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Abstract—Two biostratigraphic zonations, one based on macrofauna (primarily on inocerams and belemnites)
and the other one based on microfossils, mostly on benthic foraminifers, are distinguished in the regional scale
of the Upper Cretaceous of the East European platform. Both zonations are correlated to each other and with
the Global Upper Cretaceous Scale (Olfer’ev and Alekseev, 2002).
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INTRODUCTION

In 2001, the Interdepartmental Stratigraphic Com-
mittee of Russia authorized the Regional Stratigraphic
Scale of the Upper Cretaceous in the East European
platform after its preliminary consideration at the
regional conference held January 12, 2001. The scale
has not been characterized so far in publications and
cannot be properly used in practice of geological survey
and relevant works. Accordingly, the main objective of
this communication is to present in a brief manner the
biostratigraphic zonations included in the scale. Char-
acterization of superhorizons and horizons will be pub-
lished elsewhere.

Ammonites are extremely rare in the Upper Creta-
ceous of the Russian plate, where concurrent plank-
tonic foraminifers are of provincial character and rock
sequences reveal stratigraphic ranges of calcareous
nannoplankton index species, which differ from those
in the Mediterranean region. Owing to these peculiari-
ties, it is impossible to use directly the Global Upper
Cretaceous Scale suggested recently (Olfer’ev and Ale-
kseev, 2002) in practice of dating and correlation of
regional stratigraphic subdivisions. That is why the
regional biostratigraphic scheme appears to be neces-
sary.

The first regional biozonation of the Upper Creta-
ceous in the East European platform was elaborated in
1954 (Resheniya..., 1955). To a considerable extent, it
was based on macrofauna zonation established long
ago by Arkhangel’skii (1912) in Upper Cretaceous
sequences of the Volga River basin (Table 1). In the
Cenomanian Stage, Arkhangel’skii distinguished the
lower Exogyra conica and Actinocamax primus zones,
and the Lingula krausei Beds above them. He corre-

lated the Inoceramus brongniarti Zone with the lower
Turonian Substage and attributed barren Cretaceous
strata to the upper Turonian. The Inoceramus involutus
Zone was regarded as corresponding to the Emscherian
(Coniacian) Stage, whereas the Senonian interval was
divided into the Inoceramus pachti, Pteria tenuicos-
tata, Belemnitella mucronata, and Belemnitella lan-
ceolate zones.

The scheme of 1954 was based on paleontological
characterization of Upper Cretaceous sequences in
eastern, western, and southern areas of the Russian
plate. In addition to inocerams and belemnites, it
accounted for distribution of ammonites found shortly
before by Mikhailov (1951) in Campanian and Maas-
trichtian strata of the Donetsk basin and western
Ukraine. The Neohibolites ultimus, Pecten asper, Acan-
thoceras rhotomagense, and Actinocamax plenus zones
were established in the Cenomanian Stage. Distribution
of inocerams was used to subdivide the Turonian—Coni-
acian—lower Santonian interval into the Inoceramus
labiatus, I. lamarcki, 1. involutus, and I. cardissoides
zones (from the base upward). The Oxytoma tenuicos-
tata Zone divided into the lower Stensioeina exculpta—
Anomalina stelligera and upper Ataxophragmium
orbignynaeformis foraminiferal subzones (?) was
attributed to the upper Santonian. The lower Campa-
nian Substage was divided into the Gonioteuthis
quadrata and G. mammillata zones, and the upper one
included the Hoplitoplacenticeras coesfeldiense and
Belemnitella mucronata zones. The Bostrychoceras
polyplocum and Belemnitella langei zones were distin-
guished in the lower Maastrichtian Substage, while the
Discoscaphites constrictus corresponded to the upper
Maastrichtian. The last zone was additionally divided
into the Acanthoscaphites tridens, Belemnitella lan-
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ceolate, Pachydiscus neubergicus, and Belemnitella
- americana subzones. Remarkable in the scheme was
discrimination of foraminiferal subzones in the Oxy-
toma tenuicostata Zone (Table 1).

The scale of 1954 was modemized in 1959 (Naidin,
1960; Resheniya..., 1962), though its essence remained
unchanged. In the renewed version, subdivision of San-
tonian, Campanian, and Maastrichtian stages was based
on belemnites studied by Jeletzky (1948, 1951, 1955,
1958) and Naidin (1951, 1952, 1954, 1956). Versions of
the scale published later on were supplemented with
data on faunal assemblages from the Crimea, which
turned out to be here more diverse within some inter-
vals than in concurrent strata of the platform (Gerasi-
mov et al., 1962; Naidin, 1969).

At present, the former scales based on zonation of
macrofauna find a limited application, because the
main distribution area of Upper Cretaceous deposits is
concealed, as drilling results showed, under younger
sediments. Correlation and subdivision of borehole sec-
tions can be substantiated by microfossils only, and
zonation of benthic foraminifers gained the prime
importance for the situation we have now in the East
European platform.

After insignificant corrections, biostratigraphic
schemes elaborated by Naidin et al., (1984a, 1984b,
1986) have been used in this work as a basis for the sug-
gested regional zonal scale (Table 2).

GEOGRAPHIC LIMITATIONS

The zonal scale described below is applicable to
southern areas of the Russian plate, where the wide-
spread Upper Cretaceous deposits accumulated in a
vast, relatively shallow basin, one in a system of sea
basins, which represented the northern periphery of the
Tethys. We mean primarily those areas, which lie inside
the territory of the Russian Federation.

In terms of structural geology, the study region com-
prises a southern part of the Moscow syneclise, the Vor-
onezh anteclise, the southwestern sector of the Volga—
Ural anteclise with an internal Ul’yanovsk—Saratov
depression, and the northwestern margin of the circum-
Caspian depression (Fig. 1).

In terminology of Naidin et al., (1986), the region
under consideration represents a part of the European
paleobiogeographic province (EPP) corresponding to
southern and temperate (partially) latitudinal zones of
Europe. In other words, it may be termed as a part of
low- or sub-Boreal zone. Since the Late Cretaceous cli-
mate was warmer than now, environments in the con-
current sea basin of the East European platform corre-
sponded to those of either the subtropical or, most
likely, temperate zone.

