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ABSTRACT

From the beginning of the Upper Bajocian, Jurassic North
America straddled two strongly differentiated ammon ite faunal
realms, the East-Pacific Realm and the Boreal Realm. These in
wrn overlap so little with the Tethvan Realm, in which the
primary chronostratigraphic ammdanite zonations have been
defined, that direct correlations between North America and
the standard European successions continue 1o be almost
impossible in most of the Middle Jurassic. This has led to much
uncertainty, the identifications of ammonites and their assigned
ages being frequently locked in circular argument. The taxon-
omy and biosiratigraphy of the ammonites are, therefore,
reviewed in the light of what has been learned in the last 30
years of their distribution and evolution both in North America
and in the rest of the world. Four regions or domains are
distinguished: A, the epicratonic Western Interior, from Wyon-
ing to Alberta: B, the mobile Cordillera, from northern Cali-
fornia 1o the Alaska Peninsula; C, epicratonic arctic Canada,
including the Archipelago; and D, the Alaskan North Siope.
Some 80 ammonite faunas are identified and arranged in four
parallel time-ordered sequences, ranging from Upper Bajocian
to the top of the Jurassic. Their correlations, among themselves
and with standard successions in the Arctic and in Europe, are
discussed and indicated as far as the evidence allows. The
conclusions are: 1) The Middle Jurassic ammonites of region A
formed a distinct Western Interior faunal province within the
Pacific Realm. 2) With one exception; all the Middle Jurassic
faunas of the Western Interior Province are of Upper Bajocian
- Bathonian age, including the ones previously assigned to the
Callovian: the Callovian is almost totally unrepresented. 3) The
Upper Bajocian and Bathonian are similarly strongly repres-
ented in the Cordillera, region B, Lower Callovian being well-
developed only-in southern Alaska. 4) The succession in region
C, arctic Canada, is closely similar to that of the rest of the
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Boreal Province as typified by East Greenland, with again an
extensive (Boreal) Bathonian sequence and only intermittent
evidence of Callovian. 5) Despite apparent faunal disparities.
the succession in region D, the North Slope, has close affinities
with that of adjacent arctic Canada, region C. 6) Comparison
of ammonite distributions within and between domains 4 and
B shows them to be consistent with possible lateral tectonic
displacements of accretionary terranes in the Cordillera since
the Middle Jurassic of between zero and a maximum of perhaps
2000 km northwards for the Alaska Peninsula relative to the
cantinent. 7) Similarly, strike-slip displacements of northern
Alaska relative 10 the Laurentian Shield are unlikely 10 have
exceeded a few hundred km and could also have been zero.

RESUME

A partir du débur du Bajocien supérieur, I'Amérique du
Nord se partageait entre deux domaines o les faunes d'ammo-
nites étaient fortement distinctes; il s'agissait du Domaine Est
Pacifique et du Domaine Boréal. Ceux-ci, & leur tour, ne se
superposent que si peu qu Domaine Téthysien, ot les premiéres
zonations chronostratigraphiques d'ammonites furent définies,
que les corrélations directes entre les successions de référence ent
Europe et celle d’ Amérique du Nord continuent & étre presque
impossibles pour la plus grande part du Jurassique moyen. Ceci
a conduit a une grande incertitude, lideniification des ammo-
nites et leurs dges supposeés étant fréquemment l'objet de
démonstrations circulaires. La taxinomie et lu biostratigraphie
des ammonites sont donc révisées ici a la lumiére de'ce que les
derniéres 30 années nous ont appris sur leur distribution et leur
évolution tant en Amérique du Nord que dans le reste du
monde. Quatre régions ou domaines sont distingués: 4, le
“Western Interior” intracratonique s'étendent du Wyoming &
I'Alberta; B, la Cordillére mobile, de la Californie Septentrionale
d la Péninsule " Alaska: C. le Canada arctique, intracratonique,
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comprenant I'Archipel; et D, le Versant Nord de I'Alaska.
Quelques 80 faunes d'ammonites ont été identifides et disposées
en quatre séquences chronologiques paralléles qui s'étendent
du Bajocien supérieur au sommet du Jurassique. Les corréla-
tions, aussi bien entre elles qu'avec les successions de référence
de I'Arctique el d"Europe, soni discutées et érablies dans la
mesure des preuves disponibles. Les conclusions suivantes sont
tirdes: 1) Les ammonites du Jurassique moyen de la région A
constitutent une province du Western Interior, bien distincte au
sein du Domaine Pacifique. 2) A Fexception d'une seule, toutes
les faunes du Jurassique moyen de la Province du Western
Initerior sont d'dge Bajocien supérieur — Bathonien, y compris
celles précédemment atiribuées au Callovien; cet étage n'est
pratiquement pas repésenté. 3) De méme, le Bajocien supérieur
et le Bathonien sont largement représentés dans la Cordillére
(région B), le Callovien inférieur n'étant bien développé qu'en
Alaska méridional. La succession dans la région C, le Canada
arctique, est trés semblable & celle du reste de la Province
Boréale comme elle a é1é établie dans I'Est du Groenland, avec
encore une séquence trés répandue du Bathonien boréal et.
seulement, des indications sporadiques de Callovien. 5) Malgré
ses apparentes particularités fauniques, la succession de la
région D, le Versant Nord, a des affinités étroites avec celle du la
région C, contigite, du Canada arctique. 6) La comparaison des
distributions d'ammonites au sein et entre les domaines A et B
montre qu'il y a compatibilité avec des mouvements tectoniques
horizontaux de zones d'accrétion dans la Cordillére a partir du
Jurassique moyen; l'amplitude des mouvements, vers le Nord,
de la Péninsule de I' Alaska par rapport au continent peut étre
évalude entre zéro et, peut étre 2000 km. 7) De méme, les
décrachements de I'Alaska septentrional par rapport au Bouc-
lier Laurentien n’ont pas dii dépasser quelques centaines de km
et ont pu aussi bien étre nuls.

INTRODUCTION

Jurassic rocks have been recorded from almost innumerable
locatities in the western United States, Canada and Alaska, and
listed and reviewed by Imlay in his masterly survey of 1980.
Many ammonities have been found and described, but the
majority came from scattered localities and were collected by
field parties not primarily interested in ammonoid biostrati-
graphy. The number of places in which collections have been
made carefully bed by bed in recorded sections is therefore very
small. To work out the correct sequence of ammonite faunas
and even the associations of genera and species occuring
together in them has been very difficult, and is in many cases
still uncertain. We have had to rely to a considerable extent on
indirect correlations, mainly lithostratigraphical - the positions
of finds within a formation, with Juck at levels that could be
located relative to the base or top of the formation. While this
works quite well in the shallow-water epicratonic sediments
east of the Rockies, in Wyoming, Montana and Alberta, in
which relatively thin formations can be followed with little
change over distances of hundreds of kilometres, it is often
barely possible in the Cordilleran deposits whose facies are
almost wholly volcanoclastic and often turbiditic, laid down in
tectonically unstable basins. Fossils tend to be scattered
throughout formations whose thicknesses can be enormous

and rapidly varying, either in depositional wedges or through
erosion. Lithologic correlations at the level of ammonite faunal
horizons may therefore be reliable over distances no greater
than a few kilometres. To collect bed by bed from such sucees-
sions therefore may never be possible. Nevertheless, great pro-
gress has been made, and much of the ammonite sequence can
now be pieced together with some confidence. The picture that
cmerges is as follows.

Correct identification of Lower Jurassic rocks presents no
scrious problems, for the ammonites they contain resemble
those from the well-known standard successions of Europe
quite closely - almost always to generic, sometimes even to
specific level. Occurrences are scattered and successions locally
highly incomplete, but somewhere or other almost every part of
the Lias has been recognized. In the Aalenian(l.ower Bajocian
olinm and sensu U.S. and Canadian Geological Surveys), morc
and more specifically Pacific elements enter the fannas, extend-
ing from the Andes to the Alaskan Peninsula, but broad corre-
lations can be continued upwards as far as the top of the L.ower
Bajocian (Middle Bajocian olim and sensu americano), Hum-
phriesianum Zone, whose Stephanoceras, ranging from the
Andes through Oregon, Alberta, the Queen Charlotte Islands,
the Talkeetnas to the Alaskan Peninsula, bear an astonishing
resemblance to those from Dorset and the Swabian Jura. (For
recent reviews see Westermann and Riccardi, 1976, 1979; Hall
and Westermann, 1980, and Westermann, 1981). Thereafter,
faunal similarities with Europe abruptly cease.

The next higher ammonites found both in South and North
America came to be described during the 1920s to 1930s in the
heyday of the Buckman-Spath schools of taxonomy, and
aimost every new ammonite found, no matter how scrappy,
had to have its own new generic name: a) Neuqueniceras Stehn,
1924 (Andes), b) Yakounites McLearn, 1927 (Queen Charlotte
Islands), ¢) Yakounoceras Mcl.earn, 1927 (Queen Charlotte
Islands), d) Eurvcephalites Spath, 1928 (Andes), e) Xenoce-
phalites Spath, 1928 (Andes), f) Miccocephalites Buckman,
1929 (Alberta), g) Paracephalites Buckman, 1929 (Alberta), h)
Metacephalites Buckman, 1929 (Alberta), i) Paracadoceras
Crickmay, 1930(B.C.), and j) Lilloertia Crickmay, 1930 (B.C.).

Nevertheless, the affinities to known groups seemed fairly
clear. The second and third [b) and ¢)}, alias Seymourites Kilian
and Reboul, 1909, were close to Kepplerites from the Lower
Callovian of Europe; (a) appeared close to Reineckeia from the
Middle Callovian of Europe; and the rest strongly resembled
Macrocephalites from the Lower Callovian, together with Rei-
neckeia the only non-American genera to be widely cited from
South America. The ages of the beds containing these faunas
were thus firmly ascribed to the Callovian; ergo, immediately
succeeding as they did the Lower Bajocian, the' whole of the
Upper Bajocian and Bathonian had to be missing in North and
South America. The situation in the Arctic appeared to be
similar. There, Palacozoic, Liassic or Aalenian rocks were
followed by seq ining Cranocephalites, Arctoce-
phalites, Arcticoceras and Kepplerites also firmly ascribed to
the Callovian. Such large and globally widespread non-
sequences coincided with a Bathonian developed in northwest
Europe often in highly condensed or ecven non-marine facies.
Thus arose the doctrine of the great world-wide Bathonian




regression, followed by the equally great world-wide Callovian
transgression, summarized by Arkell (1965) and both still widely
cited today, often to be found in curves of.eustatic sea-level as a
function of time.

Our knowledge of these Middle Jurassic faunas has been
immensely enriched in the last 30 years almost entirely through
the untiring efforts of Ralph Imlay and Hans Frebold. Many
new faunas from many horizons have been described, yet the
similarities with the classical Bathonian and Callovian faunas
of Europe have become little closer. New forms now had to be
given new generic names out of necessity, to emphasize the
faunal differences within the broad similarities. The study of
the ammonites was still in the analytical phase (Wright, 1981).
1t became clear that the main reason for the dissimilarity of
American, Arctic and European ammonite successions in the
Middle Jurassic was the development of strong faunal provin-
cialism (e.g., Imlay, 1965). At the end of the Lower Bajocian, the
differentiation that had begun mildly in the Aalenian became
complete and the ammonites segregated into three almost non-
overlapping faunal rcalms: the ancestral Tethyan Realm, with
its adjacent cpicontincntal domains including the Northwest
European Province with its rich ammonite faunas that form the
primary world standard of Jurassic zonation; the Pacific
Realm, including all the circum-Pacific domains from New
Guinea via New Zealand through the western cordilleras of
South and North America to the Sea of Okhotsk and Japan;
and the Arctic-or Boreal Realm, from the North Slope of
Alaska through the Sverdrup Basin, north and east Greenland,
Spitsbergen, the Petchora, through the breadth of north Siberia
as far as Kolyma.

It seems an opportune moment to attempt another review of
the post-Lower Bajocian ammonites of North America. We
begin with a brief systematic review of the classification of the
relevant ammonites at generic level and up. There has been
progress in this field independently, for besides the recognition
of faunal provincialism a lot has been learned in recent years
about phyletic relationships among Middle and Upper Jurassic
ammonites generally (Callomon, 1981a, b). Together with the
recognition of dimorphism, this does much to simplify and
bring order into what has grown into a daunting catalogue of
generic names.

Next, the published occurences of ammonites are analyzed
into distinguishable assemblages, each of which characterizes a
faunal horizon. Attempts then to arrange these faunal horizons
into time-ordered scquences reveals the presence in western
North America, between central California and the Arctic
Islands, of four distinct post-Lower Bajocian paraliel faunal
successions each characteristic of a separate faunal domain.
Even the correlation of these domains still presents problems
for the overlaps are at present tenuous - either because of lack
of information, or because they no longer exist. Conversely, the
possible reasons for this are interesting and topical, certainly in
part due to faunal provincialism (primary), but perhaps also the
results of subsequent macrotectonic events now manifested in
disjointed terranes (secondary causes).

Finally, to avoid some of the circular arguments of the past,
the correlation of the North American successions with the
standard successions of Europe is left to the end. The basic
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difficulty remains. Despitc many new discoveries, there are very
few faunal elements between Lower Bajocian and Oxfordian
these regions have in common. Neither the Bajocian-Bathonian
nor the Bathonian-Callovian boundaries as defined in Europe
can be directly recognized in North America, either by ammo-
nites or as yet by any other fossil group. The Bathonian-
Callovian boundary however can now be located fairly precisely
through indirect correlations via the Arctic. Together with the
discovery of what are now known to be undoubtedly Upper
Bajocian and Bathonian ammonites in both South and North
America, the previously held picture of the distribution of
Bathonian and Callovian rocks will need considerable modifi-
cation. It transpires that most of the formerly “Callovian”
ammonites of North America are Upper Bajocian and Batho-
nian, and that Callovian proper is in turn very scantily repres-
ented in many areas, if at all.

SUMMARY OF AMMONITE SYSTEMATICS

The post-Bajocian ammonite faunas to be considered here,
together with the numerous localities at which one or more of
their elements have been found, are distinctly characteristic of
four regions, or domains. It seems useful to introduce such a
term to describe regions delimited by present-day geographical
boundaries, chosen quite possibly wholly or in part for more or
less arbitrary reasons of convenience, in contradistinction to
faunal realms and provinces, tectonic terranes, and deposi-
tional basins, all of which may have contributed to the distribu-
tion of fossil faunas as found to-day but in ways usually very
imperfectly known and yet to be determined. 1t corresponds
roughly to the ‘areas’ described on a broader circum-Pacific
scale by Westermann and Riccardi (1976). A domain in this
sense, therefore, may be part of several faunal provinces and
incorporate several terranes and basins. The four domains in
North America to be distinguished here all lie north of the 37th
parallel, and the Jurassic faunas of southern California, Mexico
and the Gulf states, which fall into separate categories, will not
be discussed. The domains are:

. A) Western Interior: Utah - Colorado - Black Hills of
Dakota - Wyoming — Alberta and eastern British Columbia:
Rocky Mountains and Foothills as far as the Peace River
(56°N). Includes numerous more or less ephemeral basins,
including the Wind River, Bighorn, Williston and Fernie
Basins.

B) Cordillera: Sierra Nevada of east-central California -

east central Oregon - south, central and north-west British

Columbia - Vancouver Istand - Queen Charlotte Islands —

Wrangell Mountains - Cook Inlet - Alaska Peninsula.

Includes numerous disjoint tectonic units, terranes and their

parts, and a mosaic of rapidly changing, unstable deposi-

tional basins.

C) Arctic Canada: northern Yukon Territory (Porcupine

River around Old Crow, Richardson Mountains) — Arctic

Islands (Prince Patrick to Ellesmere). (Continues to east

Greenland - northern Russia - northern Siberia).

D) Alaskan North Slope.

Of these, the first three are of considerable extent. The
epicratonic deposits of the Western Interior can be followed
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over more than 2000 km - the distance from the Sicrra Nevada
of California to the Alaska Peninsula is 3000 km and from the
epicratonic deposits of the northern Yukon to those of the
Petshora in northern Russia is 4000 km. The fourth region is
small and is differentiated here only because its succession, as
far as it is known, makes it uncertain whether its affinities are
closest with those of B or C, and in the context of tectonic
discussions this question could be vital.

Leaving aside minor differences, the uniformity of the faunal
assemblages and their successions within each of these major
regions is remarkable. In contrast, the differences between the
regions range from modest to extreme. The problem under
discussion is the possible origins of these similarities and differ-
ences. Three causes could be invoked:

1} Differcnces in ages. As indicated in the introduction, the
successions known today are stil} very incomplete. it could
have been the case, therefore, that highly intermittent regional
sedimentary cycles in each of regions A and B, for instance,
were responsible for the widespread extent and correlation
of the faunas found within them, but that there was a mis-
match of cycles between the regions so that the faunal corre-
lation now found between them is correspondingly low on
grounds of non-overlapping ages.

2) Differences arising from faunal provincialism, e.g., be-

tween the Pacific and Boreal Realms discussed in the

introduction.

3) Differences across geographic boundaries observed today

arising from plate-tectonic displacements, i.e., the juxtaposi-

tion of disparate fossil faunas by the subsequent movement
of one of them from its original place of entombment.

Before assessing the possible importance and contributions
of these factors it is necessary to summarize the faunas briefly.
We take up the successions immediately above the last horizon

in the eastern Pacific, invaded the Arctic and then dominated the
Boreal Province of the Boreal Realm as the Cardioceratidae up to the
Kimmeridgian of the Upper Jurassic.

Subfamily SPHAEROCERATINAE Buckman, 1920

la. Sphaeroceras BAYLE, 1878

Type species Amm. brongniarti J. Sowerby, 1817. Holotype, refig-
ured by Ackell (1952, p.77, Text-Fig.20.2a.b), from the Bajocian of
Normandy; microconch.

Ib. Chondroceras MASCKE, 1907

Type species Amm. gervillei J. Sowerby, 1818. Holotype, refigured
by Arkell (1952, p.77, Fig.20.3a,b) and Westermann (1956, PL1,
Figs.la.b), also from Normandy: micraconch.

