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We present the first description of aulacostephanid (Perisphinctoidea) ammonites from the Kimmeridgian of Canada,
and the first illustration of these ammonites in the Americas. These ammonites include Rasenia ex gr. cymodoce,
Zenostephanus (Xenostephanoides) thurrelli, and Zonovia sp. A from British Columbia (western Canada). They belong
to genera that are widely distributed in the subboreal Eurasian Arctic and Northwest Europe, and they also occur even in
those Boreal regions dominated by cardioceratids. They are important markers for a narrow stratigraphic interval in the
Cymodoce Zone (top of Lower Kimmeridgian) and the lower part of the Mutabilis Zone (base of Upper Kimmeridgian)
of the Northwest European standard succession. In Spitsbergen and Franz Josef Land, the only Upper Kimmeridgian
aulacostephanid-bearing level is the Zenostephanus (Zenostephanus) sachsi biohorizon, which very likely belongs to the
Mutabilis Zone. Expansion of Zenostephanus from Eurasia, where it is present over a large area, into British Columbia,
is approximately correlative with a transgressive event that also led to expansion of the Submediterranean ammonite ge-
nus Crussoliceras through the Submediterranean and Subboreal areas slightly before Zenostephanus. • Key words:
Kimmeridgian, aulacostephanids, Zenostephanus, Rasenia, British Columbia, palaeobiogeography, sea-level changes.
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We provide here the first description and illustration of
aulacostephanid ammonites from British Columbia, west-
ern Canada. Aulacostephanid ammonites are the main
components of the guide-assemblages of the zonal and in-
frazonal subdivision of the Subboreal Upper Oxfordian
and Kimmeridgian of northwestern Eurasia, and all index
species of the standard Kimmeridgian zonal succession be-
long to this family. Outside the Subboreal areas, these am-
monites are relatively uncommon, and they are especially
scarce in Submediterranean sections. They usually occur
only at certain stratigraphic levels in the Arctic, where Bo-
real cardioceratids dominated the Kimmeridgian ammo-
nite successions of the Barents Sea shelf, Svalbard and
Franz Josef Land.

A few aulacostephanid ammonites have been reported
previously (as Rasenia, Aulacostephanus, Rasenioides
and Pararasenia) from Arctic Canada (H. Frebold in
Tan & Hills 1978, p. 63, fig. 12.5; Harrison et al. 2000,
p. 431) and British Columbia (T. Poulton in Evenchick

et al. 2001, 2010; Evenchick & Thorkelson 2005), but
were neither figured nor described. Those from British
Columbia have been re-examined, and form the basis of
this report. However, the last two of those reported gen-
era are now considered to be misidentifications, and
Aulacostephanus has now been subdivided and partially
replaced with new genera (Callomon et al. 2009), in-
cluding Zenostephanus.

The fossils were collected in the northern part of the
Bowser sedimentary basin in northwestern British Colum-
bia (Fig. 1), and were submitted for identification during
the course of geological mapping projects. The ammonites
described here document a level that is generally poorly
represented by ammonites in western Canada, largely as a
result of overwhelming clastic sedimentation rates in the
tectonically active post-Oxfordian Jurassic. Fossils have
been critical for geological mapping, and for our under-
standing of the stratigraphy and tectonics of this part of
the Canadian western Cordillera, because the lithofacies
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units are time-transgressive, repetitive in their stratigraphy,
tectonically deformed and dislocated (Evenchick et al.
2010), and not continuously exposed.

Those few Kimmeridgian ammonites that are available
for study are generally isolated fragments submitted for
study by mapping geologists, without biostratigraphic con-
text, sequence, nor immediate associations of fossils. They
were generally not found in contexts that were amenable to
the description of stratigraphic sequences.
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The ammonites were found in strata of the Bowser Lake
Group (Middle Jurassic to Lower Cretaceous) in the north-
ern part of the Bowser Basin (Evenchick et al. 2010). This
basin developed on top of the Early and Middle Jurassic
Hazelton volcanic arc complex on Stikinia or Stikine exo-
tic terrane, a result of loading below an obducted Cache
Creek oceanic complex, thermal subsidence as Stikinia
volcanism decreased (e.g. Gagnon et al. 2009), or transten-
sion in a strike-slip regime. Stikinia was one of many ocea-
nic or peri-continental terranes within the palaeo-Pacific
(Panthalassa) Ocean (Marsden & Thorkelson 1992, Gag-
non et al. 2012) that were accreted to western North Amer-
ica (Pangaea or early Laurasia) during the Mesozoic.

The clastic sediments in the basin came from multiple
sources, including contemporaneous volcanic centers
(Evenchick et al. 2010). In its currently preserved form (the
basin has been laterally compressed, rotated, and trans-
ported probably northward along the western continental
margin), an offlapping series of wedges which become
finer-grained and vary to deeper water facies to the south
and west, has been recognized in the northern portion of the
Bowser Basin (Evenchick et al. 2010). Relatively deep ma-
rine, condensed and fine-grained sedimentary rocks of
Middle Jurassic age vary upward within the Bowser Lake
Group, to nonmarine, coal-bearing strata in the Early Cre-
taceous.