On the east, the EPP southern boundary was situated
to the south of the Crimea and northern Caucasus.
Inside the EPP, there can be distinguished several sub-
provinces separated by sublatitudinal boundaries,
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which controlled distribution of belemnites, ammo-
nites, and other invertebrates. For instance, Christensen
(1990) distinguished the northerly Central Russian and
southerly Central European subprovinces of the EPP.
The analyzed region corresponded almost entirely to
the northern part of the EPP, i.e., to the Central Russian
subprovince. Marine biota that populated the region
was of a rather monotonous composition in all the areas
from the west to the east, and this situation is favorable
for elaboration of a uniform biozonation. Despite its
remoteness, the Kaliningrad area was also a part of the
subprovince.

The Moscow syneclise is a particular case however,
because benthic fauna from this structure is impover-
ished, mostly represented by inoceramids. Foramini-
fers and single ammonite and belemnite remains occur
here at discrete levels, while radiolarians represent the
main group of nannoplankton. Accordingly, our zonal
scale is valid only for the Cenomanian, Turonian, and
basal Coniacian intervals of the Upper Cretaceous
sequence in the Moscow syneclise. It is clear that the
Late Cretaceous biota of this syneclise included many
taxa in common with biota of the Timan—Pechora prov-
ince (Marinov et al., 2002), where an independent bio-
stratigraphic scheme should be elaborated.

ZONATION OF MACROFAUNA

According to Naidin er al. (1986, p. 14) “it is rea-
sonable to distinguish chronozones in the European
paleobiogeographic province, which can be based on
ammonites and inocerams for the Cenomanian, on
inocerams for the Turonian and Coniacian, on inocer-
ams and belemnites for the Santonian, and on belem-
nites and ammonites for the Campanian and Maastrich-
tian.” This alternation of guide fossil groups reflects
their relative importance in separate intervals of the
sequence that was controlled by the global biota evolu-
tion, on the one hand, and by changes in concrete paleo-
geographic environments, on the other. In other words,
itis historical-geological in essence. Unfortunately, the
Upper Cretaceous deposits of the Russian platform are
almost lacking ammonites, single finds of which are
only fragmentary described in publications. Thus, the
ammonite scale proper cannot be used in the study
region.

Cenomanian. The Schloenbachia varians-Turrilites
costatus Zone corresponds in range to the lower—basal
middle Cenomanian and is correlative with two lower
Cenomanian zones of the western Kazakhstan (Strati-
graficheskie..., 1996). Turrilites costatus Lam., the last
of two ammonite index species, is unknown in the plat-
form, whereas Schloenbachia varians (J. Sow.) occurs
quite frequently in platform deposits (Arkhangel’skii,
1912, 1922, 1926; Milanovskii, 1940; Gerasimov et al.,
1962; Lavrova, 1971; Glazunova, 1972; Naidin, 1974).
Exactly the distribution interval of Schloenbachia vari-
ans defines stratigraphic range of the zone, because this
form appears simultaneously with Mantelliceras man-
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Table 1. Correlated stratigraphic schemes of Upper Cretaceous deposits in central and southeastern areas of the East Euro-
pean platform and in some adjacent regions
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Note: (1) In the third column, years in square brackets after the taxon name mean one of two references given in the column heading. (2) Empty cells with
question marks correspond to intervals undistinguished in corresponding schemes as individual stratigraphic subdivisions. Some of them have been

implicitly regarded as continuations of adjacent zones.

telli (J. Sow.) and has its evolutionary termination in the
Turrilites costatus Subzone.

The zone is an equivalent of Neohibolites ultimus
and Praeactinocamax primus primus beds of the
belemnite scale and corresponds in range to the lower
Cenomanian Substage in the Upper Cretaceous strati-
graphic scale for the Russian platform of 1958. The
same correlation between the indicated subdivisions is
established as well in northwestern Germany (Chris-
tensen et al., 1992). Except for Ostreidae, belemnites
represent fossils most widespread in Cenomanian
deposits of the platform, which enable the stage identi-
fication. It should be mentioned, however, that Neohib-
olites ultimus (Orb.) has not been confidently detected
in the platform, whereas in the Crimea Mountains it is
characteristic of the terminal lower-middle Cenoma-
nian strata (Naidin et al., 1975; Alekseev, 1989). Neo-
hibolites forms represent the belemnite group that is
more thermophilic than Belemnitella species, the Cen-
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omanian Actinocamax forms of the Central Russian
subprovince included.

Inoceramus crippsii Mant. is an inoceramid form
characteristic of the zone in question, but this taxon is
known only beyond limits of the region under consider-
ation.

Acanthoceras rhotomagense—Inoceramus crippsii
Zone. Extremely rare ammonite specimens have been
found in the higher interval of the middle Cenomanian
Substage. Single finds of Acanthoceras rhotomagense
(Brgt.) from the Voronezh area (Semenov, 1986) imply
that sedimentary sections of the Russian plate may
include the synonymous zone established in western
Europe. Troger (1981) pointed out that Inoceramus
crippsii Mant. still exists at this level. Stratigraphic
range of this taxon extends up to the middle—upper
Cenomanian boundary (Atabekyan, 1994).

Inoceramus pictus pictus—Praeactinocamax plenus
longus Zone. Macrofossils are very rare in the upper
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Regional stratigraphic scheme
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Cenomanian Substage. Single specimens of Praeacti-
nocamax plenus longus Najd. found in the East Euro-
pean platform imply that we may have here a subdivi-
sion analogous to the Praeactinocamax plenus Zone of
western Kazakhstan and correlative with the Inocera-
mus pictus Zone distinguished by Wright et al. (1984)
in western Europe. According to Marcinowski et al.
(1996), the plenus Beds of Mangyshlak correspond to
the Calycoceras guerangeri and Metoicoceras geslin-
ianum zones of the ammonite scale. Consequently, the
subdivision under consideration may be tentatively cor-
related with two lower zones of the upper Cenomanian
accepted in the general scale. We should mention as
well that Praeactinocamax plenus (Blainv.) has been
found only in the Metoicoceras geslinianum Zone of
western Europe. According to Marcinowski and his
colleagues, the upper boundary of Praeactinocamax
plenus Zone coincides with the first occurrence level of
ammonites Neocardioceras juddii (Barr. et Guerne) in
the Mangyshlak (Table 3).

