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INTRODUCTION

It would be no overstatement to say that future posi-
tioning of the Jurassic–Cretaceous boundary in Boreal
sections depends on stratigraphic “fortune” of the
upper Volgian Substage. It was exactly this unit pro-
posed by Casey (1963) to be transferred from the Juras-
sic to the Cretaceous System. In his opinion, such a
“shift” should solve the problem of Boreal–Tethyan
correlation between the Tithonian and Volgian stages.
This idea first gained no support of specialists. It
appeared to be attractive nevertheless, and soon Kutek
and Zeiss (1975) backed this proposal based on co-
occurrence of Boreal and Subtethyan ammonites in the
lower–middle Volgian boundary beds of Poland. Dur-
ing many years, Zeiss (1979, 2003) agitated for placing
the lower boundary of the Cretaceous System at the
base of the upper Volgian Substage (base of the

 

Kachpurites fulgens

 

 Zone) in the Boreal realm instead
of the Ryazanian Stage base. In Russia, the idea of Vol-
gian Stage subdivision into the Jurassic and Cretaceous
parts was supported first by Sazonova and Sazonov
(1979a, 1979b), then by Sei and Kalacheva (1993), and
recently by Baraboshkin (2004).

Over 10 years ago, the Interdepartmental Strati-
graphic Committee of the Russian Federation decided
to subdivide the Volgian Stage in two parts and attribute
the upper Volgian Substage to the Cretaceous (Rostovt-
sev and Prozorovsky, 1997; Zhamoida and Prozo-

rovskaya, 1997). We challenged validity of this action
(Zakharov, 2003; Zakharov and Rogov, 2005), because
it was insufficiently substantiated and taken prior to the
GSSP establishment for the Berriasian base by the
International Commission on Stratigraphy,.

In collaboration with Czech geophysicists and pale-
ontologists, we studied magnetostratigraphy of the sec-
tion at the Cape Urdyuk-Khaya (Nordvik Peninsula,
Anabar Bay, Laptev Sea, Fig. 1), one of the most com-
plete Jurassic–Cretaceous boundary sections in the
Arctic region. Based on results of this study we propose
a new, better substantiated version of correlation of the
upper Volgian Substage and the Boreal Berriasian base
Stage with upper Tithonian and basal Berriasian chro-
nozones of southeastern Spain (Cordoba Province),
central Italy (Umbria Province), and Slovakia (West
Carpathians). The data obtained indicate that the base
of the lower Berriasian 

 

Jacobi

 

 Zone in southeastern
Spain corresponds to the level inside the 

 

Taimyrensis

 

Zone of the upper Volgian Substage in the Arctic region
(Hou a et al., 2007).

In addition to paleomagnetic samples, we also col-
lected molluscan remains (primarily, ammonites).
Ammonites confirm zonal biostratigraphy of the upper
Volgian Substage suggested previously, enhance faunal
characteristic of the section, and refine the substage
scope (Zakharov and Rogov, 2005).
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Abstract

 

—Section of the middle and upper Volgian substages and basal Boreal Berriasian in the Cape Urdyuk-
Khaya (Nordvik Peninsula) is largely composed of dark argillites substantially enriched in C

 

 

 

org. Characteristic
of the section is a continuous succession of ammonite, foraminiferal, ostracode, and dinocyst zones known also
in the other Arctic areas. Boundaries of the upper Volgian Substage are recognizable only based on biostrati-
graphic criteria. The succession of the middle Volgian 

 

Taimyrosphinctes excentricus

 

 to basal Ryazanian 

 

Hecto-
roceras kochi

 

 zones is characterized. The range of the substage is revised. Based on finds of, The lower 

 

Exoticus

 

Zone, where ammonites characteristic of the 

 

Nikitini

 

 Zone upper part in the East European platform have been
found, is referred to the middle Volgian Substage. Newly found ammonites are figured. Two possible positions
of the Jurassic–Cretaceous boundary in the Arctic region, i.e., at the lower and upper boundaries of the 

 

Chetae

 

Zone at the top of the upper Volgian Substage, are discussed.
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THE UPPER VOLGIAN SUBSTAGE
IN THE ARCTIC REGION

Ammonites of the Boreal family Craspeditidae
(

 

Kachpurites, Craspedites, Subcraspedites, Volgidis-
cus, Schulginites, Garniericeras

 

) are of key signifi-
cance for biostratigraphy of the upper Volgian Substage
in the Arctic region. Based on succession of Craspediti-
dae species, the upper Volgian Substage is subdivided
into zones and subzones. The substage top only is
defined in northern Siberia by occurrence of 

 

Chetaites
chetae

 

, a representative of the family Dorsoplanitidae,
while Craspeditidae were widespread in the Arctic
region up to the Hauterivian.