European forms of these two groups have been profusely itlustrated
by Westermann (1956) and Sturani (1971). Their gencral dimorphism
was subsequently recognized by Westermann (1964c), and it was
clearly illustrated by Sturani (1971, p.147, Fig.44), who could also

_study extensive collections from successive well-resolved stratigraphi-

cal horizons. By common consent, the differences between the two
European genera were small. In Sphaeroceras brongniarti the coiling
is globular and the umbilicus so minute as to be occluded. In Chon-
droceras gervillei the coiling is more open and less inflated. Even more
evolute and planulate forms were grouped by Westermann into a
third genus-group taxon, Schmidroceras. The precise relations be-
tween these groups were not very clear, Westermann assumed that
Chondroceras and Sphaeroceras differed in age, but Sturani showed
that this was not so. Although the ages of the types of the type species
from Normandy will probably never be determined absolutely pre-
cnely, topotypes occur tagether in the same bed in the lower Humph-
i Zone, the Congl de Bayeux {cf. Rioult, 1964). The
extensive collections from northern Italy contain forms that are mor-
phologically typical of all three genera ranging from the Romani
Subzone (the lowest) of the Humphriesianum Zone, Lower Bajocian.
through the whole of the Subfurcatum Zone of the Upper Bajocian.
The generic taxa were therefore relegated to subgeneric status, but

to be identifiable world-wide, with ubiquitous Steph eras
marking the top of the Lower Bajocian, Humphriesianum
Zone. and begin with a short systematic review to make clear
the interpretation of the generic names used. Ammonite taxa
whose authors are not listed in the references may be found in
the Treatise (Arkell, 1957). Dimorphs [M]and [m]: macro-and
microconchs.

Superfamily STEPHANOCERATA CEAE Neumayr, 1875

The main branches of this major group of Middlc Upper Jurassic
ammonites are represented diagrammatically in Figure 1 (after Cal-
lomon, {981a).

Family SPHAEROCERATIDAE Buckman, 1920

The derivation of this family from the Otoitidae and its subsequent
blossoming world-wide in the Lower Bajocian is not of lmmodlate
relevance here. Of interest, h , is the phyl i that
began in the Humphriesianum Zone at the top of the Lower Bajocian.
The family divided into at least three biogeographically separate
branches, two of which are of major importance in North America.
One branch, the Sphaeroceratinae sensu stricto, lingered on with lirtle
change in the northern Tethys up to about the Garantiana Zone of the
Upper Bajocian{Sturani, 1971). Another branch, apparcntly restricted
at first to the Eastern Pacific Province of the Pacific Realm, developed
into the Eurycephalitinae. The third branch, probably also originating

lassification at specific level continued to be based on purely mor-
phological criteria and Sph. brongniarti and Ch. gervillei were retained
as distinct. Since then, large new collections have become available
from the Romani Sub; of the Humphri Zone of Sher-
borne, Dorset (Parsons, 1976, p.131, bed 4b). Thesc contain both
typical Sph. brongniarti and Ch. gervillei as well as intermediate
forms, and it seems impossible to draw a dividing linc between them.
They give the impression of being but a single, highly variablc biospe-
cies in the which the typical morphology of the macroconchs is close
to that of Chondroceras wrighti Buckman (1881; 1923, P1.415) and
the range of vsnablllty extends contmuously fmm Sphaeroceras
brongniarti as the one, ber to Schmidtoceras orbig-
nyanum (Wright, 1860) (cf. Westermann, 1956, p.74, P15, Fig.6) as
the ather, evolute one. Similarly, although not precisely, the same
ranges of variability appear then to be the rule at the higher levels also,
giving the “form-genera™ comparable parallel vertical ranges. On such
an interpretation even the type species of Sphaeroceras and Chon-
droceras are synonymous, and the retention of Chondroceras and
Schmidtoceras could be justified only in a purely marphological sense
on grounds of convenience. Such ranges of variability seem to be
typical of many other sphaeroconic rlatives of Sphaeroceras also,
eg. Cranocephalites borealis, the first of the Cardioceratidac, and
Megasphaeroceras rotundum, the first of the Eurycephalitinac.

2. Sphaeroceras (Defonticeras) MCLEARN, 1927 (including Saxi-
toniceras McLeamn, 1927).

Type species D. defontii. This group has recently been revised by Hall
and Westermann (1980). It is abundant in western North America,
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Figure 1. Phylogenetic classification of the
chrono-Subzones.

both in the Cordillera (region B) from Oregon to Alaska and in the
Rockies of the Western Interior (region A); but it appears to be
unknown elsewhere. A number of slightly different faunas can be
recognized, reflecting small differences in age, but the range of the
group appears to extend little beyond the equivalents of the Humph-
riesianum Zone as indicated by the asbociated stephanoceratids and
other rare elements. One of these faunas, that of Spaeroceras oblarum
(Whiteaves), has been chosen as index of an Oblatum Zone in a
zonation of the Bajocian of North America (Westermann and Ric-
cardi, 1979, p.112; Hall and Westermann, 1980, p.19), equivalent to
the upper part of the Humphriesianum Zone.

Morphologically, the American assemblages differ from the Euro-
pean ones of the same age in being larger, having less strongly
modified adult peristomes, and having somewhat more strongly
varicostate macroconchs with characteristicly coarse but subdued
ribbing on the body chamber. These differences are small but quite
consistent; the ranges of variability barely overlap_They hardly merit
separation at generic rank and were simply incorporated as separate
species in a single p genus Chondraceras by Hall and
Westermann. If the problem of variability in the European assemb-
lages is resolved in the manner discussed above, however, the approp-
riate generic taxon would be Sphaeroceras. As the European and
American assemblages differ in the same consistent fashion over a
range of levels, equivalent to at least two ammonite Subzones, the

distinctions appear to be more than geographically subspecific in a
biological sense, i.e., already phylogenetic albeit at an early stage, The
appropriate taxonomic distinction seems to be at subgeneric level,
therefore, retaining Defonticeras as a geographical subgenus of
Sphaeroceras in a North Cordilleran Province of the East Pacific
Realm.’ (Isolated reports of Chondroceras from the Lena Basin of
Siberia, ¢.g., Ch. sphaericum and Ch. custodium Tuchkov, 1972, are
most probably based on mi ifications of Cranocephalites spp. of
the pompeckji group).

Subfamlly EURYCEPHALITINAE Thierry, 1976
Tintant and M de, 1982]

[ g P:
Successors of Sphaeroceras in the Pacific Realm: the dividing linc is
to some degree arbitrary. The systematic relations between the
numerous American “genera” still need to be fully evaluated so that it
is necessary to retain a lot of separate names for the time being. Their
relation to South American Eurycephalites itself has to await a similar
revision of the succession in the Andes (A.C. Riccardi, in prep.). Their
close affinities are revealed e.g., by the fact that many of them share
the same microconch “genus”, the highly characteristic Xenocephalites
S pa!h 1928 - the micronconch sensu stricto of Eurycephalites.
so that generic identifications with-
and misleadi

pumm are
id can be h: d

out st
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The following names, listed in order of priority, are available.
Interpretation is based strictly on type specimens of type species.

1. Eurvcephalites SPATH, 1928 [M]

Type species Macrocephalites vergarensis Burckhardt, 1903. from
Mendoza. Assigned by Imlay to the Bathonian because it resembled
the Furopean Morrisiceras: it was subsequently removed to the Cal-
lovian during the period in which Bathonian was regarded as unre-
presented in the Andes (Arkell, 1956; Westermann and Riccardi,
1976). More recently the genus has been cited as ranging from late
Bajocian to carly Callovian {Westermann, 1981), but pending a full
systematic and stratigraphical revision the use of the name for North
American fauna seems of questionable vajue.

2. Xenocephalites SPATH, 1928 [m]

Type species Macrocephalites neuguenensis Siehn, 1924. The micro-
conch of Eurycephalites in South America; but also used extensively
in North America for forms that are microconchs of other “genera”,
including Lilloettia, Paracephalites and Iniskinites partim.

3. Puaracephalites BUCKMAN, 1929 [M] [incl. Metacephalites
Buckman, 1929 Miccocephalites Buckman, 1929 (see revision by
Frebold. 1963), and Oligocadoceras Meledina, 1977 [m]]

Includes the group of “Cadoceras™ muelleri tmlay, piperense Imlay,

tetonense Tmlay (all[M1) and shoshonense Imlay ([m], type species of

Oligocadoceras, = Xenocephalites?)

4. Lillvertia CRICKMAY, 1930 [M] incl. Buckmaniceras Crickmay,
1930

‘Type species L. lilloetensis, from an isolated horizon of uncertain
stratigraphical position in southern British Columbia. The use and
meaning of this generic name also has oscillated among its close
homoeomorphs, as synonym of Arctocephalites (Spath, 1933, p.878),
or subgenus of Macrocephalites (Arkell, 1956, p.541} and, more
recently, as subgenus of Eurvcephalites (Westermann and Riccardi,
1976, Westermann, 1981, and this volume). Its supposed age has
ranged from Middle Bathonian{Westermann, 1981) to Middle Callo-
vian (e.g., [mlay, 1953b, Frebold and Tipper, 1967). but the age now
proposed for it is early T.ower Callovian. The microconchs include
typical Xenocephalites.

5. Megasphaeroceras IMLAY, 1961a[M]

Type species M. rotundum, from southern Alaska. The microconch
appears plausibly to be Sphaeroceras talk Imlay (1962b).
As a pair their marphological affinities are closest with Tethyan
Sphaeroceras s.s. as most probable ancestors, rather than with North
Pacific Sph. ( Defonticeras). They have the fine, sharp, dense ribbing
and, in the case of the mircoconch, the strongly collared and hooded
peristome of Sphaeroceras s.s.. They differ principally in the much
larger size. This contrasts with the coarse but subdued ribbing of adult
Defonticeras. They could, therefore, still be included in Sp# ‘eras
of the Sphaeroceratinae as a subgenus in the same way as Dej[omireras
has been. Megasphaeroceras appear sharply early in the Upper Bajo-
cian along the whole of the eastern border of the Pacific, from
southern Alaska through\Oregon (Imlay, 1973) to Peru(Westermann,
1981), Chile (Hillebrandt, 1970), possibly Mendoza (Hall and Wes-
termann, 1980) and Antarctica (Quilty, 1970), - a distribution that
characterizes the East-Pacific Realm of Westermann (1981), 1t is
succeeded by numerous morphologically similar groups that constitute
the Eurycephalitinae, initially fined to the same area, and is most
probably their root. Because of this affinity and its complete biogeo-
graphical segregation from the coeval Sphaeroceras s.s. of the Tethys
and Arctocephalitinae of the Boreal Province, it seems most approp-
riate to draw the dividing line at the Lower-Upper Bajocian boundary
and to include Megasphaeroceras already in the Eurycephalitinae as
their first member.

6. Warrenoceras FREBOLD, 1963 [M]

The involute, smooth compressed forms originally rewrdcd as Are-
ticoceras (henrvi Meek and Hayden, 1865); microconchs again typical
Xenocephulites (“Arcticoceras™ crassicostatum, loveanum Imlay.
1953a).

7, Imiavoceras FREBOLD, 1963 [M]

Used so.far only for a single isolated fauna from the Miette-Rock
Lake area of the Rocky Mountains, Alberta (53°-5314°N). Possibly
only an inflated Lilloettia or a coarse-ribbed Iniskinites.

8. Eocephalites IMLAY , 1967 [M)
Questionably distinct from Megasphaeroceras; early forms, probably
still Upper Bajocian.

9. Parachondroceras IMLAY, 1967 {M]{incl. Sohlites Imlay, 1967
M1

Local fauna in the Western Interior, probably still of Upper Bajocian

age (see fauna A2).

10. Iniskinites IMLAY, 1975[M]
The densely-ribbed forms with minute umbilici, often sphaeroconic,
originally recorded as Kheraiceras.

1. Chinitnites IMLAY, 1975[M]
The microconchs of /niskinites; closely related to, if not synonymous
with, Xenocephalites.

12. Talkeetnites IMLAY , 1980b{M]

Probably merely the inflated end-members of the variational range of
a group, the most typical variants of which are still usually recorded as
Cranocephaliies Spath. although the rescmblance is probably homo-
eomorphic (“Cr.” costidensus Imlay; see below, faunas B4 and D1).

13. Tixednites IMLAY, 1980b[m]
The microconch of Talkeernites; also closely related lo Xenocephalites.

Family CARDIOCERATIDAE Siemiradzki, 1891
Subfamily ARCTOCEPHALITINAE Meledina, 1968

1. Cranocephalites SPATH, 1932[M]and[m][incl. Boreiocephalites
Meledina, 1967, and Pachycephalites Meledina, 1973]

The first of the Arctocephalitinae - Cranocephalites borealis (Spath)
- appeared throughout the whole of the Boreal Province as close to
simultancously as one can tell, and these early forms bear such a
strong morphological similarity to Sphaeroceras ( Defonticeras) that
aclose and direct derivation seems highly likely (see Fig. 2, and fauna
C1 below). Thereafter the distribution and development of the sub-
family appears to have been purely Boreal, with the possible exception
of one group occurring in the Cordillera and on the Alaskan North
Slope, that of “Cranocephalites™ costidensus 1mlay and “Cr.” igne-
kensis Imlay (sce discussion below, faunas B4 and D1).

2. Arctocephalites SPATH, 1928 [M] and [m]
Boreal successors of Cranocephalites.

3. Arcticoceras SPATH, 1924 [M] [including Costacadoceras Raw-
son, 1982 [m].

Boreal successors of Arcrocephalites. Shares its mlcrocnnch genus

Costacadoceras with those of Arctocephalites and early Cadoceras.

Subfamily CADOCERATINAE Hyatt, 1900

The transition from Arcricoceras to Cadoceras took place in the
Boreal Province, where it is gradual - the dividing-line being to some
extent arbitrary. The diagnostic character of Cadoceras is a sharp
edge on the umbilical margin of at Jeast the adult macroconch body-
hamber. This i fiately disti it from many (orms that
have been assigned to it in the past, e.g., “Cadoceras™ muelleri,
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Figure 2. The morphological affinitics of the Sphaeroceratinae and the Arctocephalitinae. A,a: Sphaeroceras( Defonticeras) oblatum (Whiteavess.
Oblatum Zone (equivalent to the upper Humphriesianum Zone), Canada. B,b: Cranacephalites borealis (Spath), Borealis Zone, East Greenland
(A: macroconch; R.1.. Hall collection, Fernic Formation, Ribbon Creek, Alberta. McMaster J1836b, figured Hall and Westermann, 1980, Ptate
14. Figures 3a,b. a: microconch: R.L. Hall collection, Yakoun Formation, Queen Charlotte Is., B.C. McMaster J1794a, figiired Hall and
Westermann, 1980. Figure 8. B: macroconch; more than usually strongly ribbed variant retaining ribbing on the mature bodychamber, Vardckloft
Formation, Jameson Land. East Greeland. JHC collection 1368. 5. microconch, typical; same locality and collection, JHC 1206a).

pipersense, etc., now placed in the Eurycephalitinae. There are
numerous generic names available, and as their relations to each other
are well understood, representing in many cases the successive evolu-
tionary stages of an evolving lineage, they can be incorporated in
classification at subgeneric level.

1. Cadoceras FISCHER, 1882

la. C.(Catacadoceras) BODYLEVSKY, 1960 [M]

The earliest forms, including the American C. barnstoni (Meek 1859),
and C. variabile Spath, 1932, from the Boreal Upper Bathonian in
zast Greenland.

Ib. C. (Paracadoceras) CRICKMAY, 1930 [M] [including Strepro-
cadoceras Meledina, 1977]

The status of this name continues to be highly unsatisfactory. The
nolotype of the type species (P. harveyi Crickmay, 1930, PL16,
Figs.1.2), although complete. appears to be a juvenile; the peristome is
distorted, and what looks like a terminal constriction indicating
maturity is not real. Neither do the last visible sutures show the
approsimation and simplification otherwise so common in the
Cadoccratinae. C. (P.) harveri could therefore be the immature stages
of any of several forms widely distributed in the Cordillera, includi

subgenus as thus interpreted are fairly evolute inner whorls with
rounded venter becoming inflated and depressed only gradualiy.
developing the sharp umbilical edge of the genus only on the middle
whorls, and retaining a very wide and open umbilicus to theend. The
differences between C. (Paracadoceras) and Cadoceras sensu sirici
are only ones of degree, and no sharp line can be drawn between them.
On the whole, C. ( Paracadoceras) is more serpenticone and relative’y
small when adult, whereas Cadoceras s.s. tends to become cadicone
and large. Density and persistence of ribbing can be quite variable iz
cither. Such an interpretation of Paracadoceras fully encompasses
Cadoceras subtenuicostatum Voronets, 1962, the type species of
Streptocadoceras Meledina, 1977. Both in Europe (Cadoceras breve
Blake, 1905) and in east Greenland. C. (Paracadoceras) occurs in the
lowest part of the Lower Callovian and is succeeded by Cadoceras s s
in the Calloviense Zone, upper Lower Callovian.

Ic. C.{(Cadoceras) FISCHER, 1882 [M] [including Bryocadoceras
Meledina, 1977]

1d. C. (Stenocaduvcerasy IMLAY, 1953b [M] .
inner whorls compressed, involute. subcarinate, heralding the transi-
llon !o Longaeviceras and hence the Cardioceratinae, the umbiheus

many of the ones described by Imlay from Alaska (1953, PP 249-B),
e.g.. C. glabrum (cf. P1.37, Fig.2), multiforme, chisikense, etc. This is
closc to the interpretation followed by Imlay himself. Amplification
of the generic name, which unfortunately is the oldest available for
macroconchs after Cadoceras itself, must therefore be based on the
subjective choice of one such species showing the adult stages so
neccssary for closer characterisation of the Cadoceratinae. Cadoceras
zlghrum Imlay seems as good as any. The characteristic features of the

g and loping sharp edges only in the middle and puter
whorls. Mlddle Callovian.

le. C.(Rondiceras) TROITSKAYA, 1956 [M]

Similar development to that of Stenocadoceras, from which it mas be
doubtfully distinct; used so far only for some species found on the
Russian Platform.

If. C. (Pseudocadoceras) BUCKMAN, 1918 [m} [including Nove-
cadoceras SAZONOV, 1965 [m].]
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The microconchs of all the subgenera of Cadoceras; the type species,
Ps. boreale, from the Koenigi Subzone of the Lower Callovian, is
unusually involute and subcarinate. The dividing line between Pseu-
docadoceras and its predecessors, Costacadoceras Rawson, 1982 {type
species C. hluethgeni, {m] of Arcticoceras ishmae) is arbitrary.

2. Longaeviceras BUCKMAN, 1918 [M] and [m]

Retaining the sharp umbilical edge of Cadoceras bul developing the
style of ribbing and incipient carina of the later Cardioceratinae.
Upper Callovian in Europe and the Arctic.

Subfamily CARDIOCERATINAE Siemiradzki, 1891

The morphotogical variability of the family reactes its peak in Cardi-
oceras. Past classifications have almost invariably been “vertical”, in
terms of morphological form-genera or subgenera of varying, over-
lapping ranges apparently evolving in parallel. These include Vere-
briceras (most strongly ribbed), Subvertebriceras, Cawtoniceras,

Malioniceras (with vestigial and strongly differentiated y

retained in the Cadomitinae of the Stephanoceratidac, from which
they must certainly have been derived. No sharp dividing-line can be
drawn on purely morphological grounds. The division appears to
have been a biogeographical one, for at the same time as the early
Kosmoceratidae colonized North America and East Greenland, there
to evolve continuously into and throughout the Callovian, the original
Cadomitinae persisted independently in the Tethys.and its margins
until well into the Upper Bathonian. At specific level coeval Keppler-
ites and Cadomites are guite distinct and there appears to have been
no intercommunication.

