J1800




133

ventral flank of I/Ul at a diameter of 2 mm. The mature suture is not
deeply dissected; E is deep and narrow, L short, broad and trifid and
the umbilical lobe; strongly oblique. E/L is high and broad and not
deeply dissected (Text—fig. 33). The tubercle lies on the ventral edge

of L/UZ'

Remarks: McLearn (1929, pp. 26, 27) separated this species from the other

lappet-bearing stephanoceratids on the Queen Charlotte Islands (i.e.
"Kanastephanus"spp.) on the basis of the greater density of secondary
ribbing. "I. 7tinsae"” maintains a 3:1 ratio of secondary to primary
ribs on the body chamber but on "Kanastephanus' this ratio declines to
2:1. All other material known from South Balch Island has densities of’
3:1. The number of primary ribs per half-whorl increases gradually during
ontogeny from 8 to 12 whereas on "Kanastephanus" this number shows an
initial decrease from 10-13 to 6-8 with an increase to 8-12 again on
later parts of the pHragmocone. In additio;, the primary ribs on thg
phragmocone of "I. itinsge” are sharper and more stréngly curved than
those of "Kanastephanus' and th;'tubercles are smaller and sharper,
persisting onto the body chamber while on "Kanastephanus" the tubercles

are lost on the body chamber where the ribs bifurcate simply.

Two partially preserved specimens from the Rock Creek Member
of the Fernie Group (UA Jr 491, 494) were tentatively placed in
"Ttinsaites" by Warren (1947, p. 73). Inspection of the figures (Pl. VI,

fig. 2; Pl. VII, fig. 2) indicates ribbing densities similar to those



i

134

of "Itinsaites” but the growth stage is unknown. One complete specimen,
(McM J1838) from the Rock Creek Member at Ribbon Creek, southern Alberta,
shows the body chamber with three secondary ribs to each primary. The
body chamber is a little wider than on the specimens from the Queen
Charlotte Islands. Other incomplete small specimens from the Ribbon

Creek locality probably also belong to this species.

The single specimen figured by Imlay (1964; PLl. 14, figs. 1, 2)
as N. (I.) itinsae (McLearn) from the Fitz Creek Siltstone, southern
Alaska 1s almost fully septate with only a small part of the body chamber.
On the last half-whorl preceding the body chamber the &ensity of the
secondary ribs has already dgclined to 2.4 per primary which is charact-

eristic of ‘Zemistephanus d.

Otoites reesidei Crickmay from the Mormon Formation, Mt. Jura,
California is very close to S. itinsae 0" in most features except that
in the former the density of secondary ribs on the preserved pant!pf
the body chamber declines to 2.5 pexr primary whereas on specimens of

S. itinsae @ the density usually remains at 3.0.

Dimorphism: Dimensions and growth patterns throughout the phragmocone
whorls of the macroconch and microconcﬁ agree closely (Text—figs: 25-27;
Appendix 1, 2; compare Pl. 5, figs.‘lc, d Qith PL. 6, figs. 4c-t); shape
of the whorl cross-section is also similar (compare Text-figs. 30, 32).
The pattern and density of primary and secondary ribbing correspond

closely (Text-fig. 28), both dimorphs showing a gradual increase in the
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_density of secondary ribs from 2 to 4 per primary with a decrease to 3

in later growth stages. This 3:1 ratio is maintained SQ the body chamber
of the microconch (Pl. 6, figs. 2, 3, 4a, 6a) though on the macroconch
ornamentation declines in sharpness and the tubercles almost completely
disappear near the aperture (Pl. 4, figs. 1-4). 1In both dimorphs the
body chamber uncoills slowly, becoming relatively higher and rounder in

cross—-section with loss of the lateral shoulde%.

These dimorphs occur toéether on South Balch Island (Table 5;
Text-fig. 1), the macroconch being approximately 3-4 times the size of
the microconch and almost four times as abundant. Specimens of both
dimorphs also occur together in the Rock Creek Member of the Fernie
Group at Ribbon Creek in southern Alberta. The specific epithet
"itinsae" 1927 has precedence over "yakounense'" 1930; the species is

renamed Stephanoceras itinsae (McLearn, 1927).

Stephanoceras skidegatense (Whiteaves, 1876) g & 0

(PL. 7, figs. 2, 3, 6; Pl. 8, fig. 1; Text-figs. 34-40)

Stephanoceras skidegatense 9

1876  Ammonites Skidegatensis Whiteaves, p. 34; Fig. 4; Pl. 7.

1884  Perisphinctes Skidegatensis ; Whiteaves,~p. 210.

1900  Perisphinctes skidegatensis; Whiteaves, p. 278.

1932 Stephanoceras skidegatense (Whiteaves); McLearn, p. 54; Pl. I,
fig. 2; Pl. 2, fig. 3; Pl. 3, figs. 8, 9.

1932 Stephanoceras skidegatense var, laperousii McLearn; pp. 54, 553
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Pl. 1, fig. 1; Pl. 3, fig. 3.

Holotype: GSC 5011, collec ted by J. Richardson at Skidegate I;let, 1872.
No details of the precise locality are known. However, the only other
specimens from the Queen Charlotte Islands referrable to this species
have all been collected from the lower parts of the Yakoun Formation at

Richardson Bay on the south shore of Maude Island (Text-fig. 1).

Material: Two large body chamber fragments and a number of incomplete
phragmocones have been collected by me and by Sutherland Brown from the

Richardson Bay locality.

Description: The inner whorls are coronate in cross-section, being much
wider than high (H/W ratios average 0.65 up to diameters of 60 mm) with
a broadly arched venter curving sha?ply onto the flanks which are at
first® flat and steep. During ontogeny the flanks become more inflated

with gradual rounding onto the venter which is more highly arched.

Ribbing is  very sharp ;nd,strongly developed throughout. At
diameters less than 30 mm there are 9-12 primary ribs per half-whorl,
strongly'prorsiradiatehwith prominent; conical tubercles. There are 2.5
secondaries to each primary. During growgh,the number of primary ribs
increases slowly to 15 per half-whorl and the density of secondaries

. increases to 2.5-3.5 per primary.
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Text-fig. 34. Plot of whorl width (W) against shell diameter (D) for
Stephanoceras skidegatense (Whiteaves) Q & 07 from
Richardson Bay, Queen Charlotte Islands. Measurements .
from 12 macroconch and 3 microconch specimens.

~
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’

The length of the body chamber is so far unknown as complete
specimens with aperture have not been found; it is in excess of three-
quarters of a whorl. Uncoiling to serpenticone condition begins at
about 100 mm diameter but the umbilical seam moves only slowly away from
the line of tubercles on the previous whorl. The body chamber is
relatively higher and rounder than the phragmocone whorls, becomes oval
in cross-section (H/W = 0.73). Ribbing remains strong and sharp ;ight
to the aperture but the tubercles are reduced to slight laterally-
elongated swellings on the flanks. Secondary ribs reqain as strong as
thé primaries but decrease in density till there are only 2-2.5 per
primary: fhere is also a loss of bifurcation, most seconddries arising
by intercalation and 1acking any connection with the tubercles; it is

not uncommon for primary ribs to continue right over the venter.
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Text-fig. 35. Plot of whorl height (H) against shell diameter (D) for
Stephanoceras skidegatense (Whiteaves) Q & o7 from
Richardson Bay, Queen Charlotte Islands. Measurements
from 12 macroconch and .3 microconch specimens.

One body chamber fragment collected by me shows a small part of
the apertural margin vhich consists of a simple, flared lip preceded by

a broad and very shallow depression on the flanks only.

Remarks: In whorl dimensions and ribbing this macroconch is closely
allied with S. 7Ttinsae Q from the South Balch Island locality. However,
the decline in the density of seéohdary ribbing ;nd tubercle strength
and the persistence of strong, sharp secondary ribs on the body chamber
of S. skidegatense 9 allow the Fwo species to be.separated at maturiﬁy.

So far they have not been found together at any locality.
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Text-fig. 36. Plot of umbilical diameter (U) against shell diameter (D)
for Stephanoceras skidegatense (Whiteaves) O & 0" from
Richardson Bay, Queen Charlotte Islands. Measurements
from 12 macroconch and 3 microconch specimens.

Stephanoceras skidegatense O

This dimorph has not been previously described.
Allotype: McM J1802a from Richardson Bay on the south shore of Maude
Island, Skidegate Inlet, Queen Charlotte Islands (Text-fig. 1);
approximately 20 m agbove the base of the Yakoun Formation exposed at

this locality.

Material: In addition to the allotype, eight other microconchs
(McM J1802b-g, 1805, 1803) were collected from the same locality, four

of them complete with aperture.

Description: This is the largest microconch stephanoceratid from any of
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Text~-fig. 37. Plot of the number of secondary (S) and primary (P) ribs
per half-whorl against umbilical diameter (U) for
Stephanoceras skidegatense (Whiteaves) Q & 07 from
Richardson Bay, Queen Charlotte Islands.

the Queen Charlotte Islands localities, attaining maximum diameters of

60-65 mm with robust ornamentation and only minor uncoiling on the last

quarter—whorl. ‘

At a diameter of 4 mm the whorl cross—sectién is coronate with
a smooth ghell,'brqadly arched venter, sharp lateral shouldgr‘and‘slightly
convex, moderately steep flanks. ?he only ornamentation at this stage
consists of small, rounded tubercles situated on the lateral shoulder and

extending adapicad as faint undulations about halfway down the flanks
. M (\“

(incipient priﬁary ribs). By a diameter of 6 mm faint éecondary ribs

appear, two to each primary, curving forward over the broad venter.

-

Primary ribs are still seen only"as faint extensions of the tubercles
i\\ .

\,

3
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Text-fig. 38. Whorl cross-sections through the phragmocone and body

chambers (shaded) for Stephanoceras skidegatense
(Whiteaves) (a) S. skidegatense var. laperousti Q
(holotype), GSC 6482, x t; (b) S. skidegatense S

>

(holotype), GSC 5011, x l; (c) S. skidegatense
McM J1878, x 1.
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onto the upper parts'of_the flanks. Earliest whorls very much wider than

high with H/W ratios of 9.55—0.65.

Primary ribs become strong by D = 10 mm, extending right to the
upbilical seam and curving forward with prominent, sharp tubercles on
the lateral shoulder. Secondary ribs are broad and strong, curving -
forward from the-tubercles then crossing straight over the venter.
Throughout the remainder of the phragmocone the primary ribs are stronger
than tﬂe secondaries, conspicuously curved, reaching maximum height in
the middle of the flanks and terminating in prominent tubercles at 43-53%
of the whorl height. The number of pfimary ribs increases gradually from
9 to 11 per half—who£1 whilst the ratio of sécondary to primary ribs
increases from 2.5 to 3 by tﬁe end of the phragmocone. Whorl cross-section
remains coronate with H/W ratios of 0.60-0.65, a broad venter and convex

flanks (Text-fig. 40). There is no distinct umbilical wall.

The body chamber is just over half a whorl in length, marked only
by slight uncoilinglof the last quarter-whorl. The whorl cross—section
is oval and relatively higher than on the phragmoconé whorls (H/W = 0.75-
0.85). Both primary and secondary ribbing remains strong right to the
aperture with 14-15 primaries on the last half-whorl but only 2-2.5
secondaries to each primari. The aecline of secondary rib density is
particularly noticeaole on the last quarter-whorl where each primary rib
bifurcates and intercalated ribs are absent.. Tubercles become smaller,

sharper and laterally elongated.



Stephanoceras  skidegatense o

35

/\ e
. »

Text-fig. 39.

Sutural ontogeny
for Stephanoceras
skidegatense
(Whiteaveq) o”.

¥

a-e: McM J1802a

143



C
NENE

b
Text-fig. 40. Cross-~section of the phragmocone and body chamber (shaded)

of Stephanoceras skidegatense (Whiteaves) o7.
(a) McM J1802b, x 2; (b) McM J1802a,_x 2.

There is no constriction preceding the aperture which is marked
by a slightly flared lip; the beginning of the lateral lappets is visible
on the four nearly complete specimens.

The mature suture is only moderately incised (Text—-fig. 39). .

L is trifid and not as deep as E while U2‘is very short. U, is long,

3
narrow and strongly oblique. E/L is higher than L/U2; the tubercle. is
situated on the ventral sidq of the L/Ui saddle.

Remarks: The decline to strong, bifurcating ribbing on the body chamber ‘
is .similar to the body chamber ornamentation of Zemistephanus d.

However, S. skidegatense o reéches_larger diémeters, has less steep

flanks, sharpei ribbing, tubercles on the body chamber, more primary ribs
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‘on the last half-whorl (14-15 compared with 9-12 for Zemistephanus G )

and a relatively higher whorl cross-section (H/W = 0.75-0.85 vs. 0.60-0.70).

S. itinsae (McLeam) ¢7 differs strongly in having a higher density
of secondary ribs on the body chamber (3 per primary) but fewer primary

ribs per half-whorl (8-10 vs. 14-15).

S. skidegatense (Whiteaves) 07 resembles Normannites orbignyi
Buckman in coiling, whorl proportions and ornamentation. The holotype
of N. orbignyi differs in rig density, having onl} 12 primariés on the
last half-whorl; however, other specimens in the collections of the
Geological Survey, London and the British Museum (Natural History) from
Dorset show denser ribbing on the body chamber. The strong, curved
primafies, sharp tubercles which decline on the body chamber and the ‘
strong, bifurcating secondary ribs all agree closely with the material

here described as S. skidegatense (WhiteaQes) d.

Dimorphism: The specimens described here for the first timé as

S. skidegatense 07 are morphologically identical throughout the
phragmocone whorls with the previously known macroconch specimens from
Richardson Bay (Text-figs. 34-36). Whorl shape and dimensions, density
and form of ribbing and changes in ornameé;ation during ontogeny are
closely similar in both dimorphs. Body chamber modifications aré also
similar in both (excluding apertural modificatioms), whicy is unusual for

the stephanoceratids described here.
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Slight egression of the last part of the body chamber is
accompanied by rounding of the whorl section, decrease in the density of
secondary ribs (2-2.5 per primary) and changes in the nature of the
tubercles. The persistence of strong secondary ribbing right to the

aperture enables separation of this species from the closely-related

S. itinsae.

Adult macroconch specimens are about 3 times the size of the
largest microconchs (60-65 mm); in all collections so far made from the

Richardson Bay locality they occur in approximately equal numbers.

Stephanoceras sp. 0" aff. S.‘skidegatense (Whiteaves, 1876) o”

(PL. 8, figs. 2, 3; Text-fig. 41)

Material: Two partially preserved specimens from the lower part ok the
Yakoun Formation at Richardson Bay, Maude Islénd, Queen Charlotte Islands:
McM J1804, half a body ch;mber whorl with a half~whorl of the preceding
phragmocone attached, from 9 m above the base of the exposed section;

and McM J1806, a smaller phragmocone found 20 m above the base of the

section.

~

Description: The phragmoconé whorls are depressed (H/W = 0.63-0.72) with
a strongly arched venter which rounds evenly onto the inflated flanks,
there being no léteral shoulder. The flanks slope gradually to the

umbilical seam. Primary ribs are relatively short, reaching only 36-427%
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Text-fig. 41. Cross-section through phragmocone and body chamber (shaded)
whorl of Stephanoceras sp. 07 aff. S. skidegatense
(Whiteaves) . McM J1804, x 1. From Richardson Bay.

of the whorl height where a rounded, elongate swelling is developed and
bifurcation occurs. The primary ribs are strong, rounded and curved
forwards; there are 9-12 per half-whorl. Secondary ribs are also strong,
curving slightly forward from the‘point of bifurcation and then crossing
straight over the venter; there are 26 per half-whorl (i.e. 2.4 to each

primary).

The half-whorl of body chamber preserved shows gradual egression
but the whorl section and ornamentation show little change. There are
14 primary ribs on the last half-whorl with 28 secondaries, all of which

remain strong- and rounded.

Remarks: This species is distinguished from S. skidégatense (Whiteaves) d"
by its stronger, more widely spaced secondary'r?bbing on the phragmocone
whorls (cémpare Pl. 8, figs. 1b, c with Pl. 8, figs. 2b, 3a); more

roundgd whorl cross-section with highly arched ventex but laéking a

lateral shoulder and shorters thicker primary ribs without sharp tubercles.
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S. i1tinsae (McLearn) d differs in the higher density of secondary
ribbing which persists almost to the aperture and the more coronate
whorl section with a clearly defined lateral shoulder and broad venter

on the phragmocone whorls.

Stephanoceras sp. aff. S. caamanoi McLearn, 1930 Q

(P1. 10, fig. 1; Text-fig. 42a)

Material: McM J1779k, from Agua Dulce, Caracoles, Antofagasta Province,
Chile; upper part of the "Stephanoceras beds". The specimen reaches

a maximum diameter of 93 mm-and is entirely septate.