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 11

Inoceramus pictus bohemicus Zone. This zone cor-
responds to the higher upper Cenomanian interval rep-
resenting terminal portion of this substage (Troger,
1981). In the regional scheme elaborated for the East
European platform, we correlated this subdivision with
the Neocardioceras juddii Zone of the general ammo-
nite scale, although Naidin (Stratigraficheskie..., 1996)
assumed that Inoceramus pictus bohemicus Leonhard
represents subspecies characteristic of the entire upper
Cenomanian of western Kazakhstan. Christensen ez al.
(1992) placed the lower boundary of the same inocera-
mid zone at the base of the Meroicoceras geslinianum
Zones of the ammonite scale accepted in northwestern
Germany.

Mpytiloides hattini Zone. The regional scale of the
Cenomanian Stage is crowned by the Mytiloides hattini
Zone of inoceramids that has been established in the
Pueblo section of the United States (Walaszczyk, 1992;
Kennedy et al., 2000), where it corresponds to the
Nigericeras scotti Zone of the ammonite standard. The
Mpytiloides hattini interval zone comprises beds
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Fig. 1. Distribution areas of Upper Cretaceous deposits in different structures of the Russian platform (after Naidin et al., 1986) and
paleogeographic zoning of the Late Cretaceous time (after Christensen, 1990): (1) the Russian platform boundary; (2) shield or ante-
clise; (3) syneclise or depression; (4) Central European and (5) Central Russian paleobiogeographic subprovinces; (6) present-day
distribution limits of Upper Cretaceous deposits; (7) state boundary of the former USSR.

between the first occurrence levels of Mytiloides hattini
Elder and Mytiloides puebloensis Wal., the last of
which marks the base of the overlying zone. Biozone of
Mpytiloides hattini Elder is actually much wider,
because this species existed in Europe and America
even during the Turonian time. This situation engen-
dered the erroneous idea that the Mytiloides hattini
Zone corresponds in Mangyshlak to the Turonian Wat-
inoceras coloradoense Zone of the ammonite scale
(Marcinowski et al., 1996) or to the basal Turonian of
Poland (Walaszczyk, 1992) (Table 3). Strictly speak-
ing, this particular zone is most likely unrecorded over
the greater part of the Russian plate, where hiatus
between Cenomanian and Turonian stages is usually
very distinct: various horizons of the lower and middle
Cenomanian are overlain here by terminal lower or
middle Turonian beds. We included this subdivision in
our scheme in order to retain the necessary succession.
Moreover, it seems to be recognizable in some sections.
For instance, the middle—upper Cenomanian Melovatka
Formation of the Saratov area yields nannoplankton of
the 10 zone (unpublished data of M.N. Ovechkina), and
Kopaevich detected planktonic foraminifers of the
Whiteinella archaeocretacea Zone in upper beds of that
formation.

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 11

Turonian Stage. Praeactinocamax plenus triangu-
lus Zone. According to Naidin et al. (1986), the Turo-
nian Stage begins in the platform with the Praeacti-
nocamax plenus triangulus Zone. This taxon of belem-
nites is rather frequent near the Turonian base in the
East European platform (Tuskar’ Formation of the Vor-
onezh anteclise, Oktyabr’sk and Bannovo formations of
the Khoper monocline, Murom-Lomovka and
Ul'yanovsk-Saratov depressions), but its stratigraphic
range is imprecisely calibrated with the ammonite stan-
dard. According to stratigraphic position, the zone may
correspond to the Watinoceras devonense Zone of the
ammonite scale.

Mytiloides labiatus—-Mytiloides kossmati Zone. In
recent years, stratigraphic range of the Mpytiloides
labiatus—Mytiloides kossmati Zone that is terminal one
in the lower Turonian Substage changed considerably.
Naidin et al. (1984a, 1984b, 1986) regarded the upper
part of the lower Turonian (provided that the stage is
divided in two subunits) as corresponding to the wider
Mytiloides labiatus-Mytiloides subhercynicus—Myti-
loides hercynicus Zone. As is established at present, the
Mytiloides subhercynicus and M. hercynicus zones cor-
respond to the middle—upper Turonian Collignoniceras
woollgari Zone of the ammonite standard (Kennedy
et al., 2000). Marcinowski et al. (1996) correlated the
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Mytiloides kossmati and M. labiatus zones, which have
been distinguished by Walaszczyk (1992) in the termi-
nal lower Turonian, with upper strata of the Watinoc-
eras coloradoense Zone coupled with Mammites
nodosoides Zone of the general ammonite scale. As was
established afterward (Kennedy et al., 2000), the base
of Mytiloides kossmati Zone is situated outside the Waz-
inoceras coloradoense Zone and coincides with the
base of underlying Pseudaspidoceras flexuosum Zone
of the ammonite scale. Therefore, the Mytiloides labia-
tus—Mpvtiloides kossmati Zone of the East European
platform is correlative with three upper ammonite
zones of the lower Turonian in the general scale. This
subdivision is established in Mordovia, Ul’yanovsk and
Kuibyshev areas (Glazunova, 1972), in southwestern
Lithuania and Belarus, in the southern periphery of the
Donetsk basin, and in sections of the L’viv centrocline
(Naidin and Morozov, 1986).

The inoceramid zonation established by Walaszczyk
(1992) in central Poland and traceable in the Mangy-
shlak sections (Marcinowski et al., 1996) has been used
to determine regional zones of the middle and upper
Turonian in our scale.