Although regarded classically as members of the Borcal Realm par
excellence. the Kosmoceratidae never in fact populated the truly
northerly reaches of the Bdreal Province proper. Thus, the Gowerice-
ratinae flourished in western North America, southern Alaska and
East Greenland; but they became rare even in the northern Yukan,
Spitsbergen and the Petshora and are unknown from the Boreal
Bathonian of Siberia. Later, in the Middle and Upper Callovian, the
Kosmoceratinae at times domi the faunas of the Sub-

ribbing), Scoticardioceras (smooth and discoidal), Pachycardioceras
and Goliathiceras (smooth and inflated). Precise ages are hard to pin
down on the strength of only one or two specimens, but given sufficient
material at any one level the range of forms found together usually
spans two or more of these (sub)genera continuously in a way that can
be highly diagnostic stratigraphically. As the classification of the
American representatives of the subfamily raises no special problems.
however, it need not be considered further in detail here.

Family STEPHANOCERATIDAE Neumayr, 1875
Subfamily STEPHANOCERATINAE Neumayr, 1875

L. Parareineckeia IM1.AY, 1962a [M] & [m]

A North American Cordilleran local group, probably derived from
the otherwise quite ordinary Stephanoceratinae that lived on in the
Pacific after they had vacated the western Tethys and Europe, where
they were replaced by Cadomitinae. Steph. ( Normannites) (alias Det-
termanites mlay, 1961a) accurs widely in the Cordilleran Upper
Bajocian Megasphaeroceras rotundum Zone. Parareineckeia [m]
differs little from Normannites (cf. Imlay 1980b, PP 1091, PL10; Fig.
1). Westermann (1981, p.488), in contrast, considers it to belong to the
Cadomitinae.

2. Lupherites IMLAY, 1973 [m] and Domeykoceras HILLE-
BRANDT, 1977 [M]

The systematic position of these forms has been discussed by Wester-
mann and Riccardi (1979, p.174). Lupherites was described originally
from Oregon but its occurrence together with Domeyvkoceras in the
Andes suggests strongly that the two are merely a dimorphic pair.
Their horizon must lie close to the Lower-Upper Bajocian boundary,
for they occur both in Oregon and in the Andes in closc proximity to
the Leptosphinctes-Spiraceras-Me oceras fauna, at present
taken as the towest in the Upper Bajocian (see fauna B, below). Bul
no absolute association appears to have been recorded, so that their
age could still be topmost Lower Bajocian.

Family KOSMOCERATIDAE Haug, 1887
Subfamily GOWERICERATINAE Buckman, 1926
[incl. Keppleritinae TINTANT, 1963]

In East Greenland the earliest forms appear suddenly in the Boreal
Upper Bathonian, but in North America they may appear even
somewhat earlier. The earliest forms in both regions are small, very
finely and densely ribbed, and round-whorled at all stages of growth,
with no trace of ventral flattening either in macro- or microconchs.
Adult bodychambers are relatively inflated and short, little more than
half a whorl, and the early forms could therefore be equally well

Boreal Province of north-west Europe and the Russian Platform, but
became minor elements in East Greenland and are absent now both
from North America and the whole of the Arclic, their place there
being taken by Longaeviceras of the Cadoceratinae. The southern
margins of the distribution of the Kosmoceratidae are often very
sharp. Isolated reports of their occurrence very much further south
should therefore be treated with great caution, particularly in view of
the ease with which they could be confused with more or less
homocomorphic members of other branches of the Stephanoceratidae,

1. Kepperites NEUMAYR and UHLIG, 1892 [M]

From their sudden first appearance in the Bathonian of North America
or the Boreal Upper Bathonian of East Greenland these early Kos-
moceratidac changed very little untif nearly the 1op of the Lower
Callovian. What changes did take place, e.g., the transition from
round whorl-scction to tabulate venter bordered by tubercles with
concomitant coarsening of the secondary ribbing, occurred so'gradu-
ally that no sharp boundaries can be drawn. Most of the many names
of the past can thereforc be abandoned, or retained at most at
subgeneric level.

la. K.(Kepplerites)[M][=Sevmourites (Kilian Reboul, 1909; Cerer-
iceras Buckman, 1922; Galilaeiceras Buckman, 1922; Galilaeanus
Buckman. 1922; Galilaeites Buckman, 1922; Yakounites
McLearn, 1927; Yakounoceras Mcl earn, 1927].

Ib. K. (Gowericeras) Buckman, 1921 [M][=Toricelliceras Buckman,
1922]

lc. K. (Toricellitesy BUCKMAN, 1922 [m]

Used for the micraconchs of the whole genus. The earliest members
are still round-whorled. Tabulate sections appeared in the Upper
Bathonian, with flat venters which the secondary ribs cross undimin-
ished (e.g., “Cosmoceras™ vigorosum Imlay, alaskanum 1mlay, see
below); and ventro-lateral tubercles bordering a ventral furrow which
may be smooth, Kosmoceras-like, appeared in the Lower Callovian.

Younger members of the family need not be considered further
here.

Superfamily PERISPHINCTACEAE
Family PERISPHINCTIDAE Steinmann, 1890
Subfamily LEPTOSPHINCTINAE Arkell, 1950

1. Cobbanites IMLAY, 1962a [M] and [m], = Leptosphincies (Ver-
misphinctes) Buckman, 1920

The type species, C. ralkeernanus Imlay, is morphologically so close

to well-known European forms from the Garantiana Zone of the

tate Upper Bajocian(e.g., L. (V) meseres {Buckman, 1927; pt.446A,B)



— itself pmbably a synonym of L. (V.) pseudomartinsi (Siemiradski,
1899)). that its age and affinities can hardly be in doubt. The name
Cobhbanites has come since to be applied to almost all other Peris-
phinctidac that have been found in the North American Middle
Jurassic, but most of these can also be confidently rcassigned to
previously well-known genera, e.g., Procerites or Choffatia(see below
under Zigzagiceratinae and faunas A3-A6, B7). It appears that the
Middle Jurassic Perisphinctidae of North America are all representa-
tives of rather general, pandemic groups and developed few if any
local faunas. Conversely, they make useful indicators of age within
the somewhat broad ranges characteristic of perisphinctids.

Subfamily ZIGZAGICERATINAE Buckman, 1920
[incl. Siemiradzkiinae Westermann, 1958, and
Gracilisphinctinae Besnosov, 1982]

1. Epizigzagiceras FREBOLD, 1973 [M] (in Frebold and Tipper,
1973).

This genus appears to have all the characteristics of the Zigzagicerati-

nae, particularly those of the earliest forms: compare E. evolutum

Frebold, 1973, PL 1, Fig. 2, 4 with Zigzagiceras (Franchia) arkelli

Sturani, 1967, PL. 18, Fig. 2,3, from the basal subzone of the Bathonian

of south-east France.

The only other forms from North America that have been assigned
to Zigzagiceratinae close to Zigzagiceras itself arc those described by
Burckhardt (1927) from Oaxaca in Mexico as Middle Bajocian Sie-
phanoceras floresiand St. aff. brodiae (P1.12, Figs.10-16, Figs. 18-20).
They were re-identified as Lower Bathonian Zigzagiceras by Arkell
(1956, p.564) and this identification was rccently upheld (Tmlay, 1980;
Westermann, 1981) until the present revision by Westermann (in
Taylor et al., this volume) based on new field-work. “S.” floresi and
relatives are very early Upper Bajocian stephanoccratids as also classi-
fied by Sturani (1967, p.50). The material as a whole bears a very close
resemblance to the early Upper Bajocian Stephanoceras from southern
Alaska described recently by Imlay (1982a, PP. 1189, eg, PLS,
Figs.6,8; PL4, Fig.4). The perisphinctid nuclei (Burckhardt 1927,
P1.11, Figs.5-8) identified by Arkell as Siemiradzkia or Planisphinctes
could cqually well be Leptosphincies (cf. Imlay 1982a, P14, Figs.5-7).
The forms developing the extremes of coronate ribbing found in
Zigzagiceras are untypical of the Zigzagiceratinae as a whole and arc
otherwise known only from a quite restricted area of sub-Mediter-
ranean (but not Tethyan) Europe. Reassignment of the Mexican
forms to Stephanoceras s.s. would remove what otherwise is a serious
anomaly, with its strong implications of a direct marine link between
Qaxaca and the western Tethys via the proto-Atlantic in the Lower
Bathonian(Westermann, 1981, p.476). In the more typical representa-
tives of the Zigzagiceratinac such as Procerites, caronate ribbing
rarely persists beyond the rudimentary state on the inner whorls. It is
an unfortunate historical accident that the atypical Zigzagiceras should
have given its name to a whole subfamily otherwise lying dircctly on
the smooth evolutionary path of the Perisphinctidae between the

more typical Lef hi doperisphi

inae and P inae

2. Procerites SIEMIRADZK], 1898,

Some at least of the perisphinctids from North America seem to be
safely assignable to this genus, e.g., P. engleri Frebold, 1957 (P1.39;
PL40, Fig.1) - the latter finding its closest match with P. (Gracil
phinctes) of the Middle Bathonian of Europe. The microconch is P.
(Stemiradzkia) Hyatt. (Frebold, 1957, PL40, Fig.1).

3. Choffutiu SIEMIRADZKI, 1898,

This genus, too, appears to be represented in North America, e.g.. Ch.
irregularis lmlay, 1953 (PP 249- B, P1.54) from Alaska. In Europe the
transition from Procerites to Choffatia is gradual. Choffatia appears
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as a minor element in the Middle Bathonian, and Procerites persists
barely into the early Upper Bathonian.

Superfamily HAPLOCERATA CEAE Zittel, 1984

Members of the family Oppeliidae are found occasionally in all
three regions A-C in north America but are too rare and poorly
understood to have much stratigraphical value at present. Lissocera-
tidac arc moderately common in the Upper Bajocian of the Cordillera,
but the same remarks apply.

Superfamily PHYLLOCERATACEAE Zittel, 1884
Family PHYLLQCERATIDAE Zittel, 1884

Members of this family occur widely in north America but beyond
formal descriptions, their value for stratigraphical and palacogeogra-
phical purposes tends to be dismissed as minimal indicating little
more than the former extent of the Tethyan Realm latitudinally
bounded roughly by the tropics. One of the discoveries of recent
times, however, has been their barcly diminished occurrence in parts
of the world far removed from the tropics even during the Jurassic -
sometimes associated with truly Boreal ammonites such as the Arc-
tocephalitinae or Cadoceratinae in the northern hemisphere. From
this and other evidence it seems more probable that the phylloceratids
differed from most other ammonites in being pelagic ocean-dwellers
rather than shelf-dwellers, and that the significance of their distribution
today is as indicators of proximity to former oceans rather than of low
palaeolatitudes. Their common occurrence in, for example, the Juras-
sic of Oaxaca, parts of the north American Cordillera and in southern
Alaska reflected the presence nearby of the Pacific Occan, then as
now. Away from the oceanic margins their frequency diminishes
rapidly, so that although they are still relatively common in the
northern Yukon they have become rarities in north-eastern Siberia
{Voronets, 1962) and the Western Interior of the U.S., and are practi-
cally unknown in the rest of the Arctic including East Greenland.
Their rarity in the epicontinental deposits of, for example, Caracoles,
Mendoza, and Neuquen in the Andean Cordillera, now barely 200 km
from the ocean, immediately suggests that these arcas may have been
considerably further from the Pacific during the Jurassic. A lot of
continental crust appears to have been lost since. It seems that a
general re-appraisal of the world-wide distribution of the whole sub-
order Phylloceratina could be palacogeographically illuminating.

THE AMMONITE SUCCESSIONS
IN NORTH AMERICA

The more important faunas that can be recognized are
reviewed briefly. No attempt is made to use them to construct
chronostratigraphical scales of zones; rather, they may be
regarded as characterising faunal horizons of greater or lesser
importance whose relations to each other remain in most cases
to be clarified. Nevertheless, it is convenient to label each
fauna/horizon with the name of one characteristic species as an
index. Important accessory elements will be indicated and brief
notes will draw attention to other points of interest. The faunal
successions are summarized in Figures 3-5.

Region A. Western Interior
(Dakota-Wyoming-Utah-Montana-Alberta)

Fauna Al. Focephalites primus IMLAY (1967)
+ Megasphaeroceras cf. and aff. rotundum
Spiroceras sp
Stephanoceratinae indet.
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Figure 3. The successions of ammonite faunas in North America: Upper Bajocian - Batho-
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probably differ little in age, although their precise order is usually not known. Correlations
are discussed further in the text.
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Utah-Idaho-Wyoming; Upper Bajocian; close if not exact
equivalents of faunas with Megasphaeroceras in the Cordillera.
A fauna of about this age has also recently been found in the
foothills of south Alberta (Hall and Stronach, 1981).

Fauna A2. Parachondroceras andrewsi IMLAY (1967)
Utah-Wyoming-ldaho-Montana; possibly still Upper Bajocian,
but no independent indicators for the fauna is known only from
the Western Interior. Parachondroceras and Sohlites seem
generically doubtfully distinet, but there is evidence to suggest
that the forms may extend over some range stratigraphically;
further horizons may, therefore, be recognizable one day.

The precise age of this fauna is conjectural. Imlay still
favoured Upper Bajocian, largely because of the gradational
transition between the Rich Member of the Twin Creek Limes-
tone containing it and the underlying Sliderock Member with
fauna Al. However, such evidence is not compelling, and fauna
A2 could be younger, perhaps already Bathonian.

Fauna A3. Paracephalites glabrescens BUCKMAN (Frebold

1963; Imlay 1962) (= P. sawtoothensis Imlay, 1962)

+ Xenocephalites saypoensis Imlay [m]

Procerites (“Cobbanires™) cf. or aff. engleri Frebold.
Montana, Sawtooth Formation and Alberta, Corbula munda
Beds (lowest member of the Grey Beds), Fernie Group. This is
the first of five more or less successive faunas that are closely
related, characterized by large, smooth Paracephalites with its
associated proportionally large Xenocephalites micronconchs
{Oligocadoceras Meledina). They give the impression of span-~
ning only a short interval of time, separated from the last fauna
(A2) known below them, by a considerable gap. Age presuma-
bly Lower Bathonian.

Fauna A4(a) Paracephalites{ Warrenoceras) codyensis IMLAY
(1953; Frebold 1957, 1963) (incl. P. rierdonensis Imlay,
imlayi Frebold)

+ Xenocephalites crassic Imiay {m]
Kepplerites sp. aff. tychonis
Procerites (“Cobbanites™) engleri Frebold [M] and {m]
‘Montana, lower Rierdon Formation, and Alberta, middle Grey
Beds of the Fernie, especially the Gryphaea Bed of Blairmore.

Fauna A4(b) Paracephalites (Warrenoceras) henryi (MEEK
AND HAYDEN, 1865) (Imlay 1953; 1967, p.60)

South Dakota-Wyoming. Variants of fauna 4a are so close to

the true P. henryi that they have been recorded as such by

Frebold from the Gryphaea Bed.

Fauna AS. Kepplerites costidensus (IMLAY) (1953)
+ Paracephalites muelleri, tetonensis, piperensis (Imlay) [M]

Xenocephalites shoshonensis (Imlay) [m]

Procerites sp.[M]

P. (Siemiradzkia) warmdonensis (Imlay) [m]
These early, fincly and densely-ribbed, small, round-whorled
species of Kepplerites bear a strong resemblance to the first
Kepplerites to occur in East Greenland, K. stephanoides sp.
MS, in the lower Cranocephaloides Zone, which marks the
beginning of the Boreal Upper Bathonian there. Montana,
basal Rierdon Formation.

Fauna A6. Kepplerites [“Gowe;irem.r"] subitus (IMLAY)
(1948,.1953)
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+ K. (Toricellites?) costicrassum (Imlay) [m] partim
Paracephalites muelleri, tetonensis etc. [M]
Xenocephalites shoshonensis [m)

Procerites[M] and [m] (* Grossouvria™)
This fauna of Kepperites is quite distinct from the finely-ribbed
forms found below and above, unlike any known from else-
where, and secms to be a local one. Gowericeras has strongly
tabulate and tuberculate inner whorls, and is probably much
younger. Montana, Rierdon Formation.

Fauna A7. Kepplerites aff. tychonis (RAVN) (Imlay 1953)

+ Xenocephalites sp. -

Another small, densely ribbed species resembling the forms in
AS, and the same remarks apply. Montana, middle Rierdon
Formation, and Alberta, upper Grey Beds of the Fernie, 20 ft
above the Grypaea Bed (Frebold 1963, P19, Fig.3)

If the resemblance of the Kepplerites of North America to
those of east Greenland is not coincidental and indicates affinity,
the ages of faunas A4-7, and perhaps A3 as well, are equivalent
to early Upper Boreal Bathonian. Similarly, the Proceritids
would indicate a correspondence to Middle-early Upper Bath-
onian of Europe.

Fauna A8. Kepplerites mclearni IMLAY [M](1948, 1953) (incl.
K. rockymontanus, planiventralis (1mlay)
+ K. (Toricellites) knechteli (Imlay [m]}(incl. K. (T.) zorima-
nensis, vigorosus (Imlay))

+ Lilloettia sp.{M]
,  Xenocephalites phillipsi Imlay [m]
These singular giant Kepplerites with their long bodychambers,
occupying the last 1! whorls, would be readily mistaken if
found in isolation with their almost perfect homoeomorphs,
Stephanoceras ex gr. rhytum of the Lower Bajocian: only their
compressed tabulat d K ‘eras-like micronconchs
reveal their true nature. Only known in North America from
the upper Rierdon Formation of Montana and its equivalents
in Jasper Park and sub-surface in Saskatchewan (Frebold,
1963), they give the impression of being yet another local fauna.

It seems once again more than coincidence that at a single
precisely anal levelin G d a closely similar assemb-
lage of giant Kepplerites occurs: K. antiquus Spath and K.
peramplus Spath (1932) with hitherto undescribed microconchs
very similar to those from America (cf. Callomon and Birke-
1und, 1980, P1.1'Fig.4). The position of this fauna in Greenland
is in the lower Calyx Zone, the highest Zone of the Boreal
Upper Bathonian.

Fauna A9. Lilloettia ?[“Imlayoceras™] miettensis(FREBOLD)
(1963)

Found so far only in Alberta near Jasper Park, but allegedly

above fauna A8 (Frebold, 1963, p.31) '

Fauna A10? Kepplerites mcevoyi (McLEARN) (1928, P1.4)

Only the holotype is known, from an unknown level in the
Foothills of Ribbon Creek, southern Alberta (see Frebold,
1957, p.64). The generally fine ribbing and rounded venter
suggests an age predating K. keppleri and its supposed Ameri-
can equivalents, K. loganianum of fauna B8(a) (q.v., below),
and hence still Bathonian. It has close matches in the Kepplerit-
ids of the Cadoceras barnstoni fauna of the Yukon, C9, and in
the Calyx Zone of east Greenland (cf. Spath, 1932, P1.25,
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Figure 4. Callovian (see chptions and note for Fig. 1).