Description: Whorl cross-section rounded, lacking lateral shoulder, and
almost as wide as high with H/W = 0.85-0.95 (Text-fig. 42a). The strongly
arched venter rounds gradually onto the flattened flanks which in turn
curve a little moré strongly toward the umbilical seam. The umbilicus

is broad (U/D = 0.4) and shallow. Slow egression of the umbilical seam
from the line gf tubercles commences well before the end of the phragmo-

cone at U ='20 mm.

Ornamentation is strong but not sharp. Pfimary ribs curve
forward strongly, their number increasing during ontogeny from 14 to 18
per half-whorl. Rounded tubercles are situated at, or just above, the
mid-height of the whorl. Secondary ribs pass straight across the vente;,

with 3~4 per primary.
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Text-fig. 42. (a) Cross-section of phragmocone whorls of Stephanoceras
sp. aff. S. caamanoi Mclearn Q ; McM J1779k, from
Caracoles, Chile, x 1; (b) Cross-section of phragmocone
whorls of Stephanoceras caamanoi McLearn, 1930 Q ;
GSC 9056 (holotype), from South Balch Island, Queen
Charlotte Islands, x 1.

‘Remarks: In whorl shape, coiling and the long primary ribs this specimen

closely resembles S. caamanoi Mclearn; however, the latter has slightly
denser primary ribbing (20 vs. 18 per half-whorl at D = 87 mm). While on
S. cqamanoi the numbgr.of primary ribs per half—whorl.increases during
ontogeny from 12 .to 21, on thé present §pecimén the innermost whorls show
fine, dense ribbing (i4—18 per half;whorl) which becomes coarser on 1;ter
whorls (12 per half-whorl) Sefore finall& increasing in density on the

outer phragmocone whorls. Secondary ribs on S. caamangi are coarser,
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Stephanocéras humphriesianun (Sowerby) has slightly fewer,
shorter and stréiéhter primary ribs (16 vs. 18 per half-whorl at a
gimilar diameter) whicb terminate in rounded tubercles at only one-third
of the whorl height, whereas those on the present specimen extend to one-
half of the whorl height. The inner whorls of Stephanoceras kirschneri
Imlay are relatively narrower and higher (H/W of 0.98 vs. 0.91) and have
shorter primary ribs which are less densely spaced, there being only 10-

,

15 per half—whbrl. '

The fully septate holotype of Stephanoceras caamanoi McLearn,
1230 9 clearly differs from S. itinsae (McLearn, 1927) Q from the same
locality in the compressed whorl section and highly arched venter \
(compare Text—fig. 42b with Text-fig. 30). Egression oflthe umbilical

seam occurs at a much earlier stage on S. caamanoi 9 (U = 26 mm vs. 45-

~ 50 mm).

Stephanoceras sp. aff. S. kirschneri (Iglay),1964 Q
(P1. 9, fig. 1; P1. 10, fig. 2; Text-fig. 43)
Material: GA 1035a, a large, well-preserved phragmocone with part of
what 1is probably badly crushed body chamber attached, and GA 1035b, about
one quérter—whbrl of phragmocone; both from the collection of Mr F. F
Garcia, E. N. A. P. (Inst. Geol., Univ: Nac., Santiago) from Salar de
Pederngles, Atacama Province, Chile. Specimens referxed to in Westermann

and Riccardi, 1972a, p. 20.
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D = 102

Text-fig. 43. Cross-segtion of phragmocone whorls of Stephanoceras sp.
aff. S: kirschneri Imlay 9 ; GA 1035a, from Salar de
Pedernales, Chile, x-1. .

Description: Coiling becomes serpenticone.at an early stage with
egression of the umbilical seam from the line of tubercles at U = 21 mm.
Whorl section oval, slightly wider than high (H/W of 0.90 at D = 88 mm)
with gently rounded flanks curving smoothly onto the highly arched

venter (Text-fig. 43). Umbilical wall short, curved and modekately éteep;
umbilicus occupies about 40% of shell diameter. Maximum width of thegA‘

whorls occurs at about one-third of the whorl height.

Primary ribs of moderate strength, curved forward, rounded rather
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than sharp, ending in large, round tubercles at about one-—third of the
whorl height. On the attached (?)body chamber fragment primary ribs

are weak but the large, round tubercles persist, low on the flanks.
Secondary ribs curve slightly forward from the tubercle then cross
straight over the venter; on the phragmocone they are of medium strength
and closely spaced with 3 to each primary rib; while on the (?)body
chamber this ratio increases to 4 or more and the secondary ribs have
greater relief than the primaries. Primary ribs are closely spaced,

increasing from 10-11 per half-whorl at U = 5-12 mm to 15 at U = 30 mm.

a

Remarks: These specimens agree very closely with the desc¢ribed and

figured specimens of 5. {(Skirroceras) kirschneri Imlay from southern
Alaska which is here trasnferred to Stephanoceras s.s. because of its
strong similarity with the type species, Stephanoceras humphriesianun

(Sowerby) (see discuséion, p. 157). S. kirschneri'has relatively higher

whorls on the inner phragmocone than the ﬁresent specimens (H/W of 0.98

. ar
vs. 0.90 at D = 88 mm)." In. whorl dimensions these speéimens also agree

closely with S. caamanoi Mclearn fros the Queen Charlotte Islands, but
in style and density of rib ing they are closer to S. kirschnert. Primary
ribs on S. c&amanoi are_lonéer (extending to half the whorl height), more
closeiy spaced (él vs. 15 per half-whorl) and more strongly curved, but

terminate in smaller tubercles.

Stephanoceras n. sp. juv.
(1. 9, fig. 4; Text—fig. 44)

/’
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Text-fig. 44, Cross—section of phragmocone whorls of éftephanoceras n. sp.
juv., GA 1035c from Salar de Pedernales, Chile; x 1. '

Material: A single phragmocone specimen; GA 1035¢ in the collection of
Mr F. Garcia E. N. A. P. (Inst. Geol., Univ. Nac., Santiago) from Salar
de Pedernales, Atacama Province, Chile (specimen referred to in

Westermann and Riccardi, 1972a, p. 20).

Description: At the end of the preserved specimen (D = 60 mm) uncoiling
has begun with egression of the umbilical seam f;om the tubercles on .
the previous whorl. Whorls depressed, oval in cross-section (H/W = 0.70)
with inflated flanks and gently arched venter (Text-fig. 44), lacking any
lateral shoulder. Primary ribs only slightly curved forward, long and
fine, reaching to half the whorl heigﬁt on the outermost preserved whorl,
probably relatively longer on inner whorls. Large, rounded tubercles
situated at maximum whorl width, 11-13 per half-whorl. Secondary ribs
fine, densely spaced and outnumbering primary ribs 4:1; cross straight

over the venter.
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Remarks: The style of ornamentation on this specimen closely resembles
that on the inner whorls of S. cf. kirschnert ? (P1. 9, fig. 1) from
the same locality. However, that specimen has shorter primary ribs and
a';ore compressed whorl section (H/W = O.9Q2 with a narrower, mqre
strongly arched venter. 5. cf. cqamanoi Q 'from Caracoles (Pl. 10, fig.
1) also has a more compressed whorl section (H/W = 0.85-0.95) with
denser, more strongly curved primary ribbing. S. (Skirroceras) cf.
maerwn from‘Chacaico, Neuquén Province, Argentina (Pl. 9, fig. 3) alsc

has more compressed whorls on the phragmocone with sharper and more

prominent tubercles.

Stephanoceras . sp. indet, Q

(P1l. 10, fig. 3; Pl. 11, fig. 1; Text-fig. 45)

Material: MecM J1779b, a large phragmocone specimen with only a half-whorl
preserved and parts of several successiée ipner whorls, from the upper
part of the “Stephanoceras beds",.Aéua Dulce, Caracoles, Antofagasta
Province, Chile; McM J1777b, half a phragmocone whorl with parts of

several inner whorls attached, silicified, from Caracoles.

Description: Whorls with inflated flanks. and broad, arched venter,
depressed (H/W = 0.65-0.75). Flanks curve‘concinudusly to the umbilical
seam with no distinguishable lateral shoulder or umbilical wall (Text-
fig. 45). Umbilicus deep, represeht{ng 40% of shéll diameter; umbilical

seam lies along the line of tubercles on the previous whorl and neither
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b
Text-fig. 45. Whorl cross-sections through phragmocone whorls of
Stephanoceras n. sp. indet Q . (a) McM J1777b, from
Caracoles, Chile; x 1; (b) McM J1779b, from Caracoles,
Chile; x 1. .

specimen shows egression. Features of the body chamber and aperture

unknown.

' Primary ribs long (é%tending 50-70% of the whorl height), thin,»

. 7 ) -
sharp and strongly curved foxrward, especially on inner whorls; closely
spaced dith'}Z—lé per half-whorl. Tubercles conical and sharp, situated

high on the flanks. Secondary ribs much finer and more numerous,

outnumbering the primary ribs 5-6:1, and crossing straight over the venter.

Umbilical lobes of the external suture are strongly oblique.
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Remarks: These gspecimens differ from previously described broad-whorled
$pecies of Stephanoceras’s. s. in having long, sharp and curved primary
ribs and dense, fine secondaries. In both these features they are similar
to species of Cadomites but are distinguished fro; members of that genus
in having strongly oblique umbilical lobes in the suture (Westermann,

1956b; Westermann and Rioult, 1975).
Subgenus Stephanoceras (Skirroceras) Mascke, 1907

. Type Species: Skirroceras macrwn (Quenstedt, 1886/7), by original

.t

designation. .

RemarKs: European representatives of this Subgenus are many-whorled,
serpenticone forms with a wide, shallow umbilicus. Egression of the
umbilical seam frop the line of tubercles on the previous whorl ooéurs
at uﬁbilical diameters lessﬁthan 40 mﬁ and always well before commence-
ment of the adult body chamber. Whorls are circular in cross-section

early in ontogeny with H/W ratios exceeding 0.90 at diameters of 140 mm

and increasing to greater than 1.Q on the body chamber.

Three species of S%ephanoceras (Skirroceras) have been described
from fouthern Alaska: 5. juhlei, S. nelchinanwn and S. kirschnert
Imlay spp. (Imlay, 1964,'pp. 46-48). Of these, S. kirschneri is said to
resemble closely the European S. macrun (Quenstedt) in all features

except the mature body chamber which on the Alaskan species is relatively

Ty
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higher. Inner whorls of S. (Skirroceras) kirschners (Imlay,1964; pi. 18,
figs. 1-3; P1. 19, figs. 3, 5, 65 are very similar to the full; septate
lectotype»of Stephanoceras humphriesianum_(Sowerby) in whorl shape,
colling and ribbing.. The primary ribs on S. (Skirroceras) kirschneri are
a little more widely spaced (at D = 102 mm; 16 vs. 18 per half-whorl)
while the density of seconﬁ;ry ribs is a little highgr (4.5 per primary
vs. 3.0). - |

4

Noné of the Al;sgan species placed in the Subgenus Skirrécgras
has t%e circul;; whorl section and sh;rp ornamentation characteristic of
Skirroceras macrﬁm and so- they are here trdagferred to étephanocef&s S. S.
The Subgenus S. (Skirroceras) is retained onl§ for those forms closely

resembling S. (Skirroceras) macrum with circular whorl .sections and sharp

ornamentation of high relief.

Stephanoceras (Skirroceras) cf. macrwn (Quenstedt, }886}7)

¢

(P1. 9, fig. 3; Text-fig. 46)

Material: McM J1323a, from the Lajas‘Fofmation, Chacaico, Neuquén 7
‘Province, Argentina. Short segments of two successive whorls, partly

corroded; :specimen referred to by Westermann and Riccardi (1972a, p. 10).

Description: Outer whorl fragmené (possibly body chamber) rounded in
cross—section, almost ‘as high as wide (H/W = 0.92), with inflated flanks

“and strongly arched venter (Text-fig. 46). Coiling'aq this stage éyolute

>,
A
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Text-fig. 46. Cross—section of phragmocone and probable body chamber
whorl of S. (Skirroceras) cf. macrum (Quenstedt).
McM J1323a from Lajas Formation, Chacaico, Argentina,
x 1.

with little Qhorl oveflap and secondary ribbing on inner whorl well
exposed. Orﬁamentagion strong with short, almost straight primary ribs
terminating in large, conical tubercles at half the whorl height;
Secondary ribs strong, four to each primary, directed forward from the

tubercles, then crossing straight over the venter.

Remarks: This specimen occurs with Emileia sp. Q , Sonninia (5.?2) cf.

alsatica Q & 0'? (Haug) and, S. (?upilliceras) cf. espinazitensis Q
(Westermann and Riccardi, 1972a, p. 10) }ndicating'the Sauzel Zone. It
closely resemgles Sﬁirrocer&s maerum in the evolute coiling, round whorl
section and:shor; primary ribs-with tubercles.at.abouf half the whorl

.

ﬁqight and the dense, sharp secondary ribbing.

»
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Subgenus Stephanoceras (Stemmatoceras) Mascke,'1907

Type Species: Stemmatoceras coronatwn (Quenstedt, 1886/7) [= S. frechi

Renz, 1913] by original designation.

Remarks: Six species have been assigned to Stemmatoceras from widely

scattered localities in western North America:

Stemmatoceras albertense McLearn, 1928;' base of the Fernie Group,
headwaters of Sheep Creek, Alberta;

Stemmatoceras palliseri McLearn, 1930; Ferﬁie Group, upper Whitehorse
River, Mountain Park area, Alberta;

Stemmatoceras melearni Warren, 1947; specimen as float in Miners
Creek near Cadomin, Alberta (presumed to be from the Rock Creek
Member, Fernie Group); .

Stemmatoceras carri Warren, 1947; Rock Creek Member, Fernie Group near
Cadomin on the WhitehorseiRiver and near Burns Mine, south~we§t
of Calgary (three syntypes);

Stemmatoceras ursinum Imlay, 1964; Fitz Creek Siltstone, souﬁhern

‘ Alaska, and, '
Stepmafécefas arcicostum Imlay, 1967; Sliderock Member, Twin Creek

Limestone, Montana.

Measurements of whorl dimensions and ribbing densities for the

\

four Canadian species have been comparéd'with data for a number of

specles of Stephanoceras s.s. from western Canada and Europe. Data for
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" the Canadian species include measurements on plastotypes, additional

material collected from the Rock Creek Member in Ribbon Creek, southern
Alberta and on material loaned by the University of Alberta, as well
as the original published holotype measurements. All the western
Canadian "Stemmatoceras” have whorl dimensions corresponding closely
with those of Stephanoceras s. s. spp. (in particular S. itinsae (McLearn)
Q and 5. skidegatense (Whiteaves) Q).
o

"Stemmatoceras" albertense McLearn has as holotype a fully
septate, distorted specimen on which only one side 1s preserved; most
of tﬁe ventral parts of the ultimate whorl have been crushed. In whorl
dimensions and the loné, curved primary ribs (18-20 per half-whorl) this
specimen closely resembles Stephanoceras itinsae (McLearn) Q.'It doeé

not have narrower whorls or a shallower umbilicus than "Stemmatoceras”

palliseri McLearn as suggésted by Warren (1947, p. 68) but differs in

having more primary ribs (18 vs. 13 per half-whorl at similar diameters).
The relatively undistorted specimég from Ribbon Creek described anq
figured by Frebold (1957, p. 50; Pl1l, XXT, figg. 2a, b; PLl. XXITI, figs.
la-c) as Stemmatoceras albertense McLearn is identical with Stephanoéeras
itinsae'(McLearn) Q from the Queen Charlotte Islands. The inner whorls
as measured by Frebold (é. 51) correspond in all dimensions with

5. itinsae ;nd the increase in whorl height on the last preserved whorl
and fine, dense secondary ribbing strongly confirm identification with

that speciles.
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The holotype of "Stemmatoceras"” palliseri McLearn is a wholly
septate specimen, somewhat distorted and corroded. The whorls are
cadicone with a highly arched venter, moderately steep and curved
lower flanks and a moderately deep umbilicus. It differs from S. itinsae
only in the nature of the primary ri;s which are shorter, broader and
more widely spaced (14 per half-whorl“at D = 130 mm). "Stemmatoceras"
cf. "S." palliseri McLearn described by Imlay from southern Alaska (1964,
pp. B48, 49; Pl, 20, figs. 5, 6} Pl. 21, figs. 2, 4) also has whorl
dimensions and coiling very similar to S. Ztinsae with a corresponding
decline in ornament on the body chamber. Howevér, the Alaskan specimen
has fewer primary ribs (12 vs. 16-19 per half-whorl at D = 130 mm) with
larger nodes. Secondary ribs are rather more dense on the inner whorls

of Imlay's specimen but become'broader and less dense (3 secondaries®

per primary)‘on the body chamber (as on S. itinsae ):

"Stenmatoceras” mclearni Warren has an almost entirely septate
holotype with egregsion of theé umbilical seam just beginning near the
end of the specimen. The umbilicus is bread and snallow with slightly
inflated flanks rounding gently onéo the venter. On the internal mold

the ribs are only of moderate relief, long'and curved with small, round

tubercles. On the greater part of the ultimate wharl the venter has

been badly crushed and corroded but the secondary ribs ate of moderate
relief curving vefy slightly forward from the tubercles,'with about

- ‘ -
three to each primary at the beginning of the body chamber. This species

bears a very close resemblance to Stephanoceras itinsae (McLearn) Q

differing only in having a shallower umbilicus and slightly less dense
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primary ribbing.