First Craspeditidae from the Arctic region (Subpolar
Urals, Tol’ya River) were probably described by Eich-
wald (1865–1868) as 

 

Ammonites sagitta, A. septentri-
onalis

 

 (= 

 

Craspedites

 

 cf. 

 

okensis

 

), and 

 

A. catenulatus

 

(= 

 

Shulginites

 

 cf. 

 

tolijensis

 

). At the end of the 19th cen-
tury, E.S. Fedorov collected here additional samples
with ammonites. S.N. Nikitin, who studied his collec-
tion of Mesozoic fossils, identified among them 

 

Oxyno-
ticeras (=Shilginites) tolijensis

 

 and suggested the late
Volgian age of this taxon (Nikitin, 1884). V.I. Bodylevskii,
who defined the upper Volgian Substage in the Tol’ya
River basin and established the 

 

Fulgens

 

 Zone in
Novaya Zemlya and Subpolar Urals, was first to deter-
mine 

 

Craspedites okensis

 

 and 

 

Kachpurites

 

 from the lat-
ter region (Bodylevskii and Kiparisova, 1940).

In the early 1920s, 

 

Craspedites

 

 were found in Spits-
bergen by Spath (1921), although examination of that
ammonite collection stored at the Natural History
Museum of London showed that his identification was
erroneous. Subsequently, Spath himself (1924) consid-
ered the 

 

Craspedites

 

 forms he described as the Creta-
ceous (infra-Valanginian) ammonites. Later on, 

 

Cras-
pedites

 

 from this area were described and figured by
Frebold (1930) and Ershova (1969).

Bodylevskii (1936) was next to report on 

 

Cras-
pedites

 

 from Novaya Zemlya. He described also the
new genus Taimyroceras from the upper Volgian sedi-
ments of northern Siberia (Bodylevskii, 1956),
although now it is considered as a subgenus of the
genus 

 

Craspedites

 

. Subsequently 

 

Taimyroceras

 

 was
discovered in the Yenisei Depression (Bodylevskii and
Shul’gina, 1958). First data on occurrence of this genus
in the upper Volgian sediments of the Khatanga Depres-
sion and Nordvik Peninsula appeared at that time as
well (Saks et al., 1959). Then a complete succession of
biostratigraphic ammonite units of the upper Volgian
was established in northern East Siberia (Saks et al.,
1965; Basov et al., 1970; Zakharov et al., 1983;

Shul’gina, 1985; and others). Spath (1936) reported
first on the upper Volgian Craspeditidae and 

 

Subcras-
pedites

 

 from eastern Greenland, and later on they were
found here on the north (Peary Land, Häkansson et al.,
1981). In the early 1960s, Craspeditidae were found in
Arctic Canada (Jeletzky, 1965) and slightly later in
northeastern Russia (Paraketsov, 1970). The upper Vol-
gian 

 

Craspedites

 

 occur also beyond the Arctic region:
they are frequently dominate among fossils in Boreal
areas of Europe (East European platform, the North
Sea, eastern England).

The upper Volgian Dorsoplanitidae are distributed
mostly in Arctic regions. An exception is the genus

 

Chetaites

 

 occurring also in the East European platform.
This ammonoid group studied insufficiently is of prime
importance for defining boundaries of the upper Vol-
gian Substage.

THE VOLGIAN STAGE SCOPE ACCORDING
TO NEW AMMONITES FOUND
IN THE CAPE URDYUK-KHAYA

(NORDVIK PENINSULA)
In the Nordvik Peninsula, the Volgian Stage is rep-

resented by part of the middle and complete upper Vol-
gian substages. We found new evidence for occurrence
of an equivalent of the middle Volgian 

 

Taimyrosphinc-
tes (Taimyrosphinctes) excentricus

 

 Zone in this area
and for correspondence of the 

 

Praechetaites exoticus

 

Zone to the middle Volgian Substage.
In the Cape Urdyuk-Khaya, many fossils were

found in talus and should be used for solving strati-
graphic problems with a great caution. Nevertheless,
ammonites found previously facilitate recognition of a
complete succession of the upper middle Volgian to
lower Valanginian zones (Zakharov et al., 1983; Bogo-
molov, 1989; and others). The fossils (largely, ammo-
nites and belemnites) were sampled with the reference
to particular marker beds (levels 1A–C, 2B–D in the
section) and simultaneous correlation with previously
defined beds (Zakharov et al., 1983).