The original location and orientation of the western
Cordilleran terranes have not been well resolved as yet, nor
have the timing of the many amalgamation and ac-
cretionary events that are evident. The Jurassic strata have
been involved in Cretaceous and Tertiary tectonic dis-
placements and rotations, eroded, buried below a thick
younger sequence, and metamorphosed in certain western
areas. Field geological observations and relationships,
palaeomagnetic studies, and palaeobiogeography deduced
from the fossils, have led to conflicting tectonic interpreta-
tions (e.g. Haggart et al. 2006).

In particular, the palaeolatitude of the Bowser Basin
during the Kimmeridgian, and its relative proximity to
western North America within the northeastern palaeo-Pa-
cific at that time, are contentious, and it is beyond the scope

of this report to speculate on the original palaeogeographic
disposition of Bowser Basin. Comprehensive syntheses
have been produced (e.g. Nokleberg et al. 2001, Evenchick
et al. 2007), but discussions of conflicting interpretations
are readily available (e.g. Haggart et al. 2006). Palaeo-
geographic conclusions from the affinities of the primarily
Boreal Late Jurassic faunas of the basin (e.g. Taylor et al.
1984, Poulton et al. 1993, this report) are not definitive, but
have been suggested to indicate little displacement with re-
spect to the continent at about the Jurassic-Cretaceous
boundary (Jeletzky 1984). This conforms to the similarity
of Early Bajocian and Bathonian faunas of Stikinia and
Bowser Basin (Tipper & Richards 1976, Hall et al. 1991,
Poulton et al. 1993) with those of cratonic southwestern
Canada (Athabascan part of East Pacific Realm; Taylor et
al. 1984).

The abundance of phylloceratids in the Upper Cal-
lovian and Lower Oxfordian strata of Bowser Basin
(e.g. Evenchick et al. 2010) indicates ready access to open
waters of the Panthalassa/proto-Pacific ocean to the west,
according to Callomon (in Poulton et al. 1994), which
might support those interpretations that westernmost oce-
anic arcs of the Insular Belt (Fig. 1) were not accreted un-
til the Cretaceous. Bowser Basin is only one of a number
of Late Jurassic to Early Cretaceous basins along the
western continental margin (McLelland et al. 1992),
some of them clearly connected to volcanic arcs to their
west (Nokleberg et al. 2001) but their mutual relation-
ships are not yet clear.

The strata in Bowser Basin were deformed in a Creta-
ceous compressional tectonic event (Skeena Orogeny of
Evenchick 1991), and many of the fossils come from dif-
ferent fault blocks or slices, whose mutual relationships
have been deduced to a significant extent from the fossils
contained in them.
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The fossils illustrated in this report are curated in the Type
Collection of the Geological Survey of Canada (GSC), 601
Booth Street, Ottawa, Canada. All other fossils mentioned
are stored in the research collections of the GSC.

GSC Locality 28982. – Collected by R. Baragar for J.A.
Roddick in 1956, 1 mile (1.6 km) north of head of Owlet
Creek (west fork), northwestern Bowser Lake map area
(NTS 104A/13; UTM 446680/6304493). Previously repor-
ted by Evenchick et al. (2001, p. 35, as O-28982). The col-
lection contains Z. (Z.) cf. ranbyensis (Arkell & Callo-
mon), identified by J. Jeletzky (in Evenchick et al. 2001) as
“ammonite (possibly Rasenia sp.)”, and Buchia concen-
trica (J. Sowerby). This locality is on a ridge, in the middle
portion of what might be a stratigraphic succession (neither
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described nor likely suitable for description) that has pro-
duced, from south-to-north over approximately 8 km, iso-
lated collections including Cardioceras sp., Buchia con-
centrica (J. Sowerby), Buchia concentrica (J. Sowerby) /
mosquensis (Buch), and Buchia sp. aff. fischeriana
(d’Orbigny) (i.e. Oxfordian through Tithonian).

GSC Locality C-175618. – Collected by C. Evenchick in
1989, 8 km west-southwest of the junction of Maitland
Creek and Klappan River, southwestern Spatsizi River
map area (NTS 104H/5; UTM 6354700/ 464070). Previ-
ously reported by Evenchick et al. (2001, pp. 41, 74) and
Evenchick & Thorkelson (2005, p. 205). This collection
contains Zenostephanus (Xenostephanoides) thurrelli (Ar-
kell & Callomon) and Rasenia ex gr. cymodoce
(d’Orbigny) (both reported as Aulacostephanus), as well as
Adabofoloceras sp., Buchia concentrica (J. Sowerby),
many specimens of Mclearnia sp., other undeterminable
bivalves, and possible scaphopods. There are apparently no
other fossil localities in the vicinity.