Fig.1), both of which are still placed iri the Upper Boreal
Bathonian. Its level relative to faunas A7 and A8 is not yet
known.

- non-sequence

Fauna All. Quenstedroceras collieri (Reeside, 1919)
+ Peltoceras sp. (Imlay 1982, P1.2, Figs. 3-6, 77,8, as Quenst.
cf. omphaloides)
Perisphinctes (Prososphinctes) sp. (Imlay, 1982b, P1.26,
Figs.8-10)
Montana, basal Swift Formation; Upper Callovian, Lamberti
Zone, probably lower part.

- Oxfordian:

Faunas A12 - A16: Quenstedtoceras and Cardioceras spp.

The rich faunas of Cardioceratidac from the Western Interior
described by Reeside (1919) and most recently by Imlay (1982b)
have been discussed by Arkell (1956, p.549-50) who pointed out
their remarkable resemblance to analogous faunas of
northern Europe. Equally remarkable is the monogeneric

character of the faunas: unlike those of Europe, the Cardi -

are found in the whole of North America. The shells occur at
several levels in the Redwater Shales of the Sundance Forma-
tion of Wyoming and its correlatives from the Canadian border
in Montana to northern Utah (see Imlay, 1982b). It is rare
however that they are sufficiently abundant at any locality to
establish the range of varability of an assemblage, much less to
work out the succession. Descriptions have had to be primarily
morphological, and the current classification is very much
“vertical”, expressed in range-charts of subgenera of Cardioce-
ras. Stratigraphically Reeside’s material was almost wholly
unlocalized and unfortunately has to form the basis for the
majority by far of the specific names available and in use today.
It seems possible now to sort it into a rather few assemblages
guided by the range of variability to be expected by analogy
with the well-known faunas of Europe. The variability of car-
dioceratid biospecies is large, highly characteristic and almost
unchanging from the Upper Callovian to the Middle Oxfordian:
at every level one can find a morphologically continuous spec-
trum extending from compressed involute forms tending to be
carinate (Lamberticeras — Scoticardicoeras), to highly inflated,

tidae occur almost without accessory elements of any other
family, c.g., Perisphinctidac or Oppeliidae. They have therefore
a purely Boreal stamp, and this appears to apply wherever they

lute, round-whorled forms( Eboraciceras - Paviovice-
ras - Goliathiceras). Equally characteristic is the form of the
dimorphism. In what follows, the names of species refer only to
the typ in the firsti and to what extent these




assemblages really are homogeneous in age remains to be seen.
The four that arc distinguished here correspond roughly to
separate Zones or Subzones in Europe. By today’s standards
this is still very coarse, compared for instance with the twenty or
so faunal horizons of cardoceratids that can now be recognized
in the Lower to Middle Oxfordian of Europe. However, it is
sufficient to provide a first frame of reference. The American
faunas are as follows.

Fauna Ai2. Cardioceras cordiforme (MEEK HAYDEN,
1859) [M] (incl. Quenstedtoceras hoveyi, subtimidum,
suspectum, tumidum Reeside, Card. a/baniz’nl{e, auro-
raensis, bellefourchense, crassum, incertum, russeli Ree-
side, all [M])

+ Cardoceras latum Reeside [m].

Lower Oxfordian, Mariae Zone, Scarbugense Subzone. C.

cordiforme, as exemplilied by the lectotype, and the oldest

name available, happens to be the compress end-member of the
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series. The transition from “Quenstedtoceras” 1o~ Cardiowevas™
within the series is almost exactly as found in the Mariae Zome
of England (e.g., Arkell 1939, Woodham: Qu. omphainide
Qu. mariae - Qu. woodhamense - Card. scarburgense 3.
imperceptibly intergrading). The variability in America s mors
striking because of the presence of abundant well-presened
macroconchs, which in Europe are rare, Several of the Amer=
can forms are very close to C. scarburgense. Arkell regardec
some of them as still belonging to Qu. (Eboraciceras) of the
Lamberti Zone, Upper Callovian, but the aspect of the assera-
" lage as a whole fayours the slightly younger age. Wyorn:ng.
Montana, Alberta. g

Fauna Al3. Cardoceras martini REESIDE. 1919 ([m?]. Alaska,
(a) Cardioceras reesidei MARIE, 1938 (= C. cordifcrme
Reeside 1919 partim, P18, Figs.4,5, holotype [m]: Figs.6.”
[m]) (incl. C. whitfieldi Reeside )
(b) Cardioceras mountjoyi Frebold, 1959 [M]
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Figure 5. Upper Jurassic (see captions and note for Fig. 1).
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(¢} Cardoceras marhiaspeakense Imlay, 1982b[M]

Lower Oxfordian, Cordatum Zone, Bukowskii Subzone. The
resemblance of these forms to those of the Bukowskii Subzone
of Europe so profusely illustrated by Maire (1938) and Arkell
{1946) is very close. Some variants, especially among the micro-
conchs, are indistinguishable. Whether C. reesidei and C.
mountjoyi are of precisely the same age remains to be seen. In
Europe such a pairing of micro- and macroconchs would be
quite normal. The macroconchs of C. mountjoyi (from British
Columbia) and of C. martini (from Alaska) do appear to be
slightly different. although both can still be accommodated
within the Bukowskii Subzone, C. mathiaspeakense gives the
impression of being a little younger, and could alrcady belong
to the Costicardia Subzone. Scarburgiceras-like forms range
well up into the Cordatum Zone in Europe. Wyoming(Reeside,
1919; Imlay, 1982b), Rocky Mountains of Alberta and British
Columbia, in the Green Beds of the Fernie Group (Frebold e
al,, 1959). Also in the Cordillera (g.v.): eastern Oregon, southern
and central British Columbia, southern Alaska. Arctic Islands
(Axel Heiberg Is., Frebold, 1961).

Fauna Al4. Cardoceras distans(WHITFIELD, 1880) [m](incl.
C. stantoni, hyatti, haresi Reeside [m], and ? C. wyomin-
gense, crookense Reeside [m]
+ Cardoceras schucherti Reeside, minnekahtense Imlay [M]
Grossouvria cf. trina (Buckman) (Imlay 1982b)
Lower Oxfordian, Cordatum Zone, Costicardia and ?Corda-

tum Subzones; possibly divisible, 14(a), C. Ayati, and 14(b), C.

distans. The microconchs again span a range from compressed
(C. hyatti: cf. C. persecans, anacanthum Buckman in Europe)
to depressed and coarsely-ribbed (C. distans, haresi: cf. C.
(Vertebriceras) quadrarium Buckman in Europe). The macro-
conchs seem little known so far, but the characteristic stylg of
ribbing of C. schucherti is the same as that of C. studleyense
Arkell, 1946, also from the Cosficardia Subzone. Wyoming
and ?Montana, southern Alaska.

Fauna Al5. Cardioceras (Cawtoniceras) canadense
WHITEAVES, 1903 [m]
+ C. (Vertebriceras) whiteavesi Reeside ? [m]

C. (Maltoniceras) platiense Reeside, bighornense 1mlay,

reddomense 1mlay [M]

Middle Oxfordian, Densiplicatum Zone. The holotype of C.
_canadense, from the Rockies near Fernie, B.C. (refigured by
Frebold 1957, P1.34, Fig.2a,b; 1964b, PL.47, Fig.3a,b) resembles
C. (Cawtoniceras) cawtonense from England so closely that its
age can hardly be in doubt. None of the other specimens
ascribed to this species by Reeside and Imlay from Montana
and Wyoming exactly matches either the holotype or English
material, and there may be small differences in age. Late Middle
Oxfordian is suggested by the already strong differentiation of
primary and secondary ribbing and a crenulate keel. The dense
residual tertiary ribbing joining the secondary ventro-lateral
tubercles to the crenulations of the keel is peculiar to the
American faunas and at best rare in Europe.

Two slightly different faunas in seq/ can be distinguished
in at least one area - that of the Pryor Mountains of Montana
(Imlay, 1982, P.3, Fig.2, extreme right-hand column = locality
17 of Fig.1 and Table 2):

Al5(a) (the lower): Imlay. 1982, P1.24, Figs.1,2,5-8,11,12; P1.26,
Figs.20-26,29-31: all[m]; P1.4, Figs.9.10,14, P1.23, Fig. 10,
P1.24, Figs.15-18,21: all [M] - described variously as C.

dancense, redd 1se, canad and Goliathiceras
tumidum.

A15(b) (the upper): lmlay, 1982, P1.24, Figs.3.4,13,14, P1.26,
Figs.32,33: all[m]; P1.20, Figs.6,7 (type of C. highornense),
1,3, P1.23, Fig.16, P1.24, Figs.9,10 (type of C. reddomense):
all[M].

But the nearest approach to the true

AlS(c): C. canadense sensu stricto

seems to lie in some of the forms described as C. whireavesi
(Imlay, 1982, P1.22, Figs.14-21) from other localities also in
Montana.

These assemblages still span the full range of variability
typical of Cardioceras as found elsewhere up to about the
middle of the Densiplicatum Zone, including inflated Golia-
thiceras and ultra-coarse Vertebriceras (P1.26, Figs.32,33) in
A15(a) and A15(b). These two may therefore still belong to the
late Vertcbrale Subzone. The true C. canadense, however,
seems to fit securely into the higher Maltonense Subzone.
These zonal names refer to the recently-established zonation of
the Boreal Oxfordian (Sykes and Callomon, 1979) - alius
Plicatilis Zone, Vertcbrale and Antecedens Subzones.

Fauna Al6. Cardioceras sundancense REESIDE, 1919 [M]
(incl. C. stillwelli, americanum Reeside)

+ C. canadense Reeside and Imlay partim, non Whiteaves
[m] (Reeside, 1919, P1.17, Figs.5-11; Imlay, 1982, P1.26,
Figs.14-19)

Middle Oxfordian, Tenuiserratum Zone, The differentiation of
the keel is now virtually complete, as in Amoeboceras: innet
whorls are characteristically smooth with well-spaced and
wholly differentiated primary ribbing reappearing on the outer
whorl of some microconchs as in C. blakei and C. tenuiserratum
(see Sykes and Callomon, 1979), and the range of variability
has shrunk to mainly compressed forms. The homogeneity of
this fauna is supported by the fact that all the types of the
species listed above came from a single Jocality (Reeside’s
no.22, Imlay’s n0.63) in north-east Wyoming, as did the micro-
conchs cited, and that this locality did not seem to yield any of
the other faunas. Many forms figured by Imlay under the
names given above other than the types, and from other locali-
ties, betong to other faunas.

“Fauna Al7. Amoeboceras spp. (with Buchia concentrica)

Said to be widespread in the Passage Beds of Alberta and
adjacent British Columbia, but not yet well deséribed { Frebold
and Tipper, 1970). These Passage Beds are the highest fully
marine deposits below the coal-bearing Kootenay Formation
and its equivalents.

Fauna A18.* Titanites™ occidentalis FREBOLD, 1957 (see also
Arkell, 1956, P126; Westermann, 1966; Frebold and
Tippet, 1970).

This “fauna” is based on what must be the single most famous

ammonite in Canada, lying in Ammonite Gully off Coal Creek,

west of Fernie, B.C., where it was discovered by Newmarch


file:///m/zy

(1953) during mapping. Its fame derives [rom two sources. The
first is its spectacular size, 147cm (5 ft) across. The second is
its position, on the top surface of the Moose Mountain Member
of the Morrisey Formation{Gibson, 1979; the Basal Sandstone
of the Kootenay Formation in the older literature). This is the
last fully marine horizon underlying the coal-bearing Mist
Mountain. Formation, the principal coal-measures of the
Blairmore coal-ficlds of southern Alberta and adjacent British
Columbia, and thence thick non-marine Neocomian, etc. (dated
by fossil flora), up to Albian, with ammonites, of the Alberta
Group. Its dating is crucial to the question of the time of the
onset in the area of the major non-marine cycle that has its
equivalents in the Morrison Formation further south. There is
no independent evidence of its age. Below it, the Green Beds of
the Lower Oxfordian (fauna A13) are followed by the Passage
Beds (100 m +) which werc probably the source of the type of
Cardioceras canadense Whiteayes (launa A15), found not more
than a mile or two from “T.” occidentalis. The Passage Beds
also yield sporadic Amoeboceras and Buchia concentrica(fauna
Al17), but so far none appear to have been reported from the
immediate vicinity. The bed with “7.” occidentalis contains no
other macrofauna, nor has it yielded any microfauna. Besides
the holotype, only one other fragment of a similarly huge
ammonite has been found, 25 km to the cast at more or less the
same level (Hamblin, 1978; Hamblin and Walker, 1979). All
that can be said independently therefore is that these big
ammonites are post-Middle Oxfordian and probably pre-
Valanginian in age. Any further conclusions must rest on the
identifications of the ammonites themselves.

All previous opinions have been essentially in agreement.
The ammonites are Perisphinctids, very large, and hence by
analogy with what was then known of the classical successions
of Europe, probably Tiranites sensu lato of Portlandian/ Middle
Volgian/ Upper Tithonian age. Since then a great deal more hass
been lcarned about Titanites itself, however, and the grounds
for equating the Canadian form with it have largely disap-
peared. The difficulties are twofold: morphological and bio-
geographical.

The ammonite in Ammonite Gully is only partially preserved,
mostly as an externa! mould of the outer 14 whorls that cannot
be removed or easily photographed. While the coarse ribbing
on the bodychamber could be matched perhaps by some
members of the Dorsoplanitinae or Pavloviinae (of which
Titanites is a member), a cast made by Westermann (1966) and
photographed under appropriate oblique lighting brought out
enough of the next inner whorl to show that the shell was
strongly variocostate, 1.e., dense fine ribbing on the inner whorls,
with about 60 ribs per whorl, suddenly changes at the
commencement of the adult bodychamber to coarse strong
ribbing with less than 30 ribs per whorl. Such variocostation is
unknown in the “Portland giants™ - the Pavloviinae. Something
approaching it can be found in some Dorsoplanitinae of the
Middle Volgian, or Pectinatitinae of the Lower Volgian, but
none of these attain a maximum size more than about a quarter
that of the Canadian species.

Biogeographically, it has also become quite clear that the late
Pavloviinae became more and more restricted in their distribu-
tion so that the last of them, the “Portland giants™, were confined
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to an ever-shrinking Anglo-Saxon Basin (later to become the
non-marine Purbeckian) extending no further north than cen-
tral cast Greenland, if that, and no further east than the Moscow
Basin on the Russian Platform, at most. All possible con-
necting-routes to British Columbia via the north were definitely
populated by quite different faunas of Dorsoplanitinae, found
i.a. in the Canadian Arctic; and all possible routes to the south
were blocked by yet other faunas, largely Ataxioceratidae and
their decendents, found in the sub-Mediterranean Tithonian
i.a. of the Caribbean, Mexico and southern California. Negative
evidence includes the apparently total absence of the various
forms of Buchia that are otherwise ubiquitous in western North
America, Alaska, and the Yukon in beds of Portlandian/
Middle-Upper Volgian/late Tithonian age.

Tt seems time, therefore, to abandon the assignment of the
Canadian species to Titanites, sensu lato or otherwise, and with
it the implied time-correlation. The only alternative that comes
to mind is that the species represents yet another local or Pacific
fauna of perisphinctids whose closer affinities to others are still
unknown - certainly not a member of the Pavloviinae, and
probably not of the Dorsoplanitinae, but perhaps an independ-
ent descendent of some Oxfordian Perisphinctinae. Its age is
presumably not later than Hauterivian, the youngest stage to
have yielded Perispt ids anywhere, including the Cordillera
of North America. Tt could still be just Upper Oxfordian or
Lower Kimmeridgian, in which case the onset of non-marine
sedimentation in the Fernie Basin would have been roughly
sychronous with the base of the Marrison Formation. It could
even be “Portlandian™ as has always been assumed - but not for
the reasons given.

The paucity of Upper Jurassic perisphinctids in the northern
Pacific as a whole continues to be a mystery, in great contrast to
their abundance almost everywhere else, including the Boreal
Province (Dorsoplanitinae), the Tethys and its margins, and
even the Andes in the south Pacific. There is just no general
framework within which isolated finds such as the one at Fernie
can be discussed. Clues are sparse. Perhaps two specimens
recently described by Imlay may belong to the same group:
“Subplanites sp.” [M] (Imlay, 1981, P1.8, Fig.15), and “Aula-
cosphinctoides sp.” [m] (Imlay, 1981, P1.7, Fig.1-3), both from
‘the same locality on the Alaska Peninsula and associated with
Buchia mosquensis and B. rugosa indicating roughly a Lower
Volgian age. (For the ranges of Buchia and the approximate
equivalence between Lower Volgian and Lower Tithonian, see
Imlay, 1980a, Figs.15,16).

Region B. North American Cordillera

Fauna Bl. Me haeroceras r dum IMLAY [M](1962)
+ Sphaeroceras talkeetnanum Imlay [m]

Normannites vigorosus (Imlay) [m]

Leptosphinctes cliffensis and delicatus Imlay

Oppelia kellumi Imlay

Lissoceras bakeri 1mlay

Spiroceras sp.
South Alaska, Cook Inlet. Unmistakably Upper Bajocian,
probably upper Subfurcatum or lower Garantiana Zone in the
European standard zonation. The Leptosphinctes could prob-
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ably be matched exactly with European forms. Equivalence of
this fauna to that of the Subfurcatum Zone was already clearly
pointed out by Imlay (1954a, p.7); made the basis of 2 Rotun-
dum Zone by Hall and Westermana (1980).

Fauna B2. Epizigzagiceras crassicostatum FREBOLD (Frebold
and Tipper, 1973)
+ Megasphaeroceras aff. rotundum Imlay
Leptosphinctes sp. (as “Cobbanites talkeetnanus”™)
Central British Columbia; Smithers Formation, lower fauna.

Fauna B3. Epizigzagiceras evolutum FREBOLD (Frebold and
Tipper, 1973)
+ Megasphaeroceras [ Morrisiceras™] dubiunm Frebold
YMegasphaeroceras [“Arctocephalites™] multicostarum
(Frebold)
“Cranocephalites™ aff. costidensus Imlay
Leptosphincies sp. [M] and [m] cf. subdivisus (Buckman)
(as “Cobbanites talkeetnanus™)
Parareineckeia of. shelikofana Imlay
Central British Columbia; Smithers Formation, upper fauna.
Faunas B2 and B3 found in sequence, presumed to follow Bl.
Alaska Peninsula. unlocalized (the type of Parareineckeia
shelikofana) .