The lower Volgian ammonites have not been found
in the Nordvik section so far. All the middle Volgian
forms of stratigraphic significance, except for rare
specimens, were sampled from talus. Some of them
suggest occurrence of sediments underlying the 

 

Vari-
abilis

 

 Zone that was previously assumed based on
occurrence of 

 

?Dorsoplanites

 

 sp. (Zakharov et al.,
1983). We found also several small ammonites, which
can be referred to 

 

Taimyrosphinctes (Udschasphinctes)

 

sp. (Plate II, fig. 4) based on peculiar ornamentation
(very frequent ribs slightly inclined anteriorly and

 

Fig. 1.

 

 The Jurassic–Cretaceous boundary section of the Nordvik Peninsula (Cape Urdyuk-Khaya), stratigraphy after Zakharov
et al. (1983) and Zakharov and Rogov (2006); all the ammonites, except for designated by asterisk, are found by authors; marker
horizons 1A–C and 2B–D (field observations by Rogov) and bed numbers after Zakharov et al. (1983) are designated in columns
marked by one and two asterisks respectively: (1) dark gray argillite-like clay; (2) phosphate–carbonate concretions; (3) bed
enriched in glauconite.
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diverging in two or three branches less commonly) and
shape of their shells (high-oval cross section of whorls
with flattened ventral side, stepwise umbilicus, and
abrupt uncoiling). An impression of such a form was
found 0.3 m below Bed 2D. In distinction from all the
known representatives of the genus (Mesezhnikov,
1972, 1984b), the found form exhibits a very early
uncoiling and slightly rounded cross section. Although
remains of 

 

Taimyrosphinctes

 

 occur in the Subpolar
Urals up to the lower part of the 

 

Vogulicus

 

 Zone
(Mesezhnikov, 1984b), in the northeastern Taimyr Pen-
insula they are known only from the 

 

Maxumus

 

 (rare)
and 

 

Excentricus

 

 zones (Mesezhnikov, 1984b). 

 

Epivir-
gatites variabilis

 

 (Plate I, fig. 4; Plate II, fig. 5) occurs
in association with species of the genus 

 

Epilaugeites

 

characterizing higher layers of the middle Volgian Sub-
stage (Fig. 2, A–B). The species are close to 

 

E. voguli-
cus

 

 being different from it owing to more distinct con-
strictions only. Actual overlapping of stratigraphic
ranges of 

 

Epivirgatites variabilis, Laugeites

 

, and 

 

Epil-
augeites

 

 is unknown so far. In the section under consid-
eration, 

 

Epilaugeites

 

 appear higher than 

 

Epivirgatites

 

(the only find at 0.2 m below level 2B). This is well con-
sistent with correlation between 

 

Vogulicus

 

 and 

 

Variabi-
lis

 

 zones suggested by Mesezhnikov.

Representatives of the genus 

 

Laugeites

 

 are rare
among fossils from the Nordvik section. Some of them
(small pyritized molds) were collected from talus along
with 

 

Epivirgatites

 

 and 

 

Epilaugeites.

 

 By their peculiar
ornamentation (changes in rib ratio and relative thick-
ness of ribs in the ontogenesis, ornamentation pre-
served on the body chamber), these 

 

Laugeites

 

 forms
(Plate II, fig. 3) are identical to 

 

L. planus

 

 described by
Mesezhnikov from the Subpolar Urals (Zakharov and
Mesezhnikov, 1974), where this species characterizes
basal part of the 

 

Groenlandicus Zone. The Laugeites
forms found stratigraphically above the last occurrence
of Epivirgatites are quite different. All of them, except
for a single pyritized mold (Plate II, fig. 6) and ammo-
nite from a concretion, are represented by deformed
impressions suitable only for examination of ornamen-
tation details. It is also remarkable that Laugeites with
early disappearing ornamentation (Plate I, figs. 3, 8)
was found along with Praechetaites, which has in con-
trast the body chamber with distinct biplicate ribs (=
Virgatosphinctes bicostatus, Zakharov et al., 1983,
Plate II, fig. 1), in the Exoticus Zone (its position and
correlation are discussed below). These Praechetaites