GSC Locality C-178165. – Collected for C. Evenchick in
1991. About 1 km northeast of Mt. Skowill, and northwest
of Delta Peak, in northwestern Bowser Lake map area
(NTS 104A12; UTM 461260 6284800). Previously repor-
ted in Evenchick et al. (2001, p. 40) and Gagnon et al.
[2012, Suppl. Data, p. 3 (OW3)]. Evenchick et al. (2010,
p. 244) noted that the collection comes from turbidites

about 120 m above the contact with Middle Jurassic rocks
of the Hazelton Group, and that it contains probable con-
temporaneous volcanogenic zircons dated as 152.4 Ma. It
lies on the north side of “Oweegee Dome”, a pre-Late Ju-
rassic uplift that exposes Palaeozoic rocks in its core below
a relatively thin Jurassic sequence (Greig 1992, Greig et al.
1993, Evenchick & Thorkelson 2005). Besides Zenoste-
phanus (Xenostephanoides) thurrelli (Arkell & Callomon)
(reported previously as Aulacostephanus), it also includes
Adabofoloceras sp., Phylloceras sp., Buchia concentrica
(J. Sowerby), and other bivalves. Other fossil localities in
the vicinity of this locality contain Early or Middle Oxfor-
dian Cardioceras sp., and the succession here continues in
shallow marine facies into the Early Cretaceous (Even-
chick & Thorkelson 2005).

GSC Locality C-201802. – Collected for C. Evenchick
in 1992. Mt. Geodfrey, east ridge, about 1 km, in north-
western McConnell Creek map area (NTS 94D13; UTM
566775 6298600; NAD 83). Previously reported as Early
Kimmeridgian in Evenchick et al. (2001, pp. 55, 74). This
collection contains Zenostephanus (Xenostephanoides)
thurrelli (Arkell & Callomon), Zonovia sp. A and Rase-
nia ex gr. cymodoce (d’Orbigny), and unidentified bival-
ves. Another collection from the same locality
(C-201800, in Evenchick et al. 2001, p. 55) contains Bu-
chia concentrica etheringtoni (Meek), Arctotis (?) sp.,
and other bivalves.
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 ����
�!" Regional tectonic and fossil locality maps, showing location of Bowser sedimentary basin on Stikinia exotic terrane, now preserved in
northwestern British Columbia, western Canadian Cordillera, and the fossil localities described in this report. The fossil locality map shows the out-
lines of map areas in the national topographic map system: Bowser Lake map area (104A), and parts of McConnell Creek (94D) and Spatsizi River
(104H) map areas.
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Suborder Stephanocerina Besnosov, 1960
Superfamily Perisphinctoidea Steinmann, 1890
Family Aulacostephanidae Spath, 1924

Genus Zenostephanus Callomon, Donovan &
Van den Hoek Ostende, 2009

Subgenus Xenostephanoides [m]1 Arkell & Callomon,
1963

Zenostephanus (Xenostephanoides) thurrelli (Arkell &
Callomon, 1963)
Figure 2A1–3, B1–3, C

1930 Rasenia sp. indet. cf. groenlandica (Ravn). – Fre-
bold, pl. XXII, fig. 2.

1962 Aulacostephanus (Xenostephanus) sp.; Ziegler,
pl. 22, fig. 11, 12.

1963 Aulacostephanus (Xenostephanoides) thurrelli sp.
nov.; Arkell & Callomon, p. 230, pl. 30, figs 1–3.

1969 Zonovia thurrelli (Arkell & Callomon). – Mesezhni-
kov, p. 122, pl. XVI, fig. 2.

1983 Zonovia cf. ranbyensis (Arkell & Callomon). – Er-
schova, pl. XV, fig. 3.

1984 Zonovia (Xenostephanoides) thurrelli (Arkell &
Callomon). – Mesezhnikov, p. 120, pl. XXVII,
fig. 3; pl. XXVIII, fig. 2 [non pl. XXIV, fig. 2].

2001 Aulacostephanus sp.; Evenchick et al., pp. 40, 41.
2001 Aulacostephanus (?) sp.; Evenchick et al., pp. 55, 74

(part).
2005 Aulacostephanus sp.; Evenchick & Thorkelson, p. 205.
2007 Zonovia (Xenostephanus) sachsi Mesezhnikov. –

Repin et al., pl. XIV, fig. 5 only.
2010 Aulacostephanus (Xenostephanus) aff. staintonensis

(Arkell & Callomon). – Evenchick et al., p. 239.
2012 Aulacostephanus sp.; Gagnon et al., Suppl Data, p. 3

(OW3).

Material. – Three specimens from three localities: GSC fi-
gured specimen 134795 from GSC Locality C-178165

(Bowser Lake map area, 104A, Fig. 1) GSC figured speci-
men 134799 from GSC Locality C-201802 (McConnell
Creek map area, 94D) and GSC figured specimen 134822
from GSC Locality C-175618 (Spatsizi River map area,
104H).

Description. – This species is represented by three speci-
mens, one about half complete (Fig. 2B1–B3), another pre-
serving only a partial, small whorl fragment (Fig. 2A1–A3)
and a third preserved as a partial imprint (Fig. 2C). All cha-
racteristic features of Z. (X.) thurrelli, such as evolute coil-
ing, small size and mainly biplicate, moderately spaced
ribs, are clearly visible. Such ribbing appears very early in
ontogeny, and can be determined at a diameter of about
0.5 cm. On the earliest whorls visible, the primaries split
slightly below the middle of the whorl into two rectiradiate
secondaries. Beyond a diameter of about 1–1.5 cm, the pri-
maries form elongated nodes close to the umbilical margin,
and beyond a diameter of about 3 cm, they are well-
developed, conspicuous elongated umbilical nodes separa-
ted from the secondaries by a narrow, depressed lateral
band or groove. This groove is crossed by only a few sim-
ple ribs, and by the much-weakened umbilical ends of the
secondary ribs. The cross-section at the maximum diame-
ter observed is subquadrate to trapezoidal, widest at the
umbilical nodes. The flanks are gently rounded towards the
ventrolateral edges of the shell, where the secondary ribs
terminate abruptly in a slight swelling. The venter consists
of a narrow, smoothly floored groove between the weak
swellings that terminate the ventral ends of the ribs on either
side of it. Triplicate ribs or intercalatories are uncommon
even in the inner whorls. Suture line is not visible.