"Stemma%oceras" cafri Warren was based on three syntypes which
are characterised by early flattening of the flanks and increased arching
of the venter (Warren, 1947, p. 69). The long, curved primary gibs are
less robust than those of "Stemmatoceras” melearni and more closely
spaced; the flanks of "S." carri are steeper and more inflated, a£~ A
least on the early whorls. The syntype from the headwaters of Sheep
Creek near Burns Mine (UA Jr 485) is an incomplete phragmocone reaching
only 80 m& diameter. In whorl dimensions it is very close to the inner
whorls of Stephanoceras itinsae (Mclearn) 9 and has similar ornamentation:

long, curved primary ribs (16 .per half-whorl at D = 80 mm) terminating

“
in small, sharp tubercles and with 3-4 fine secondary ribs per primary.

The coronate imner whorls with broad primary ribs and large,
conical nodes along a well~defiéed lateral shOuider and the marked
egression and rounding of the body chambér on "Stemmatoceras" ursin;m
Imlay are all features strongly reminiscent of Zemistephanus spp.
(especially Z. aldb&hgsis n. sp. Q).

>

The large size and rounded final whorl of "Stemmqtoceras"

P

areicostun Imlay are features in common with the supposed 'Teloceras”

A

allani Warren; however, the latter has longer, more closely spaced

primary ribs with stronger, less dense secondaries. The inner whorls

.

on both forms remain poorly known.
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PREVIOUS TAXA ' HERE -
Stemmatoceras albertense McLearn (holotype) Stephanoceras albertense. (McLearn) Q
Stemmatoceras albertense McLearn; Frebold, 1957 Stephanoceras itinsae (Mclearn) 9
Stemmatoceras palliseri McLearn (holotype) - Stephanoceras palligeri (HcLeam) Q

Stermatoceras cf. S. palliseri McLearn; Imlay, 1964 Ste;}hmtécems cf. S. palliseri (McLearn) Q

Stemmatoceras mclearni Warren (holotype) Stephanoceras itinsae (¥cLearn) Q
Stemmatocerag carri Warren (holotype) Stephanoceras itinsae (McLearn) 9
Stemmatoceras ursinwn Imlay (holotype) ? Zelmiatgph:mus sp- Q
Stemmatoceras arcicostum Iuwlay (holotype) ?

Table 8. Suggested taxonomic placement of material from western North
America previously identified with "Stemmatoceras’.

All the specimens from western Canada assigned to "Stemmatoceras”
increase in Qhorl height during ontogeny with arcﬁing of thé venter
and a change frop cadicone to serpenticone coiling. This is particularly
noticeable on the body chambers where umbilical enlargement is.also seen,
along with a decline in the strength and density of ribbing. All of
th;se ontogenetic changes find parallels in Stephanoceras itinsae 9‘
and S. skidegatense Q- It does not appear reasonable to maintain
separatién of these four Canadian species in the subgenus "Stenmatoceras"
recognition of which is largeiy based'on greater relative whorl width,
The inner whorls of Canadian Stebhanoceraé s. s. and "Stemmatoceras"
are coronate till quite late in ontzgeny with uncoiling and conctfgé%bn
of the whorl to an oval or rounded.cross—section 6ccurring only/é; the
last whgrl (and corresponding closely to the beginning of “the body
chamber). I believe that these species of "$temmatoééras" ought to be
tranéferred to Stephanoceras s. s. and that some (S. earri and |

S. melearni) are actually synonymous with 5. itinsae Q - Table 8
' ' i
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lists the taxonomic treatment suggested here for ammonites from

western North America previously identified as "Stemmatoceras"”.
Genus Teloceras Mascke, 1907

Type Species: Teloceras blagdent (J.. Sowerby, 1818), by original

designation.

Remarks: Teloceras Mascke was originally distingulshed from other
stephanoceratids by its étrong nodes, sharp umbilical shoulder and the

great thickness of the whorls (Mascke, 1907, p. 31). The distinétive—

'_ ness of this genus was further emphasised by Weisert (1932) and

Schmidtill"énd Krumbeck (1938). They indicated that, although the
complete body chamber was rarely seen, the mature shell exhibited. a

decline in the strength of the sculpture, slight rounding of the whorl

>

section and, in some’ forms, minor egression. A number of almost
-complete specimens was examined by me in the British Museum of Natural
Histcry. Aﬁsleast the adaéical parts of the body chamber remain
strongly coronate in whorl section with broad whorls and flat venter

&

and large, round nodes sitdated along the acute lateral shoulder. In

. many the venter is almost smooth due to the loss of secondary ribbing..

The following species have been ascribed to this genus from
U
western North America: \

Teloceras dowlingi McLearn, 1930, p. 2. Fully described and figured

by McLearn, 1932, p. 112; P1. 1; PI. 5, figs. 2, 3. Rock
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Creek Member at ?Ribbon Creek, southern Alberta. Holotype
GSC 9050.

Teloceras warreni McLearn, 1930, p. 3; Pl. 1, fig. 4; and MclLearn,
1932, p. 113; Pl. 3; Pl. 4. Fernie Group, Porcupine Creek,
Kananaskis River, southern Alberta. Holotype UA Jr 114.

Teloceras titinsae McLearn, 1932, p. 51; Pl. 10, figs. 1, 2. Talus
in the lower Yakoun Formation, MacKenzie Bay, Queen Charlotte
Islands. Holotype GSC 6481.

Teloceras stelcki Warrem, 1947, p. 71; Pl. VI, fig. 1.?Rock Creek

Member, Fernie Group, Whitehorse River near Cadomin, Alberta.

Holotype UA Jr 490.
Teloceras allani Warren, 1947, p. 70; P1l. II, fig. 1. Rock Creek

Member, Fernie Group, Highwood—-Sheep River area, Alberta.

Holotype UA Jxr 479.

=

Teloceras dowlingi McLearn is based on an incomplete épecimep
which is wﬁolly septate except for about one quarter-whorl of‘Body
chamber. ‘In his first full description of this species McLearn (1932,
pp. 111-113) himsglf noted some important deviations from the established
characéers of Teloceras Mascke. Most. of these differences are apparent
on the body chamber: egression of the umbilical seam from the line of
nodes, high arching of the venter and rounding of the previously steep
umbil}caliwalls; and a marked decrease in the strength of the nodes. On
the body chamber H/W incréases to 0.71 which is far greater than any
known QalueS'for undoubted species of Teloceras from.wester; Europe

(values of 0.40-0.50 are common at similar growth stages).
* \
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The holotype of Teloceras warreni McLearn, judging from
McLearn's illustration (1932, Pl. 3; Pl. 4), is almost entirely septate
with a shorF and very steep umbilical wall, an acute shgulder with ;ound,
blunt nodes and even at early stages a highly arched and rounded venter.
The umbiiicus is narrow (less than 50% ofhkhe total diameier)xand deep,
even after gradual uncoiling commences about one whorl before éﬁe’gnd
of the specimen. McLearn (1932, p. 113) also noted the similaritfégAPf
the inner whorls of this specimen to Zemistephanus vancouvert [= Z.
richardsont 9] from the lower Yakoun Formation, Queen Charlotte Islands.
The deep, crater-like_umbilicus, narrow and steep umbilical wall and
large, round nodes low on the flanks certainly indicate a close relation-
ship with Zemistephanus; however, the épecimen in question is consider-
ably 1af§er than most Zemistephanus Q,‘except 2. alaskensis n. sp.
from southern Alaska (p. 107). Strong elliptical uncoiling of the

umbilical seam in. Zemistephanus  begins only at the end of the

phragmocone (over the last half-whorl before the aperture).

Teloceras itiﬁsae McLearn was based on a small (D-= 71 mm)
septate specimen yith features similar to Teloceras; several additional
phragmoco;e specimens ‘have been collected by the writer from the txﬁE/’
locality, all as f¥oat. The nature of the mature whorls and body

chamber remain unknown. Coiling is dinvolute with the umbilical seam

running along the line of nodes; the latter are prominent and situated

on the acute lateral shoulder which separates the steep umbilical walls

from the broad, gently arched venter. At this growth stage there is g

close similarity with the inner whorls of T. dowlingi Mclearn in all



167

features except the strength and density of the seéondary ribbing

(7. dowlingi has 4 secondary ribs per primary vs. 3 on T. itinsae at
similar diameters). Twenty-eight specimens (of which three were
figured) from southern Alaska have been placed in this species (Imlay,
1964, pp. B50, 51). He notes that the body chamber of several large,
complete specimens becomes nearly as high as wide and uncoils over the
last half-whorl; the aperture is simple. While the umbilicus is deep
and narrow on the inner whorls, with large, round nodes on the lateral
shoulder (simildr to Teloceras), the venter qu?%ther more strongly
arched and the lateral shoulder less abrupt. On the body chamber the
umbilical wall becomes progressively less steep till near the aperture
it grades continuously onto the highly arched venter. The loss of the
steep umbilical wall and the relatively narrow body chamber (H/W =
0.65-0.90) with highly arched venter all clearly distinguish these
Alaskan specimens from any known Teloceras. They compare closely with
Zemistephanus McLearn 9 from the Queen Charlotte Islands and southern
Alaska in possessing a deep umbilicus with steep walls, large blunt
nodes along the lateral shouldexr, increased arching of the venter on
the adélt yhorls and Qarked egression of the body chamber. These
specimens are here regarded as a new species of Zemistephanus,

Z. alaskensis n. sp. 9 (p. 107).

Teloceras sveleki Warren also shows body chamber features
atypical for Teloceras: egression, arching of the venter and increased
whorl height (H/W = 0.70-0.90) according to Warren's original measure-

"ments (Warren, 1947, p. 71).
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The holotype of Teloceras allani Warren is by far the largest
of this group (D = 277 mm) and has almost .one whorl of body chamber
preserved. The inner whorls are tightly coiled with the umbilical seam
following the line of nodes; these are small, round and situated on
the lateral shoulder. Umbilical walls are steep producing a deep and
narrow umbilicus. Uncoiling commences about half a whorl before the
end of the phragmocone. At the same time the umbilical walls become
rounded and less steep, merging more gradually with the arched venter
(H/W increases from 0.64 to 0.84). The strong primary ribs which, on
the inner whorls, are conspicuously directed forward as they approach
the umbilical seam;‘become broader and decline in strength on the body
chamber till near the‘énd they are quite faint; nodes‘and secondary ribs
also decline on the body chamber. Again, the characteristics of this

specimen clearly separate it from Teloceras.

These forms from western North America with cadiéonic early
whorls of Teloceras-aspect which on the body chamber undergo uncoiling,
marked increase in relative whorl height and arching of the venter might
best be grouped as a subgeﬁus of, Telorveras. This group would initially
include T. dowlingi, T. allani and T. stelcki; T. itinsae may be included

but the body chamber characteristics are unknown.

Poggibly the only true Teloceras yet described from North America
ié a specimen from the Rock Ckreek Member in Ribbon-Creek, southern

Alberta figured by Frebold (1957, pp. 52, 53; Pl. XXV, fig. 1; Pl. XXVI,

fig. 1; Pl. XXVII, fig. 1) and identified as Zemistephanus crickmayi.
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According to Frebold's,descript;on this fully septate fragment 1is
characterised by a deep, conical umbilicus, extremely thick and low
cross—-section, broad and only slightly arched venter and high, conical
tubercles. Primary ribs are not strongly developed but from the tubercles
situated on the acute lateral shoulder relatively fine secondary ribs’
‘cross almost straight over the venter. There are ;bout four secondary
ribs to each tubercle at a diameter of 97 mm; on the ffagment of the
next outer whoél this number 1is the same. At U = SO%mﬁ there are 11
tubercles per ha1f~§hor1. From the acute lateral shoulder straight
umbilical walls descend very steeply to the seam. Though there 1s
slight egression of the last preserved whorl fraggent from the line of
tubercles there is no decline in the steepness of the umbikical‘wall,
nor increased rounding of the'whorl section, ashusually found in
Zemistephanugs. On the last whorl H/W = 0.50; on the next inner whorl
it is 0.53. The spacing of tubercles and secondary ribs, and the whorlﬁ
shape, are very similar to thégé on T. blagden% (Sowerby). Several

other fragments in' the McMaster collections from the Ribbon Creek.local-

ity of the Rock Creex Member (M¢M 51200) also belong to Teloceras.

Teloceras sp. aff. T. multinodum (Queﬁstedt, 1886) 9

(Text-fig. 47a, c)

Material: McM J1777a, J1779a from Caracoles, Antofagasta Province,
Chile. ' Both specimens consist of ahout a quarter of a large, septate -
whorl with parts of seQeral inner whorls attached; only one side of

the whorls is preserved.
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Text-fig. 47. Cross~sections through phragmécone whorls of fragments
of Teloceras. (a) Teloceras sp. aff. T. multinodum
(Quenstedt); McM J1779a, x 1l; from Caracoles, Chile;
(b) ?Teloceras sp. indet.; McM J1295, x 1; from
Caracoles, Chile; (c) Teloceras sp. aff. T. multinodug
(Quenstedt); McM J1777a, x 1; from Caracoles, Chile.

Description: Whorls strongly coronate with broad, almost flat wenter.
‘The transition to the flanks is marked by a sharp lateral shoulder lined

_with pointed, conical nodes. Flanks not inflated and falling straight to

the umbilical seam.

On the inner whorls of McM J1779a thefe are 10 primary ribs per-A
half-whorl;- they are strong,.but not sh;rp, and curve forward approaching
the umbilical seam. On the 1a;gr whorl primary ribs are broad on the
‘upper flanks but disappear on the loﬁer flanks which-afe almost sqooth,

being marked only by growth lines. Secondary ribbing is visible only
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on McM J1777a where there are four to each primary. The sharp nodes
are situated along the lateral shoulder which is the point of maximum
whorl width (at about 75% of the whorl height). The only exposed part

of the suture shows strongly oblique umbilical lpbes.

Remarks: Another large and well preserved specimen from Chacay Melehue,
Neuquén Province, Argentina (McM‘g}757) is" also compared with Teloceras
multinodum (Quenstedt) by Westermann and Riccardi (1972a, p. 13). The

phragmocone whorls are vefy similar go those of the specimens dggcribed

here.

?Teloceras sp. indet.

(P1. 11, fig. 3; Text-fig. 47b)

. .‘Material: McM J1295, from Caracoles, Antofagasta Province, Chile. Parts

of. three successive whorls preserved with one side corroded. .

Description: Whorls coronate with broadly arched venter, rounded lateral

'
'

shoulder and steep flanks falling to the umbilical seam. Whorls strongly
depressed with H/W = Q.56. There is slighf egression of the final

pfeserved whorl.

Primary ribs strong and curved forward, especially near the
umbilical seam. They extend to approximately 667 of the whorl height,

terminating in large nodes which are comical and sharp on the inner
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whorls but become rounded on the last whorl. Secondary ribs are strong,

about 4.5 to each primary, arching forward slightly on the venter.

Remarks: This phragmocone bears strong resemblance to the inner whorls
on the holotype of f. stelcki Warren but as discussed elsewhere (p. 167)
the outer preserved whorl of that specimen egresses and becomes rounded

in section, losing the lateral shoulder, large nodes and gently arched
venter typical of Teloceras. Thus it is here suggested (p. 167) that

T. stelcki Warren is not a true felocefas._ The nature of the body chamber

of the present specimen remains unknown, but already the whorls of the

phragmocone exhibit uncoiling, suggesting doubtful affinity Qith Teloceras.
) » '
Genus Epalxites Mascke, 1907

Type Species: Epalxites anceps (Quenstedt, 1886), by original designation.
v

?Epalxites sp. indet. Cf[ndcroconch]

(P1. 11, fig. 4; Text-fig. 48)

Material: GA 1035d, from the collection of Mr F. Garcia, E. N. A. P.

O(Inst. Geol., Univ. Nac., Santiago) from Salar de Pedernales, Atacama

Province, Chile. Specimer referred to by Westermann and Riccardi (1972a,

p. 20). Complete microconch with lappet, body chamber laterally crushed.

Description: The adult shell reached a diameter of approximately 62 mm
N

N\
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Text-fig. 48. Cross—section through phragmocone and body chamber (shaded)

of ?Epalxites ‘from Salar de Pedernales, Chile; GA ,1035d,
x 1.