forms should probably be attributed to a new species
since they are represented, in contrast to the type series
of P. bicostatus, by macroconchs with substantially
smoothed ornamentation on early whorls. Laugeites
forms from the interval in question are similar to
ammonites from the Nikitini Zone of the Gorodishchi
section, where they co-occur with early Kachpurites.
We identified these forms with L. parvus (Kiselev and
Rogov, 2005). Their comparison with L. parvus from
Greenland and Taimyr (Donvan, 1964; Mesezhnikov,
1984b) shows that, despite some features in common,
ammonites from Taimyr and Middle Volga region are
significantly larger in size and ribbing on their shells
disappears earlier and rapidly. Moreover, it seems that
two morphotypes have different stratigraphic positions,
since some specimens from the L. parvus type series
originate from the Crendonites anguinus Zone (Fauna
46b, Birkelund et al., 1984), while the others are from
the Groenlandicus Zone, i.e., they are a fortiori older
than ammonites of the Vogulicus Zone. A specimen of
Laugeites found in talus shows even earlier disappear-
ance of ornamentation (Plate II, fig. 7; Fig. 2, C). This
specimen is similar to Laugeites sp. nov. known from
uppermost layers of the Nikitini Zone of the East Euro-
pean platform (Kiselev and Rogov, 2005). Several
small Praechetaites exoticus (Plate II, fig. 1) and
Praechetaites cf. exoticus with more evolute coiling
(Plate I, fig. 5) have been also found close to the desig-
nated level. Specimens of P. tenuicosatus (Shulg.) sam-
pled from the talus (Plate I, figs. 2, 6) are most likely
confined to a close stratigraphic level.

Ammonite with unusually rough ribs (Plate I, fig. 1)
found in a concretion from talus originates most likely
from the Exoticus Zone or basal part of the Okensis
Zone. In its ornamentation, this specimen certainly dif-
fers from Epivirgatites, Epilaugeites, Laugeites, and
Praechetaites species. Having coarse, sharp, widely
spaced ribs with a high bifurcation point, it resembles
some Lomonossovella forms being most close to the
genus Glottoptychinites from England (Buckman,
1909–1930, Plates CDIII, DCCXVII; Subcraspedites
sp. in: Gerasimov, 1969, Plate XXX, fig. 3) that is char-
acteristic of the middle–upper Volgian boundary beds
(Casey, 1973; Kiselev and Rogov, 2005).

Basal part of the Okensis Zone yielded a small
ammonite shell ornamented with ribs in lower part of
lateral side only (Plate I, fig. 7). According to this fea-
ture, it resembles a form from uppermost part of the

P l a t e I. Volgian ammonites from the Nordvik Peninsula. All the specimens pictured in plates I and II are stored at the Vernadsky
Geological Museum (Moscow), Collection no. 00. Hereinafter, scale bar is 1 cm.
(1) Glottoptychinites? sp., MK959, talus of Outcrop 33, middle Volgian Substage; (2, 6) Praechetaites tenuicostatus (Shulg.), talus
of Outcrop 33, middle Volgian Substage, Exoticus Zone: (2) MK1033, (6) MK1032; (3) Laugeites cf. parvus Donovan, MK994,
Outcrop 33, 2C↑155; middle Volgian Substage, Exoticus Zone; (4) Epivirgatites variabilis Shulg., middle Volgian Substage, Vari-
abilis Zone, MK1028, talus of Outcrop 33; (5) Praechetaites cf. exoticus (Shulg.) [m]; middle Volgian Substage, ?Exoticus Zone;
(3) MK1004, Outcrop 32, 1A↓990; (7) Praechetaites sp., MK1148, Outcrop32, 1A↓947; middle Volgian Substage, Exoticus Zone;
(8) Laugeites aff. parvus Donovan (= parvus in Kiselev and Rogov, 2005) [M], MK1081, Outcrop 33, 2C↑123; middle Volgian Sub-
stage, Exoticus Zone.
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middle Volgian Substage of Canada, which was deter-
mined as Laugeites sp. (Jeletzky, 1965, p. 23, Plate
VIII, fig. 7On the other hand, the early disappearance of
ribbing is characteristic also of some Praechetaites
(Shul’gina, 1967, Plates I–III) and Subcraspedites spe-
cies (Abbink et al., 2001, Figs. 4B, 4E). We identified
this specimen as Praechetaites sp.