Comparison. – Our specimens most closely resemble the
paratype of Z. (X.) thurrelli, figured by Arkell & Callomon
(1963, pl. 30, fig. 2). From other Zenostephanus (Xeno-
stephanoides) species, they differ by their relatively widely
spaced, mainly biplicate ribs. The ammonites referred to as
Z. thurrelli by Malinowska (1986), are considered to be
Prorasenia, close to Rasenia evoluta [m] in Birkelund
& Callomon, 1985, and differ from this species by their na-
rrow umbilicus and dense ribbing. One specimen from

��

 ����
�$" Kimmeridgian aulacostephanids from British Columbia. All specimens are figured actual size except Fig. A1–A3 (× 2). • A–C – Zeno-
stephanus (Xenostephanoides) thurrelli Arkell & Callomon, Mutabilis Zone, Mutabilis Subzone. • A1–A3 – lateral, ventral and cross-section views of
GSC figured specimen 134799 from GSC Locality C-201802. • B1–B3 – lateral, ventral and cross-section views of GSC figured specimen 134795 from
GSC Locality C-178165. • C – imprint of flattened partial flank, GSC figured specimen 134822 from GSC Locality C-175618. • D – Zenostephanus
(Zenostephanus) sp. cf. ranbyensis (Arkell & Callomon). Imprints of small fragments of flank of an inner whorl, and venter of body chamber. • E1, E2 –
Zonovia(?) sp. GSC figured specimen 134804 from GSC Locality C-201802, same locality as A1–A3. • F, G – Rasenia ex gr. cymodoce (d’Orbigny),
Cymodoce Zone. • F1–F3 – lateral, ventral, and cross-section views of GSC figured specimen 134818 from GSC Locality C-201802 (same locality as
A1–A3 and E1, E2). • G – cross-section view of GSC figured specimen 134821 from GSC Locality C-175618 (same specimen as Fig. 3A1, A2).

1 Herein and throughout in the text [m] – microconchs, [M] – macroconchs
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another locality (Fig. 2D), represented by an imprint of
a small part of an inner whorl with a high rib ratio, and
a partial ventral imprint of the body chamber showing the
well-recognized rib interruption, differs from the described
species by its higher rib ratio. This ammonite is determined
as Z. (Z.) cf. ranbyensis (Arkell & Callomon), as it shows
primaries and secondaries subdivided by a smooth band in
the inner whorls and distant ribbing at the body chamber,
the typical features of Z. (Z.) ranbyensis. It is also close to
Z. (Z.) ranbyensis, described from the Mutabilis Zone s.s.
of Khatanga Depression (Mesezhnikov 1969, p. 121,
pl. XVI, fig. 1, pl. XVII, fig. 2).

Stratigraphic range. – Mutabilis Zone, Mutabilis Subzone
in northern Eurasia. Figured specimens from Northern Si-
beria are also known from the correlatives of the Askepta
Subzone (Cymodoce Zone) below the first records of
Aulacostephanoides, but this interval lacks other figured
species of aulacostephanids that might provide clear bio-
stratigraphical information. In Spitsbergen, the age of
Z. (X.) thurrelli is also unclear. The level with those ammo-
nites was tentatively assigned by Wierzbowski (1989) to
the Xenostephanus horizon in the Mutabilis Zone, corres-
ponding to the boundary beds of the Mutabilis Zone and
Uralensis Subzone of the Evoluta Zone in the Khatanga
Basin sensu Mesezhnikov (1984). This is the only aula-
costephanid-bearing horizon in the Upper Kimmeridgian
of Spitsbergen and Franz Josef Land (Rogov 2012).
The most common species collected from this level in
Franz Josef Land is Zenostephanus (Z.) sachsi (Mesezhni-
kov), which is also well recognized in Spitsbergen (Rogov
2014). A Zenostephanus-rich assemblage has also been re-
cognized recently in a core drilled in the Norwegian part of
the Barents Sea (A. Wierzbowski, pers. comm.) and repor-
ted from the Arkticheskaya-1 well in the Russian part of
the Barents Sea (Chirva et al. 1990).

Geographical range. – England (Lincolnshire), Spitsber-
gen, Franz Josef Land, Western Siberia, Northern Siberia,
British Columbia.

Genus Zonovia Sasonov, 1960

Zonovia sp. A
Figure 2E1, E2

2001 Perisphinctid ammonite, indet. – Evenchick et al.,
p. 55.

Material. – GSC figured specimen 134804 from GSC Lo-
cality C-201802, McConnell Creek map area (Fig. 1).