Fauna B4.“Cranocephalites™ [ Iniskinites?] costidensus IMLAY

[M](1962, 1980)

+ “Cranocaphlites” globosus, alaskanus lmlay [M]

Talkeernites cadiformis Imlay [M}

Tuxednites alticostatus Imlay [m]

Parareineckeia hickersonensis Imlay

- nelchinensis Imlay
- sp. nov.? (Cadomites of. deslongchampsi in Imlay,
1980b)

Cobbanites talkeetnanus Imlay [M] and [m]

Oppelia sp.
Southern Alaska: Cook Inlet, Talkeetnas, Wrangells, wide-
spread and abundant. Of all the forms found in the Cordillera,
those described here as “Cranocephalites™ costidensus and
alaskanus are certainly the ones bearing the closest resemblance
to any of the true Boreal Arctocephalitinac. Nevertheless, there
are some important differences between “C." costidensus and
C. pompeckji Spath - the species it most closely resembles: the
ribbing in the former is denser, finer and more flexuous, and the
apertural constriction is always deeper and narrower, most
pronounced on the lower whorlside in costidensus as in
Sphacroceras and not as in Cranocephalites s.s. Taken in isola-
tion, such differences need hardly be more than specific; but in
the context of two lineages of recently common origin now
evolving scparately in adjacent faunal provinces the possibility
of transitory convergent homoeomorphism should not be ruled
out. “Cranocephalites™ costidensus [M] (and its microconch
Tixednites alticostatus) would certainly fit into the Pacific
succession from Megasphaeroceras 10 Iniskinites as well as, or
even better than, it would fit into the Boreal Arctocephalitinae
as a temporary emigrant. Which of thesc interpretations is
correct remains to be seen, but in the meantime it is important
not to a close time—co! between the costidensus
fauna of the northern Pacific and the Pompeckji Zone of the

N

Arctic that an assignment of the former to Cranocephalites
might imply.

Fauna BS(a). Iniskinites tenasensis FREBOL.D (1978)

+ Kepplerites sp. (? - cited, but not described: Frebold, 1978)
Central British Columbia; Ashman Formation, lower fauna
(section XX, beds 1-5, in Tipper and Richards, 1976), in
sequence above B3.

Fauna BS(b). Iniskinites acuticostatus IMLAY (1981a)[M]

+ Xenocephalites vicarius Imlay [m]

Iniskinites acuticostarus Seems hard to distinguish from /. rena-
sensis. Eastern Oregon, upper part of the upper member of the
Snowshoe Formation (450 m). According to Imlay (1981a,
p.7). the top member of this formation is divisible into threc
parts: basal, middle {ca. 250 m) and upper (ca. 200 m). The
basal part yiclded a fragment of Leprosphinctes sp. [?, indet.]
and hence was assigned to the basal Upper Bajocian. The
middle part was unfossiliferous; and the species listed above
came from the upper part. Numerous additional forms from
these beds were assigned to Kepplerites, Toricelliceras, Pararei-
neckeia, Cobbanites, Bullatimorphites and Choffatia. On the
strength of these the whole of the upper part of the Snowshoe
Formation was assigned to late Bathonian - early Callovian.
Some of them appear however to have been misidentified.
Thus, the type of Toricelliceras izeeense Imlay (1981a, P13,
Fig.6) has a lappet and is a large microconch; this, together with
the style of tuberculation of the inner whorls, points strongly to
a Stephanoceras (Normannites) aff. vigorosum (1mlay), early
Upper Bajacian. Its macroconch may well be the very large
“Kepplerites cf. plenus™ on Plate 2, Figure 9 (shown reduced x
0.73), whose inner whorls are hard to distinguish from those of
Kepp. mclearni of fauna A8 but whose outer whorl, apparently
still at least partly septate, is quite different and again typical of
Stephanocéras. Parareineckeia cf. hickersonensis (Imlay, 1964
Pl4, Figs.1-6) and Toricelliceras izeeense pars (l‘)iil. PL3,
Figs.7-10) both strongly resemble Upper Bajocian Stephanoce-
ras from Alaska (Imlay, 1982a, P14, Fig 4, P1.5, Figs.6,8). Cob-
banites ochocoensis Ymlay seems at least in part (1981, P15,
Fig.6) close to Caumontisphinctes(cf. C. aplous diniensis Pavia,
1973, P1.21, Fig.5) or Leptosphinctes (cf. L. schmiereri (Bentz)
Dietl, 1980, P1.2, Fig.1) from the Subfurcatum Zone. Some of
the uppermost beds of the Snowshoe Formation appear there~
fore to be still of Upper Bajocian age. This is not to deny that
Bathonian and Callovian may also be represented: the identifi-
cation of the most interesting Bullatimorphites (Treptoceras
{Enay, 1960, non Flowers, 1942]) sp. [m] is not in doubt and its
closest resemblance is to European forms of about Middle
Bathonian age. But attempts to subdivide the faunas of the
upper Snowshoe formation further must await more stratigra-
phical evidence.

Faina 5(a) was collected from a single well-defined succession
of beds spanning only 19 m and secms to be nearly homogene-
ous. It apparently marks the first appearance of Kepplerites in
the Cordillera.

Fauna B6. Iniskinites robustus FREBOLD (1978) [M]
+ Xenocephalites vicarius, hebetus imlay {m}
“Lilloettia” (Iniskinites) aff. lilloetensis Crickmay



Kepplerites cf. tychonis Ravn (as “aff. ingrahami, cf. chi-
sikensis” Frebold; snugharborensis Imlay, 1981, Oregon,

here?)
Central British Columbia, Ashman Formation, upper fauna
(Section XX, beds 8-11, 25 m). This fauna, if present at all, is
not conspicuous in Oregon. There may be traces of it in southern
Alaska (“ Cranocephalites” pompeckji, Imlay, 1962, P1.1, Figs.
11-13). The Kepplerites are in the same style - relatively small,
evolute, very densely and fincly ribbed  as the first ones to
appear in the succession both in the Western Interior (K.
costidensus, fauna A5)and in East Greenland (K. tyvchonis var.
Jfasciculata Spath, 1932, and K. rychonis Ravn s.5.). In Green-
land they mark the lowest Zone of the Boreal Upper Bathonian.

Fauna B7. Iniskinites intermedius (IMLAY) (1953, 1975)
Iniskinites s.str. ranges over a number of horizons.

Fauna B7(a). Iniskinites intermedius IMLAY) [M]
+ 1. magniformis, martini Imlay [M]
. Chinitnites chinitnaensis, parviformis Imlay [m]

Kepplerites chisikensis 1mlay [M]

K. cf. abruptus (Mcl.earn) [M]

K. (Toricellites) alaskanus (Imlay) [m]

Cadoceras moffiti Imlay [M]

Choffatia irregularis Imlay [M]
Southern Alaska: Talkeetnas and Cook Inlet (e.g., Imlay, 1975,
p.S, first and last columns, basal 100 ft of Tonnie Silstone
Member). Characterized by the spectacularly globuliform,
finely ribbed spheroconic Iniskinites. The original identification
as Kheraiceras gave support to the assignment of these beds to
the Lower Callovian. The two genera are however easily distin-
guished, 1.a.. by the form of their dimorphism: only the macro-
conchs are homoeomorphic, the microconchs (Chinitnites and
Kh. (Bomburites)) bearing little resemblance to each other. Ther
sphaeroceratid ancestry of Iniskinites is also clearly revealed in
the form of its peristome, marked by deep lateral constrictions
unfolding vertrally into a projected hood resembling the peak
of a cap exactly as in Sphaeroceras itself (see Imlay, 1975, P13,
Figs.8,9).

The precisc ranges of the various genera and species described
{rom this part of the succession appear to be very uncertain and
further separate faunal horizons may come to be distinguished.
The Keppleritids seem to be characteristic, however, consisting
still of densely and finely-ribbed forms resembling the true K.
tvchonis ‘but compressed and involute in both macro- and
microconchs. Such forms occur in Greenland in the upper
Variabilc Zone and lower Calyx Zone of the Upper Boreal
Bathonian. This fauna apparently also sees the first appearance
of Cadoceras in the coarscly-ribbed forms with open, round-
shouldered umbilici of C. moffiti (Imlay, 1953, PL42, Figs.3,4.9)
whose position at these levels seems to be establistied in the
Talkeetnas (Imlay, 1975, p.9. second column from the right,
USGS Mesozoic locs. 24151, 24147, 24224). In East Greenland
such early forms of Cadoceras also occur in the lower part of
the Calyx Zone. Imlay also records C. catostoma Pompecki,
but the principal occurrence of the forms ascribed by him to
this species is. higher and is further discussed below (fauna
B&(N).
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Fauna B7(b). Iniskinites cepoides (WHITEAVES, 1884)
(Frebold, 1979)

Queen Charlotte Islands, top member of the Yakoun Forma-

tion. Apparently found in isolation without any other groups.

Exact stratigraphic position conjectural, placed here on grounds

of morphological resemblance to Iniskinites of fauna B7(a).

Fauna B7(c). Iniskinites abruptus (IMLAY) (1953, 1975) [M]
+ Kepplerites chisikensis Imlay 1975 [M] (holotype, PL1,
Figs.1,5)
K. alticostatus Imlay[M](incl. K. cf. abruptus (McLearn)
—Imlay, 1953, PL52, Fig.6; K. cf. ingrahami(McLearn)
- Imlay, 1953, P1.49, Fig.21)
K. (Toricellites) of. alaskanus (Imlay) (Imlay, 1953, P1.48,
Figs.12,13)[m]
Cook Inlet, localities 9, 77, 78; Peninsula, Wide Bay, locality
125; "lalkeetnas, localities 18, 32, 34. The Keppleritids differ
little from the ones found below and above, but the [niskinites
is distinct and unmistakable. The association, apparently always
free from Cadoceras, scems to be so widespread as to be
characteristic of a distinct horizon. The evidence from Cook
Inlet indicates that it lies higher than that with fauna B7(a)(see
Imlay, 1975, p.5, right-hand column, 350-750 it above base).

Fauna B8. Cadoceras comma IMLAY, 1953 (1975)

This index is used here for the faunas of what is roughly the
“Cadoceras catostoma Zone” of Imlay (1975), best known from
the famous “Cadoceras-beds” of the Chinitna Formation in
southern Alaska. The reasons for abandoning C. catostoma
Pompeckj, 1900, as index are twofold. Firstly, the species as
defined by its type series is only barely interpretable. It was
based on two syntypes of which only one is at all identifiable
{Pompeckj 1900b, PLS, Fig.1), a complete microconch only 23
mm in diameter and here designated lectotype. Such micro-
conchs of Cadoceras change little from their first appearance in
the Upper Bathonian up to the top of the Lower Callovian; and.
whether the various “species” named by Pompeckj (C. catos-
1oma, grewingki, nanseni, petelini and schmidti), as represented
by their microconch type series, really are distinct and of differ-
ent ages, or whether they are merely variants of a single species,
may never be determined. The type localities are not well
enough localized to be able to recollect topotypes. Secondly,
the material described by Imlay (1953, P134) consists of a
mixture of forms also from poorly known horizons, so that
even if one of them were chosen as basis for re-interpretation of
the name, e.g., the macroconch from Iniskin Bay shown on
P1.34, Figs.12,14, little would have been gained for stratigra-
phical purposes. Neither would a precisely known level have
been characterized, nor would an identifiable fauna have been
labelled. The name carostoma seems best left as a nomen
dubium, and the labelling of faunal horizons restricted to well-
defined nominal species.

Stratigraphic uncertainties reach their peak here. The range-
charts of the rich Callovian faunas in southern Alaska given by
Imlay (1953, 1975) indicate long and largely overlapping ranges
of many species of Cadoceras, Lilloettia and Kepplerites. Yet
the figured material inctudes forms that r le species found
elsewhere in isolation or in succession over ranges of strata
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representing considerable intervals, extending over several
ammonite zones. The range-charts for Alaska must incvitably
depend very much on the systematic classification adopted for
the material available; and as the bulk of this consists of small
lots made by various collectors at many localities, the classifica-
tion has to be primarily morphological. What follows is an
attempt to idemify/what might be separable faunas on the
strength of the material that has been figured, and to suggest
some possible ages and correlations.

Fauna B8(a). Kepplerites loganianus (WHITEAVES, 1884)
(McLearn, 1929; Imlay 1953, 1975, PP836)(incl. K. plenus,
mudius, gitinsi, abruptus, ingrahami, torrensi (McLearn)
M] :

K. (Toricellitesy newcombii (Whitcaves, 1900) [m]
K. (Toricellites) penderi (McLearn) {m]

Queen Charlotte Islands, top member of the Yakoun Forma-

tion; apparently monogeneric, free of Cadoceras.

This fauna is very close to the Keppleritids of the zone of
Cadoceras apertum sp.nov. MS in East Greenland and of the
immediately overlying beds, both in the macro- and micro-
conchs. One of the former is Kepp. traillensis Donovan, 1953.
Compared with the earlier forms of Kepplerites, the ribbing on
the inner whorls has become stronger and coarser, and the
innermost whorls of the macroconchs have flattened venters.
The microconchs are also more evolute, strongly and coarsely
ribbed. Both the American and Greenland faunas in turn are
very close to, if not quite identical with, the fauna of Kepplerites
keppleri (Oppel) in northwest Europe: there are individual
variants in all three faunas that are morphologically indistin-
guishable. The K. keppleri fauna was first described from
Wiirttemberg in southern Germany (Oppel, 1862; Buckman,
1922, Pls.289 [M], 310,318-9 [m]; Quenstedt, 1886, PL77,
Figs.1-5[M], P1.76, Fig.9 [m]) where it occurs at the base of the
“Macrocephalenoolith” (Dietl, 1981). This condensed ironshot
oolite is regionally the lowest bed of Callovian age, but its
time-duration within the Callovian is highly variable. Its upper
boundary is demonstrably diachronous, and the precise age of
its base relativeto the base of the Callovian Stage as defined in
England (Callomon 1964} has not yet been established inde-
pendcently. Fortunately the level at which the K. keppleri fauna
occurs in England is known rather more precisety (Callomon,
1959). Two stratigraphically not closely localized specimens
have been figured (“Cerericeras™ cereale Buckman 1922; Arkell,
1954, p.118, Text-fig.42), but several others in the Oxford Uni-
versity Museum came from Swan Inn quarry, Long Handbo-
rough, 12 km northwest of Oxford, Upper Cornbrash ( Douglas
and Arkell, 1928, p.129, bed 4), Ornithella siddingronensis
brachiopod zone. This is the lowest brachiopod zone in the
Macrocephalus Subzone of the Macrocephalus Zone in Eng-
land, and hence of the Callovian Stage by definition. K. keppleri
appears to occur at only a single horizon in the Macrocephalus
Zone both in England and Swabia, so it seems safe to assume
that these occurrences reflect but a single brief and closely
isochronous southerly invasion of northwest Europe by what
was at the time still a strictly Boreal group. Conversely, tliese
occurrences provide the crucial key to the correlation of the
standard northwest European, Boreal and northwest Pacific
ammonite pmvincss at the base of the Callovian, and make it

possible to locate the Bathonian-Callovian boundary there as
well as can be done, to within half a standard ammonite Zone,
say. Fauna B8(a) may therefore be taken to mark the base of
the Callovian in the Cordillera. In the Quecn Charlottes it
occurs immediately above fauna B7(b). In Greenland its ana-
logues accur some distance above the analogues of fauna B7(c).
Its position elsewhere in the Cordillera remains somewhat
uncertain, however. It has also been recorded from southern
Alaska, e.g., localities 85-87 on the east shore of Iniskin Bay
(1mlay, 1953b). but the assemblage from this area seems slightly
different and is assigned a separate horizon, discussed further
below (fauna B8(f)).

Fauna B8(b). Cadoceras (Paracadoceras) tonniense IMLAY,
1953 {M]
+ C. glabrum Imlay, partim. including
? C. (Paracadoceras) harveyi, brooksi Crickmay
C. wosnessenskii (Grewingk) sensu Imlay partim
This appears to be the lowest fauna in which Cadoceras pre-
dominates. The problems of classifying the Alaskan representa-
tives of the genus have already been discussed in the systematic
introduction. Although the range-charts show many species
extending over long intervals of strata in paralle), the faunas as
a whole give the impression of changing little, implying that
they represent only a short time-interval - perhaps the equiva-
lent of no more than a single standard ammonite zone altogether.
Most of the collections are small lots from scattered localities,

- but when occasionally a single locality did yield more extensive

collections (e.g., USGS Mesozoic loc.2921, no.87 in Imlay,
1953) the impression is very strongly one of all the “species”
blending into each other in a single homogeneous assemblage.
The characteristic features almost all the forms have in common
are open, conical umbilici, only moderate inflation, and small
size as Cadoceras goes. In Alaska the C. ronniense fauna
(“Paracadoceras™) appears to be well localized in the Tniskin
Peninsula near Tonnic Peak, at about 450 ft above the base of
the Chinitna Formation (Imlay, 1975, p.5, second column from
the right). .

The type and only specimen of Paracadoceras harveyi came
from Crickmay’s “Zone of Cadoceras brooksi” near Hartison
Lake in southern British Columbia, which yielded in addition
C. catostoma (teste Crickmay and Frebold), C. { Pseudocadoc-
eras) schmidii and grewingki Pompeckj (see Frebold and
Tipper, 1967). The position of this horizon relative to others
could not h be firmly blished, and there seems no
point in separating “a horizon of C. harveyi/ brooksi” in any
other than the most local sense.

In East Greenland Paracadoceras occurs commanly in beds
immediately above the levels with Kepp. traillensis and K. cf.
keppleri and then ranges upwards as a minor element in the
Zone of Cadoceras nordenskjoeldi sp.nov. MS. Paracadoceras
occurs also very rarely in the Cornbrash of southern England
(Cadoceras breve Blake, 1905, P1.5, Fig.1), in beds taken to be
Upper Cornbrash (zeste Blake) and hence of Macrocephalus
Zone and Subzone age. The only other known specimen, in the
British Museum (C.7331), is from an old collection without
locality, but its matrix points strongly to the Upper Cornbrash
of the Malmsbury area of Wiltshire.




All the evidence strongly and consistently indicates an early
Lower Callovian age for this fauna, equivalent to the Macroce-
phalus Zone of Europe and probably also still the Macrocepha-
tus Subzone.

Fauna B8(c). Lillvettia lilloetensis CRICKMAY, 1930 (incl. L.
(“Buckmaniceras”™) buckmani and L. mertonyarwoodi
Crickmay - all[M]

Xenocephalites vicarius Imlay [m])

Southern Alaska, Tonnie Siltstone Member of the Chinitna

Formation; southern British Columbia, “Zone of L. lilloetensis™

of Crickmay; eastern Oregon, Trowbridge Shale (Imlay, 1964,

1981). The three “species” of Lilloettia appear to represent no

more than the partial range of variability of a single biospecific

assemblage; /. milleri Imlay may be the spheroconic cnd-
member.