Many new ammonites have been found in lower part
of the Ryazanian Stage lower part. We managed to
prove occurrence of Praetollia at the stage base.
Approximately 3 m higher in the section, we collected
predominantly Chetaites and Praetollia species (Plate
II, figs. 2, 8, 9). In the first genus, we distinguished two
forms each likely belonging to new species. One of
them is represented by a half of very large shell with
widely spaced ribs (Plate II, fig. 9). According to this
feature, this form sharply differs from ammonites of the
Chetaites sibiricus type series that includes only micro-
conchs with the largest shell diameter less than 8 cm
(Shul’gina, 1962). In addition, we found small
Chetaites forms near the Sibiricus–Kochi boundary,
which are similar to ammonites described earlier from
Bed 23 of the Exposure 33 (Zakharov et al., 1983, Plate
IV, figs. 5–7) and differ from typical representatives of
the sibiricus species owing to earlier appearance of tri-
partite ribs with splitting rib bunches (Plate II, fig. 8).

Despite the convincing evidence of last decades that
Craspedites occur in basal layers of the Ryazanian
Stage (Zakharov et al., 1983; Mesezhnikov, 1984a;
Shul’gina, 1985), these ammonites were never
described and figured. We found a well-preserved
Craspedites specimen very similar to C. canadiensis
Jeletzky (Fig. 3) and Craspedites sp. indet. approxi-
mately 1.5 m above the base of the Sibiricus Zone and
almost 1.5 m higher in the section (Bed 1B), respec-
tively.

An unusual ammonite assemblage and first Hector-
oceras discovered in basal part of the Kochi Zone. Like
the assemblage from the Exoticus–Okensis boundary
layers, this one includes lytoceratids and phylloceratids
(Rogov, 2004). In addition, a small ammonite resem-
bling Bochianites glennensis Anderson from California
is a component of this assemblage. This may be an indi-
cation of direct connections between the Arctic and
Pacific oceans that was previously assumed for the Val-
anginian time (Saks et al., 1964). Another very impor-
tant record is a small Praesurites found stratigraphi-
cally above the occurrence level of Hectoroceas kochi
(Plate II, fig. 10). Until recently, it was thought that rep-

resentatives of this genus are characteristic of the con-
current Sibiricus (Subpolar Urals) and Runctori
(England) zones (Casey et al., 1988). Mitta (2005)
assumed the same age for Praesurites forms from the
Ryazanian Stage of the East European platform too.
Later on, he reported on co-occurrence of this and Hec-
toroceras genera (Mitta, 2007). Shul’gina (1985) men-
tioned Surites nikitini (= Praesurites) from the Kochi
and Analogus zones of northern Siberia.

ZONATION AND PANBOREAL CORRELATION

VOLGIAN STAGE

Middle Volgian Substage

Taimyrosphinctes excentricus Zone (Mesezhnikov
in Saks, 1976)

The zone, which is conditionally defined in the sec-
tion of the Cape Urdyuk-Khaya based on finds of
Taimyrosphinctes (Udschasphinctes) sp. and Dor-
soplanites sp., likely corresponds to the upper part of
Bed 7 in the Exposure 33 (Zakharov et al., 1983). Spe-
cies characteristic of this zone occur also in underlying
(Dorsoplanites) and overlying (Taimyropshinctes,
Praechetaites) strata. Thus, the zone lacking Laugeites
and Epivirgatites forms is above the Maximus Zone,
which is correlated with the Pseudoapertum Zone of
Greenland based on occurrence of D. maximus and
D. gracilis (Callomon and Birkelund, 1982).

Epivirgatites variabilis Zone (Saks et al., 1968)
The zone is reliably recognized based on index spe-

cies found in beds 7–9, Exposure 33. Although the early
Laugeites have not been found in these beds, it is
admissible to think that specimens sampled from talus
originate from lower part of the Variabilis Zone. In the
East European platform, ammonites close to E. variabi-
lis are known from the Nikitini s.l. Zone (Ivanov et al.,
1987, p. 56, Plate 5, fig. 1; Kiselev et al., 2003, Plate 33,
figs. 1, 5, 6). In the lahuseni faunal horizon of the Gor-
odishche section, “Paracraspedites” sp. Occur in asso-
ciation with ammonites resembling E. variabilis
(Kiselev and Rogov, 2005). Judging from the fact that
late Laugeites occur in the Exoticus Zone of the section
under consideration, it is reasonable to assume that
stratigraphic range of E. variabilis in the East European
platform corresponds to upper part of this unit in Sibe-
ria. The Variabilis Zone top corresponds approximately
to boundary between the lahuseni and nikitini faunal
horizons in the stratotype.