Description. – The specimen studied consists of only 1/4 of

a probable outer whorl, possibly the terminal body cham-
ber of a macroconch, as suggested by the character of the
ribbing. All ribs are simple, rectiradiate to slightly prorsira-
diate, and apparently crossed the venter without modifica-
tion, although the deformation of the specimen makes this
observation somewhat unclear. Eleven ribs are visible on
the 1/4 of the whorl available. They are relatively thick, but
distantly spaced, and the space between the ribs is about
two times wider than their thickness. The ribs strengthen
slightly toward the ventrolateral part of the flank, which is
gently and evenly rounded across the entire height of the
whorl.

Comparison. – The final body chambers of aulacostepha-
nids from the Mutabilis Zone are mainly more or less
smooth or exhibit split ribs. Taxa characterized by ultimate
simplification of ribbing, as present in the British Colum-
bia specimen, are uncommon. Some macroconchs of Zono-
via (cf. Mesezhnikov 1984, pl. XXVIII, fig. 1, pl. XXIX,
fig. 1) are characterized by simple ribs in the body chamber
but differ from this specimen by having a smooth venter.
An ammonite from the Subpolar Urals, referred by Mese-
zhnikov (1984, pl. XXIV, figs 1, 2) to as Rasenia borealis
Spath, is closest to the ammonite illustrated here, but has
slightly more distant ribs on the body chamber. The ammo-
nite from the Urals differs significantly from R. borealis
described from England and East Greenland, and is better
referred to Zonovia. The character of the ribbing on the ap-
parent outer whorl of the British Columbia specimen is also
typical of that of some Eurasenia from the Askepta Sub-
zone of the Cymodoce Zone, especially in some specimens
of Eurasenia aulnisa Hantzpergue, 1989 (pl. 32, fig. 2),
which, however, apparently have a very limited geographi-
cal range. It should be noted that some unpublished mate-
rial from the cores drilled in Western Siberia yields an as-
semblage that is very similar to those described herein. It
mainly consists of Zenostephanus (Xenostephanoides) cf.
thurrelli (Arkell & Callomon) co-occurring with simple-
ribbed body chambers of Zonovia sp. and uncommon Amo-
ebites cf. modestum (Mesezhnikov & Romm).

Stratigraphical range. – Cymodoce Zone; Mutabilis Zone,
Mutabilis Subzone in northern Eurasia.

Genus Rasenia Salfeld, 1913

Rasenia ex gr. cymodoce (d’Orbigny, 1850)
Figures 2F1, F2, F3, G, 3A1, A2

2001 Aulacostephanus (?) sp. – Evenchick et al., p. 55, 74
(part).

2005 Aulacostephanus sp. – Evenchick & Thorkelson,
p. 205 (part).
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2012 Aulacostephanus sp. – Gagnon et al., Suppl. Data,
p. 3 (OW3).

Material. – GSC figured specimens 134818 from GSC
Locality C-201802 and 134821 from GSC Locality
C-175618, from McConnell Creek and Spatsizi River map
areas, respectively (Fig. 1).

Description. – One specimen (Fig. 2F1–F3) from the col-
lection studied can be assigned to Rasenia ex gr. cymodoce
(d’Orbigny). It is one half of a whorl of an immature speci-
men, and is one half of the size of another nearly fully
grown specimen of apparently the same species (Figs 2G,
3A1, A2). The former, smaller, specimen shows 10 slightly
prorsiradiate primaries per half a whorl. Each of these ribs

��

 ����
�%" A1, A2 – Rasenia ex gr. cymodoce (d’Orbigny), from Cymodoce Zone in northwestern British Columbia. Lateral and ventral views of nearly
full-grown GSC figured specimen GSC 134821 (same specimen as Fig. 2G) from GSC Locality C-175618 (same locality as Fig. 2C). The specimen is fig-
ured in actual size.
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is subdivided in the lower third of the whorl into three secon-
daries, which are not well connected with the primaries. The
latter, larger, ammonite shows smooth outer whorls with pri-
maries re-appearing at the terminal body chamber (Fig. 3A1)
and is characterized by relatively involute inner whorls, with
secondaries entirely covered by the overlying whorl.

Comparison. – Despite the incomplete preservation of the
studied specimens, they bear some typical features that
provide for their adequate comparison with Rasenia cymo-
doce (d’Orb.), the index of the Cymodoce Zone and cymo-
doce horizon.

Stratigraphical range. – Cymodoce Zone, cymodoce hori-
zon in northwest Europe and the Russian Platform.
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The Late Jurassic faunas of western Canada are primarily
Boreal in affinity (e.g. Taylor et al. 1984), and above the
Middle Oxfordian, they are predominantly composed of
species of the bivalve Buchia, so that detailed correlations
with Standard European ammonite zonations are impre-
cise. Therefore, the rare occurrences of diagnostic ammo-
nites, such as aulacostephanids, are extraordinarily impor-
tant. The aulacostephanid specimens reported herein are
not closely associated with cardioceratid ammonites such
as Amoeboceras, although the latter do occur elsewhere in
the same basin (Frebold & Tipper 1970, fig. 8; Tipper &
Richards 1976; Evenchick et al. 2001, 2010), so that the
enhanced biostratigraphic precision of such an association
is not available in Canada, as it is in northern Eurasia.