The precise age of Lilloettia was for a long time uncertain, for
it had been recorded from many scattered localities at few of
which, if any, it was associated or found in succession with
other genera. In Alaska it is recorded as ranging over almost the
whole of the Cadoceras-beds, but its precise levels within these
beds seems now securely established in at least two places on
the Iniskin Peninsula: USGS Mesozoic loc. 21322 (no. 38 in
Imlay, 1953, and second column from the right in Imlay, 1975,
p.5), and USGS Mesozoic locs. 21340, 22556 (nos. 35 and 36,
and third column from the right). In both places it succeeds
Cadoceras but is not associated with it. At the first locality it
thus directly overlies fauna B8(b), which puts it in the same
relation to Paracadoceras as Crickmay thought it did at Harri-
son Lake, although he had not proof. At the second locality the
Cadoceras does not seem to be quite abundant enough to tell
whether it belongs to fauna B8(b) or to a higher one, B8(f),
described below. Either way, the early Lower Callovian age of
these species of Lilloettia now seems firmly established.

This is of great importance in the wider context of the Pacific
Realm as a whole, for very closely related, possibly identical
faunas occur further south, e.g., in the material from Cualac,
Province of Guerrero, Mexico, described by Burckhardt and
discussed in a preliminary revision elsewhere (Westermann et
al., this volume)

Macrocephalites boesei Burckhardt[M] (1927, PL15, Figs.
1-4, = Lilloettia cf. buckmani (Crickmay, 1930))

Macrocephalites aff. macrocephalus (Schlotheim) [M]
(1927, PL16, Figs.1-3, = Lilloettia cf. lilloetensis
Crickmay)

Macrophalites nikitini Burckhardt [m] (1927, P1.16, Figs.
4-9, = Xenocephalites aff. vicarius Tmlay, 1953)

‘The close homoeomorphism between macroconchs of Lilloettia
and of Macrocephalites is neatly resolved by means of the
microconchs. It should be possible to follow these correlation
further, into the Andes (Riccardi, in progress) and hence finally
to scttle the question of the Bathonian-Callovian boundary
there.

Fauna B8(d). Lilloettia tipperi FREBOLD (1967) [M] (in
Frebold and Tipper, 1967) R
Southern British Columbia: isolated horizon and locality.
Listed separately here to emphasize the point that Lilloettia
ranges over several horizons. The material is also sufficiently
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plentiful and well preserved to show that at some horizons, at
least, the biospecific variability of Lillvettia can be quite small,

Fauna B8(e). Cadoceras wosnessenskii (GREWINGK, 1850)
sensu Imlay 1953 [M]
+ Cadoceras catostoma Pompeckj, 1900, sensu Imlay [M]
Cadoceras glabrum Imlay [M]
Cadoceras comma Imlay partim [M]
This label is applied to the two collections from the east shore of
Iniskin Bay at USGS locs. 2921 and 3029 (nos. 87 and 86 in
Imlay, 1953, respectively) which, to judge from the admittedly
scanty indications, came frem the lower part of the Paveloff
Siltsone Member of the Chinitna Formation (Imlay, 1975, p.5,"
right-hand column). Although there may be some mixing of
horizons, much of the fauna gives the impression of homoge-
neity. If the correlations given by Imlay are correct, this upper
Cadoceras fauna lies considerably higher than the lower Cad-
oceras fauna B8(b) and above the Lilloettia fauna B8(c).

It includes good macroconchs described under two of the old
Russian names revied by Imlay. One of these, C. catostoma,
has already been discussed above. The case for the other one, C.
wosnessenskii, is more hopeful. The type series seemed to
consist of the single specimen figured by Grewingk (1850, P14,
Figs.1(a)<(c)). Tt is the inner part of a phragmocone of a macro-
conch that does resemble the forms described by Imlay under
the name quite closely, as far as it goes, although it could have
belonged probably equally well to several other of Imlay’s
species. If the name is to be revived it should be firmly tied to a

" referenice specimen, a possible nicotype, should the holotype be

lost. The holotype came from the Shelikoff Formation near
Katmai Bay on the Alaskan Peninsula (not from Chignik Bay
as stated by Imlay). No new material seems to have been
collected in this area and hence there are no topotypes. For the
next best candidate there is not much to choose between the
fine specimens described by Imlay from Wide Bay, 100 km
south-west, or Iniskin Bay, 200 km north-east, and hence the
specimen suggested here is Imlay’s (1953, PP 249-B) Plate 40,
Figures 9 and 12. This closely matches Fig. I on the same plate
from Wide Bay, and this in turn seems-to have come from the
same level and locality as the type of C. glabrum (lmlay, 1953,
P1.37, Figs.5,6,8,9). In this way a picture of the fauna can be
built up. It still resembles the lower Cadoceras fauna B8(b) very
clasely and the time-gap between them must have been very
short.

One or both of these Cadoceras faunas are-also present in
northern Siberia (e.g., C. anabaranse Bodylevsky, 1960, P14,
Fig.3; Meledina, 1977, P1.21, Fig.1, P122, Fig.1, P1.23, Fig.1,
PL.24, Fig.1; C. cf. multiforme Imlay - Bodylevsky 1960, P1.8;
Meledina, 1977, PL.19, Fig.1), but it has so far been described
neither from the Alaskan North Slope, nor the Arctic Islands,
nor East Greenland. In Greenland the reasen may be that at the
time the area was occupied by a peculair local fauna, C. nor-
denskjoeldi sp. nov. MS (cf. Madsen, 1904, PL10, Fig.2),
between the Apertum Zone of the basal Lower Callovian and
the Septentrionale — Calloviense Zones of the late Lower
Callovian!

Fauna B8(f). Kepplerites cf. abruptus (McLEARN)
Southern Alaska, localities 85-87 on the east shore of Iniskin
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Bay, figured by Imlay under various of MclLearn's names
(1953, Pls.50-51. and including Kepp. {Toricellites) cf. new-
combii, PL53, Figs.4,5 [m]). Those from locality 85 at least
(USGS Mesozoic loc. 20763) were confidently placed into the
upper part of the Chinitna Formation by Imiay (1975, P.5,
right-hand column) and said to be associated with Cadoceras,
including C. wosnessenskii, C. doroschini and C, kialagvikense,
suggestive of fauna B8(e). Morphologically these forms differ
little from the ones both from the Queen Charlotte Islands
(B8(a)) and from some of the others described by Imlay from
beds with Jniskinites in Alaska. There is, perhaps, a more
persistent tendency for the venters to become tabulate as far as
the bodychamber (cf. Imlay, 1953, P1.50, Figs.1,3) which is rare
in the true Kepp. keppleri and, according td McLearn, in the
Kepp. loganianus fauna. It may well be that faunas B8(a) and
B8(f) merely reflect temporary predominances in the fluctuating
abundance of Kepplerites, ranging with little change in Alaska
from the latest /niskinites beds throughout the Cadoceras beds
as Imlay’s range-charts suggest, This would support the impres-
sion given by Cadoceras of a relatively short time interval.

Fauna B8(g). Lilloettia stantoni IMLAY
+ Lilloettia buckmani (Crickmay)

There is consistent evidence of a higher assemblage of Lilloettia
differing somewhat from that in fauna B8(c) at the very top of
the Cadoceras beds with the C. wosnessenskii — comma group
(e.g., lmlay, 1975, p.7; p.5, right-hand column, USGS Mesozoic
loc. 22434; third column, loc. 22556). Also eastern Oregon,
Trowbridge Shale ? (Imlay, 1981).

Fauna B9. Cadoceras (Stenocadoceras) stenoloboide POM-
PECKJ, 1900 [M] (Imlay 1953, 1975) (incl, C. (S.) multi-
costatum, bowserense, straitum? Imlay [M]

+ C. (Pseudocadoceras) petelini Pompeckj [m] (Imlay,

1953, P1.44, Figs.6-8,12; P1.47, Figs.7.8; P1.48, Figs.1-6;
P1.49, Figs.1,2,8 - under various names)

Southern Alaska: Peninsula, Cook Inlet, Talkeetnas (Imlay,

1953, 1975); central and southern British Columbia (Frebold

and Tipper, 1967). Canadian Arctic: northern Yukon, Babbage

River and Aklavik Range (Frebold, 1964). Northern Siberia:

eastern Taimyr (Meledina, 1977). Pseudocadoceras spp. record-

ed from a number or other localities, including Vancouver

Island, eastern Oregon, and possibly as far south as the Sierra

Nevada of northern California (Imlay, 1961, P12, Figs.6,7

only) may belong to this horizon. The use of the name stenolo-

boide to label this fauna again follows Imlay’s interpretation,
for the type series (4 syntypes) seemed to consist mainly of
microconchs and is also barely interpretable.

The age of fauna appears to be Middle Callovian although
there is no direct proof. Stenocadoceras [M] is known neither
in Europe nor in East Greenland. Cadoceratinae are relatively
common in the lower part of the Middle Callovian of Britain
(Jason Zone), but the macroconchs are still typical Cadoceras
s.s. Higher, in the Coronatum Zone, they are exemplified by the
group of C. (“Rondiceras”) milaschewici (Nikitin) {M] (see
illustrations by Sazonov, 1957) whose inner whorls do resemble
Stenocadoceras but whose outer whorls revert to the style of
ordinary Cadoceras. The Alaskan microconchs, however,
closely resemble those from the Middle Callovian of Europe,

e.g., Pseudocadoceras concinnum, laminatum Buckman (1927,
P15.727,735) from around the Middle-Upper Callovian boun-
dary; but they also resemble somc earlier forms, including
Pseudocadoceras boreale Buckman itself (1919, P, 121 B), from
the Koenigi Subzone of the Calloviense Zone (not Upper Cal-
lovian, as Buckman thought), and Ps. mundum (Sazonov,
1957, P16, Figs.2-4) from the Elatmae Zone (pre-Koenigi) of
the Russian Platform. The main argument in favour of a
Middle Callovian age is indirect, based on the morphologically
intermediate position of Stenocadoceras [M] and [m] between
the undoubtedly Lower Callovian faunas B8(a){({) below. and
the Upper Callovian fauna B10 above,

The correctness of this assignment would, however, raise
another problem. As argued above, all the Cadoceras in the
horizons below, B8, indicate an early Lower Callovian age,
rising no higher than the Macrocephalus Zone. Of the large
cadicone Cadoceras ex gr. sublaeve typical of the late Lower
Callovian, Calloviense Zone, there is no sign. Yet such forms
are present not far away, in the northern Yukon and the Arctic
Islands (Cad. arcticum, voronetsae, septentrionale var., Fre-
bold, 1964) and on the North Slope. The implications would be
a considerable non-sequence in southern Alaska between the
Cad. comma (B8) and Stenocadoceras {(BY) horizons in the
Chinitna and Shelikoff Formations. This would not in itsclf be
at all surprising, considering the other non-sequences that can
be recognized. The difficulty would lie in the reports of admix-
ture or overlap of the two faunas. These should be carefully
re-examined. If confirmed, it would become necessary to con-
sider the possibility that Stenocadoceras is also still Lower
Callovian, perhaps a local genus.

Fauna Bl10. Longaeviceras pomerovense IMLAY [M] (1953,

P143, Figs.1-3)

+ Pseudocadoceras crassicostatum Imlay partim [m] (1953,
P1.49, Figs.19,20)

Pseudocadoceras chinitnense Imlay [m] (P1.48, Figs. 7-10)
Southern Alaska, Cook Inlet. These forms are unmistakably of
carly Upper Callovian age, lower Athleta Zone. They occur
near the top of the Chinitna Formation.

- regional non-sequence —

Oxfordian
Founa Bll(a). Cardioceras aff. scarburgense (YOUNG and
BIRD) (Frebold and Tipper, 1975) (= Quenstedtoceras
(Lamberticeras) henrici, intermissum and sp. aff., Frebold
and Tipper) -
Central British Columbia: Smithers area, GSC locality 85376.
Although a general resemblance to Quenstedioceras of the
Lamberti Zone cannot be denied, the sharpness of the ribbing
ang rather involute coiling points strongly to a somewhat later
age, probably in the Mariae Zone of the Lower Oxfordian.

Fauna B11(b). Cardioceras cf. praecordatum DOUVILLE
Frebold and Tipper 1975, P1.2, Figs.8.9,12, GSC locality 90821,
central British Columbia; top Mariae Zone, Praccordatum
Subzone.

Fauna BI2. Cardioceras martini REESIDE [M]+ [m] (Reeside
1919; Imlay 1964, 1981)



Very close to, if not identical with, C. reesidei Maire, fauna
A13. Eastern Oregon (Imlay 1964); central British Columbia
(Frebold and Tipper 1975, P1.2, Figs.7,10; GSC locality 90824);
southern Alaska (Imlay). Cordatum Zone, Bukowskii Subzone.

Fauna Bi3. Cardioceras spiniferum REESIDE [M] (Reeside
1919; Imlay 1981)
+ C. alaskense Reeside, cf. stella Arkell - Imlay [M}
C. distans (Whitfield) - Imiay, cf. lillooetense Reeside —
Imlay [m]
Southern Alaska, Lower Oxfordian, Cordatum Zone, upper
Bukowskii or lower Costicardia Subzone. In Europe, where
many successive faunas can be collected even within a single
Subzone, each one differs slightly in aspect from the others as
the Cardioceras lineage evolved and the boundaries between
Subzones are arbitrary and not always easy to recognize. Indi-
vidual morphs can range over several faunas or even Subzones.
1t is not surprising therefore that Imlay records similar overlaps
in Alaska (1981, p.14-15, Tables 2,3).
The precise position of Cardioceras lillooetense Reeside as
exemplified by its type from southern British Columbia requires
confirmation, but it could well belong here.

Fauna Bl4. Cardioceras whiteavesi REESIDE [m] (Imlay,
1981)
+ Perisphinctes cf. muehlbachi Hyatt ? [m] (Imlay. 1981,
PL7, Fig.9)

Southern Alaska. The Cardioceras does strongly resemble the
type which came from Wyoming, fauna A3, assigned there to
the Middle Oxfordian, Densiplicatum Zaone. The Perisphinctes
came from the same area, and itis not unlikely that it may have
come from beds of the same age. It is certainly very close to Per.
antecedens Salfeld or Per. buckmani Arkell from the Plicatilis -
Tenuiserratum Zones of Europe, and it could be significant that
this horizon, about the only one at which a more southerly
faunal element ever penetrated into the northerly territory of

the Cardioceratinae in America, has the same age as those .

zones in the Oxfordian of Europe in which the Perisphinctidae
similarly achieved their maximum northerly extent.

Fauna Bl15. Amoeboceras afl. transitorium SPATH (Imlay,
1981, PL.12, Figs.2-15) + Buchia concentrica

Alaska, Wrangell Mountains. This fauna is not easy 1o place.
The macroconchs (Imlay, 1982, P1.12, Figs. 12,15) resemble
Amoeboceras schulginae Mesezhnikov, 1967 (P13, Fig.1) in
the straightness and coarseness of the primary ribs with their
ventrolateral tubercles; but the general resemblance of the inner
whorls and microconchs (Figs.5-11) scems closer to A. glosense
and transitorium (see Sykes and Callomon, 1979). The most
likely ages are therefore either Upper Oxfordian, Glosense
Zones (A. transitorium) or Regulare Zone (A. schulginae).

Fauna Bl6. Amoehoceras dubium (HYATT, 1894) [m] (Ree-
side, 1919, Imlay, 1961)

Northern California. These seem to be the only indisputably

Lower Kimmeridgian Boreal ammonites so far described. They

are close to A, elegans Spath (1935) and their age is Eudoxus

Zone. '

Fauna Bl7. "Subplanites [M]/ Aulacosphinctoides [m] spp.”
IMLAY (1981)
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+ Buchia spp.

Southern Alaska. These forms are entirely strange and new.
They were accompanied only by Buchia mosquensis and B.
rugosa, indicating about a Lower Volgian age (Middle Kim-
meridgian sensu anglico).

Higher Jurassic strata appear to be widely represented in the
Cordillera but have yielded no ammonites, only Buchia. A
number of ammonites from various localities have not been
considered here, because they are not closely identifiable or
because they are stratigraphically not very significiant at present.
This includes numerous Phyllocertidae and Lytoceratidae,
some Oppeliidae, and some Perisphinctaceae of southerly affin-
ities found in California and southwestern Oregon, such as the
Upper Tithonian faunas described by Imlay and Jones (1970,
p.B5-11).

Region C. Arctic Canada: Northern Yukon (excluding British
Mountains) - Richardson M - Arctic Archipel;

_ Due largely to the intensive exploration for hydrocarbons in
the last 30 years, the Jurassic stratigraphy of this region has
become rather well known. Emerging in the Keele Range near
the Alaskan border at about 67°N, the outcrop sweeps in a
broad band northeastwards via Prince Patrick Island into the
Sverdrup Basin as far as Axel Heiberg and Ellesmere Islands
(80°N) before being lost into the Arctic Ocean (cf. Poulton er
al., 1982, Fig.3; Poulton, 1982, Fig.3). It is bounded to the
northwest by a fault belt that runs northeastwards from the
Brooks Range into the Beaufort Sea at the mouth of the
Mackenzie Delta and is said to be associated with the Kaltag
Fault of western Alaska, dividing it from the Brooks-Mackenzie
Basin occupying the North Siope and British Mountains which
are discussed separately as region D below. The overall distri-
Jpution of ammonites in region C is so uniform that its evolution
as a single coherent pericratonic basinal entity can be in little
doubt (sec Poulton ez al, 1982). The major features of the
ammonite faunas are almost identical with those of East Green-
land. There are lesser differences, in the form of clearly discer-
nible faunal gradients, that are of great significance. It is useful,
therefore, to distinguish three subregions, from southwest to
northeast:

C(i): Keele Range - Old Crow - upper Porcupine River. This
arcas contains what must be the finest single section through
the Middle Jurassic in the whole of the Arctic at Salmon Cache
Canyon on the Porcupine River, at the “Big Bend” where its
flow changes direction from northwards to westwards (67/4°N,
138°W) 60 km east of Old Crow settlement (cf. Poulton, 1978b,
PLII). Some 70 beds can be distinguished in succession (cf.
Poulton and Callomon, 1976, Poulton, 1978a,b for preliminary
descriptions) of which at least 35 have yielded ammonites that
are in course of being described (Poulton, 1983).

Clii): Richardson Mountains. Jurassic rocks are seen in
many fine exposures from the Mackenzie Delta westwards to
the White Mountains and their surroundings. Over 30 detailed
sections have been recently described (Poulton e al.. 1982).
They reveal very rapid lateral changes of thickness and facies,
reflectingsynsedi ry ic move ; yet the ammo-
nites that occur tend always to belong to the same rather limited
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set of faunas. This suggests that the limitations were imposed by
sporadic faunal colonization rather than by gaps in the sedi-
mentary record, and that with some exceptions, the succession
of faunas as we now know it may be regionally faisly complete.