ﬁﬁliﬁe aperture which is marked by lateral lappets. Body chamﬁer coronate,

- ‘
depressed (H/W = 0.56), just over half a whorl in length, with broad and
! ¥

almost flat venter at adapical eﬁd, an abrupt lateral shoulder and éteep ’

flanks. Primary ribs curved ‘forward, strong, reaching to 75% of whofl

“

3 .
height and-terminating in large, round nodes situated along the lateral

shoulder; 12 on the last half-whorl. Secondary ribs finer, slightly
convex forward, outnumbering primary ribs 4:1. On the phragmocone whorls
the flanks are a little more inflated but the abrupt shoulder and almost

flat venter dare present. Primary xibs finer and sharp, 10 per-half—whorl,

’

curved forward with smaller, sharp nodes.
'Remarks: Numerous species of the genus have been described by Westermann,
(1954) from western Europe, all from the Sauzei Zone or lowermost
Humphriesianum Zone. ' Compared with the preéent‘specimen these all have
more rounded whorls with narrower venter, stronger and étrqighter primary

ribs and larger, spinose tubercles. '
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3 . Stephanoceratidae gen. et sp. indet. A
. (P1. 8, fig. 6; Text-fig. 49b)

)

Materiali’ Abput one quarter.of a whorl, with oné side corroded, from

‘10-15 m above the exposed basé of the Yakoun Formation at MacKenzie Bay,

Queen Charlotte Islands. McM J1860.
'Deéctigtion: This small fragment is figured because of its distinctive
1 features. The whorl section is much wider than high, coronate, with

slightly inflated flanks, abrupt lateral shoulder.and broad, gently

*arched vehter (Text—fig. 49b).

_Ornamentatiop is very strong.- Primary ribs are slightly curved

forward, becoming massive on the upper flanks and terminating in large,
.conical'tubercles sitﬁated along, but protruding above, the lateral
Eﬁhoulder. Secondary ribs, formed'by trifurcation at each tubercle,

arch forward across the venter and sare of greater relief.

Stephanoceratidae gen. et sp. indet. B ?9 [macroconch] -

(P1. 8, fig. 4)
Material: GSC 858 collected by Sutherland Brown at MacKenzie Bay,
"Queen Charlotte Islands. Half-whorl of phragmocone with two fragments

of the succeeding body chamber whorl attached.

Remarks: In whorl dimensions and coiling this specimen is ver& similar



175

‘
>

Text-fig. 49. Stephanoceratidae gen. et sp. indet. (a) cross—section

: ' through part of the phragmocone whorls of sp. C, x 1;
McM J1861; (b) cross-section of part of a phragmocone
whorl of sp. A, x 1; McM J1860.

to Stephanoceratidae gen. et sp. indet. C (Text-fig. 49a) from the same
locality. It differs in having less sharp, rectiradiate primary ribs

which, on the body chamber, become very broad on the flanks.

Stephanoceratidae gen. et sp. indet. C ?Q [macroconch]

(P1. 8, fig. 5; Text-fig. 49a)

Material: A single phragmocone specimen, McM J1861, 80 mm in diameter,
fully septate, with only one side of the whorls preserved and much of
the venter damaged. From MacKenzie Bay, Queen Charlotte Islands, 10-15 m

above the exposed base of fhe Yakoun Formation.
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Description: Outermosj preserved whorl coronate with convex flanks,
abrupt lateral shoulder and almost flat venter (Text-fig. 49a).
Umbilical seam runs along line of tubercles on next inner. whorl. No

measurements of whorl dimensions possible due to fragmentary nature of

specimen. v

Primary ribs strong, sharp on inner whorls, strongly curved
forward approaching the umbilical seam, terminating in prominent,
round tubercles situated along the latefal shoulder at 757 gf the whorl
height. Secondary risbiﬁg yéry strong, curving forward slightly from
the tubercles; approximately three times as dense as ;ﬁé primary ribbing.
Suture only pa;tially known: large, trifid L and strongly oblique

umbilical lobes.

a

Remarks: The outer whorl of the present specimen resembles the sepﬁate
holotype of Teloceras itinsae McLearn, which was found as float at this -
same locality, but owing to uncertain generic affinity of that.specimen

(p. 166) no formal comparison is made.

Stephanoceratidae gen. et sp. indet. D [?Cadomites]

(P1. 11, fig.. 2; Text-fig. 50) 7

Material: McM J1779g, a quarter-whorl, probably phragmocone, silicified,

with part of the next inner whorl attached. From Caracoles, Antofagasta

Province, Chile.
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Text~fig. 50. Stephanoceratidae gen. et 'sp. indet. D [?Cadomites]
McM J1779g, x 1. Cross-section through probable
phragmocone whorls. )

Description: Whorl section'depressed (H/Wl= 0.70) with broad, gently
arched venter, promounced lateral shoulder and slightiy inflated flanks
(Text-fig. 50). Primary ribs Broad and Qtrong, cur;ed.forward on lower
flanks, reaching maximum relief on mid-flanks, then decreasing in relief
and becom{ng radial; terminate in'lhrge, round tubercles situated on

the lateral shoulder at aboﬁt 60% of‘the whorl height. Primary ribs
widely spaced with about 9 per half-whorl; sharp secondary ribs outnumber

primaries 4:1, arching gently forward' across the venter.

Remarks: The long, c&rved primafy ribs and densely spaced, sharp
secondary ribs are ;imilar to the style of ornamenéation on Cadomites

but the suturé on thewppesent specimen is unknown. It is much ‘broader,
has a more quadr;te whorl section and longer primary ribs than-descfib;d .

specles of Stéphanoceras and Stenmntocerasf

Stephanoceratidae gen. et sp. indet. E [?deomitesj '

(PL. 9, fig. 2; Text-fig: 51)
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Text-fig. 51. Stephanoceratidae gen. et sp. indet. E [?Cadomites]
McM J17791, x 1. Cross-section through a whorl from
the phragmgcone.

Material: McM J17791, representing the last half-whorl of the phragmo-
cone, silicified but corroded, inner whorls not preserved. From

Caracoles, Antofagasta Province, Chile.

Description: The last septum is present at the end of the preserved
% -4

specimen (P1l. 9, fig. 2b) and the sutures appear to be approximated and

' simplified, though corrosion makes this difficult to determine with

[y

certainty. Septation ceases at a diameter of 60 mm where the whorl is
rounded in cross-section, being almost as hiéh as wide (H/w = 0.88).
The venter is stré#gly arched and curves gradually to the flanks which
‘are slightl; flattened and then curve sharply to the umbilical seam
(Text—figl 51). The umbilicus appears to have been broad and sﬁﬁlloﬁ,

)

occupyiﬁg about half the shell diameter.

N

<

" Primary ribs are widely spaced, there being about 10 on the
preserved half-whorl, strong but ‘not sharp, terminating at abou2\60%
of the whorl height in large, round tubercles. The finer secondary

ribs outnumber the primaries 4:1 and pass straight over the venter.
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Remarks: In style and density of ribbing this specimen closely resembles
some of the incomplete macroconch specimens described here from‘the same
locality (p. 154; Pl. 11, fig. 1) but has a higher and rounder whorl
section. Compared with microconch North American Stephanoceras s. s.

this sﬁecimen has denser secondary ribbing and the whorl cross-section

is much more rounded and relatively narrower.

Family SPHAEROCERATIDAE Buckman, 1920

Genus Chohdroéeras Mascke, 1907

nge’Sgeciesi Chondroceras gervillii (J. Sowerby, 1817), by original

designation.

Discussion: Mclearn (1927) erected two new genera for Bajocian’
sphaerocone ammonites from western Canada: Defonticeras occurring @n
the Queen Charlotte Islands, and Saxitoniceras from Alberta. He later
(1949) came t; regard Defonticeras as a subgenus of the ﬁuropean
Chondroceras -Mascke. ‘ |
"Defonticeras' McLeatn was separated from the European genus

Chondroceras by the latter having a "3-ridged mouth, somewhat regular
umbilicus,.and fine ribs sloping well f;rward near the anterior end of
the ultimate whorl" (McLearn, 1929, p. 13). Comparison of larger
collections of "Defonticeras" from the Queen Charlotte Islands, Alberta
and southern Alaska with plastotypes and figured specimens of European

Chondroceras shows that in both groupé sudden umbilical enlargement

T
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begins about two-thirds to one-half of a whorl before the aperture,
corresponding to the beginning of the body chamber. Though a three-
ridged mouth border is never seen in the eastern Pacific material, it is
by no means universal in European species of Chondroceras either (see
Plates 1, 2 and 3 in Westermann, 1956a). Primary ribs on the body chamber
of eastern Pacific species are coarser and modre widely spaced than on
European Chondrocerqs but they remain prorsiradiate,hthough_less so than
on the phfagmocone whorls. On the phragmocone the primary ribs are fine,
conspicuously curved and closely spaced as in European Cﬁondfoderas.

1 believe this minor variation’in ornamentation of the bod; chamber is
insufficient to warrant separation, even at the subgeneric level, and
"Defonticeras’ McLearn is here treated as synonymous with Chondroceras
Mascke. This follows the classification adopted in the Treatise on

Invertebrate Paleontology, Part L, Mollusca (Arkell, 1957, p. L292).

Two small sphaeroconic species from Alberta were distinguished
by McLearn (1927, 1928) as tge genus Saxitonticeras; they were separated
from "Defonticeras"” by having a less dissected suture line and less
abrupt umbilical enlargeﬁent. Again, these minor vari;tions are not
considered sufficient for gemeric or subgeneric distinction. Indeed,
Chondroceras oblatum (Whiteavgs) 9 from the Queen Charlotte Islands,
tentatively placed in '"Defonticeras" by McLearn (1929, p: 17) has a
similarly simplified suture line (compare Text-figs. 57, 58) and is
regarded as being conspecific with Saxitoniceras marshalli McLearn.

"Saxitoniceras" McLearn is also placed in synonymy with Chondroceras

Mascke. Umbilical enlargement in "Saxttoniceras' occurs suddenly over



181

-~

the last half- to quarter-whorl and is very similar in character to

that on "Defonticeras”.

Westermann (1956a) treated "Defonticeras" apd  "Saxitoniceras"” as
subgenera of Chondrcceras; he later (1964a, pp. 55, 64, 65) tentatively
placed "Saxitoniceras” in synonymy with "Defonticeras” as the correspond-
ing microconch form. However, no "Saxitoniceras” has been found with
the macroconch "Defonticeras’” faunas on the Queen Charlotte Islands and
indeed the corresponding microconchs are very much smaller than
"Saxitoniceras"” (see Pl. 12, .figs. 8, 9; Pl. 13, figs. 7, 8). Both
species of Chondroceras from the Queen Charlotte Islands are strongly
dimorphic in that the macroconch is approximately three times the size
of the corresponding microconchs. However, the apertural modifications
in both dimorphs are similar: a constr#ction followed by a flared

collar.

Chondroceras ohlatum (Whiteaves, 1876) Q & 0
(P1. 12, figs. 1-9; Text-figs. 52-60)

. &

Chondroceras oblatun Q [macroconch]

1876  Ammonites loganianus Form A, Whiteaves, p. 29; Pl. 4, figs. g, 2a.

1884  Stephanoceras oblatum Whiteave;, p. 209. '

1927  Saxitoniceras marshalli MclLearn, p. 68.

1928 Saxitoniceras marshalli Mclearn, p. 223 Pl. 'VIIL, figs. 3, 4.

1929  Defonticeras oblatun (Whiteaves); McLearn, pp. 16, 17; Pl. XV,

fig. 1.

——
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1956a Chondroceras (Defonticeras) oblatwum (Whiteaves); Westermann,
pp. 102-4; figs. 18, 61; Pl. 11, figs. 4, 5.
1957 Chondroceras marshalli McLearn var.; Frebold, p. S4; Pl. XXV,
figs. 3a, b; Pl. XXVI, figs. 2a, b.
1964a Chondroceras (Defonticeras) oblatum (Whiteaves); Westermann,
‘ pp- 55, 64.
1964  Chondroceras cf. C. marshalli (McLearn); Imlay, p. B43; Pl.

12, figs. 1-3.

Holotype: GSC‘4964, collected by J. Richardson in 1872 and labelled
"Skidegate Channel'. McLearn (1929, p. 17) assumed this specimen came
from the l?wer part of the Yakoun Formatjon at Richardson Bay on the
south shore of Maude Island. However, it does not resemble any of the
specimens collected and described from that locality} it does-agree .
closely with material from South Balch Island in Skidegate I;let and the
holotypelmay well have come from the lower Yakoun Formation exposed at
this locality. The holotype of “Saxitoniceras" marshalli was originally
descriﬁed as coming from near the basg of the Fernie Formation on the

headwaters of Sheep Creek, Alberta (McLearn, 1928, .p. 22) .

Other Material: Eleven maéroconch specimens (MeM J1795, 1832a-d, 1833

and 1834a, b) were obtained from several horizons in the lower Yakoun
Formation on South Balch Island. Other specimens described as
"Sagitonticeras" marshalli come from the Rock Creek Member of the Fernie

Group in Ribbon Creek, southern Alberta (Frebold, 1957) and the Tuxedni

/
Y
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Text-fig. 52. Plot of whorl width (W) against shell diameter (D) for
Chondroceras oblatum (Whiteaves) % (5 specimens) and ¢
(3 specimens) from South Balch Island, Queen Charlotte
Islands and the synonymous "Saxitoniceras' marshalli
McLearn Q (17 specimens) from Ribbon Creek, southern
Alberta.

Formation of‘southern Alaska (Imlay, 1964). Further material from the
Ribbon Creek locality in southern Alberta collected by G. E. G. Wester-

mann (McM J1837a-f) and myself (McM J1886a-f) was also studied. -

Description: The early phragmocone”whorls are sphaeroconic with a
rounded venter curving continuously onto tﬁe convex flanks and to the
umbilical seam. The umbilicus is veéy narrow, us;ally representing less’
than 10% of the shell diameter. Whorls depressed, with H/W = 0.65-0.75.
Prior to a diameter of 13 mm the shell is s;ooth. At greater diameters

on the phragmocone the primary ribs are faint on the umbilical wall,

somewhat stronger but never sharp on the lower flanks, almost rectiradiate,

X
[
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Text~fig. 53. Plot of whorl height (H) against shell diameter (D) for
. Chondroc¢eras obPatun (Whiteaves) Q (5 specimens) and o
(3 specimens) from South Balch Island, Queen Charlotte
Islands and the synonymous "Saxttoniceras' marshalli
McLearn Q (17 specimens) from Ribbon Creek, southern
. Alberta.

8-10 pef half-whorl. There are 3.5 secondary ribs to each primary rib
and they pass straight over the venter; tubercles are absent at all

%

stages of growth.

Tﬁé body chambe;.is.tworthirds,of a whorl im 1ength; egression
beginning at tHe last éeptum with.sudden enlargement of thé umbilicus to
as much as 30% of the shell diameter. Negr;the aperture the whor}:section
remains depregsed with H/W ratios of 0.70-0.75; tﬁe venter remains
broadly rounded but the flanks are slightly flattened. There are 8 or 5
primary‘ribs on the last half-whorl, slightly prorsiradiate on tﬂ; flanks

and giving rise to three second&ry ribs per primary.. Maximum diameters

.

L
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Text-fig. 54. Plot of umbilical diameter (U) against shell diameter (D)
for Chondroceras oblatun (Whiteaves) (5 specimens) and
07 (3 specimens) from South Balch Island, Queen Charlotte
Islands and the synonymous "Saxitoniceras" marshalli
McLearn Q (17 specimens) from Ribbon Creek, southern
' Alberta.

attained are 55-60 mm, the aperture being marked by a narrow constriction

followed by a smooth lip.

Remarks: This species is clearly differentiated from C. aefbntii 9

and Chondroceras n. sp. indet. 9 by ribbing density and sutural complexity.
c. defantii Q is characterised by complex sutures which are deeply

incised whereas the suture of C. oblatum 9 has broader saddles with

small incisions. While also having a simple suture, Chondroceras n. sp.
indet. 9 has much‘densgr and finer ribbing (12-14 primaries per half-whorl)
and a broader whorl section than C. oblatum Q /W = 0.47-0.55 vs. 0.65-

0.75 at similar diameters.
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Text-fig. 55. Cross-sections of phragmocone whorls of Chondroceras
oblatum (Whiteaves) Q@ . (a) McM J1795b, x 7;
(b) McM J1795a, x 7. Both from South Balch Island,
Queen .Charlotte Islands.

(5

Text-fig. 56, Cross-sections of phragmocone and body chamber (shaded)
. of "Saxitoniceras" marshalli McLearn Q from Ribbon Creek,

) southern Alberta. (a) McM J1836e, x 1; (b) McM J1837g,
. x 1; (c) McM J1836f, x 8. __

- Comparison of the whorl dimensions of "S." marshalli Q with
C. oblatum 9 shows that the two forms aré:clésély similar (Text-figs.
52—54). ‘Both attain similar maximum d%ameters (58.7 mm for the holotype
of C. oblatumé and 51-66 mm 'for "S. " marshalli Q), have simplified

sutures (Text-figs. 58, 59), depressed whorl sections with H/W = 0.60~
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Chondroceros'

Text-~fig- 57.

Sutural ontogeny for
Chondrocerdas oblatum
(Whiteaves) Q from

gouth Balch Islapd.

a-gt MeM J1795a -




Chondroceras marshalli Q ‘ 188

mm

Text—fig. 58.