The Bowser Basin faunas are generally different from
those known from the southern regions of North America,
but Late Jurassic Boreal faunas, including Buchia, are now
found from the Arctic to at least as far south as northern
California (Jones et al. 1969), Mexico (de la Mora et al.
2000, Pessagno et al. 2009), Cuba (Myczyński 1989) and
the Russian Far East (Zakharov & Rogov 2003). This is the
later part of a global “Boreal Spread” recognized long ago
(e.g. Arkell 1956, p. 610), the reasons for which are not yet
known, but it coincides with incremental encroachment of
seas over continental margins through the Jurassic globally
(Hallam 1978, Haq et al. 1981). Stable isotope data suggest
that the Kimmeridgian was among the warmest of the Ju-
rassic ages (Price & Rogov 2009, Dera et al. 2011), and
such a conclusion is also supported by strong northward
expansion of fossils with Tethyan affinities at this time
(Rogov & Zakharov 2004, Rogov et al. 2009). Perhaps the
Kimmeridgian episode of the “Boreal Spread” can be ex-
plained by either re-organization of water circulation
caused by Pangea breakup, or by the influence of short-
term cooling events.

It should be noted that co-occurrences of the Boreal bi-
valve Buchia and Pacific/Mediterranean ammonites are
very typical in the uppermost Jurassic of some low-latitude
sections of the Western and Eastern Pacific (Zakharov &
Rogov 2003, 2004). Such a distributional pattern of bi-
valves and ammonites might be explained by differential
scattering of buchiid and ammonite larvae or adults by
ocean currents; for example, these bivalves might have in-
habited the relatively cold sea floor, while a warmer upper
part of the water column was characterized by ammonites
of different palaeobiogeographic affinities.

The aulacostephanid ammonites from British Colum-
bia provide unequivocal evidence for an interval around
the Lower/Upper Kimmeridgian boundary. However, the
separation of faunas that provides the basis for the
Cymodoce and the Mutabilis zones on either side of the
boundary in Northwest Europe, is not seen in the much
more limited western Canadian material.

The base of the Mutabilis Zone is commonly consid-
ered now to be placed at the Lower/Upper Kimmeridgian
boundary (e.g. Gradstein et al. 2012, p. 746). It is marked
by the appearance of Aulacostephanoides (base of the
Mutabilis Zone sensu gallico) or Rasenioides (base of the
Askepta Subzone and the Mutabilis Zone sensu anglico)
within a single ammonite lineage. Both these boundaries
are unclear using aulacostephanid microconchs
[Prorasenia – Rasenioides (Rasenioides) – Aulacoste-
phanoides (Aulacostephanites)], but are well recognized
by changes in the macroconchs (Rasenia – Rasenioides
(Semirasenia) – Aulacostephanoides (Aulacostepha-
noides)). We accept the Lower/Upper Kimmeridgian
boundary as the base of the Mutabilis Subzone, because it
is better traced in the Arctic region by the appearance of
Aulacostephanoides, while Semirasenia is characterized
by a restricted geographical distribution and is unknown in
Boreal areas. The Zenostephanus-rich level is here consid-
ered to correspond to the Mutabilis Subzone. In spite of the
presence of the oldest (uncommon) Zenostephanus in the
upper Cymodoce Zone (Wierzbowski & Rogov 2013),
mass occurrences of this species are known only from the
Mutabilis Zone s.s., and new records of Zenostephanus
(Z.) sachsi (Mesezhnikow) from the Russian Platform and
Polish lowland confirm this conclusion.

In all Arctic Eurasian areas, these two faunas are clearly
and consistently separated. However, in the western Canad-
ian collections, Rasenia closely resembling European ma-
terial from the Cymodoce Zone (cymodoce horizon), and
Zenostephanus most similar to correlatives of the Zeno-
stephanus sachsi horizon of Arctic Eurasia, co-occur in
two widely separated Bowser Basin localities. Matrix
lithologies are consistent within each of these Canadian
collections (C-201802 and C-175618), making it unlikely
that either of them was collected from more than a single
horizon. It also seems unlikely that the association of these
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two apparently different ammonite faunas would be due to
either condensed deposition or removal at a cryptic uncon-
formity, over such a large area in a succession generally
characterized by rapid clastic sedimentation. However, the
very wide distribution of Zenostephanus might suggest a
relative transgressive episode at the beginning of the Late
Kimmeridgian, below which a certain amount of cryptic
regional erosion or non-deposition in Bowser Basin cannot
be ruled out. Correlation of the aulacostephanid faunas of
British Columbia with the regionally well-developed and
limited ranges of the most similar species in the NW Euro-
pean (Subboreal) composite and the Boreal (Spitsbergen)
successions is shown in Fig. 4. Nevertheless, this does
not completely preclude the possibility that the Canadian
collections represent intermediate stratigraphic levels be-
tween the suggested Eurasian correlatives, the cymodoce
and sachsi horizons. There is an interval at the top of the
Cymodoce Zone in northern Eurasia, where Zeno-
stephanus, Rasenia and Zonovia, may co-occur, but there
is no particular reason to suggest this correlation for the
Canadian co-occurrences with confidence. Such co-occur-
rence is most clear in the Uralensis Subzone of the Evoluta
Zone in northern Siberia (Mesezhnikov 1984), which cor-
responds to the Askepta Subzone in Europe (Wierzbowski
& Rogov 2013). It should be noted that Rasenia from the
Evoluta Subzone belongs to endemic taxa, which are un-

known outside Siberia and differ also from Rasenia re-
corded in British Columbia.