C(iii): Sverdrup Basin, from Prince Patrick to Ellesmere
Islands. Ammonites have been found at widely scattered locali-
ties and only rarely has any one locality yielded much of a
faunal succession. The evidence for relative dating, therefore, is
sometimes indirect.

The early Middle Jurassic is represented by all but one
member of what appears to be 4 standard Boreal - North
Pacific succession defining a distinct, Bering Province (see
Taylor er al., this volume) shared by regions B, C and D and
extending without modification into eastern Siberia, from the
Chukhotsk Peninsula via Kolyma to the southern shores of the
Sea of Okhotsk and the Bureya basin (cf. Saks, 1976).

Be-1: Pseudolioceras mclintocki (HAUGHTON, 1858)
Prince Patrick, Mackenzie King and Melville Islands (Frebold,
1958, 1960); northern Yukon (Pouiton, 1978b); northern Alaska
(Imlay, 1976); Okhotsk: Tugur and Bureya (Sey and Kalacheva,
1980).

Be-2: Leioceras opalinum (REINECKE)
Prince Patrick and Melville Islands (Frebold, 1958, 1960);
northern Yukon (Poulion. 1978); Spitzbergen (Wierzbowski et
al., 1981); northern Siberia, Lena basin (Bidzhiyev, 1965).

Be-3: (a) Erycitoides howelli (WHITE, 1889){M}
+ E. (Kialagvikites) kialagvikensis (White, 1889) [m]
(b) Pseudolioceras whiteavesi (White, 1889)
(c) Pseudolioceras [“ Tugurites”) tugurense (Kalacheva
and Sey, 1970; see 1980)
(d) Pseudolioceras spitsb Frebold, 1975
(e) = Pseudolioceras [“Canavarella”] crassifalcatum
(Imlay, 1976)? (PP 854)
(f) Tmetoceras spp.
Ellesmere Island [(d), Frebold, 1975]; northern Yukon[(a), (b)?,
(e)?, Poulton, 1978b]; northern Alaska [(a), (¢), Imlay, 1955];
southern Alaska[(a), (b), (d),(f), Westermann, 1964a, the basis
in part of his E. howelli Zone]; Okhotsk: Tugur and Bureya((a),
{b).(c), Sey and Kalacheva, 1980}; Japan{(b), as Graphoceras,
(f), Sato, 1954, 1957, 1958).

Be4: Pseudolioceras fastigatum WESTERMANN, 1969
Southern Alaska (Westermann, 1969); Okhotsk: Bureya (Sey
and Kalacheva, 1980).

Be-5: Arkelloceras tozeri FREBOLD, 1958 [M]

+ A. mclearni FREBOLD, 1958 [m]
Axel Heiberg, Melville and Prince Patrick Islands (Frebold,
1958, 1961, 1964); northern Yukon (Poulton, 1978b); southern
Alberta (Westermann, 1964b). Southern Alaska (Imlay, 1964);
northern Alaska, Canning River (Imlay, 1955). Siberia: Chu-
kotsk Peninsula, Anadyr (Efimova et al,, 1968, p.80), Kolyma
Plateau (Efimova ef al., 1968, pl.79); Bureya basin (Sey and
Kalacheva, 1980).

There is no sign of the rich accessory faunal elements found
in the Alaska Peninsula. The abundant Stephanoceras faunas
of the south, of the Humphriesianum Zone and carly Upper

Bajocian, are similarly absent, with the possible exception of a
single specimen from the Big Bend section on the Porcupine.
Instead, there follows abruptly everywhere the first of the
purely Boreal faunas, unknown further south in regions A and
B, that then held sway during the rest of the Jurassic. Yet some
Pacific ¢lements from region B did penetrate a little distance
into the Arctic as far as Salmon Cache Canyon. These include
Phylloceras, relatively common there at several horizons; /nis-
kinites, not rare in the Upper Bathonian; Choffatia; and evena
single specimen, unfortunately not in place, of the very local
North Pacific Parareineckeia. Yet hardly any of these seems to
have got as far even as the Richardsons [C(ii)] and with the
cxception perhaps of very rare Phylloceras in Prince Patrick
Island, none reached the Sverdrup Basin {C(iii)]. Old Crow was
thus very much at the gateway between Pacific Ocean and
Boreal Sea during the Jurassic as far as the ammonites were
concerned.

Fauna CI. Cranocephalites borealis (SPATH) (incl. C. warreni
Frebold, 1961).

Salmon Cache Canyon; Richardsons, widespread; East Green-
land; northern Siberia. As in Greenland, the duration of this
fauna seems to have been rather short and all the material that
has been collected probably can be safely regarded as effectively
isochronous. The ranges of variability of the Canadian and
Greenland assemblages then largely overlap but do not quite
coincide. The small differences could well represent geographi-
cal subspeciation. If due to differences of age. this could only
‘have been very slight. No other genera have been found so farin
association and the question of precise age and correlation with
Europe and the rest of North America remains open. The
similarities in both dimorphs with the Pacific Sphaeroceratinae
of the Humphriesianum Zone have already been noted in the
systeratic introduction above (see Fig. 2) suggesting a close
phyletic and temporal relation, and the best guess for the age of
C. borealis remains early Upper Bajocian as suggested pre-
viously (Callomon, 1959).

Fauna C2. Cranocephalites indistincius CALLOMON, 1959.

Richardsons (Poulton ez al. 1982, p.84); Prince Patrick Island
{Frebold 1958, P1.8); East Greenland. In Greenland there are at
least two slightly different assemblages in the Indistinctus Zone.

Fauna C3. Cranocephalites pompeckji (MADSEN, 1904) and
spp. aff. .
Richardsons (Poulton et al., 1982); Prince Patrick Island (Fre-
bold, 1958); East Greenland; Novaya Zemlya (Sokoloy, 1913);
northern Siberia (Voronets, 1962). In East Greenland the Pom-
peckii Zone is subdivisible, encompassing at least six distinct
faunas; and some of the forms from Siberia (e.g., C. nordviken-
sis Voronets) are different again. Close correlation-of the Cana-
dian material is not yet warranted either by the quality or
quantity of material available.
¥

Fauna C4. Arciocephalites sp. A. aff. elegans SPATH, 1932.

Small, compressed, fine-ribbed species of Arciocephalites that
resemble A. elegans Spath (1932, PL.10, Fig.4) in these respects
were recorded as such from various localities by Frebold (1961,
Salmon Cache Canyon; 1964a, Axel Heiberg Is.). New collec-
tions in situ both at Salmon Cache Canyon and in East Green-



land show that the resemblance is close only between the
peripheral variants of what are quite distinct assemblages
although the ages are probably not very different. The Green-
land fauna from the lower Arcticus Zone includes A. nudus
Spath, A. ornatus Spath, A. sphaericus Spath as well as the
Franz Josef Land species A. koertlitzi (Pompeckj, 1900a), 4.
ellipticus Spath, A. pilaeformis Spath and the true A. arcticus
{Newton and Teall, 1897). all in the same metre thick concre-
tionary bed. The assemblages from the Porcupine are being
fully described by Poultan (1983). Porcupine and Richardsons,
various localities (Poulton er al. 1982); 7Axel Heiberg Island.

Fauna C5. Arctocephalites sp. nov. B

At Salmon Cache Canyon the beds with fauna C4 are succeeded
by horizons yielding even smaller forms of this genus, the
macroconchs, with minute umbilici, barely exceeding 50 mm in
diameter, Fragmentary material may be hard to distinguish
from the small Phviloceras or Partschiceras that occurs in the
same beds (cf. Frebold e al,, 1967, P1.2, Figs.1.27). Also on the
Old Crow River near its junction with the Porcupine. These
fortms are also being described by Poulton. In East Greenland,
higher parts of the Arcticus Zone yield similarly fine-ribbed
smoothish forms with minute umbilici, but they are not as small
as those of fauna C5.

Fauna C6. Arctocephalites callomoni FREBOLD, 1964a.
Axel Heiberg Island, in a well-defined bed; and Salmon Cache
Canyon on the Porcupine. ? Northern Siberia (4. voronetsae,
kigilakhensis Meledina, 1973, Pls.13,14,16). Occasional variants
resembling these species occur in East Greenland in the Green-
landicus Zone, but the assemblage as a whole is distinct.

Fauna C7. Arctocephalites cf. or aff. greenlandicus SPATH,
1932

Porcupine and Richardsons, widespread. In East Greenland the
Greenlandicus Zone is divisible into at least three Subzones. It
therefore represents a considerable time-span and although the
general correspondence to the faunas from the Yukon is clear,
an exact match may not be possible. There are also a number of
levels at Salmon Cache Canyon yielding faunas of this general
aspect. They include inflated variants comparable with A. cras-
sus (Madsen) and A. freboldi Spath found in East Greenland
mainly in the higher parts of the Zone.

Fauna C8. Arcticoceras ishmae (KEYSERLING, 1846).

In East Greenland the Ishmae Zone (formerly Kochi Zone: see
Callomon, 1972) is clearly divisible into three Subzones: of 4.
harlandi Rawson, 1982 (type from Spitsbergen) (lowest); A.
ishmae (lectotype from the Petchora); and A. crassiplicatum sp.
nov. MS (type from Jameson Land (highest). Copious new
collections from the Ishmae Subzone match the lectotype of A.
ishmae and the topotypes in the British Museum (cf. Spath,
1932, P1.15, Fig.7) perfectly, and show that the poorly-preserved
holotype of A. kochi Spath came from this assemblage. In A.
harlandi the ribs are straight and rectiradiate, in A. ishmae
somtwhat curved and moderately projected on a more sharply
curved venter, and in A. crasiplicatum the coarse and ventrally
strongly projected ribs persist almost undiminished to the adult
peristome on whorls of almost carinate section, All three Sub-
zones can be recognized in the Porcupine — Old Crow area of
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the northern Yukon but seem to have been cut out at least in the
eastern Richardsons.

Fauna C8(a). Arcticoceras harlandi RAWSON, 1982
Salmon Cache Canyon, Parcupine (cf. Frebold, 1961, PL12,
PL16, Fig.1).

Fauna C8(b). Arcticoceras ishmae (KEYSERLING, 1846)
+ Iniskinites sp. nov.
Oppelia (? Oxycerites) sp. ¢f. and aff. undata and jugata
Ershova-and Meledina, 1968

Choffatia sp.
Salmon Cache Canyon. It seems significant that this is precisely
the same horizon as the only one to have yielded Oppelids in
East Greenland (Birkelund, Hakansson and Surlyk, 1971). The
forms from northern Siberia appear to be slightly older, said to
be from beds with Arctocephalites. A. ishmae has a wide
distribution, including northern Russia (Keyserling, 1846),
Novaya Zemlya and northern Siberia (Meledina, 1973).

Fauna C8(c). Arcticoceras cf. crassiplicatum sp. nov. MS

A spot locality north of the Porcupine, between Old Crow and
Ramparts House: D.K. Norris collection, 1981 (1409 NC; T1am
indebted to Dr. Norris for showing me this material). ‘

Fauna C9. Cadoceras barnstoni (MEEK, 1859)

+ Iniskinites aff. varicostatus (Imlay, 1953)

Kepplerites cf. or aff. rosenkrantzi Spath

Porcupine: Salmon Cache Canyon (almost certainly the source
of the type of C. barnstoni, refigured by Frebold, 1964a),
abundant; Axel Heiberg Island, “lower Cadoceras beds” partim
?(Freboid, 1964a, P1.10, Fig.2); Ellef Ringnes Island ? (Frebold.
1964a, PL11, Fig.2). Individual vaniants are close to C. variabile
Spath, although the assemblage as a whole is distinct. Both
Cadoceras and Kepplerites are so close to those of the Variabile
Zone of East Greenland that a very similar age cannot be in
doubt - it is still Boreal Upper Bathonian. In Greenland there
are several further faunas between Ishmae and Variabile Zones
indicating a considerable time gap between faunas C8 and C9,
but the absence, so far, of any evidence of these faunas or their
equivalents in the Yukon may well be merely collection-failure.
At Salmon Cache Canyon there is a considerable thickness of
poorly exposed shales in the interval in question.

Fauna CI0. Cadoceras ( Paracadoceras ?) sp. indet.

A single layer of concretions at about the middle of some 50 m
of very poorly exposed beds in the upper part of the Salmon
Cache Canyon section, between faunas C9 and Cl1, contains
rather badly preserved crushed specimens of what appeared 1o
be Paracadoceras (pers. observation, 1975). If correct, it is
unfortunate that it would be just this sparsely-documented part
of the north Canadian succession in which the equivalents of
the rich Cadoceras-beds of southern Alaska should be sought.

Faunal Cl1. Cadoceras bodylevskyi FREBOLD, 1964

The fype material came from the “lower Cadoceras beds” of
Axel Heiberg Island (Frebold, 19642). A closely similar, if not
identical, assemblage occurs in great profusion in the top beds
at Salmon Cache Canyon and analogous levels at other locali-
ties in the vicinity.
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Fauna C12. Cadoceras septentrionale FREBOLD, 1964.

Axel Heiberg Island, “upper Cadoceras beds” (Frebold, 1964a).
These forms retain vestigial primary bullae on the umbilical
margin to fairly late stages, reminiscent of earlier species, but
begin to assume the globular shape and depressed whorl section
characteristic of the later Lower Callovian forms like C. sub-
laeve. Extreme variants can become almost spindle-shaped.
What appears to be an identical assemblage occurs in East
Greenland between Paracadoceras and Cadoceras sublaeve
and forms the basis there of the Septentrionale Zone which is
assumed to lic immediately below the Koenigi Subzone of the
Calloviense Zone.

Fauna Cl13. Cadoceras voronetsae FREBOLD, 1964 (incl.
Cad. septentrionale var. latidorsata Frebold partim, 1964a,
PL7, Fig.1, P18, Fig.1; Cad. arcticum Frebold, 1964a?)

Large spherocones with smooth steep-walled conical umbilici as

in the group of C. sublaeve. Richardsons, not closely localized

aud not in sequence; Cornwall Island ? (type of C. arcticum).

The relative sequence of faunas C12 and C13 is conjectural.

Fauna Cl4. Cadoceras (Stenomdbrerax) canadense FRE-
BOLD, 1964a.

Richardson Mountains, not closely localized. The finer and
ventrally more strongly projected ribbing gives the impression
that this species may be somewhat younger than those of the
Stenocadoceras stenoloboide{ multicostatum assemblage (B9)
of southern Alaska, intermediate between it and early Longae-
viceras, e.g., L. filarum Meledina (1977, PL.24, Fig.3). This
suggests a late Middle Callovian age.

Faunas C15 - C18: Oxfordian, Cardioceras and Amoeboceras
spp.

Small collections have been made from widely scattered locali-
ties. The material is rarely well preserved and almost never
found in faunal succession. As a whole it indicates that almost
all the Oxfordian is represented at one place or another and
that the ammonites are essentially the same as those found
elsewhere in North America.

Fauna CI5. Cardioceras cf. or aff. scarburgense (YOUNG and
BIRD).

Richardsons, Berry Creek (see Poulton ez al. 1982, Fig.1; new

collection, locality Pu-2-81). ? Tombstone area, central Yukon

(recorded as Cadoceras ? sp. in Frebold ef al., 1967, P12,

Figs.3-6). Lower Oxfordian, Mariae Zone, Scarburgense

Subzone. -

Fauna Ci6. Cardioceras cf. or aff. alphacordatum SPATH or
mountjoyi FREBOLD

Richardsons, various localities (Poulton ez af., 1982, p.33,37.91)

including the one cited previously, in sequence above fauna

C15. Axel Heiberg Island (Frebold, 1961, PI.18, Fig.2). Lower

Oxfordian, upper Mariae or lower Cordatum Zones.

Fauna C17. Cardioceras cf. or aff. distans (WHITFIELD)
Tombstone area, central Yukon (Frebold er al., 1967, PL2,
Figs.8.9, PL3, Fig.4; Poulton and Templeman-Kluit, 1982).
Lower Oxfordian, Cordatum Zone.

Fauna C18. Amoeboceras sp. cf. or aff. transitorium SPATH

Richardsons, Martin Creek, near base of Husky Formation
(recorded as Cardioceras sp. in Poulton, 1978b, p.464). Enough
of the diagnostic serrated keel and lateral tubercles are preserved
to make the identification as Amoeboceras { Prionodoceras)
firm (see Sykes and Callomon, 1979). Early Upper Oxfordian,
Serratum Zone. The specimen is ‘important because it dates the
onset of the Buchia facies that spread over so much of North
America and displaced the otherwise ubiquitous ammonites
during the Upper Jurassic.

Fauna C19. Dorsoplanites aff. maximus SPATH

.+ Paviovia (? Paravirgatites) sp.
Ellesmere Island (Frebold, 1961), Middle Volgian. The general
resemblance to the well-known Volgian faunas of East Green-
land (see Callomon and Birkelund, 1983, for a recent review),
the Barents Shelf and northern Siberia (Zakharov and
Mesezhnikov, 1974) is obvious but a more precise match
remains clusive. It is not clear whether the two specimens are
strictly associated and of precisely the same age. Their closest
matches in Greenland would be of somewhat different ages.
The refuctance of these otherwise prolific ammonites to pene-
trate further than the northern end of the Sverdrup Basin
during the late Jurassic and early Cretaceous remains myste-
rious (see also discussion below, under fauna Ai8).

Fauna C20. Craspedites canadensis JELETZKY, 1966 .
Ellesmere Island, a prolific fauna from a single concretion atan
isolated level in the Deer Bay Formation; Upper Volgian.

The relatively rich succession of ammonite faunas in the
Neocomian is summarized by Jeletzky (1973), but with rare
exceptions it, too, is confined to the northern Sverdrup Basin.

Region D. Alaskan North Slope - British Mountains

The Jurassic rocks of the Brooks-Mackenzie Basin north of
the “disturbed belt” attributed to the Kaltag Fault are poorly
exposed and ammonites are known from only a few horizons.
The Aalenian - Lower Bajocian succession has already been
described in the previous section and is essentially the same as
invegions B and C; faunas Bel, Be3 and Be5 have been recog-
nized. They are succeeded by the following horizons.

Fauna DI. “Cranocephalites” [ Iniskinites 7] ignekensis IMLAY
(1976)

The identity of this fauna is subjet to the same doubts as is that
of “Cranocephalites” costidensus, B4, from southern Alaska. It
does not fit very readily into Cranocephalites sensu stricto,
having equally close affinities with the Pacific genus /niskinites,
as discussed above under fauna B4, to which it bears a very
close resemblance. True Cranocephalites occurs not far away,
in Prince Patrick Island (fauna C3; Frebold, 1958, PL7).