P l a t e  II. Volgian and Ryazanian ammonites from the Nordvik Peninsula.
(1) Praechetaites exoticus (Shulg.), MK1778, Outcrop 33, 2C↑135; middle Volgian Substage, Exoticus Zone; (2) Praetollia con-
tigua Spath, MK1069, Outcrop 32, 1A↑200; Ryazanian Stage, Sibiricus Zone; (3) Laugeites planus Mes., MK1022, Outcrop 32,
talus, middle Volgian Substage; (4) Taimyrosphinctes (Udschasphinctes) sp., MK1030, Outcrop 32, talus; (5) Epivirgatites variabi-
lis Shulg., middle Volgian Substage, Variabilis Zone, MK 1114, 2B↓70; (6) Laugeites sp.juv., MK1093, Outcrop 33, 2C↑110; mid-
dle Volgian Substage, Exoticus Zone; (7) Laugeites sp.nov. (=cf. parvus in Kiselev and Rogov, 2005), Outcrop 32, talus; (8a, 8b)
Chetaites cf. sibiricus Shulg., MK1146, Outcrop 32, 1C↓10, Sibiricus Zone; (9) Chetaites aff. sibiricus Shulg. [M], MK1009, Out-
crop 32, 1A↑50; Ryazanian Stage, Sibiricus Zone; (10) Praesurites sp., MK1018, Outcrop 32, 1C↑30, Kochi Zone.
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Laugeites, Epilaugeites, and Epivirgatites co-occur-
ring in the studied section enable correlation of the
Variabilis Zone with ammonite zonations of the Subpo-
lar Urals and eastern Greenland. The Variabilis Zone
necessarily includes equivalents of the Groenlandicus
and Vogulicus zones of the Subpolar Urals, but the idea
of Mesezhnikov (1984b) that top levels of the Vogulicus
and Variabilis zones coincide according to “their posi-
tions in the section” is unrealistic (see below).

Praechetaites exoticus Zone (Shul’gina, 1967)
Shul’gina (1967) ranked the respective biostrati-

graphic interval as the Virgatosphinctes exoticus Beds
of the Okensis Zone. The late Volgian age of the beds
was initially suggested based on the found Craspedites
sp. and “Aucella of the Volgian type” (Saks et al.,
1959).1 Somewhat later, Saks et al. (1963) noted more
cautiously: “…these beds… may be attributed to either
basal part of the upper Volgian or uppermost part of the
lower Volgian.” Despite the fact that Craspedites were
unknown from the “Exoticus Subzone,” the latter was
attributed, though “with reservations,” to the upper Vol-
gian Substage with remark that Virgatosphinctes occur-
ring in the subzone are rare in the middle Volgian but

1 These are species Buchia tenuicolis close to upper Volgian B. pio-
chi and B. fisheriana first occurring in the Maximus Zone
(Zakharov, 1981). Judging from lists of fauna, they were identi-
fied as the upper Volgian B. terebratuloides and B. lahuseni (Saks
and Sanin, 1976.

fairly abundant in the upper Volgian sediments (Saks et
al., 1968). Later on, it was doubted that Siberian ammo-
nites belong to the genus Virgatosphinctes, and repre-
sentatives of the “exoticus group” were attributed to a
new genus Praechetaites (Sasonova and Sasonov,
1979a). Nevertheless, species of this genus (except for
the type species P. exoticus) have not been listed and
systematics of Siberian “Berriasella” and “Aula-
cosphinctes” has not been discussed.

Stratigraphic rank of the unit was formally raised
without substantiation, up to the zone in the early 1980s
(Callomon and Birkelund, 1982). Baraboshkin (2004)
also ranks it as a zone appealing that the unit is barren
of Craspedites okensis, and this found a place in the
project of Boreal standard (Zakharov et al., 2005).
Kiselev and Rogov (2005) established that Craspedites
okensis appears at the base of the Fulgens Zone in the
East European platform and assumed that this level is a
good marker of boundary between the middle and
upper Volgian substages, being well recognizable
throughout the Arctic regions.2 

Investigation of the Nordvik section provided new
evidence for middle Volgian age of the Exoticus Zone.
In this section, Laugeites with smoothed ornamenta-
tion, which are identical to ammonites from uppermost
part of the Nikitini Zone in the Gorodishche section
(Kiselev and Rogov, 2005), have been found along with
Praechetaites exoticus and P. aff. bicostatus. Strati-
graphic equivalent of the Laugeites sp. nov. horizon
that crowns the middle Volgian Substage in the Gorod-
ishchi section (Kiselev and Rogov, 2005) is likely
present near the boundary between Exoticus and Oken-
sis zones, as we found Laugeites sp. nov. in the talus of
Exposure 32. Upper part of the Vogulicus Zone is prob-
ably correlative with the Exoticus Zone of the Subpolar
Urals, although its equivalents are not established
there so far. The Exoticus Zone corresponds to the
Praechetaites tenuicostatus Beds in Greenland and
Spitsbergen (Surlyk, 1978; Ershova, 1983), and this is
confirmed by field observations in Spitsbergen (Rogov,
2007).