Sutural ontogeny fot
- Chondroceras "marshalli' Q
[= Saxitoniceras marshallw
" McLearn 9] from Ribbon’
Creek. d .

a-e: McM J1837h
“ f: McM J1836d




Chondroceras  oblotum o

mm

Text~-fig. 59.

Sutural ontogeny for
Chondroceras oblatum
(Whiteaves) O"from
South Balch Island.

a-f: McM J1794b.

189
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0.80 and 7-10 primary ribs on the last half-whorl of the body chamber
with three secondaries to each primasy. Thus C. oblatwn (Whiteaves) and
"S. " marshalli McLearn are placed in synonymy, the former name taking

precedence.

Chondroceras oblatum O [microconch]

This diﬁorph has not beenpreviously described.

Allotype: McM J1794a, from the lower part of the Yakoun Formation,

" eastern shore of South Balch Island, Queén Charlotte Islands.

Other Material: One other complete specimen, McM J1835, from 44 m above

the base of the exposed.Yakoun Formation on South Balch Island.

Dé;crigtion: Microconchs are characterised by eéression of the last
qgarter—whorl which terminates with a narrow c;nstriction followed by a
smooth lip. ﬁicroéonehs reach a maximum size of 19 mm, only one-third
tﬁg size of the adult.m;croconchs. The shell is obiate with a broadly
rounded venter, n;rrow umbilicus-and convex flénks. Primary ribs are
slightly prorsiradiate with 7 on the last half-whorl; there are three
secondaries to each primary rib at this stage. Dimenéions and suture

are similar to those of the macroconch (Text-figs. 52-54, 60).

Dimorphism: Text-figs. 52-54 show that the whorl dimensious of the few
known microconchs are very close to those of the macroconchs. Ribbing
style and density on the body chambers of the two dimorphs are very

similar, while the apertural modifications are identical: a narrow
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Text-fig. 60. Cross—section of phragmocone and body chamber (shaded)
of Chondroceras oblatun (Whiteaves) d% McM J1794b, x 6
(approx.).

constriction followed by a broad, smooth collar. The macroconch is
approximately three times the size of the microconch. No microconch

specimens are known from the Ribbon Creek locality of southern Alberta.

Westermann (1964a, p. 65) considered that "Saxitoniceras" allani
was a possible microconch equivalent of "Defonticeras" oblatum

However, the microconchs here described and f{gured from the macroconch .

‘type locality on South Balch Island are very much smaller than either

the macroconch C. oblatum or ¥S." allani; no specimens similar to

s, " qllani have been found on the Queen Charlotte Islands.

191
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&

Chondroceras defontii (McLearn, 1927) Q & d"

(P1. 13, figs. 1-8; Text-figs. 61-65)

Chondroceras defontii Q [macroconch ]

1927
1929
1929

1929

1929

1949
1956a

1964

Defonticeras defontii Mclearn, p. 72; Pl. 1, fig. 3.
Defbﬁticeras defontii; Mclearn, pp. 13, l14; Pl. XII, figs. 1-3.
Defonticeras colnetti McLearn, pp. 15, 16;' Pl. XIII, figs. 4, S.
Defonticeras ellsi McLéarn, p. 16; Pl. XIII, figs. 2, 3; Pl.
X1v, fig. 1.
Defgnticeras marchandt McLearn, pp. 14, 15; Pl. XIl, figs. 4, 5;’
Chondroceras (Defonticeras) defontii (McLearn); McLearn, pp. 10,
16. | -
Chondrocerq? (Defonticeras) defontii (Mclearn); Westermann,
PP 100-102; Pl. 11, fig. 3; Figs. 57, 59.
Chondfoceras defontii (McLearn); Imlay, p. B42; Pl. 12, figs..8,

11-14.

Holotype: GSC 9009, from talus on the ledges of the lower Yakoun

Formation at Richardson Bay on the south shore of Maude Island, Queen

Charlotte Islands.

~

Other Material: Seven complete, though sometimes crushed,.macroconchs

(McM J1792a-f, J1829) and a number of body chamber fragments complete

with aperture from the type locality.
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Description: Phragmocone whorls globose with broadly rounded venter,
inflated flanks and short, steep umbilical wall. Umbilicus very narrow,
usually less than 10% of the shell diameter, and deep. Cross-section
depressed with H/W ratios of 0.60-0.75. Primary ribs are fairly strong,
rectiradiate on the steep umbilical wall, then strongly curved forward
on the lower flanks; 11 to 15 per half-whorl. Secondary ribs fine and
closely s?aced, up to 3.5 per primary, curved forward from the point

of furcagion,and then crossing straight over the venter. Nodes not

developed.

Egression of the body chamber is abrupt, beginning close to the
last septum, with a sudden increase in umbilical diametegﬁfrom less than
10% to 20-25% of the shell diameter. The body chamber occupies one-half
to two-thirds of a whorl and terminates with a strong constriction and
a broad, smooth lip. There is a decrease in relative whorl width and
heiéht (Text-figs. 61, 62) near the aperture but the whorl remains
éfoadly rounded with H/W ratios of 0.65-0.75; the flanks become slightly
flattened with loss of the steep umbilical wall seen ;n earlier whorls.
Maximum diameters are between 51 and 65 m&. Ornamentation on the body
chamber remains strong right to the aperturé. Primary ribs are straight
and more widely spaced but directed forward on the flanks with 10-13 on
the last half;whorl. The density of secondary.ribs is reduced to 2.5

to each primary and they are noticeably coarser than those on the

phragmocone.

The mature suture (Text-fig. 65) is complex with deeply incised
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Text-fig. 61. Plot of whorl width (W) against shell diameter (D) for
Chondroceras defontii (Mclearn) Q & ¢ and synonymous
"species" from Richardson Bay, Queen Charlotte Islands.
Measurements from 13 macroconch and 1 microconch specimen.

saddles. E/L is only a little higher than L/U2 but U2/U3 is very short

and broad. L is about as deep as E and trifid, while U2 is broader and

trifid. The umbilical lobes are short and not retracted.

Remarks: Chondroceras defontit Q usually has 10-13 primary ribs per

half-whorl on E%e body chamber and last parts of the phragmocone and up
to 15 per half-whorl.oq earliér whorls. This density is similar to that
s;:en on Chondroceras sp. from MacKenzie Bay (p. 205), but C. defontii (2
has a more complex suture with longer and narrower lobes and much more
deeply incised saddles (compare Text-figs. 65, 72); its whotl secti;n

is also narrower and higher.
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Text—fig. 62. Plot of whorl height (H) against shell diameter (D) for
Chondroceras defontii (McLearn) Q& 0" and synonymous

"species" from Richardson Bay, Queen Charlotte Islands.
Measurements from 13 macroconch and 1 microconch specimen.

‘ -

C. oblatwn (Whiteaves) Q is separated by having a simpler suture
line with broader and less deeply incised saddles (compare Text-figs. 57,
65), fewer priﬁary ribs on the gody chamber whorl and coarser secondary
ribbing oﬁ the phragmocone. (. oblatum 9 also has a broader cross-
section with H/W ratios of 0.60-0.65 compared with 0.65~0.75 on

C. defontii 9.

_No specimeqs intermediate in size betweeq the holotypes of
C..defbntii 9 and the larger (. maudense (ﬁcLea;n) from the same locality
have been found and so the latter is retained as a separate, though poorly
defined, species. A specimen described as C. defontii by Imlay (1964;

Pl. 12, fig. 8) has a diameter close to that of the holotype of
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Text-fig. 63. Plot of umbilical diameter (U) against shell diameter (D)
for Chondroceras defontii (McLearn) Q & 0" and synonymous
"species" from Richardson Bay, Queen Charlotte Islands.
Meagurements from 13 macroconch and 1 microconch specimen.

C. maudense (75 mm just behind the aperture) but has much finer, denser

ribbing with 18 primary ribs on the last half-whorl.

The four species of "Defbnticeras" erected by McLearn (1929) from -
Richardson.Bay were each based on a single specimen. (. colnetti was
distinguished from C. defontii as being smaller with narrower whorls and
a more strongly contracted body chamber. Table 9 shows that C. defontii,
with a maximum shell diameter of 66 mm, is at the upper extreme of a range
in shell sizes that includes C. colnetti, C. ellsi and C. marchandi
and a number of other specimens of intermediate sizes. No whorl .
measurements from the phragmocone of C. colnetti are available due to

poor preservation so that relative contraction of the body chamber
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Text-fig. 64. Cross-sections of the phragmocone and body chamber
(shaded) of Chondroceras defontit (McLearn) Q.
(a) McM J1792¢, x 1; (b) McM J1792b, x }1; (c) McM
J1792¢, x 2.

cannot be estimated; the body chamber is only slightly narrower than

that on the holotype of C. defontit.

C. ellst was characterised by having narrower and lower whorls,
more rounded flanks, less arched venter and deeper saddles than the
holotype of C. defontit. A slight Aifference in rounding of the venter
and flanks 1s too subjective a basis for distinction. The published
figures (MclLearn, 1929; compare Pl. XII, fig. 1 and Pl. XI¥I, figs. 2, ’
3) show litFle difference in the suture} in addition, Fhe suturg

illustrated for C. ellsi is probably almost a half-whorl before the last

septum while that for C. defontii appears to be the last septum. -

C. marchandi is at the lower extreme of the range for maximum
shell diameters in this gréup aqd the relative w;dth and height Jf the
body chamber (phragmocone not preserved'on thé.ﬁolotype) are closely
similar to those of the other specimens from this locality (Table 9).

Secondary ribs on the last half-whorl of the body chamber are not more

,—~
\
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Chondroceras defontn Q

(mm)

‘Text—fig. 65.

Sutural ontogeny for
Chondroceras defontii
(McLearn) Q.

a-e: McM J1792¢.
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numerous than on other specimens of C. defontii, as stated by McLearn

(1929, p. 15).

Specimen | Maximum U% | Ws | HZ | W/W | Primary| Secondary
Diameter Ribs * | Ribs *
(mm)
C. defontit
(holotype) 66 24| 58 | 41 | 0.70 12 30
C. colnetti :
(holotype) 63 28 | 55 | 40 | 0.73 10 27
C. ellsi’ ’ R ’ L
(holotype) 62 22 | 55 | 38 | 0.68 11 28
McM J1792a 61.5 2359 | 40 | 0.68] 13 31
McM J1792fF 61 21 61 36 0.59 11 27
GSC4859%4 60 ' 25 58 40 0.70 11 30
McM J1792c 59.5 I5 ¢t 53| 37 0.70 12 29
‘McM J1792b | 59 23| 57| 39| 0.68 11 32
GSC48594 54 . 14 52 34 0.64 13 3Z
McM J1792e 51 21 57| 381 0.67| 12 30
C. marchandi ' _ 1
(holotype) 51 \V)19 55 43 0.78 10 27

Table 9. Comparative measurements for Chondroceras defontit (McLearn)< s
with synonyms, from Richardson Bay, Queen Charlotte Islands.
* number of ribs per half-whorl. )

P
[
Chondroceras defontii (McLearn) 0" [microconch]
This dimorph has not been previously described.
Allotype: McM J1793a, from Richardson Bay, Queen Charlotte Islands,

18-21 m above the exposed base of the Yakoun Formation.
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Othef Material: McM J1792g and GSC 48594, both from Richardson Bay,

Queen Charlotte Islands.

Description: Maximum diameter attained is 19 mm, about one-third the
size of the corresponding macroconchs. The aperture is marked by a
prominent, narrow constriction followed by a narrow, smooth lip; the
body chamber occupigs three~quarters of a whorl. The who;1 section is
slightly depressed with H/W = 0.60-0.75; the venéer is broad ahd rounded,
the flanks slightly flattened. Primary ribs are strong and curved
forward; there are nine on the last half-whorl with about three
secondaries to each primary. Phragmocone whorls(have not been preserved.
Dimorphism: The few measurements available from microconch specimens
indicate that they are similar to the macroconch in whorl dimensions
(Téxt—figs. 61-63). Microconchs reach about one-—third the size of
corresponding macroconch;. Style and density of ribbing on the body
ghamber are similar in both dimorphs; apertural modifications are also

similar, consisting of a constriction followed by a smooth lip.

Chondroceras allani (McLearn, 1927) 9 [macroconch]

\ (P1. 14, figs. 1, 2; Text-figs. 66-71)

1927 Saxitoniceras allani MclLearn, p. 72; Pl. 1, fig. 4.
1928  Sawitoniceras allani; McLearm, pp. 21, 22; PL. VIII, figs. 1, 2.

1956  Chondroceras (Saxitoniceras) allant (Mclearn); Westérmann, pp.

107, 108; Pl. 12, fig. 3 (holotype re-figured).



1957  Chondroceras allani (McLearn); Frebold, p. 53; PLl. XXVII,
figs. 2a, b.

1964  Chondroceras allani (MclLearn); Imlay, pp. B42, 43; P1. 12,
figs. 4-7, 9, 10.

. 1964 ‘Chondroceras allani (Mclearn); Frebold, pp. 20, 21; Pl. VIII,
figs. 1-5. .

1964a CZondroceras (Defonticeras) allani (McLearn); Westermann, p. 55,
(Tmicroconch ds.

1973 Chondroceras allani (McLearn); Imlay, p. 81; Pl. 40, figs. 11,

12.

Holotype: GSC 9021. According to the collector (quoted in McLearn, 192
p- 22) the holotype came from the base of the Fernie Group on the head-
waters of Sheep Creek, Alberta. Frebold (1957, p. 53) considers this

stratigraphic position unlikely since the species is aﬁ index fossil in

the Middle [= Lower, here] Bajocian Rock Creek Member which never forms

the base of the Fernie.

Other Material: Thirteen fairly complete specimens (McM J1830a-i,

1831a~e) collected by G. E. G. Westermann and myself from the Rock Creek
Member at Ribbon Creek, southern Alberta are now available for quantit-

ative study of the species.

Description: The protoconch is elongated transverse to the direction of

coiling, having a width of 0.60 mm and a diameter of 0.50 mm at the

201
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Text-fig. 66. Protoconch and nepionic whorl of Chondroceras allani
: ‘(McLearn) Q. (a), (b) and (c) three views of protoconch,
McM J1830f, all x 45; (d) first whorl showing nepionic
constriction in shell (arrow) and change in coiling;
McM J1830f, x 45; (e) first whorl showing nepionic
constriction (arrow); McM J1830c, x 45. All from Ribbon
Creek, southern Alberta.

position of the proseptum. The nepionic constriction occurs at 2
diameter of 0.80 mm which is the end of the first whorl. Ornmamentation

. of the shell first appears at D = 5 mm in the form of broad ribbing on
thelventral region only, Faint primary ribs do not appear on the flanks
ugtil a diameter of about 12 mm is reached. Shell sphaeroconic, ;@e '
phra mocone whorls moderately'depressed (H/W = 0.68-0.85, mostly 0.75-
0.80); with flattened flanks and a stro;glx arched venter. The umbilicus
is deep and narrow, usually‘less than 5% of the shell dia@eter.with _

-

almost. vertical walls rounding smoothly onto the flanks. Ornamentation
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Plot of whorl width (W) against shell diameter (D) for
Chondroceras allani (McLearn) Q. Measurements from 15
specimens from Ribbon Creek, southern Alberta.

There are 7-9 primary ribs per half-whorl, strongly

curved forward on the flanks with 3-4 secondary ribs to each primary,

Secondary ribs arise by bifurcatign and intercalation at 507 of the

vhorl height, curving forward on the upper flanks then crossing straight

over the venter. Nodes are absent.

Strength and density of the ribbing remain unchanged on the body
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chamber except that the number of secondary ribs decreases to 2.0-2.5 per '

primary. The last half-whorl before the aperture bears 7-9 primary ribs
curving forward on the flanks but not extending onto the umbilical wall

which is smooth. Sudden umbilical enlargement, beginning about half a

whorl before the aperture and corresponding approximately with the
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Plot of whorl height (H) against shell diameter (D) for
. Chondroceras allani (McLearn) Q. ' Measurements from 15
specimens from Ribbon Creek, southern Alberta.

position of the last septum, is accompanied by a decrease in both the '

« relative whorl width and height.
(H/W = 0.75-0.80).

constriction, and a smooth lip.

Remarks: Chondroceras allani 9~and C. oblatum Q occur together in

The whorl section remains similar

The aperture is marked by a broad and shallow

TN -

abundance in the Rock Creek Member of the Fernie Group at Ribbon Creek,

southern Alberta. -Comparison of six complete specimens of C. allant

with fourteen complete specimens of C. oblatum shows that the former

species has a consistently smaller adult diameter (41.5-50.0 mm vs.

51.2-65.7 mm). Phragmocone whorls of C. allani are relatively narrower

than those of C. oblatum from the

VS~ 0.68;

Ribbon Creek locality (H/W = 0.75

W/D = 0.68 vs. 0.74 respectively).
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Text-fig. 69. Plot of umbilical diameter (U) against shell diameter (D)
for Chondroceras allant (McLearn) Q. Measurements from
15 specimens from Ribbon Creek, southern Alberta.