Fauna D2. Arctocephalites aff. elegans SPATH - IMLAY
(1976)
Undoubtedly this is a member of the true Boreal Arctoce-
phalitinae close to the forms from the northern Yukon described
above under fauna C4. The exact stratigraphical relations
between faunas D1 and D2 still seem somewhat uncertain. At
some localities~D2 lies above DI, as it should if both are
correctly identified. At others they appear to occur together



(Imlay, 1976), which would be simply explicable only if DI
were an /niskinites rather than a Cranocephalites. Boreal Bath-
onian, Arcticus Zone.

Fauna D3.? Arcticoceras cf. ishmae (KEYSERLING)
Canning River (Imlay, 1976 PL3, Figs.22,?17,18. For the
remaining material figured as A. ishmae, see fauna D6 below),

Fauna D4. Cadoceras cf. arcticurn FREBOLD, 1964

Babbage River (eastern boundary of the British Mountains,
northern Yukon; Frebold, 1964a). Aichillik River (western end
of British Mountains, north-eastern Alaska; U.S.G.S. Meso-
zoic 10¢.31274, Detterman coll. 1976). The specimens from the
Babbage River are paratypes of C. arcricum, although the
holotype came from Cornwall Island. The scanty material most
closely resembles the late Cadoceratids of the Calloviense Zone
(cf. fauna C13), but it is not well-enough preserved for closer
comparisons.

Fauna DS5. Cadoceras (Stenocadoceras) of. or aff. canadense
FREBOLD, 1964.

Babbage River (Frebold, 1964a); cf. faunas B9, Cl4. Middle

Callovian?

Fauna D6. Longaeviceras cf. stenolobum (KEYSERLING,
1846)
(= Pseudocadoceras grewingki, lmlay, 1955, PL12, Fig.[1;
Arcticocers ishmae and sp. juv., Imlay, 1976, P1.3, Figs.1-
4,7-16,19-2t; Cardioceras dettermani lmlay partim (not
the holotype), 1981, PL10, Figs.1-4,8-11, = 1976, pp.3,5 as
Card. (Scarburgiceras) sp.)
+ Grossouvria sp.
Longaeviceras has a wide distribution in the Boreal Realm, and
many of the Alaskan forms can be matched etsewhere. Imlay’s
macroconch (1976, P13, Figs.7,8) is close to the true L. steno-
lobum itself, as represented by Sokolov’s(1912) Plate I, Figure
4 from the Petchora [neither “the” type specimen, as claimed by
Sokolov, nor even a syntype, according to Bodylevsky (1960,
p-78) who renamed it Cad. lahuseni, but probably a topo- or
chorotype). This probably includes L. nikitini (Sokolov) (1912,
PL1, Fig.3), and Newton and Teall's Cad. modiolare from Cape
Flora. Franz Josef Land (1897, P1.39, Fig. 10, Institute of Geo-
logical Sciences Collection, London, For 964; cf. Clark, 1982).
Imlay’s Figures 9 and 10 show the onset of the characteristic
shallow conical umbilicus to be seen ia. in L. bodylevskii
Meledina (1977, P1.30, Fig.2), from Anabar Bay in northern
Siberia. The Alaskan microconchs include some (P13, Figs.
1.12,16) that match Pompeckj’s Cad. nanseni(1900a, P12), also
trom Cape Flora; and others (P1.3, Figs.14,20) that are close to
L. holtedahli (Salfeld and Frebold, 1924, PL1, Figs.3.4), from
Novaya Zemlya. In the Boreal Province proper (northerm
Alaska; northern Siberia: Lena, Olenek, Anabar; northern
Russia and Barents Shelf: Petchora, Novaya Zemlya, Franz
Josef Land, Spitsbergen) Longaeviceras dominates and occurs
free of Kosmoceras. Alittle further south on the borders of the
Sub-Boreal Province {e.g., in East Greenland), Longaeviceras
and Kosmoceras are found in comparable numbers; while in
the Sub-Boreal Province proper [e.g., England (L. longaevum
and placenta (Leckenby, 1859) in Buckman, 1919-20, Pls.121,
148) and the Moscow Basin (Nikitin, 1881)], Longaeviceras
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occurs only as a minor constituent of the faunas, which now
includes abundant more southerly elements, such as Peris-
phinctidae and Peltoceratinae. Upper Callovian, Athieta Zone,
probably middle part, a little younger than fauna B10 of south-
ern Alaska; Longaeviceras keyserlingi Zone of Soviet authors.

Fauna D7. Cardioceras cf. hyatti REESIDE sensu IMLAY,
1982

British Mountains, Babbage River (Frebold er al., 1967, PL3,

Figs.2,3). The scanty material scems to match some of the

forms figured by Imlay (1982, P1.15), from fauna Al4, q.v.

Lower Oxfordian, Cordatum Zone.

Fauna D8 Cardioceras (Ma}loniteras) sp.

British Mountains, Babbage River (Frebold, ez al., 1967, P1.2,
Fig.10, P12, Fig.1). Middle Oxfordian, upper Densiplicatum
Zone.

Fauna D9. Cardioceras ~ Amoeboceras sp. nov. + Buchia
concentrica

Canning River (Imlay, 1976 p.4, Text-fig.l; 1981, PLI12,
Figs.16-21). Hard to place closely; the macroconch (PL12,
Figs.19-21) still resembles late Card. (Maltoniceras) in the
crenulation of the keel (cf. Arkell, 1941, PL51, Figs.3b,7b) but
Amoeboceras ( Prionodoceras) in‘ribbing and coiling, whereas
the microconch (Fig.16) resembles Amoeboceras s.s in its keel
but Card. (Vertebriceras) in ribbing (cf. de Riaz, 1898, PL16,
Fig.8; Gygi and Marchand, 1982, P1.13, Fig.2) of the Blakei
Sub of the Tenuiserratum Zone. Hence the age is probably
earliest Upper Oxfordian, basal Glosense Zone.

Fauna DI0. Amoeboceras spp. + Buchia concentrica
Canning River(Imlay, 1955, PL12, Figs.2-6; 1981, PL.12, Fig.1)
and Babbage River (Frebold ez al., 1967, P1.3, Figs.5-7). These
barely determinable fragments suggest a late Upper Oxfordian
age, perhaps Rosenkrantzi Zone.

Higher Jurassic beds are indicated by further Buchia spp.,
but ites first in the Albian (see Imlay, 1961, PP
335).

' CORRELATION

The ammonite faunas and their supposed successions in
regions A to D are shown in Figures 3, 4 and 5. It must be
stressed that these tables represent no more than time-ordered
sequences and that vertical spacing are not proportional to
time-intervals. Neither are the thicknesses of the boxes repre-
senting the faunas meant to suggest equal time-durations. The
effective time-durations of the faunas as catalogued in this
review must have varied enormously, from the instantaneous to
periods comparable to that represented by the whole of an
average standard ammonite Zone. Boxes in adjacent columns
shown as partly or wholly overlapping are meant to suggest
that their faunas probably differ but little in age, although their
precise order is usually not known:

Upper Bajocian - Bathonian (Figure 3)
The relevant part of the standard Boreal Middie Jurassic
i ion is indicated as a refe scale on the right.
Standard Europmn“Stag:s are named on the left, but their
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ammonite Zones are not included because correlation of the
American faunas with them at this level of precision is still quite
impossible. Ranges of some important genera arc also shown.

The boundary between Bajocian and Bathonian has been
drawn to lic above faunas B2 - B4 with Leprosphinctes {“Cob-
banites” s.5.) and below fauna A4 with (fairly late) Procerites. If
the interpretation of “Cranocephalites” costidensus (B4) and
“C.” ignekensis (D1) suggested in the text is correct, the proxim-
ity of the latter to the earliest Arcrocephalites of D2, which in
turn correlates closely with C4, would indicate that the Bajocian
~ Bathonian boundary in the standard Boreal succession lies
somewhere around the Pompeckji  Arcticus boundary. This
would be new. Hitherto, except for a suggestion that the Borea-
lis Zone might stifl be Upper Bajocian, no attempt has been
made to indicate this boundary more closely. There has just
been no evidence, and everything from the Cranocephalites
indistinctus Zong to the Cadoceras calvx Zone inclusive below
the beds with Kepplerites keppleri, has been simply referred to
as “Boreal Bathonian™. The closeness of the resemblance
between Cranocephalites borealis (C1)y and Chondroceras
oblatum of the North American Oblatum Zone, correlated
with the European Humphriesianum Zone, that has become
apparent in recent times strengthens the idea that all the true
Cranocephalites beds of the Arctic may still be Upper Bajocian.

Faunas A4 and B6 are shown close together because both
appear to mark the lowest appearance in their regions of Kep-
plerites with forms that are closely similar. Faunas AS and A7
are correlated with the Boreal Cranocephaloides Zone because
of the characteristic small, fine-ribbed Kepplerites they contain.
In East Greenland Kepplerites first appears suddenly and in
quantity in this Zone. Hence, if the correlation is correct, it
must occur in North America already somewhat earlicr.
Assuming that the time-interval between A4 and AS is short,
this correlation leaves a considerable gap between A4 or B6 and
B4. filled in the north by faunas CS - C8 whose close correlation
with the standard Boreal succession is in no doubt. The Cra-
nocephaloides Zone has been taken arbitrarily to mark the base
of the Boreal Upper Bathonian, but that does not imply that it
also correlates with the base of the European Upper Bathonian.
The Procerites of faunas A4 A7 stifl resemble rather more
those of the European Middle Bathonian, although the genus
docs range up inta the lowest, Hodsoni Zone of the Upper
Bathonian there (cf. Torrens in Cope. 1980).

Faunas A8 and B7 are correlated with the Peramplus Sub-
zone of the Calyx Zone of the Boreal succession, again on the
strength of the Kepplerites they contain, particularly the micro-
conchs (K. knechieli, alaskanus). The singlc Kepplerites of A10
resembles those of the upper Calyx Zone. Nothing can be said
about the precisc relative age of fauna A9, and hence it has been
omitted.

T.ooking at Figure 3 as a whole, probably the most striking
feature of the correlations proposed is the inclusion of all of the
long and well-known “Callovian” faunas A3 to A8 of the
Western Interior still in the Bathonian. In fact, with the excep-
tion of the single fauna A1l from Montana at the very top, the
Callovian appears not to be represented by ammonites in the
Western Interior at all. It may seem ironic that this marks a
return to the interpretation that imlay would clearly have

preferred originally on the strength of the mollusca other than
the ammonites (lmlay. 1956). These include Gryphaea, and the
ranges of the important species are also indicated in Figure 3
(cf. Hallam and Gould, 1975).

Callovian (Figure 4)

Standard Boreal and European zonal scales are indicated on
the right and left. The richness of the faunas from southern
Alaska distorts the tablc and weighs it heavily in favour of its
lower part.

The position of the Bathonian - Callovian boundary is based
on the correlation Via Easl Greenland of Kepplerites loganianus
with K. keppleri, and hence with the stratotype of the base of
the Callovian in England. The Macrocephalus Zone is thus as
defined stratigraphicaily (Callomon, 1964) and not by the sup-
posed first appearance of Macrocephalites in Europe (Thierry,
1978). Most of the faunas fall into the equivalents of this Zone
and probably its lowest Subzone at that. and they reveal the
fact that the thick velcanoclastic turbiditic sequences of south-
ern Alaska were deposited in short bursts of rapid sedimentation
separated by major non-sequences that are inconspicuous.

Oxfordian - Volgian (Figure 5)

This figure calls for few comments. The standard Borcal
Oxfordian ammonite zonation shown at the left applies to the
whole of North America north of the 37th parallel, with the
exception of the small corner in south-western Oregon, prob-
ably displaced tectonically from the south, that bears Tithonian
faunas, Assignments of individual faunas, and their uncertain-
ties, are discussed in the text.

CONCLUSIONS

This review has attempted to re-examine the Middle and
Upper Jurassic ammonite faunas of North America in the light
of what has become known in the last 25 years of ammonoid
biostratigraphy more widely, particularly in the Arctic, and of
what has been learned of the distribution, cvolution, and classi-
fication of the Jurassic ammonites as a whole. The principal
conclusions are as follows.

Faunal Provincialism

During the early Middle Furassic, up to the Humphriesianum
Zone of the Bajocian, the ammonites of North America divide
into two broad faunal domains. Regions A and B, Western
Interior and Cordillera, were inhabited mainly by pandemic
Tethyan faunas with only minor locally provincial elements
(e.g.. Zemisteph . Parabigotites, Chondroceras oblatum).
Regions C and D. Arctlc Canada and Alaska, belonged to a
clearly differentiated Boreal Realm ( Pseudoliocerasy and North
Pacific or Bering Province (Ervcitoides, Arkelloceras). The
provinces overlapped strongly in southern Alaska, so that
correlation presents no problems.

At the beginning of the Upper Bajocian, provincialism sud-
denly became acute. Regions A and B were now firmly part of a
well-differentiated Pacific Realm, in which Eurveephalitinae of
the Sphaeroceratidae dominated, with strong faunal affinities




between, for example, the Cordilleras of both North and South
America. Region C (Arctic Canada) was part of an equally
well-differentiated Boreal Realm characterized mainly by Arc-
tocephalitinae and Cadoceratinae of the Cardioceratidae; and
region D appeared to be one of overlap between Pacific and
Boreal Realms. The ammonites of Pacific, Boreal and Tethyan
Realms became so mutiially exclusive in the Upper Bajocian
and Bathonian that correlation at zonal level is still not possible.
Each realm, therefore, has to retain its own independent
ammonite zonation up 1o about the top of the Lower Callovian.

A more restricted provincialism is also discernible in these
realms during this time. The shallow epicontinental basins of
region A, far distant from the Pacific Ocean, appeared to
develop their own endemic faunas of Eurycephalitinae, forming
a separate Middle Jurassic Western Interior or Shoshonean
Province (see Taylor ez «l., this volume). Some other genera,
e.g., Parareineckeia, Epizigzagiceras and Iniskinites, cxtending
over all of region B, mark a North Cordilleran, or Athabascan
Province {Taylor et al., this volume). A Sub-Boreal Province is
characterized by Kepplerites of the Kosmaceratidae. [t overlaps
with the North Cordilleran and Western Interior Provinces of
North America, the Boreal Province of North America and

East Greenland, and thence the Submediterranean Province of

Europe, thereby providing one of the few links that make even
rough interprovincial correlations possible at the Bathonian -
Callovian boundary.

1n the Upper Jurassic, the ammonite faunas of the whole of
regions A to D, mainly Cardioceratidae, become homogene-
ously representative of the Boreal Realm and Province. They
stand in sharp contrast to the Submediterrancan and Tethyan
faunas of Mexico. The boundary between the realms probably
oscillated somewhat with time and lay mainly in southern
California, but its positions are rarely known more closely. lost
or heavily obscured by subsequent tectonic deformations.

Regional Allochthony and Te ic Displ

P

Current discussions of the growth of western North America
by the accretion of terranes pose three questions on which the
present review may have a bearing. They are: what light, if any.
can the distribution of ammonites as found today throw on: 1)
possible movements since the Middle Jurassic of terranes within
the Cordilleran domain, region B, relative to each other? 2)
movements between terranes in the Cordillera, B, and the
cratonic domains of the Western Interior, A, and Arctic Cana-
da, C? and 3) movements of the Alaskan Brooks Range and
North Slope, D, relative to the craton, C?

An upper limit to movements within the Cordillera can be
put forward from a comparison of the faunas of the Alaska
Peninsula with those of British Columbia and Oregon. There
are striking similarities that have been pointed out above, but
there are also differences. The most significant lies in the distri-
bution of Cadoceras. This Borea! L.ower Callovian genus dom-
inated in Alaska and at other localities as far south as Vancouver
Island and southern British Columbia, but not further south.
This southern limit appears to have been the Boreal provincial
boundary, which suggests that had the Alaskan P 1
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upper limit on the displacement of perhaps 2000 km (1300
miles). On the other hand, the evidence is equally consistent
with a movement of zero.

Evidence for or against lateral displacement between Cordil-
leran terranes and the cratonic Western Interior is tenuous. The
Sub-Boreal Kepplerites found in the northern parts of the
Western Interior have rough equivalents in east-central Oregon
and southern British Columbia, and in one case as far south as
north-central California. Similarly, the Boreal Cardioceratidae
of the Western Interior go right across at the same latitude into
Oregon. Conversely, with the exception of the Tithonian faunas
found ip northern California and southwestern Oregon (and, in

- the Neocomian, as far north as Vancouver Island), Tethyan

ammonites are not found north of California. This strongly
suggests that the Boreal - Tethyan faunal boundary lay at about
the same latitude in the Cordillera as it did in the Western
Interior, i.c., that with the exceptions mentioned above, right
lateral movements cannot have exceeded a few hundred
kilometres, They could again equally well have been zero. The
presence of strongly Boreal faunas (B16) as far south as Mari-
posa County in central California could even be construed as
evidence in favour of a left-lateral (southward) displacement,
although associated sub-Mediterranean forms would favour
provincial overlap as a preferred explanation. Similarly, the
proximity of purety Boreal Callovian and Tethyan Neocomian
faunas on the west coast of Vancouver Island (Jeletzky, 1964)
would seem to cancel each other out as possible indicators of
serious left- and right-lateral movements respectively. In sum-
mary, Middle and Upper Jurassic ammonites as found today
are consistent with lateral Cordilleran tectonic displacements of
from zero to perhaps some hundreds of kilometres, with 2000
km for the Alaskan Peninsula as absolute maximum.

With regard to the North Slope terrane, D, its Jurassic
ammonites are typical of the Boreal Province throughout and
its affinities close with those of the adjacent region C. Compar-
ing columns C and D in Figures 3 to 5, the number of mis-
matches greatly exceeds the coincidences, which could be
thought to suggest that the two regions may have been much
further apart during the Jurassic than they are now, However,
the differences could be attributed equally satisfactorily to a
combination of facies-differences and collection-failure. The
Jurassic sedi of region C yielding abundant ammonites
are predominantly of near-shore shallow-water facies, whercas
those of D (sparsely fossiliferous Kingak Shale) are of more
distal basinal type; and the distances between them today are
consistent with the facies-gradients that are observed in region
C. The presence of a strong residual Pacific influence (Arkel-
loceras, and “Cranocephalites” ignekensis of fauna D4) points,
moreover, to a former position not much further from the
Pacific than what it is at present. The evidence as a whole
cannot rule out relative displacements of up to at most a few
hundred kilometres, but is also again consistent with displace-
ments of zero.

The catalogue of faunas put together in this review leaves
many smaller assemblages from widely scattered localities

terrane moved north, it could probably not have come from
much further south than about the 49th parallel, putting an

d for lack of evidence. The positions of some of those
that have been assigned are open to question and will doubt-
lessly have to be revised. Yet others will come to be discovered
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and will have to be slotted into the gaps. Whatever the perman-
ence of the present scheme may turn out to be, it will have
fulfilled its purpose if, by pointing to the many gaps and
uncertainties, it stimulates further efforts to make the state of
our knowledge more complete.
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