Mpytiloides hercynicus—Mytiloides subhercynicus
Zone. In the East European platform, the middle Turo-
nian substage spans a succession of Mytiloides hercyn-
icus—Mytiloides subhercynicus, Inoceramus apicalis,
and Inoceramus lamarcki zones. Kennedy et al. (2000)
established that the base of Myriloides subhercynicus
Zone corresponds in the Pueblo section of the United
States to the first occurrence level of ammonite species
Collignoniceras woollgari (Mant.) whose appearance
is suggested to be an indicator of the middle Turonian
base (Bengtson, 1996). The ammonite form Collignon-
iceras woollgari (Mant.) also known from Turonian
deposits of the Russian plate (Ovechkina et al., 2002) is
extremely rare here, whereas zonal index species of
inoceramids are more widespread. The latter have been
encountered in sections of the L’viv centrocline and in
eastern areas of the Dnieper-Donets depression (Nai-
din and Morozov, 1986).

Inoceramus apicalis Zone. This zone spans the mid-
dle interval of the middle Turonian. It has been estab-
lished with confidence in the Volga River basin (Penza,
Ul’yanovsk, and Saratov areas; Glazunova, 1972),
where its thickness is insignificant. The zone has been
also distinguished in sections of the L'viv centrocline
and in the circum-Caspian depression (Naidin and
Morozov, 1986) (Sobetskii er al., 1982).

Inoceramus lamarcki Zone. This zone is terminal
one in the middle Turonian Substage. Corresponding
deposits are widespread and readily recognizable
almost everywhere in the East European platform.
Inoceramids characteristic of the zone, the index spe-
cies included, have been listed by description of Turo-
nian deposits in a series of explanatory notes to edited
medium-scale geological maps.
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Inoceramus costellatus Zone has been established
in Germany (Ernst et al., 1963), Poland (Walaszczyk,
1992), and western Kazakhstan (Marcinowski et al.,
1996). Its presence in the Russian plate has not been
substantiated yet by paleontological data. In the East
European paleobiogeographic province, Naidin et al.
(1986) recognized the wider Inoceramus costellatus—
Inoceramus striatoconcentricus Zone of the terminal
Turonian interval.

Mpytiloides striatoconcentricus Zone. In the East
European platform, this subdivision is traceable in the
Volgograd area and Ilovlya River basin (Glazunova,
1972), and also in the Saratov area and circum-Caspian
depression (Sobetskii et al., 1982).

Mpytiloides  scupini-Mytiloides incertus Zone
crowns the upper Turonian. It is established in the
Salzgitter-Salder section near Hannover in Germany
above the Mpytloides striatoconcentricus Zone
(Walaszczyk and Troger, 1996; Kauffman et al., 1996).
The lower boundary of the Coniacian Stage is defined
in the same section at the top of zone under consider-
ation (Kauffman et al., 1996). The Mytiloides scupini—
Mytiloides incertus Zone has not been recognized yet in
the Russian plate, but its presence is proved in adjacent
western and eastern regions (Kauffman et al., 1996;
Walaszczyk, 1996; Marcinowski ez al., 1996; Walaszc-
zyk, Wood, 1998).

Coniacian Stage. Like in the case of Turonian
deposits, we used the inoceramid zonation to outline
biostratigraphy of the Coniacian Stage in the Russian
plate. In distinction from the scheme suggested by Nai-
din et al. (1986), we managed to considerably detail the
stage zonation, using new data from a series of works
(Walaszczyk, 1992; Marcinowski et al., 1996; Kauff-
man et al., 1996; Walaszczyk and Wood, 1998), and to
verify stratigraphic range of the stage. According to the
former concept, the Coniacian Stage base coincided
“with the base of the Inoceramus schloenbachi (=Inoc-
eramus deformis) Zone” (Naidin et al., 1986, p. 15).
Recent data (Kauffman et al., 1994, 1996) showed,
however, that biozone of aforementioned species corre-
sponds in the North American Interior basin to the
lower part of the Volviceramus koeneni Zone, thus
being located at the base of the middle Coniacian Sub-
stage.

As the International Working Group recommended
to authorize the first occurrence level of bivalve mol-
lusk Cremnoceramus rotundatus (sensu Troger) for the
lower boundary of the Coniacian Stage, we discrimi-
nated near the stage base the synonymous zone that was
originally distinguished in Germany (Ernst et al., 1983;
Wood et al., 1984).

The Cremnoceramus rotundatus Zone has been
established in the Salzgitter-Salder section (Kauffman
etal., 1996). In the East European platform, it is known
in the Bryansk area of the Desna River basin and further
eastward in the Mangyshlak (Marcinowski et al.,
1996). Recent reexamination of classical Coniacian
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sequences in the Lower Saxony, central Poland, and the
~ Western Interior basin (Walaszczyk, Wood, 1998;
Walaszczyk, Cobban, 2000) showed that the species
Cremnoceramus rotundatus (sensu Troger non Fiege)
is a junior synonym of North American Cremnocera-
mus erectus (Meek). Accordingly, it was suggested to
regard this taxon as a subspecies of the Cremnoceramus
deformis (Meek) phylogenetic lineage and to rename
the Cremnoceramus rotundatus Zone as the Cremnoce-
ramus deformis erectus Zone.

The Cremnoceramus brongniarti Zone established
by Walaszczyk (Walaszczyk, 1992; Marcinowski et al.,
1996) approximately corresponds in range to the
former Cremnoceramus erectus Zone (Ermnst et al.,
1983; Wood et al., 1984). According to recent data
(Walaszczyk and Wood, 1998), it can be divided into
the Cremnoceramus waltersdorfensis hannovrensis and
Cremnoceramus inconstans zones. The unit under con-
sideration has been recognized in the Desna River
basin, southern Donetsk basin (Kotsyubinskii er al.,
1974), and Ural-Emba region (Marcinowski et al.,
1996).

The Cremnoceramus crassus—Cremnoceramus
deformis Zone is terminal one in the lower Coniacian
Substage. It is known in sections of the L’viv centro-
cline, southern Donetsk basin, and also in the west of
the Voronezh anteclise, in the east of the Dnieper—
Donets depression (Naidin and Morozov, 1986), and in
the Mangyshlak (Marcinowski et al., 1996). In opinion
of Walaszczyk and Cobban (2000), the zone is an
equivalent of the Cremnoceramus crassus crassus
Zone of the terminal lower Coniacian in the United
States. Walaszczyk (2000) also assumed that Cremnoc-
eramus Beds do not crown the lower Coniacian Sub-
stage. After revision of fossils collected by Olfer’ev in
the Bryansk area, Walaszczyk concluded that the termi-
nal lower Coniacian subdivision corresponds to the
Inoceramus gibbosus Zone.