Upper Volgian Substage

Craspedites okensis Zone (Saks et al., 1965, emend
Baraboshkin, 2004)

We did not obtain new data on correlation of the
Okensis Zone, its position in the Nordvik section, and
possibility to subdivide it into subzones were. Basal
layers of the zone bear Pseudophylloceras knoxvillense
also known from Alaska and California. A close strati-
graphic level yielded Praechetaites sp. very similar to
Laugeites? sp. indet. from Canada (Jeletzky, 1965),

2 When discussing migration routs of the late Volgian ammonites,
Baraboshkin (2004) assumed that C. okensis migrated very
quickly eastward from the East European platform and almost
synchronously appeared in the regions under consideration.

V

(A)(C)

(B)

Fig. 2. Septal sutures of middle Volgian ammonites: (A, B)
Epilaugeites cf. vogulicus (Ilov. in Mikh.), Exposure 32,
talus, Specimen MK1031, (A) general view, (B) fragment
of suture line, whorl height ~1.4 cm; (C) suture line of
Laugeites sp. Nov. aff. parvus Donovan in Kiselev and
Rogov, 2005 (specimen is figured in Plate II, fig. 7); scale
bar 1 cm.



STRATIGRAPHY AND GEOLOGICAL CORRELATION      Vol. 16      No. 4      2008

THE UPPER VOLGIAN SUBSTAGE IN NORTHEAST SIBERIA 431

where it occurs also in the upper part of the middle Vol-
gian Substage.was not discussed.

Craspedites taimyrensis Zone (Shul’gina in Saks
et al., 1963)

No ammonite taxa characteristic of this zone were
found in the study section. It was long believed that the
zone is an equivalent of the Nodiger Zone in the East
European platform. According to alternative assump-
tion, its lower subzone only corresponds to the Taimy-
rensis Zone (Mesezhnikov et al., 1983; Baraboshkin,
2004). In our opinion, the variant by Shul’gina (1985)
is more correct for the following reasons. First, Cras-
pedites psedonodiger occurs in both the Taimyrensis
Zone of the Khatanga River basin and the Nodiger
Zone of Kachpir (Shul’gina, 1969). Our observations
showed that this species is confined in the latter area to
a narrow interval within the upper Nodiger Subzone.
Second, in layers above the Nodiger Zone (Volgidiscus
singularis Beds), Kiselev (2003) found ammonites,
which are close to Volgidiscus from the Subcraspedites
mauryniensis Beds of the Subpolar Urals (Casey et al.,
1988).

Chetaites chetae Zone (Shul’gina in Saks et al.,
1963)

Stratigraphic position the Chetae Zone was topic of
discussions because of transitional morphology of
ammonites occurring in this unit. Based on distribution
of the upper Volgian Craspedites (Taimyroceras) and
“Virgatosphinctes”, this zone was attributed to the
upper Volgian Substage (Saks et al., 1968, 1969;
Shul’gina, 1969). Bodylevskii (1974) and then
Sazonova and Sazonov (1979b) argued that both

Chetaites zones are the Cretaceous in age. Considering
ammonite assemblages from the Chetae and Sibiricus
zones, it is difficult to find unambiguous solution with
due account for currently known distribution of ammo-
nites. In the Sibiricus Zone, ammonites attributed to the
genus Craspedites have been found recently in associ-
ation with Praetollia forms of the Lower Cretaceous.
Characteristic of both zones are widespread genera
Volgidsicus and Praetollia, which provide a reliable
Panboreal correlation.

RYAZANIAN STAGE (BOREAL BERRIASIAN)

Chetaites sibiricus Zone (Shul’gina in: Saks et al.,
1963) = Praetollia maynci Zone (Surlyk, 1978)

Owing to previous detailed sampling (Shul’gina,
1972; Zakharov et al., 1983), boundaries and character-
istic ammonite species of the zone are well known. We
collected additional Chetaites and Pretollia specimens
and refined stratigraphic range of the latest Craspedites
forms. It is remarkable that Craspedites forms from the
zone are very close to counterparts from the upper Vol-
gian (Plate II, figs. 3, 5).