Chondroceras n. sp. indet. Q [macroconch]
(P1. 14, fig. 3; Text-figs. 72, 73)
Material: Two incomplete phragmocones (McM J1857a, b) from the lowest
exposed bed of the Yakoun Formation at MacKenzie Bay; they are che

first Chondroceras recorded at this localify.

Description: Shell globose with broad and éent:ly arched venter and a
véry deep, narrow umbilicus. Whorl §ectioﬁ étroggly qepressed with H/W_
rativs of O.?O—O.BS. Umbilical wall short, almost vertical, rounding
strongly and ratﬁer abruptly onto the inflated flanks to produce an
umbilical shoulder. Table 10 gives whorl measurements and rib counts

for these two specimens.

70



-

206
Chondroceras  allon Q
[
{mm)
f 2
10
e
453
d
C 3
b 23
Text-fig. 70.
. . . N
Sutural ontogeny for N
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Text-fig. 71. Cross-sections of phragmocone and body chamber (shaded)
of Chondroceras allani (Mclearn) Q from Ribbon Creek,
gouthern Alberta. (a) McM J1830g, x 1.5; (b) McM
J1830h, x 3.

Primary ribs long and fine, beginning at the umbilical seam and
extending beyond the umbilical shoulder; they are closely spaced witﬁ
12-14 per half-whorl at diameters between 13 and 33 mm. There a;e usually
three secondary ribs to each primary. On the umbilical wall the primary
ribs are straight but* crossing onto the flanks become prorsiradiate; the
fine secondary ribs cross straight over the venter. Nodes are not
developed.

The sutﬁre is only moderately complex ag a diameter of 11 mm,
1a;king any deep incisions of the saddles (Text-fig. 72). E 4is shallow
and‘broad, L slightly deeper, broad and trifid. U, is very broad,

2

shallow ayd trifid. T and Un are of the same -dength and narrow.

Remarks: These two phragmocones differ from C. defontii 9 and
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Sutural ontogeny for
Chondroceras n. sp.
indet. Q from
MacKenzie Bay.

! a-e: McM J1857b

'\\v///’~\\\~////_\\\\*/’*\\\_///"\\\J’\2\\‘ 2 Text—-fig. 72.

Text—fig. 73.

=3 Cross—-sections of
phragmocone whorls of
Chondroceras n. sp.

ss \ indet. Q from MacKenzie

gy Bay. (a) -McM J1857b,
x 2; (b) McM J1857a,
x 2; (c) McM J1857a,
x 5.
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C. oblatwn Q in details of the septal suture, ribbing density and whorl
shape. (. defontii 9 has much more complex sutures with deeply incised
saddles and narrow lobes. (. oblatum Q has fewer primary ribs‘per half-
whorl (7-10 vs. 12-14 at D = 15-30 mm) and a higher whorl section with a
narrower venter. C. allani Q has fewer primary ribs per half-whorl (8-10
vs. 12~14) and a more compressed whorl section with H/W = 0.68-0.85 on

the phragmocone whorls.

Specimen D U W H Primary Secondary

number ribs * ribs *
McM J1857a| 16.0 - 14.0 7.6 14 42.
11.3 1 2.1 10.0 6.7 11 32

7.8 1.5 ] 6.5 | 4.5 - -
5.8 1.1 ] 4.4 | 2.6 - -
3.4 | 0.8 2.8 | 1.4 - -
2.0/ 06| 1.5 0.8 - -
McM J1857b| 33.0 ] - | 34.0 | 16.0 13 35

16.3 - 11.2 6.9 12 28

Table 10. Whorl dimensions . (in mm) and ribbing densities (* number
per half-whorl) for Chondroceras n. sp. indet. Q from
MacKenzie Bay, Queen Charlotte Islands. Both specimens
are entirely septate. :
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Suborder  PHYLLOCERATINA Arkell, 1950
Family  PHYLLOCERATIDAE Zittel, 1884
Subfamily  CALLIPHYLLOCERATINAE Spath, 1927

Genus Calliphylloceras Spath, 1927

Type Species: Calliphylloceras disputabile (Zittel, 1869), by original

designation.

Calliphylloceras sp. indet.

(P1. 8, fig. 7; Text-figs. 74, 75)

Material: Three internal molds, all septate (McM J1826-8), the latter
being a large fragment from a shelfﬁwhose diameter must have exceeded
250 mm. Lower parts of the Yakoun Formation, South Balch Island, Queen

Charlotte Islands. 5

Description: Whorls strongly compressed and much higher than wide
(/W = 1.6-2.0). Venter rounded, flanks smooth and flattened. Umbilicus
very narrow (W/D = 0.08 at D = 120 mm) with narrow umbilical walls which
are almost verticél and curve strongly onto the flanks.

Tﬁe internal molds show no sign of ribbing or other ornamentation.
There are probably 6-8 faint, narrow, gently sigmoidal constrictions per

whorl. Features of the body chamber are unknown.
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Text-fig. 74.

Whorl cross-section (phragmocone)
of Calliphylloceras sp. indet.
from South Balch Island.

McM J1826, x 1 (approx.).

S ﬂg 2&\

Text-fig. 75. Part of the external suture of Calliphylloceras sp. indet.
' at D = 110 mm. McM J1826.
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Remarks: Ph&liocératids comprise relatively small proportions of
Bajocian ammonoid faunag at several localities in western North America.
"Macrophylloceras"” (= Partschiceras) and Holeophylloceras occur in
southern Alaska (Imlay, 1964, pp. B32, 33); Phylloceras,
Holcophylloceras and Calliphylloceras in eastern Oregon (Imlay, 1973,

pp. 54, 55). They have not so far been recorded from the interior basins

of western Alberta, Wyoming, Idaho and Utah. . e

Four spéciméns from the upper part of the Weberg Member of the
Snowshoe Formation' in eastern Oregon (correlated Qith the "Sowerbyi"
Zone) were referred to Calliphylloceras by Imlay (1973, p. '54). Very
brief descriptions were given and only one small specimen illustrated

-

so that comparisons are not possible.

Geczy (1967) described and figured a large number of species of
Calliphylloceras from Hungary, mostly from the Lower Jufa;sic and lower
Middle Jurassic. The pre;ent species is probably much larger chaﬁ most’
figured by Geczy and‘the constrictions are not as strong as those on the
Hungarian.species. Whorl proportions are closest to those of
_C. connectens_frechi (Prinz) though the flanks of that Epecies are more
inflated. C..liasicwn Geczy has similar whorl dimensions but a smaller

degree of whorl overlap and higher rate of whorl expansion:

ORDER NAUTILIDA
Supexfamily  NAUTILACEAE De Blainville, 1825

, Family = NAUTILIDAE De Blainville, 1825
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Genus Cenoceras Hyatt, 1884

Type Species: Cenoceras intermedius (J. Sowerby, 1816), by original

designation.

Remarks: Cenoceras is the most diverse of the post-Triassic nautiloids,
represented by some 97 described species (Kummel, 1956, p. 361) with a
cosmopolitan distribution Ehroughout the Lower and Middle Jurassic.
However, Jurassic nautlloids have only rarely been recorded from North
America: four spec%es representing two genera were described by Kummel
(1954) and another two by Ca;tillonand Aguilera (1895). C. imlayi
(Kummel) is from the Kialagvik Formation of southern Alaska (the
Aalenian E. howelli Zone of .Westermann, 1964c) and C. lupheri (Kummel)

is from the Weberg Formation of Oregon ("Sowerbyi" Zone).

Cenoceras sp. indet,

(P1. 14, fig. 5; Text~-figs. 76, 77)

Material: A single:internal.mq?d, wholly septate and about 50 mm in
diametér (McM J1825b), from the‘IOWer parts of the Yakoun Formatipn on
tﬁe north-western shore of South Balch Island, apbroximately 38 m . above
the lowest exposure of the Formation on this Island; Another from the
lowe;t exposed strata of the Yakoun Formation at MacKenzie ﬁay (McM

J1881) .

’
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Text-fig. 76. Suture line of Cenoceras sp. indet. at D = 50 mm (twice
natural size). McM J1825b.

®

Text-fig. 77. Cross-section of ph“agmocéne whorl of Cenogeras sp. indet.,
McM J1825b, x 1. ‘

Description: Sheil globose with a very deep, narrow umbilicus (15% of
shell diameter); wumbilical wall vertical with a bfoadly rounded shoulder

which is the widest part of the whorl. Flanks only slightly flatfened,

‘. convergent toward the venter which is broad and somewhat flattened.

~

Whorls depressed, H/W = 0.66 at a diameter of 50 mm. Siphuncle subdorsal;

septa concave toward aperture.
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The inner whorls have faint ornamentation preserved in places,
consisting of both growth lines and lirae. Suture smooth, straight
across the venter with a broad, shallow lateral lobe and a short, narrow

V-shaped dorsal lobe (Text-fig. 76).

Remarks} This specimen resembles C. Zépheri (Kummel) from the Weberg
Member of the Snowshoe Formation in eastérn Oregon in whorl shape and
relative umbilical diameter. Erroneously described as '"compressed' b;
Kummel (1954, p.-323) the whorl section of (. lupheri has a H/W ratio of
0.72 at the adoral end of the phragmocone which is very close to that of
the present specimen (0.66 at D = 50 mm; Text-fig. 77). However, no

shell ornamentation is preserved on the holotype of C. luphert.
Genus " Eutrephoceras Hyatt, 1894

Type Species: Eutrephoceras dekayt (Morton, 1834), by original

designation.

Remarks: Morphological distinction between the two large nautiloid stocks

represented by Cenoceras and Eutrephoceras appears difficult to maintain.

-

According to the detailed discussions of Kummel (1956), Eutrephoceras

S
v

has an essentially smooth conch and globase whorl section while Cenoeeras

typically bears fine lirae and growth lines and has a more quadrate whorl

. section. The name Cenoceras is usually given to Upper Triassic-Middle

Jurassic forms, while Eutrephoceras ranges from the Upper Jurassic to
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D=gp

Text—fig. 78. Cross-section of phragmocone whorls of ?Eutrephoceras
sp. indet.; McM J1825a, x 1; from the lower parts
of the Yakoun Formation, South Balch Island.

Miocene‘(Kummel, 1964, p. 449). However, the range of whorl éhapes
illustrated for.Cenoceras (Pia, 1914; reproduced as Figs. 8, 9 énd_lo
in Kummel, 1956). clearly includes.forﬁs.which also apﬁear within the
range illustrate& for Eutrephoceras (Kummel, 1956, Fig. 13). There are
specimens from the Cenomanian (Upper Cretaceous) of France in the
McMaster University collections (McM K44) which bear fine lirae and
growth lines. ?Eutiephocéras sp. indet. é;om the Queen Charlotpe Isiands,
an apparently smooth-~shelled form with globose whorl section, is of

Lower. Bajocian (Middle'Jurassic) age.

If .ornamentation and whorl shape are used to separate Cenoceras

and Eutrephoceras, then their supposed age difference must be disregarded.
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Iﬂdeed, Kummel (1954) has already listed several Middle Jurassic species
which he considers belong to Eutrephoceras (p. 321).
. Butrephoceras sp. indet.

(P1. 14, fipg. 4; Text-fig. 78)

Material: Fully septate, internal mold about 90 mm in diamefer,

McM J1825a, from the lower part of the Yakoun Formation, about 38 m
above the exposed base of the Formation on South Balch Island.
Description: Shell‘globose with slightly flattened sides converging
towards the venter; umbilical shoulder broédly rounded and is the widest
part of the whorl (Text-fig. 78). Umbilical wall vertical; wumbilicus
very narrow (15% of shell diameter). Whorls depressed with H/W = 0.68-
0.74. No ornamentation preserved. Position of the siphuncle unknown.
Suture witﬂ external ventral and lateral lobe, both wvery brpéﬁﬂaﬁd

. ) . . ™
shallow; the internal suture is unknown. Y

Remarks: E. montanensts Kummel érom the Callovian Riexdon Formation

in Montana has much narrowér, comgresse& whorls (H/ﬁ = 1.3 vs. 0.68—0274).
' Another sﬁecimen of Butrephoceras has been recorded from the Bajocian
Twin Creek Limestone in Wyoming (Kummel, 1954, p. 321), but it was not

described or illustrated.



. CHAPTER 9
CONCLUS IONS

The recognition of dimorphism in several genera of stephanoceratid
and sphacroceratid ammonites from the Bajocian rocks of the Queen Charlotte
Islands has been based largely on detailed studies of their ontogenetic
development.  The value of such studfos is also cmphasised by past
misidon?ificution of ammonite genera because only features of one growtﬁ
stage were observed (either the adult body chamber or incomplete
phragmocone whorls). The more complete set of taxonéﬁtc characters
provided by ontogenetic chdngés has allowed a more precise unde;standing
of both the phylogeny énd taxonomy of thesc ammonites. Selection of

data for statistical testing of growth patterns in supposed dimorphs

needs further investigation,

Taxonomic revision of the stephanoceratid ammonites of western
North America also permits more dotailcd:fuunal zonat ion of the enclosing
scdimenés. Present comparison of faunal ussociations and stratigrapﬁic
occurrences of ammonites from the Quecen Charlotte Islands, southern Alaska,
western Alberta and eastern Oregon suggostsuthat the Zumiszeﬁhanuslfaunas
a£c older than the Stepharoccras faunas (belonging to the upper
Humphriesianum. Subzone) and the former are placed in the lowermost
Humphriesianum Zonc or the upper Sauzci Zone. Conscquently thé ages ‘of

1]

parts of the Snowshoe Formation and the Basey Member in castern Oregon

217a
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and the Fitz Creck Siltstone in southern Alaska need to be ;ovised;
they are now placed in the Sauzei Zone.

Detarled stratigraphic subdivisions of Bajocian strata made -
possible by stephanoceratid ammonites should provide a Léy to the history
of sedimo;tury basins and dating of majér tectonic cvents throughout
little known arecas of central and western British Columbia. TFurther
analysis of the stephanoceratid faunas of western Alberta is needed to
determine the faunal succession in, and history of, the Fernie Sga during

. i
Middle Jurassic time. *°
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APPENDIX 2

Measurements and data used in formal statistical comparisons of
gsexual dimorphs. Only measurements from phragmocone whorls were used;
there are marked changes in growth ratios at the end of the nepionic
whorl and the beginning of the body chamber. A single measurement from
each specimen was used (all measurements shown are in mm).

&

D 1) H U

Zemistephanus richardsoni® 40.6 '27.0 18.5 14.7
(Whiteaves, 1876) 9‘ < 16.0 8.7 5.8 -
[macroconch] 6.4 3.9 2.0 2.9
24.5 16.7 8.9 9.0

33.6 21.4 13.0 12.0

10.4 7.0 3.8 4.0

8.9 5.7 3.2 3.8

38.4 23.5 11.8 13.1

28.7 15.0 10.2 9.1

21.4 - - 8.5

Zemigtephanus richardsoni® 6.5 3.5 2.1 2.7
(Whiteaves, 1876) O7 31.5 20.2 10.5 13.2
[microconch] 40.5 25.1 14.0 17.4
21.7 13.0 7.2 -

16.9 10.0 5.9 6.1

38.0 -- - 14.0

Regression Analysis for Zemistephanus richardsoni
Dvs.‘W Q Y =0.636x « 0.31
0" Y = 0.646X - 0.7;6
(a) Variancé: F =i9.56 F.05(8, 4) = 6.04
A Jhypothesis of equal variances rejected
Dvs. H Q Y= 0.396X - 0.56
o7 Y = 0.345X - 0.14 ‘
(a) Variance: F = 97.3 F.OS(S’ 4) = 6.04

hypothesis of equal variances rejected

i

Dvs. U 9 Y 0.329X + 0.77

o7 Y

see p. 229 and following for statistical tests on a second set of
data for this species.

0.412X - 0.32

*
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APPENDIX 2 (cont'd)

(a) Variance: F = 3.87 F 05(4, 8) = 3.84

8

_hypothesis of equal variances rejected

n

W vs., H 9 Y 0.62X - 0.33
. O" Ve

(a) Variance: F = 11.65 F 05(8, 4) = 6.04

0.532X + 0.30

hypothesis of equal variances rejected

el
k-
==}
]

Stephanoceras itinsae 31.0 15.7 9.9 -
(McLearn, 1927) . 26.4 15.6 9.1 -
[macroconch] 30.0 17.4 10.5 -~
39.0 19.5 15.5 13.0
27.4 17.5 10.0 14.4
34.5 19.0 11.9 15.3
7.0 4.7 2.6 3.0
33.8 19.6 12.5 14.6
+25.0 12.7 8.2 10.5
30.0 - - 12.2
Stephanoceras itinsae 24.8 13.9 8.6 11.2
(McLearn, 1927) O7 15.0 9.0 5.0 —
[microconch] : 18.7 10.0 5.5 7.3
21.2 13.4 7.4 9.1
36.2 20.5 10.7 17.0
40.6 18.1 13.3 . 18.2
30.5 12.4 9.7 14.0
5.0 2.9 1.5 2.2
10.0 5.7 3.3 4.2
29.4 17.2 10.2 13.2
Regression Analysis for Stephanoceras itinsae
D vs. W 2 Y = 0.496X + 1.75
0" Y = 0.459X + 1.67
- A
(a) Variance: F = 1.95 F 05(9, 8) = 3.39

hypothesis of equal variances accepted



D vs.