After recommendations of the International Work-
ing Group, the lower-middle Coniacian boundary is
defined at the appearance level of inoceramid form
Volviceramus koeneni (Moll.) representing the index
species of lower zone in the middle Coniacian Sub-
stage. The last zone completely corresponds in range to
the Peroniceras tridorsatum Zone of the general
ammonite scale (Kauffman et al., 1994, 1996).

The Volviceramus koeneni Zone is recognizable
above the appearance level of its index species and sub-
species Cremnoceramus schloenbachi schloenbachi
(Bohm) (Kauffman et al., 1994). In the Russian plate,
this zone is known only the L'viv centrocline (Naidin
and Morozov, 1986).

The Volviceramus involutus Zone was widely
acknowledged some time ago under the name “Inocer-
amus involutus Zone,” because this index species with
distinctive morphological features is easily recogniz-
able. This subdivision was regarded formerly as corre-
sponding in stratigraphic range either to the entire
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Coniacian Stage, or to its upper half, if the stage is
divided in two substages (Table 1). With its new, much
narrower range approximately corresponding to the
Cremnoceramus wandereri (Andert) Biozone (Kauff-
man et al., 1994), the zone crowns the Coniacian Stage
and can be traced in many areas of the East European
platform. Hardenbol ef al. (1998) correlated this subdi-
vision with the Gauthiericeras margae Zone of the
ammonite scale.

Magadiceramus subquadratus Zone. In accord with
the same recommendations of the International Work-
ing Group (Kauffman er al., 1996), the middle—upper
Coniacian boundary is defined at the first occurrence
level of inoceramid forms Magadiceramus subquadra-
tus (Schliiter) representing index species of the indi-
cated zone. In two well-known stratigraphic schemes
(Marcinowski et al., 1996; Hardenbol et al., 1998), the
Magadiceramus subquadratus Zone is correlated with
the upper Coniacian Paratexanites serratomarginatus
Zone of the ammonite scale. In the Russian plate, the
zone under consideration has been established in west-
ern Ukraine and in the Bryansk area.

Santonian Stage. The International Working Group
on Santonian Stage recommended to accept the first
occurrence level of inoceramid form Cladoceramus
undulatoplicatus (Roem.) for the Coniacian-Santonian
boundary. This form is however unknown in the East
European platform, where we have instead the abun-
dant inoceramids of cardissoides group, such as Sphe-
noceramus pachti (Arkh.) and S. cardissoides (Goldf.),
which are, in opinion of Arkhangel’skii (1912, 1922),
indicators of the Santonian base. As we already men-
tioned considering general biozonation of the Santo-
nian Stage (Olfer’ev and Alekseev, 2002), the coinci-
dence of basal levels of the Cladoceramus undulatopli-
catus and Sphenoceramus cardissoides zones is
doubtful. Recent investigations in northwestern Ger-
many (Kaplan and Kennedy, 2000) and Austria (Lam-
olda and Hancock, 1996) showed that cardissoides
forms appear earlier than Cladoceramus undulatopli-
catus (Roemer). The inversed order of occurrence lev-
els is recorded, however, in southern England (Bailey
et al., 1983) and in France, on the opposite side of the
English Channel (Amedro and Robaszynski, 2000),
and Naidin noted the same situation in western Kazakh-
stan (Stratigraficheskie..., 1996). In the Western Inte-
rior basin of North America (Kauffman et al., 1994)
and also in the Boreal province (Dhondt, 1992; Lopez
et al., 1992), Caucasus and Central Asia (Atabekyan,
1986; Moskvin, 1986), both taxa have concurrent
ranges.

Sphenoceramus cardissoides—Texanites texanus—
Belemnitella propinqua propinqua Zone. Following
Arkhangel’skii (1912), Naidin (Stratigraficheskie...,
1996), Hardenbol et al. (1998), Troger and Summes-
berger (1994), Walaszczyk (1992), and Marcinowski
et al. (1996), we discriminate a basal Santonian interval
that yields Sphenoceramus cardissoides (Goldf.). Other
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characteristic taxa occurring in this interval are Texan-
ites texanus (Roemer) known from the Terepsha For-
mation of the Voronezh anteclise and more widespread
Belemnitella propinqua propinqua (Mob.) (Naidin and
Kopaevich, 1977; Christensen, 1990). Exactly this triad
of fossils defines stratigraphic range of the lower San-
tonian Substage in the East European platform.

Sphenoceramus patootensis—Belemnitella preacur-
sor praepraecursor Zone. Naidin et al. (1986) regarded
the complex Sphenoceramus patootensis—Gonioteuthis
granulata Zone as an equivalent of the upper Santo-
nian. We accept the first taxon for the index species of
the substage, although the concurrent interval in inoce-
ramid zonations (Troger, 1989; Walaszczyk, 1992) is
termed as the Sphenoceramus patootensiformis Zone or
the unit 29 in nomenclature of Troger. The fact is that
the last form has stratigraphic range spanning the cou-
pled upper Santonian and lower Campanian interval
and is therefore inappropriate index species for the
upper Santonian proper.

As for the second index species included by Naidin
and his colleagues in the complex zone name, it seems
to be inappropriate as well. Belemnites of the genus
Gonioteuthis are characteristic of southern areas of the
Central European subprovince distinguished by Chris-
tensen (1990), being extremely rare in northern areas of
the Russian plate, where they have been found in single
sections located on the southern slope of the Voronezh
anteclise. Findings of subspecies Gonioteuthis granu-
lata granulata (Blainv.) are unknown so far from the
study region of the Central Russian subprovince, where
the Santonian—Campanian sequences yield instead the
abundant representatives of the genus Belemnitella.
According to Naidin (1964), subspecies Belemnitella
praecursor praepraecursor Najd. is most characteristic
of the upper Santonian, and we used it to designate the
second index taxon of the corresponding zone.