The faunal mix in British Columbia, with representa-
tives of both Boreal and Subboreal provinces, might be ex-
plained by the sea-level highstand indicated by Hallam
(1978) and Haq et al. (1981). Close dependence of
ammonite evolution and migration events with sea level
oscillations in the Kimmeridgian were recognized by
Atrops & Ferry (1987), Hantzpergue (1995) and Gygi
(2012), who noted significant sea-level rise during the mid-
dle of the Mutabilis Zone and its submediterranean correla-
tives.

Aulacostephanidae is a short-lived ammonite family,
Late Oxfordian and Kimmeridgian in age, which inhabited,
for the most part, a narrow ecotone region between two ma-
jor Super-realms – Tethys-Panthalassa and Pan-boreal (Za-
kharov & Rogov 2003), usually considered as a separate
Subboreal or Atlantic-Boreal Province or Realm. To the
south and north from this transitional area, aula-
costephanids are uncommon or restricted to a few strati-
graphic levels. Very rare aulacostephanids are reported
from the Submediterranean, and especially from the Medi-
terranean, areas. For example, aulacostephanid records
from the Acanthicum Zone of the famous Mount Crussol
site (SE France) comprise only 0.5% of all ammonites
(Baudouin et al. 2011), and only one (unfigured) specimen
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�(" Composite succession of biohorizons in the Cymodoce and Mutabilis zones of NW Europe and position of the Lower/Middle Kimmeridgian
boundary (after Birkelund et al. 1983, Hantzpergue 1989, with additions), correlation of this succession with those of Spitsbergen (Rogov 2014) and the
implied correlations of the aulacostephanid-bearing strata in British Columbia (shown by light-grey pattern). The biohorizons of the Mutabilis Subzone
recognized by Hantzpergue (1979, 1989) based on Aulacostephanoides succession are not shown, as they do not correspond to the ranges of index-species
and were not supported by figures of these taxa. The pseudoeumela horizon (type section: Le Havre, Normandy, lower part of limestones with
Harpagodes, bed VI 2 in Samson et al. 1996) is proposed now as the Subboreal equivalent of the Eurasenia aulnisa horizon of Aquitaine; it is character-
ized by the presence of Rasenia berryeri (Lesueur), R. lexoviensis Hantzpergue and Rasenia pseudoeumela (Tornquist), while corresponding
microconchs belong to Rasenioides. The Canadian faunas, indicated in this figure with separate higher and lower faunal elements, in fact co-occur so that
their age implications are somewhat unclear.
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of a true Aulacostephanus is known from the Kimmeridg-
ian of Mexico (Villaseñor et al. 2000). In the high-latitude
Arctic, aulacostephanids are also rare. They are entirely
missing in the Nordvik section (northern central Siberia),
where the ammonite succession consists of cardioceratids
and the Boreal oppeliid genus Suboxydiscites only (Rogov
& Wierzbowski 2009, Wierzbowski & Rogov 2013).
Aulacostephanids are unknown from east of the Anabar
River in northern Yakutia (Siberia). Only two occurrences
of Aulacostephanus were reported from the North-East of
Russia (Kolyma River Basin) and the Russian Far East
(Gurin 1959, Krasnyi 1960), but these ammonites are miss-
ing in the collections and were not figured, described or re-
ported subsequently

Previous aulacostephanid records from Mexico, Peru
and the Asian Pacific region are enigmatic, mistaken, or
very rare and poorly documented. Ammonites described as
Aulacostephanus zacatecanus by Burckhardt (1906) from
the Mexican Kimmeridgian became the type species of
Pararasenia, which is now considered to be a homo-
eomorph of true aulacostephanids (see Enay & Mangold
1982, Birkelund et al. 1983). Besides this homoeomorph
(of which only a single specimen is known to date), a single
specimen of true Aulacostephanus sp. was recorded from
the Upper Kimmeridgian (~Eudoxus Zone) in Mexico
(Villaseñor et al. 2000). In addition to these suspected
aulacostephanid occurrences, a few other doubtful aula-
costephanids have been reported from the Lower Kim-
meridgian of Mexico. These are Pictonia (Colladites) –
a subgenus based on a Mexican type species described by
Cantú Chapa (1967), and Rasenia aff. (Rasenoides)
striolaris (Reinecke), reported from a unit that also con-
tains Ataxioceras in Eastern Mexico (Cantú Chapa 1969).
Pictonia (Colladites), however, differs significantly from
true Pictonia by its simple ribbing on the inner whorls, and
it should be considered as a separate genus, possibly be-
longing to Ataxioceratidae. The specimen of Rasenia men-
tioned by Cantú Chapa (1969) has been figured by him un-
der the name Rasenia aff. (Rasenioides) (Cantú Chapa
1992, pl. 1, fig. 10). This crushed and partially preserved
ammonite, in our opinion, cannot be ascribed to the
aulacostephanids and, as it closely resembles co-occurring
Ataxioceras (loc. cit., pl. 1, fig. 1, 3, 9, 14, 19), this speci-
men perhaps also belongs to Ataxioceratidae. It should be
noted that the Mexican Amoeboceras reported by Imlay
(1980) could be based on an erroneous determination of
Hybonoticeras (as figured in Burckhardt 1906) by Ziegler
(1962). Burckhardt’s ammonites were later confirmed as
Hybonoticeras (Schweigert et al. 1996). Amoeboceras re-
cords were also mentioned by Beauvais & Stump (1976)
from the Pozo de Serna area in Mexico, but later revision of
these ammonites has shown that they were determined er-
roneously and belong to Lower Jurassic taxa (Linares et al.
1997). In the opinion of A.B. Villaseñor (pers. comm., May