Wvs.-H

®)

(c)

(a)

(b)

(c)

+O

(a)

?
o’

(a)

“(b)

Y

Slopes:

Intercepts:

Y = 0.378X

Y

0.319X

Variance:

\

Slopes: \

\
|

Intercepts;

Y

0.369X

0.469X

Variance:

h-J

Y

0.706X

Y = 0.621X

Variance:

Slopes:
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APPENDIX 2 (cont'd)

t

= -0.445

t.05, 10) 1723

hypothesis of equal slopes accepted

-

-+

(c) Intercepts:

t =4.76
hypothesis
0.64:

0.13
F=2,17
hypothesis
t =1.79
hypothesis
t =9.02
hypothesis
1.49

0.58
F='16.'6'
hyﬁothesis
1.09

0.13°
F=1.1
hypothesis
t = 0.016
hypothesis
t = 1.5

hypothesis

of

of

of

of

of

of

of

of

t(.OS, 16) = 1.746

equal intercepts rejected

F o5

equal variances accepted

(8, 9) = 3.23

€05, 15) = 1733

equal slopes 'rejected

t(.OS, 15) = 1,753

equal intercepts rejected

F.OS(G’ 8) = 3.58

equal ,variances rejected

’F.05(9, 8) = 3.39

equal variances accepted,

t(.OS, 15) = 12753

equal slopes accepted

t(.OS, 15) =1.753

equal intercepts accepted



Stephanoceras skidegatense 43.5 18.5 16.3 18.2
(Whiteaves, 1876) ? 20.6 10.5 7.3 7.5
[macroconch] . 33.7 19.2 - 13.2 13.7
32.7 16.0 11.7 16.4
15.0 9.0 4.4 7.5
35.3 19.8 12.2 13.7
30.5 14.3 3.3 11.4
Stephanoceras skidegatense 36.5 23.0 14.0 15.0
(Whiteaves, 1876) 07 14,2 7.6 4.2 -
[microconch] 43.4 - - 18.6
Regression Analysis for Stephanoceras skidegatense
Dvs. W O Y =0.41X+ 3.0
g Y =0.69X - 2.2
(a) Variance: F =138 F 05(6, 1) = 234.0
accept‘hyéothesis of equal-variances
(b) Slopes: t =1.89 - t(.OS, 5) = 2.015
accept hypothesis of equal slopes
(c) Intercepts: t = 1.65 t(.OS, 6) = 1.943
accept hypothesis of equal intercepts
D vs. H 9 Y = 0.41X - 1.64 .
g’ Y = 0.44X - 2,0 ' .
(a) Variance: F = 0.8 " F 05(6, 1) =234.0
accept hypothesis of equal variances
(b) Slopes: t = 0.44 t(.OS, 5) = 2,015
.accept hypothesis of equal slopes
(c) Intercepts: t = 0.642 t(.OS, 6)

., APPENDIX 2 (cont'd)

D W H U

= 1.943 -

aécept hypothesié of equal interdepts

»
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APPENDIX 2 (cont'd)

0.40X + 0.46

Dvs. U Q Y
o v

li§

0.52X - 4.0
(a) Variance: F = 4.6 F 05(6, 1) = 234.0
éccept hypothesis of equal variance

(b) Slopes: t = 0.356 = 2.015

.05, 5)

accept hypothesis of equal slopes

(c) Intercepts: t = 8.3 = 1.943

te.05, 6)

reject hypothesis of equal intercepts

Wvs. H Q Y =0.84X - 2.28
0" Y =0.64X - 0.6
ga) Variance: F=3.2 F.OS(G’ 1) = 234.0
accept hypothesis of equal variancéé
(b) Slopes: t =0.87 t(.OS, 5) = 2,015

accept hypothesis of equal slopes

(¢) Intercepts: t = 0.608 = 1.943

t(.0s, 6)
accept hypothesis of equal intercepts

D ‘W H

Chondroceras oblatum 37.0 30.0 20.9 -
(Whiteaves, 1876)'9 10.0 8.3 5.7
[macroconch ] 6.2 4.3 3.3
23.4  19.2 11.7 .
"Saxitoniceras marshalli' 34.3 34.0 17.5 -
Mckearn, 1927 Q 40.8 28.7 20.8
- [= ¢. oblatum| 35.6 29.2 19.8
fmacroconch ] 24.8 19.3 12.0
: " 2.6 1.7 1.0
31.8 4 28.8 14.0
15.4 . 12.2 7.5
10.9 8.8 5.7
. 7.0 5.0 3.5
5:4 4.2 2.8
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APPENDIX 2 (cont'd)

Regression Analysis for Chondroceras oblatwn and "Saxitonieeras marshalli"

D vs. W (C. oblatum) Y

0.825X - 0.35

(S. marshalli) Y

0.839X - 0.32
(a) Variance: F = 26.9 F 05(9, 3) = 8.84

reject hypothesis of equal variances

D vs. H (C. ohlatun) Y = 0.557X -~ 0.27
(S. marshalli) Y = 0.51X - 0.22
(a) Variance: F = 0.944 F 05(9, 3) = 8.84

accept hypothesis of equal -variances

(b) Slopes: Tt o= 1.02 = 1.812

(.05, 10)
accept hypothesis of equal slopes

(c) Intercepts: t = 1.33 =1.796

tc.05, 11)

accept'hypothesis of equal interxcepts

0.674X - 0.013 B :

W vs. H (C. oblatum) Y

(S. marshalli) Y = 0.577X + 0.54° - . /

(a) Variance: F=14.18 ¥ 05(9, 3) = 8.84
accept hypothesis of equal variances

(b) Slopes: t = 0.86 = 1.812

(.05, 10)
accept hypothesis of equal slopes

(c) Intercepts: t = 0.817 = 1.796

.05, 11)
accept hypothesis of equal dntercepts
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APPENDIX 2 (cont'd)

&

D W H

"Saxitoniceras marshalli”  34.3 34.0 17.5
McLearn, 1927 40.8 28.7 20.8
[= C. oblatum) 35.6 29.3 19.8
[macroconch] 24.8 19.3 12.0
2.6 1.7 1.0

31.8 18.8 14,0

15.4 12.2 7.5

10.9 8.8 5.7

7.0 5.0 3.5

5.4 4.2 2.8

Chondroceras allant 26.0 17.6 13.8
(McLearn, 1927) 37.0 24.9 18.2
[macroconch] 12.8 8.9 7.0
18.7 15.0 9.4

10.0 7.5 6.4

4.5 2.9 2.3

7.5 5.1 3.8

25.0 17.2 12.4

Regression Analysis for "Saxitoniceras marshalli" and Chondroceras allani

D vs. W (S. marshalli) Y

It

0.839X —,\0.32

(C.-allant) Y = 0.673X + 0.487
(a) Variance: F =.4.96 F 05(9, 7) = 3.68
reject hypothesis of equal variances

D vs. H (S. marshalli) Y = 0.51X - 0.22

“(C. allani) Y = 0.483X + 0.62
. (a) Variance: F = 0.71 F 0509 7) =3.68 .
- accept hypothesis of equal variances
(b) élopeéé t = 0.16 A = 1.761

.05, 14)
accept hypothesis of equal slopes

(c) Intercepts: t = 0.578 = 1.753

205, 15)
accept hypothesis of equal intercepts
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APPENDIX 2 (cont'd)
Wovs., H (o, morsht?l7) Y = 0.577X 4 0.54
(oo 0 & 27 Y« 0.71X 4 0.3/

(a), Variance:© F = 2.93 ¥ 03(9, 7) = 2.93

accept hypothesis of equal variances

(b) Slopes: t = 1.37 = 1.761

t.05, 14)

accept hypothesis of equal slopes

(c) Intercepts: t = 1,84 = 1.753

£(.05, 15)

reject hypothesis of equal intexrcepts

D W H U

Zemistephanus richardsoni 44.0 30.0 18.5 17.0
(Whitecaves, 1876) Q 48.0 34.0 17.0 19.8
[macroconch] 29,5 16.4 11.2 10.0
: C17.7 10.3 7.0 6.4

11.3 6.5 3.4 -

5.4 3.4 1.9 .-

3.9 3.0 1.4 1.3

12.0 6.9 3.5 5.0

41.6 27.0 15.2 15.0

38.3 23.0 13.5 12.9

Zemistephanus richardsont 8.7 4.6 2.8 3.6
(Whiteaves, 1876) O 21.6 11.9 7.4 6.7
[microconch] 35.5 23.5", 12.3 14.0
' 28.5 18.0 10.3 ---

37.1 22.5 12.6 14.3

Regression Analysis for Zemistephanus richardson’

Dvs. W 9 Y = 0.679X - 1.06
o Y = 0.675X - 1.658
(a) Variance: F = 2.21 F 05(9, 4) = 6.0

hypothesis of equal variances accepted

K]



(b) Slopes: .t = 0.06
hypothesis of
- 23.53

(c¢) Intercepts: t

hypothesis of

D.vs. H 9 Y = 0.383¥ - 0.4
d Y = 0.351X - 0.14
(a) variance: F = 9.1
hypothesis
Dvs. U Q0 Y= 0.385X - 0.38
0" Y = 0.395X - 0.53
(a) Variance: F ; 1.06
hypothesis
(b)- Slopes: t =0.17
hypothesis
(c) Intercepts: t = 2.0
hypothesis
Wvs. H Q Y = 0.556X + 0.334
0" Y = 0.513X + 0.814
(a) Variance: F = 5.?1
. hypothesis
. M) Slopes: £ = 0.4
_hypothesis
(cj-Intcrccpts: t = 10.5
| hypothesis

L5, 11)

229a

= 1.790

cquil slopes accepted

Yos, 12) - 178

equal intercepts rejected

F

of

of

of

of

of

of

of

05(9, 4) = 6.0

equal variances rejected

Fosl7> 3) =

equal variances accepted

8. 89

t(.OS, 8)= 1.86

equal slopes accepted
t(.OS, 9)° 1.833

equal intercepts rcjected

F s(9, 4) = 6.0

equal variances accepted

t = 1.796
(.05, 11)

equal slopes accepted

t = 1,782
(.05, 12)

equal intercepts rcjected
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EXPLANATION OF PLATE 1

[Position of last septum indicated by B ; all
figures natural size unless otherwise indicated]

[N

Zemistephanus richardsoni (Whiteaves) 9 [macroconch]

1. Complete specimen with aperture, lateral view.. Note
egression of body chamber, smooth body chamber whorl with
large, rounded nodes, deep umbilicus. McM J1797a, x 0.5;
from 2 m above the exposed base of the Yakoun Formation at
MacKenzie Bay, Queen Charlotte Islands.

2. Almost complete specimen, lateral view. Note egression
of body chamber, loss of ribbing on body chamber, deep
umbilicus and large, conical nodes on phragmocone whorls.
McM J1797d4, x 0.5; from 2 m above the éxposed base of the
Yakoun Formation, MacKenzie Bay, Queen Charlotte Islands.

3. Lateral view. McM J1797¢c, x 0.5; from 2 m above the

exposed base of the Yakoun Formation, MacKenzie Bay, Queen
Charlotte Islands. .

ba-c, McM J1797b, all x 1; from 2 m above the exposed base
of the Yakoun Formation, MacKenzie Bay, Queen Charlotte
Islands. (a) phragmocone, ventral view at D = 50 mm;
(b) phragmocone, ventral view at D = 63 mm; (c) phragmocone,
lateral view at D = 63 mm.

5. Phragmocone, ventral view at D = 35 mm. USGS Mesoz. loc.
_26599.1 s x 1; from 200-300 ft above basc of Fitz Creek -
Siltstone, southern Alaska.

6a-c. USGS Mesoz. loc. 2999:3 , all x 1; f£float specimen from
100-150 ft below top of Fitz Creek Siltstone, southern
Alaska. (a) phragmocone, ventral view at D = 18 mm;
(b) phragmocone, lateral view at D = 25 mm; (c) phragmocone,
ventral view at D = 25 mm. ’
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EXPLANATION OF PLATE 2

‘i’:ﬂ'»‘ 2

[All figures natural size unless otherwise indicated]
Figs. i-3. Zemistephanus richardsoni (Whiteaves) 0" [microconch]

la-e. McM J1796a (allotype), all x 1; from 2 m above

" exposed base of Yakoun Formation, MacKenzie Bay, Queen
Charlotte Islands. (a) lateral view with ventro-lateral
lappet; (b) ventral view of body chamber; (c) ventral
view at position of last septum at D = 45 mm;
(d), (e) lateral and ventral views, phragmocone, at
D = 40 mm. Note strong egression of body chamber,
persistence of strong ribbing but loss of nodes on body
chamber; straight primary ribs and large, conical nodes
on phragmocone whorls; decline in density of secondary
ribbing from phragmocone to body chamber.

2a, b. GSC 48593, both x 1; Yakoun Formation, MacKenzie
.Bay, Queen Charlotte Islands. (a) lateral view, phragmo-
cone with quarter-whorl of body chamber and fragment of
aperture with lappet in approximate position of attachment;
(b) ventral view, phragmocone. Note large, conical nodes
and strong ribbing.

3. McM J1796b, -x 1; phragmocohé at D = 40 mm, ventral view;
from 2 m above exposed base of Yakoun Formation, MacKenzie
Bay, Queen Charlotte Islands.

4. McM J1796¢c, x 1; from 2 m above exposed base of Yakoun
Formation, MacKenzie Bay, Queen Charlotte Islands. Parts
of phrégmocope and body chamber with lappet, lateral view.
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EXPLANATION OF PLATE 3

[All figures natural size unless otherwise indicated]

Figs. 1-5. Zemistephanus crickmayi (McLearn) O7 [microconch]

Fig. 6.

la-d. USGS Mesoz. loc. 2999.4 , all x 1; float from 100-
150 fr below top of Fitz Creek Siltstone, southern Alaska.
(a) phragmocone, lateral view at D = 37 mm; (b) phragmo-
cone, ventral view at D = 37 mm; (c) lateral view at

. D= 17 mm; (d) ventral view at D = 17 mm.

2a, b. McM Jl798a, both x 1; from 2 m above exposed base

—

of Yakoun Formation, MacKenzie Bay, Queen Charlotte Islands.

(a) lateral view, phragmocone with small part of body
chamber attached; (b) ventral view.

3, McM J1798e, x I; from 2 m above the exposed base of the
Yakoun Formation, MacKenzie Bay, Queen Charlotte Islands.
Ventral view of body chamber showing strong secondary ribs.

4. McM J1798f, x 1; -from 2 m above the exposed base of
the Yakoun Formation| MacKenzie Bay, Queen Charlotte
Islands. Parts of phragmocorte and body chamber, lateral
view.

S. McM J1798d, x 1; .from 2 m above the exposed base of the
Yakoun Formation, MacKenzie Bay, Queen Charlotte Islands.
Ventral view of the body chamber.

Zemistephanus alaskensis m. sp. Q [macroconch]

6a, b. McM J1858a, both x 1; from 30 m above the exposed
base of the Yakoun Formation, MacKenzie Bay, Queen
Charlotte Islands. (a) lateral view, phragmocone and
almost one whorl of body chamber; -(b) ventral view of
body chamber. Note large, conical nodes on phragmocone
whorls and broad primary ribs.
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EXPLANATION OF PLATE 4

[All figures natural size unless otherwise indi€ated]

Figs. 1-4. Stephanoceras itinsae (McLearm) Q [macroconch]

1. GSC 13634, x 0.5; from the Yakoun Formation, South
Balch Island, Queen Charlotte Islands. Almost complete
specimen with most ob body chamber showing aperture,
lateral view.

2. GSC 40985, x 0.5; from the Yakoun Formation, Reef Island,
Queen Charlotte Islands. Complete specimen with aperture,
lateral view. \

3. GSC 44711, 'x 0.5; from the Yakoun Formation, South Balch
Island, Queen Charlotte Islands. Complete body chamber with
aperture, lateral view.- .

4. GSC 13634, x 0.5; from the Yakoun Formation, South Balch
Island, Queen Charlotte Islands. Almost complete specimen,
‘lateral view. \d'

Note the loss of nodes on the body chamber whorl.
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‘Figs. 1-4.

EXPLANATION OF PLATE 5 §
[All figures natural size unless otherwise indicated]
Stephanoceras itinsae (Mclearn) Q [macroconch]

la-d. Unnumbered specimen, UBC; from Yakoun Formation,
"Harty's Island”, Queen Charlotte Islands. (a) phragmo-
cone, lateral view, x 0.5; (b) phragmocone, ventral Yiew,
x 0.5; (c¢) phragmocone, ventral view at D = 30 mm, x/1;
(d) phragmocone at D = 30 mm, lateral view, x 1.