Campanian Stage. Belemnitella praecursor mucr-
onatiformis Zone. Naidin et al. (1986) who distin-
guished the Actinocamax laevigatus—Belemnitella
praecursor mucronatiformis Zone of the East European
paleobiogeographic province as the lower one in the
Campanian Stage regarded it as a stratigraphic equiva-
lent of the Gonioteuthis granulataquadrata—Placen-
ticeras bidorsatum Zone in Germany (Naidin, 1979). In
the name of this belemnite zone, we left only the last
taxon, because Actinocamax laevigatus Arkh. is wide-
spread, as established now, not only in the so-called
“Pteria Beds” of a disputable Campanian age, but also
in the underlying upper Santonian deposits of the Vor-
onezh anteclise, their basal strata included. We do not
exclude as well that the zone under discussion includes
the topmost portion of the upper Santonian (marsupites
Beds).

Belemnitella mucronata alpha Zone. Naidin et al.
(1986) attributed to this zone the beds with Gonio-
teuthis quadrata quadrata Blainv. and Belemnitella
mucronata alpha Schatsky. In the zone name, we retain
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only the second taxon, because the first one is
extremely rare and has been established in the Preria
Beds of the Boguchar and Belaya Gorka localities (Nai-
din et al., 1980, p. 34), where they belong to underlying
zones of the lower Campanian and upper Santonian that
is incompatible with the currently authorized strati-
graphic range of Gonioteuthis quadrata quadrata Bla-
inv.

Belemnellocamax mammillatus Zone. Because of
the same reasons, we excluded subspecies Gonioteuthis
quadrata gracilis (Stoll.) from the former name of the
terminal lower Campanian zone and left only the index
species Belemnellocamax mammillatus (Nilss.) whose
subspecies B. mammillatus mammillatus (Nilss.) and
especially B. mammillatus volgensis Najd. are wide-
spread in eastern areas of the Russian plate. Subspecies
Gonioteuthis quadrata gracilis (Stoll.) typical of the
uppermost lower Campanian in northwestern Europe
(Christensen, 1990) is known in the study region from
the Pteria beds of the Boguchar and Belaya Gorka sec-
tions (Naidin er al., 1980), i.e., from the lower level of
the Belemnitella praecursor mucronatiformis Zone.

Hoplitoplacenticeras  coesfeldiense—Belemnitella
mucronata mucronata Zone. For the lower zone of the
upper Campanian, we accepted the name Hoplitopla-
centiceras  coesfeldiense—Belemnitella  mucronata
mucronata Zone suggested by Naidin et al. (1986),
although these ammonite taxa were formerly detected
only southward of the study region, in the L’viv centro-
cline, southern Donetsk basin, and western Kazakhstan
(Naidin and Morozov, 1986; Stratigraficheskie skhemy,
1996). Recently, V.B. Sel’tser discovered the ammonite
assemblage of Hoplitoplacenticeras coesfeldiense
coesfeldiense (Schlot.), H. coesfeldiense costulosum
(Schlét.), H. cf. vari (Schlot.), and Trachyscaphites
gibbus (Schlét.) in the Mezino-Lapshinovka section
located to the northwest of Saratov. Belemnite rostra of
Belemnitella mucronata mucronata (Schloét.) are
known from the basal upper Campanian almost every-
where in the Russian plate. The indicated zone corre-
sponds to the lower zone of the general upper Campa-
nian ammonite zonation.

The Belemnitella langei Zone originally distin-
guished by Naidin et al. (1986) represents the overlying
zone of the upper Campanian Substage. Its deposits are
widespread in the Voronezh anteclise and Volga River
basin. The unit base is defined at the first occurrence
level of its index species. According to changes in phy-
logenetic lineage of the late Campanian Belemnitella
langei Schatsky, Naidin distinguished the succession
(from the base upward) of Belemnitella langei minor,
Belemnitella langei langei, and Belemnitella langei
najdini subzones. It was also stated that “stratigraphic
ranges of subzones represent epiboles of corresponding
subspecies” (Naidin and Kopaevich, 1977, p. 98).

Characteristic late Campanian ammonite taxa
included in the nomenclature of above subzones enable
correlation between these and concurrent West Euro-
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pean biostratigraphic subdivisions. In general, the
upper Campanian Belemnitella langei Zone of the Rus-
sian plate is subdivided (from the base upward) into the
Belemnitella langei  minor-Bostrychoceras  poly-
plocum, Belemnitella langei langei-Didymoceras don-
ezianum, and Belemnitella langei najdini-Micraster
grimmensis subzones. The last index species represents
the echinoderm assemblage of the Vol’sk section.

The Belemnitella langei najdini-Micraster grim-
mensis Subzone yields foraminifers of the Brorzenella
taylorensis Zone (Prakticheskoe..., 1991) that is correl-
ative with the Osangularia navarroana Zone of north-
western Germany. Consequently, the aforementioned
regional subdivision of macrofauna corresponds to the
lower part of the upper Campanian Micraster grimmen-
sis Zone in that country (Schonfeld and Burnett, 1991:;
Christensen, 1993; Beniamovskii and Kopaevich,
1998).

The Belemnella licharewi-Micraster grimmensis
Zone is terminal one in the upper Campanian Substage.
Jeletzky (1948) originally attributed the Belemnella
licharewi Zone to the basal lower Maastrichtian, but he
denied his initial opinion later on (Jeletzky, 1958). Nev-
ertheless, the Maastrichtian age of licharewi Beds was
argued for since the 1950s in a series of works (Naidin,
1960, 1996; Naidin er al., 1984a,1984b, 1986; Kopae-
vich et al., 1987). According to additional data, the
Belemnella licharewi Zone bears foraminifers of the
Angulogavelinella gracilis Zone (Kopaevich et al.,
1987) that is an analogue of the West European Bolivi-
noides peterssoni Zone (Beniamovskii and Kopaevich,
1998). Consequently, the Belemnella licharewi Zone
should be correlated with the upper part of the
Micraster grimmensis Zone of Germany (Schénfeld
and Burnett, 1991). With due account for all these data,
we discriminated the described zone under the double
name in our scheme.