2013), boreal ammonites are absent in the Kimmeridgian
of Mexico.

Aulacostephanus reported from the Kimmeridgian of
southern Peru (Vicente 1981) was erroneously determined
(A. von Hillebrandt, pers. comm. 2012). Aulacostephanid
occurrences mentioned from the western Pacific (northern
China and Japan) need to be re-considered. Japanese “aula-
costephanids” are preserved as crushed molds and the na-
ture of their ventral region remains unclear. The large spec-
imen figured by Takahashi (1969, pl. 16, fig. 1) shows the
typical rib pattern of Lithacoceras or Euvirgalithacoceras
with dense ribs in the inner whorls, which changed to more
distant thick primaries and very numerous secondaries in the
outer whorl. Two small specimens figured by Matsumoto &
Hirata (1970, fig. 2) are characterized by the presence of
fascipartite to virgatotome ribs with a high rib ratio and
probably belong to ataxioceratids such as submediterranean
Ataxioceras or the Indo-West Pacific Stevensia-Nepalites
group. The few ammonites from northern China
(Heilongjiang) assigned by Li (1997) to Pictonia and
Rasenia (loc. cit., pl. 1, fig. 1, 2, 5–7) lack any ribbing and do
not belong to the Perisphinctoidea Superfamily.

The aulacostephanid records in British Columbia are
separated from other confirmed aulacostephanid occur-
rences by great distances (Fig. 5). Nevertheless, their pos-
sible migrational pathway can be tentatively traced. Be-
cause their abundance in northwestern and northern
Eurasia suggests their center of origin and evolution there,
we propose possible migration of these boreal and subboreal
taxa out of those areas into Arctic and western Canada. They
may have moved into the northeastern ancestral Pacific
Ocean under the influence of currents that, in the later part of
their trajectory, had a strong component southward along the
northwestern North American margin. This proposal takes
into account reports of aulacostephanid ammonites from
Arctic Canada (Rasenia in Tan & Hills 1978), the common
presence of Amoeboceras and related cardioceratids in Brit-
ish Columbia (Tipper & Richards 1976; Evenchick et al.
2001, 2010), and California (Imlay 1980), as well as the con-
stant abundance of the boreal bivalve Buchia along the west-
ern coast of North America.
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The aulacostephanid ammonites Zenostephanus, Rasenia,
and Zonovia occur rarely in samples collected during geo-
logical mapping programs in the western Cordillera of Bri-
tish Columbia, western Canada, in the northern part of the
Bowser Basin. This sedimentary basin is represented by a
thick sequence of Middle Jurassic through Early Creta-
ceous clastic rocks deposited upon the Stikinia exotic ter-
rane. Stikinia is one of many terranes that were amalgama-
ted and accreted to western North America (or Laurasia)
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during the Mesozoic, but there is neither an agreement on
the timing or on the nature of these tectonic processes, or
on the original palaeogeographic disposition of this terrane
during the Kimmeridgian. The ammonites, described and
illustrated for the first time in this report, indicate correlati-
ons with part or parts of the Early and Late Kimmeridgian
Cymodoce and Mutabilis, or possibly Askepta, zones of
northwest Europe. In two out of four of the fossil localities
available, Zenostephanus and Rasenia co-occur, so that the
age and correlation of the western Canada material with
respect to the better-known European zonation is impre-
cise. These boreal and subboreal ammonites, well repre-

sented in northern Eurasia, perhaps migrated into the north-
east palaeo-Pacific area down the northwest side of
Laurasia from Arctic areas during a major transgressive pe-
riod. In Eurasia, Zenostephanus is known from southern
Germany, European part of Russia, Polish lowland, East
Greenland, Spitsbergen, Franz Josef Land, Barents Sea
shelf, and western and northern Siberia. Its migration into
British Columbia is approximately correlative with a
long-term transgression that also led to expansion of the
Submediterranean ammonite genus Crussoliceras through
the Submediterranean and subboreal areas slightly before
Zenostephanus.
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 ����
�)" Zenostephanus distribution and possible migrational pathway of this genus to British Columbia. North Polar geodynamic reconstruction on
150 Mya from www.osdn.de. Palaeogeography is simplified. Zenostephanus occurrences marked by black circles. Occurrence in British Columbia is
marked by star at the left side of the map.
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