2. GSC 40985, x 0.5; from the Yakoun Formation, Reef Island,
Queen Charlotte Islands. Phragmocone and half-whorl of
body chahber, lateral view. Note egression of body chamber.

3a, b. GSC 48601, both x 0.5; from the Yakoun Formation,
South Balch Island, Queen Charlotte Islands. (a) phragmo-
cone and half-whorl of body chamber, lateral view;
(b) body chamber, ventral view.

4a, b. McM J1808g, both x 1; from undifferentiated Yakoun
Formation, eastern shore of South Balch Island, Queen
Charlotte Islands. (a)*phragmocone, lateral view;
{b) phragmocone, ventral “view.

1

>
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‘ EXPLANATION OF PLATE 6

[All figures natural size unless otherwise indicated]
o .

v Fig. 1. Stephanocerde ttinsae (McLearn) 9 [macroconch]

la, b. McM J1880, x 1; from Rick Creek Member, Fernie
Group, at Ribbon Creek, southern Alberta. (a) phragmo-~
- cone, lateral view; (b) ventral view. "

Figs. 2-6.. Stephanoceras itinkae (McLearn) O7 [microconch]

2. Complete specimen showing body chamber and lappet;
lateral view. GSC 48601, x 1; from the Yakoun Formation,
South Balch Island , Queen Charlotte Islands. '

3. Almost complete specimen 'with lappet, lateral view.
Note forward inclination of' primary ribs on inner whorls.
GSC 48601, x 13 from the Yakoun Formation, South Balch
Island, ‘Queen Charlotte Islands.

? 4a-f, McM‘J1799a, all x 1; from the Yakoun Formation,
South Balch Island, Queen Charlotte Islands.
‘(a) complete specimen showing lappet, lateral view;
(b) ventral view of body chamber; (c), (d) lateral and
ventral views at D = 35 mm, adoral end of phragmocone,
(e), (f) lateral and ventral views at D = 30 m. :

5. McM J1801b x 1; from 40 m above the exposed bage of
the Yakoun Formation, South Balch Island Queen Charlotte
Islands. Aperture showing 1atéra1 lappet.

6a-c. McM J1800, x 1; from 6 m above the exposed base of
3 . the Yakoun Formation, South Balch Island Queen Charlotte
’ ’ Islands. (a)- part of complete specimen showing lappet,
lateral view;. (b) ventral view of body chamber;

(c) ventral view of phragmocone at D.= 28 mm.
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Fig. 1.

Figs. 2, 3.

Figs. 4, 5.

EXPLANATION OF PLATE 7
[All figures natural size unless otherwise indicated]
Stephanoceras itinsae (McLearn) 07 [microconch]

la, b. McM J1838, x 1; from the Rock Creek Member, Fermie
Group, at Ribbon Creek, southern Alberta. (a) complete
.body chamber with lappet, lateral view; (b) ventral view
of body. chamber showing lappet.

Stephanoceras skidegatense (Whiteaves) Q fmacroconch]

2a, b. McM J1878, x 0.5; from 20 m above the base of
‘the exposed Yakoun Formation at Richardson Bay, Queen
Charlotte Islands. (a) part of the body chamber and
phtagmocone, lateral view; (b) ventral view of body
- chamber, Note strong, sharp secondary ribs with only
. two to each primary rib on body chamber. '

3.. GSC 48594, x 0.5; from the Yakoun Formation, Richardson
Bay, Queen Charlotte Islands. Phragmocone, lateral view.

Stephanoceras skidegatense (Whiteaves) juv.

. 4a, b. GSC 13636, x 2; from the Yakoun Formation,

Fig. 6.

supposedly between MacKenzie Béy_and Clapp Bay, Queen
Charlotte Islands. (a)l (b) lateral and ventral views.

Sa, b. McM J1802f, x 2; from 20 m above the exposed base
of the Yakoun Formation, Richardson Bay, Queen Charlotte
Islands. (a), (b) lateral and ventral views.

Stephanoceras skidegatense (Whiteaves) O7 [microconch]

6a~c. McM J1802b (allotype), x 1; from 20 m above the
exposed base of the Yakoun Formation, Richardson Bay,
Queen Charlotte Islands. ' (a) complete specimen with
beginning of lappet, lateral.view; (b) ventral view of
hody chamber;’ (c) phragmocone, ventral view at D =.30 mm.
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Fig. 1.
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"Figs. 2, 3.

Fig.’ 4 .

Fig. 5.

Fig. 6.

Fig.. 7.

EXPLANATION OF PLATE 8

[All figures natural size unless otherwise indicated)

Stephanoceras skidegatense (Whiteavyes) 0" [microconch] ' ™,

la~c. McM J1802a, all x 1; from 20 m above the exposed
base of the Yakoun Formation, Richardson Bay, Queen
Charlotte Islands. {(a) ventral view of body chamber;
(b), (c) lateral and ventral views of phragmocone at
= 35 mm,

Stephanoceras sp. o aff. S. skzdegatense (Whiteaves) Cf
[microconch]

2a, b. McM J1804, x 1; from 8 m above the exposed base
of the Yakoun Formation, Richardson Bay, Queen Charlotte
Islands. (a) ventral view of body chamber; (b) part of
phragmocone and.body chamber, lateraliview.

3a, h. McM J1806, x 1; from 3 m above base of exposed
Yakoun Formation, Richardson Bay, -Queen Charlotte Islands.
(d) ventral view of phragmocone at D = 40 mm;
(b) phragmocone, lateral view.

Stephanoceratidae gen. et sp. indet. B ?Q [macroconch]
McM. J 858, x 0.5; from-the Yakoun Formation, MacKenzie
Bay, Queen Charlotte Islands. Parts of the phragmocone
and body chamber, lateral view. Note broad, flat venter.

Stephanoceratidae gen. et sp. indet. C-?Q. [macroconch]
McM J1861, x 1; from 10-15 m above the base of the
exposed Yakoun Formation at MacKenzie Bay, Queen Charlotte
Islands. Phragmocone, lateral view. Note broad, flat.
venter and lateral shoulder. '

Stephanoceratidae gen. et sp. indet. A. :
McM J1860, x 1; from 10-15 m above the base of the -exposed
. Yakoun Formation at. MacKenzie-Bay, Queen Charlotte Islands.
Lateral: view. Note very strong secondary ribs and broad,
flat venter. o

Calliphylloceras sp. indet.
McM.J1826, x 0.5; from the lower part of the Yakoun

‘ Formation, South Balch Island, Queen Charlotte Islands.
(a) .phragmocone, ventral view; (b) lateral view.:






Fig. 1.
Fig. 2.
Fig. 3.
Fig. 4.

EXPLANATION OF PLATE 9
[A11l figures natural size unless otherwise indicated]

Stephanoéeras sp. aff. S. kirschneri .Imla§ Q [macroconch]

la, b. GA 1035a, both x 0.5; from the collection of Mr

F. Garcia, E. N. A. P. (Inst. Geol., Univ. Nac., Santiago)
and referred to in Westermann and Riccardi (1972a, p. 20).
Salar de Pedernales, Atacama Province, Chile.

(a) lateral view showing short, straight primary ribs,
round tubercles and fine secondéry ribbing; (b) ventral
view.

Stephanoceratidae gen.«et sp. indet. E [?Cadomites]

" la, b. McM J17791, x 1; from Caracoles, Antofagésté

Province, Chile. (a) phragmocone, ventral view, showing
dense secondary xibs and prominent, round tubercles;

(b) lateral view showing last half-whorl of phragmocone,
round tubercles and fine secondary ribbing.

Stebhanoceras (Skirroceras) cf. macrum (Quenstedt) 9
[mactoconch] . D

3a, b, McM J1323a, x 1; from the Lajas Formation, Chacaico,

iNeuquén Province, Argentina (referred to in Westermann and
Riccardi, 1972a, p. 10). (a) lateral view; note strong,
dense secondary ribs on inner whorl and prominent tubercles.
(b) ventral view of ?body chamber.

|}

Stephanoceras n. sp. juv.

4a, b. GA 1035c, both x 1; from the collection of Mr F.
Garcia, E. N. A. P. (Inst, Geol. Univ. Nac., Santiago)

g and mentioned iﬁ Westermann and.Riccardi (1972a, p. 20).
Salar de Pedernales, Atacama Province, Chile.
(a) phragmocone, lateral view, showing fine primary

. ribs and large, round tubercles; (b) , ventral view
showing broad, gently arched venter.
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Fig. 1.
. Fig. 2.
Fig. 3.

EXPLANATION OF ‘PLATE 10
[All figures natural size unless otherwise indicated]
Stephanoceras sp. aff. S. caamanoil McLearn Q [macroconclhi]

la, b. McM J1779k, both x 1; from Agua Dulce, Caracoles,
Antofagasta Prevince, Chile, upper part of "Stephanoceras
beds.” (a) phragmocone, lateral view showing fine, curved
primary ribs and sharp tubercles; (b) ventral view.

Stephanoceras sp. aff. S. kirschneri Imlay [macroconch]

2., GA 1735b, x 1; from the collection of Mr F. Garcia,
E. N. A. P. (Inst. Geol., Univ. Nac., Santiago) and referred
to in Westermann and Riccardi (1972a, p. 20). Salar de
Pedernales, Atacama Province, Chile. Ventral view.

Stephanoceras n. sp. indet. 9 [macrocénch]'-

3a, b. McM J1779b, both x 0.5; from Caracoles, Antofagasta
Province, Chile. (a)-lateral view showing long, thin,
curved primary ribs and dense secondary ribs; (b) ventral
view, < .
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Fig. 1.
Fig. 2,
Fig. 3.
Fig. 4.

EXPLANATION OF PLATE 11
. [All figures natural size unless otherwise indicated]
Stephanoceras n. sp. indet. Q {macroconch]

l. MeM J1777b, x 0.5; from Caracoles, Antofagasta Province,
Chile. Lateral view of phragmocone showing long, curved
primary ribs and fine secondary ribbing.

Stephanocevatidae gen. et sp. indet. D [?Cadomites]

2a, b. McM J1777g, both x 1; from Caracoles, Antofagasta
Province, Chile. (a) phragmocone, lateral view showing
broad, widely spaced primary ribs, large tubercles and
strong secondary ribs; (b) ventral view showing strong
secondary ribbing and large tuberqles.

?Teloceras sp. indet.

3. McM J1295, x 0.5; from Caracoles, Antofagasta Province,
Chile. Phragmocone, lateral view showing primary ribs with
large, round nodes along the lateral shoulder and gently
arched venter.

?Epalxites sp. indet. 0" [microconch]

4a, b, GA 1035d, both x 1. From the collection of Mr F.
Garcia, E. N. A. P. (Inst. Geol., Univ. Nac., Santiago);
referred to in Westermann and Riccardi (1972a, p. 20).
Salar de Pedernales, Atacama Province, Chile.

(a) ventral view at position of last septum showing
broad, slightly arched venter and sharp nodes;

"(b) lateral view showing curved primary ribs, large round’
_nodes along lateral shoulder and broad venter; - part of
crushed lappet also ‘visible at lower left: '

9
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Figs. 1-7.

Figs. 8, 9.

EXPLANATION OF PLATE 12
[All figures natural size unless otherwise indicated)
Chondroceras oblatwn’ (Whiteaves) Q [macroconch]

1. McM J1834a, x 1; from 1-3 m abové the base of the Yakoun
Formation exposed on South Balch Island, Queen Charlotte
Islands. Complete, laterally crushed specimen, lateral view.
Note constriction and smooth lip at aperture.-

2.  McM J1832a, x 1; from 44 m above the base of the Yakoun
Formation exposed on South Balch Island, Queen Charlotte
Islands. Ventral view of body chamber.

3., McH J1832b, x 1; from 44'm above the base of the Yakoun
Formation exposed on South Balch Island, Queen Charlotte
Islands. Lateral view of phragmocone.

4a, b. McM J1877, x 2; from undifferentiated Yakoun
Formation, eastern sho;e of South Balch Island, Queen
Charlotte Islands. (a) phragmocone, lateral view;
(b) ventral view. ’

5a, b. McM J1795; from undifferentiated Yakoun Formation
on eastern shore of South Balch Island, Queen Charlotte
Islands. (a) phragmocone, ventral view at D = 31 mm; x 1;

* (b) ventral view at D =-18 mm; x 2.

Y

6a, b. McM J1836c, both x 1; from Rock Creek Member, Fernie
Group, .Ribbon Creek, southern Alberta. (a) almost complete
specimen, lateral view; (b) ventral view of body chamber.
Note sudden egression of body chamber.

Ja, b. McM'J1836b, x 1; from the Rock Creek Member, Fernie
Group, Ribbon:Creek, southern Alberta. (a) ventral view
of body chamber; (b) lateral view, complete specimen.

Chondroceras oblatum (Whiteaves) O” [microconch])

8. Allotype, McM J1794a, x 2; from undifferentiated Yakoun
Formation, eastern shore, South Balch Island, Queen Char-
lotte Islands. Complete specimen, lateral view.

9. McM J1835,.x 2; from 44 m above base of Yakoun Formation
exposed on South Balch Island, Queen Charlotte Islands.
Complete specimen, lateral view.
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EXPLANATION OF PLATE 13
[A11 figures natural size unless otherwise indicated)
Figs. 1-6. Chondroccras defontii (McLearn) Q [macroconch]

la, b. GSC 48594, x 1; Yakoun Formation, Richardson Bay,
Queen Charlotte Islands. (a) complete specimen with
aperture, lateral view; (b) ventral view of body chamber.
Note constriction preceding aperture and sudden egression
of body chamber.

2, MeM J1792, x 1; Yakoun Formation, Richardson Bay, Queen
Charlotte TIslands. Lateral view of phragmocone whorls
showing fine, curved ribbing.

3a, b. McM J1792e¢, x 1; from 7-9 m above the base of the
Yakoun Formation exposed at Richardson Bay, Queen Charlotte
Islands. (a) ventral view of body chamber; (b) complete
specimen with aperture, lateral view.

4, McMJ1829, x 1; 1.5-2.5 m above the base of the Yakoun
Formation exposed at Richardson Bay, Queen Charlotte
Islands. Complete specimen with aperture, lateral view.

; 5. MMJ1792b, x 1; from 7-9 m above the base of the Yakoun
Formation exposed at Richardson Bay, Queen Charlotte Islands.
Complete specimen with aperture, lateral view. ©Note sudden
egression of body chamber and constriction.

6. MMJ1792¢, x 1; from 7-9 m above the base of the Yakoun
Formation exposed at Richardson Bay, Queen Charlotte
Islands. Complete specimen with aperture, lateral view.
Note constriction preceding aperture, sudden egression of
body chamber, curvature of both primary and secondary ribs.

Figs. 7, 8. Chondroceras defontii (MLearn) O' [microconch]

. 7. Allotype, McM J1793a, x 1.5; from 1821 m above the base
of the Yakoun Formation exposed at Richardson Bay, Queen
Charlotte Islands. Complete body chamber with aperture,
lateral view. ‘

8. &C 48594, x 2; from Richardson Bay, Queen Charlotte
Islands. Complete specimen with aperture, lateral wview.
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[All figures natural size unless otherwise ipdicated]

¢

<

Figs. 1. 2. Chondroceras allani (MLearn) Q [macroconch]

la, b: MM J1831d, both x 1; from the Rock Creek MMmber,
Fernie Group, Ribbon Creek, southern Alberta.
(a) 1lateral view of almost complete specimen showing curved

primary ribs and egression of body chamber; (b) ventral "\
view. '

’ 2a, b. MM J1830h, both x 1; from the Rock Creek Member, -
. Fernie Group, Ribbon Creek, southerxrn Alberta.
(a) lateral view of almost complete specimen showing
curved primary ribs and egression of body chamber;
(b) ventral view.

Fig. 3. Chondroceras n. sp. indet. Q [macroconch]

Ba—é} MM J1857a, all x 2; from just above the base of the
exposed Yakoun Formatjion at MicKenzie Bay, Queen Charlotte
Islands. (a) lateral view showing fine, curved primary
and secondary ribbing; (b) lateral view showing strong
curvature of ribs on inner whorls; (c) ventral view.

Fig. 4. ?Eutrephoceras sp. indet.

( 4a, b, McMJ1825a, x 1; from 38 m above the base of the
exposed'Yakoun Formation, South Balch Island, Queen
Charlotte Islands. (a) lateral view, phragmocone;
(b) ventral view.

Fig. S.f’ Cenoceras sp. indet. ‘

5a, b. MM J1825b, x 1; from 38 m above the base of the
Yakoun Formation exposed on the western shore of South
. Balch Island, Queen Charlotte Islands. (a) lateral
view showing broad lateral lobe in suture; (b) dorsal
view showing dorsal lobe of suture and position of
siphuncle.
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