Maastrichtian Stage. Acanthoscaphites tridens
Zone. The regional scale of the Upper Cretaceous of the
East European platform includes two zones attributed
to the Maastrichtian Stage, which correspond, accord-
ing to Naidin (1978), to the Hoploscaphites constrictus
(J. Sow.) Biozone. The lower Acanthoscaphites tridens
Zone is divided into the lower Belemnella lanceolate
and upper Belemnella sumensis subzones. The base of
the former coincides with the base of synonymous
belemnite zone of northwestern Europe and Balto-
Scandia (Christensen, 1990). Simultaneously, it
approximately corresponds to the lower boundary of
the ammonoid Pseudokossmaticeras tersense Zone and
lies inside the subzone CC23a of the nannoplankton
scale (Hancock et al., 1993).

The Belemnella sumensis Subzone is an equivalent
of the West European Belemnella occidentalis Zone
(Kopaevich et al., 1987). Its base is situated in the upper
portion of the nannoplankton subzone CC23b (Schén-
feld and Burnett, 1991; Jagt and Felder, 1999), thus
being approximately at the level of lower boundary of
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the Pachydiscus epiplectus Zone of the general ammo-
nite scale (Hancock ef al., 1993).

The Belemnitella junior-Neobelemnella kazimiro-
viensis Zone terminates the Maastrichtian Stage of the
Russian plate and corresponds to synonymous zone in
the stage stratotype (Jagt, 1999). It is not easy to divide
this zone in two parts, as it is evident from a thorough
stratigraphic analysis by Kopaevich et al. (1987). The
zone base approximately corresponds to the lower
boundary of the nannoplankton zone NC22 or subzone
CC25b (McLaughlin er al., 1995) and to the base of
Anapachydiscus fresvillensis Zone in the ammonite
scale, which is believed to be the boundary between the
lower and upper Maastrichtian.

ZONATION OF BENTHIC FORAMINIFERS

Benthic foraminifers are widely used in practice of
subdivision of Upper Cretaceous deposits in the East
European platform. Scientists who contributed much to
development of the regional foraminiferal scale are
V.S. Akimets, V.T. Balakhmatova, V.I. Baryshnikova,
V.P. Vasilenko, AM. Voloshina, A.A. Grigyalis,
L.G. Dain, E.L. Lipnik, and E.V. Myatlyuk. The first
zonal scheme for Upper Cretaceous benthic foramini-
fers from the Russian plate has been suggested by Gri-
gyalis et al., (1974, 1980). In fact, it was a modification
of scheme elaborated by Vasilenko (1961) for the
Mangyshlak. In recent years, the scheme was consider-
ably refined by Kopaevich and Beniamovskii. The
regional zonation of benthic foraminifers presented in
this work was approved at the workshops in Kiev
(1988) and Kamenets-Podol’skii (1989). With minor
corrections, it was included afterward in “Practical
Guide to Microfauna of the USSR, vol. 5: Mesozoic
Foraminifers” published in 1991. In 2000, Bureau of
the Regional Interdepartmental Stratigraphic Commis-
sion on Central and Southern Russian Platform orga-
nized a special Working Group that somewhat amended
the scheme. We took account of these corrections in our
scheme though with some modifications, bearing in
mind new data on distribution ranges of index species,
which have been obtained in the last two years of com-
prehensive study on the Upper Cretaceous biostratigra-
phy in the Russian plate.

Cenomanian Stage. The lower Gavelinella cen-
omanica Zone of the stage that has been originally dis-
tinguished by Vasilenko (1961) corresponds to the
Schloenbachia varians-Turrilites costatus Zone of
macrofauna. In addition to index species, its foramin-
iferal assemblage includes Hagenowella chapmani
(Cushm.), Tritaxia cenomana Gorb., Arenobulimina
conoidea (Pem.), Eggerellina cenomana Akim., Mars-
sonella gomelina Akim., Marginulina jonesi (Reuss),
Gavelinella baltica Brotz., G. mirtchinki (Akim.), G.
minutissima  (Akim.), Lingulogavelinella formosa
(Brotz.), L. orbiculata (Kusn.), L. ornatissima (Lipn.),
Cibicidoides gorbenkoi (Akim.), and Guembelitria
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cenomana (Kell.). The appearance level of these
benthic foraminifers defines the base of subdivision.

The Lingulogavelinella globosa Zone of the upper
Cenomanian has been distinguished by Akimets
(1970). Its lower boundary corresponds to the appear-
ance level of index species Lingulogavelinella globosa
(Brotz.) in association with Spiroplectammina cuneata
Vass., Gaudryina arenosa Akim., G. angustata
angustata Akim., G. folium Akim., Gyroidinoides con-
ica (Vass.), G. nitidus (Reuss), Gavelinella vesca (N.
Byk.), G. loevi (Akim.), Brotzenella belorussica
(Akim.), B. berthelini (Kell.), Cibicides polyrraphes
polyrraphes (Reuss), C. minusculus Akim., and Boliv-
ina spectabilis (Akim.). Concurrent planktonic fora-
minifers are represented by Hedbergella caspia (Vass.),
H. delrioensis (Carsey), Whiteinella archeocretacea
(Pess.), W. brittonensis (Loebl. et Tapp.), and W.
paradubia (Sigal.). This zone spans the middle and
upper Cenomanian substages, except for the Turrlites
costatus Subzone of the general scale.

Turonian Stage. The Gavelinella nana Zone was
distinguished by Akimets et al., (1991) at the appear-
ance level of benthic foraminifers Arenobulimina presli
(Reuss), Globorotalites hangensis Vass., G. turonicus
Kaev., Eponides turonicus Lipn., Gavelinella nana
(Akim.), G. ammonoides (Reuss), G. kelleri dorsocon-
vexa Akim., and Reussella turonica Akim. It is corre-
lated with three lower Turonian zones of molluscan
fauna (Praeactinocamax plenus triangulus, Mytiloides
labiatus—Mytiloides kossmati, and Mytiloides hercyni-
cus—Mytiloides subhercynicus). Northward of Moscow,
the aforementioned assemblage is known from the
Chernevo Formation that yields ammonite species Col-
lignoniceras woollgari (Mant.) identified by Atabekyan
and nannoplankton characteristic of the zone CCl11
(Ovechkina et al., 2002). In the southeast of the East
European platform (Bragina ef al., 1999), larger forms
of Hedbergella group, such as Hedbergella holzli
(Hagn et Zeil.), Whiteinella paradubia (Sigal), and W,
bornholmensis (Dougl.) prevail among foraminifers of
the zone.