Although the zone is subdivided in two subzones in
many sections of the Panboreal Superrealm (Alekseev,
1984; Casey et al., 1983), this is impossible so far in the
Nordvik section. Moreover, the main criterion used for
subdivision (absence of Praetollia in the upper sub-
zone) is questionably valid . At any rate, the section
studied (Zakharov et al., 1983) and sections of eastern
Greenland (Surlyk et al., 1973) contain joint records of
Praetollia and Hectoroceras forms. Based on ammo-
nites found in the Nordvik section, it is possible to

Fig. 3. Craspedites cf. canadensis, specimen MK1008, Exposure 32, 1B↓150; Ryazanian Stage, Sibiricus Zone; scale bar 1 cm. 
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define both the Sibiricus and Maynci zones of equal
stratigraphic ranges.

Hectoroceras kochi Zone (Spath, 1952)
The Kochi Zone is recognized only in basal part

(approximately 0.5 m) of the section. Small Praesurites
form was found here in addition to Hectoroceras and
some other stratigraphically insignificant ammonites
(Bochianites, Boreiophylloceras, “Lytoceras”). Despite
small size, the form is readily attributable to the genus.

JUASSIC–CRETACEOUS BOUNDARY
IN ARCTIC REGIONS

In northern Siberia, the Jurassic–Cretaceous bound-
ary is traditionally defined between the Chetaites che-
tae and Chetaites sibiricus zones (Saks et al., 1963,
1965). In the East European platform, the type region of
the Volgian Stage, the Nodiger Zone was long consid-
ered as the uppermost zonal unit of the Volgian Stage.
It has been shown recently, however, that the last zone
is overlain by sediments containing Volgidiscus
(Kiselev, 2003) and Chetaites probably (Mitta, 2005).
According to magnetostratigraphic data, the base of the
Tethyan Berriasian (= the Jacobi Zone base) corre-
sponds in the Nordvik section to the level inside the
upper Volgian Taimyrense Zone, while the boundary
between the Chetae and Sibiricus zones is inside the
Jacobi Zone (Hou a et al., 2007). In turn, the Taimy-
rense Zone is correlative in its whole range with the
Nodiger Zone (Shul’gina, 1985).

One of two levels, either the base or top of the Che-
tae Zone may represent the Jurassic–Cretaceous
boundary in Arctic regions. Each of the levels has its
advantages. In the case of the boundary defining in the
Tethyan Realm at the base of the Jacobi Zone, we
would see both levels slightly above it, though within
one zone of the Tethyan ammonoid and calpionellid
zonations.

The Chetae Zone base is closer to the Jurassic–Cre-
taceous boundary in the Tethyan Realm and very close
to its traditional position in the East European platform,
the type region of the Volgian and Ryazanian stages.

The level of the Chetae Zone top has other advan-
tages. First, the zone top corresponding to the first
occurrence level of Praetollia distributed throughout
Arctic regions is of a high correlation potential. Sec-
ond, the Sibiricus zone base is at the level of iridium
anomaly well recognizable in Arctic sections from the
Barents shelf to northern Siberia (Zakharov et al., 1993;
Dypvik et al., 2006).

CONCLUSIONS

Section of the Nordvik Peninsula spans the com-
plete succession of Jurassic–Cretaceous boundary
zones from the uppermost middle Volgian to the Boreal
Berriasian. Ammonites occurring in the section have
wide geographic and narrow stratigraphic ranges and

s
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enable direct correlation of the studied succession with
concurrent successions in other Arctic areas and bound-
ary zones of the Panboreal Superrealm in general.

The Exoticus Zone containing ammonite taxa char-
acteristic of the Nikitini Zone upper part in the East
European platform is attributed to the middle Volgian
Substage. Pelagic ammonoids (primarily, phyllocer-
atids) occurring in the middle–upper Volgian boundary
strata and in basal layers of the Kochi Zone offer oppor-
tunity to consider these levels as event markers charac-
terizing a brief episode of enhanced connections
between the Arctic and Pacific oceans.

Like their equivalents in the Subpoalr Urals and East
European platform, the middle and upper Volgian sub-
stages in the Nordvik Peninsula are lacking significant
hiatuses recognizable by biostratigraphic methods.
This is evident from occurrence of the same or close
ammonoid assemblages throughout spacious regions,
which were remarkably successive in terms of phylog-
eny during the middle–late Volgian time.
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