The Gavelinella moniliformis Zone has been origi-
nally established by Akimets (1974) as corresponding
to that part of the upper Turonian of the Russian plate,
which begins with the molluscan Inoceramus apicalis
Zone. The index species first appearing in the unit is
associated with Spiroplectammina praelonga (Reuss),
Verneuilina muensteri Reuss, Gaudryina laevigata
Franke, G. variabilis Mjatl., Arenobulimina minima
Vass., Globorotalites multiseptus Brotz., Stensioeina
praeexsculpta Kell., S. laevigata Akim., Eponides con-
cinnus Brotz., Osangularia whitei praeceps (Brotz.),
Gavelinella ammonoides (Reuss), Reussella carinata
Vass., and R. kelleri Vass. Gavelinella praeinfrasanton-
ica (Mjatl.) and Ataxophragmium nautiloids Brotz.
appear in terminal strata of the zone. The listed benthic
taxa may occur in association with keeled planktonic
foraminifers Marginotruncana lapparenti (Brotz.), M.
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marginata (Reuss), M. pseudolinneiana Pess., and M.
renzi (Gand.). The indicated stratigraphic interval
yields nannoplankton of the zone CC12.

Coniacian Stage. The Gavelinella kelleri Zone in
original nomenclature of Grigyalis et al., (1974) corre-
sponds to epiboles of species Ataxophragmium nauti-
loids Brotz., Gavelinella kelleri Mjatl., and G. praein-
frasantonica Mjatl. Characteristic of this zone are first
appearing Gaudryina coniacica Akim., Ataxophrag-
mium compactum Brotz., Valvulineria praebiconvexa
Lipn., Stensioeina emscherica Baryshn. [the known in
Russia is subspecies S. granulata granulata (Orb.)],
Eponides biconvexus Marie, Gavelinella giedroyci
Grig., and Cibicidoides praeeriksdalensis (Vass.).
Other taxa typical of the zone are Heterostomella cari-
nata (Franke), Marssonella oxycone Reuss, Globoro-
talites multiseptus Brotz., Osangularia whitei whitei
(Brotz.), and Gavelinella moniliformis (Reuss). Rather
abundant Hedbergella agalarovae (Vass.), Whiteinella
brittonensis (Loeb. et Tapp.), Marginotruncana margi-
nata (Reuss), M. renzi (Gand.), M. coronata (Bolli),
and Heterohelix moremani (Cushm.) represent plank-
tonic foraminifers of the unit. The assemblage under
consideration also includes  Spiroplectammina
praelonga (Reuss), Stensioeina praeexsculpta praeexs-
culpta Kell,, Gavelinella ammonoides (Reuss), and
Cibicides polyrraphes polyrraphes (Reuss), which dis-
appear in the overlying zone. The Gavelinella kelleri
Zone is correlative with three lower inoceramid zones
of the Coniacian Stage and correspond to the lower sub-
stage of the latter. The concurrent nannoplankton char-
acteristic of zone CC13 suggests the same stratigraphic
level.

The Gavelinella thalmanni Zone has been adopted
at the workshop aimed to elaborate the Upper Creta-
ceous foraminiferal scale for the East European plat-
form and held in Kamenets-Podol’skii (1989). The
zone is named after the index species Gavelinella thal-
manni (Brotz.) in distinction from the former Gave-
linella costulata Zone accepted in the Practical Guide
to Microfauna of the USSR (Prakticheskoe..., 1991).
The last name appears to be inappropriate because of
two reasons. First, species Gavelinella costulata
described by Myatlyuk considerably differs from Gav-
elinella costulata (Marie) described much earlier
(Marie, 1941) as a form appearing in the Campanian
Stage. As a result, one can meet in publications two
synonymous taxa—Gavelinella costulata (Mjatl. non
Marie) and G. costulata (Marie non Mjatl.), strati-
graphic ranges of which are different. Second, Gave-
linella costulata (Mjatl. non Marie) appears, in distinc-
tion from Gavelinella thalmanni (Brotz.), already in the
lower Gavelinella kelleri Zone. Characteristic benthic
foraminifers appearing in the Gavelinella thalmanni
Zone in association with its index species are
Spiroplectammina embaensis Mijatl.,, Gavelinella
infrasantonica (Balakhm.) [G. vombensis (Brotz.) in
nomenclature of West European paleontologists], Cibi-
cidoides eriksdalensis (Brotz.), and Bolivinitella eleyi
Vol. 11
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. (Cushm.). Gaudryina laevigata Franke, Ataxophrag-
mium compactum Brotz., Stensioeina emscherica
Baryschn., “Gavelinella costulata (Mjatl.),” Cibici-
doides praeeriksdalensis (Vass.), and Reussella kelleri
Vass. continue their existence at this level, while evolu-
tion of Gavelinella kelleri (Mjatl.) and Gavelinella
moniliformis (Reuss) is terminated here. The zone
under consideration corresponds to three upper inocer-
amid zones of the Coniacian Stage, i.e., to the middle
and upper substages of the latter. Coexisting nanno-
plankton of zone CC14 is another evidence in favor of
this conclusion.

Santonian Stage. The Gavelinella infrasantonica
Zone Vasilenko (1961) who originally distinguished
this zone used a lame index species to term the unit
despite the mass abundance of Gavelinella infrasanton-
ica (Balakhm.) in the corresponding interval, because
this form is known in the East European platform and
northwestern Germany (Schonfeld, 1990) beginning
from the middle Coniacian Substage. Other diagnostic
taxa of the zone are the appearing here Spiroplectam-
mina rosula (Ehr.), Arenobulimina courta (Marie),
Martinottiella  communis (Orb.), Ataxophragmium
crassum (Orb.), Neoflabellina rugosa (Orb.), Valvulin-
eria laevis Brotz., V. marie Vass., Stensioeina exsculpta
exsculpta (Reuss), Eponides concinnus planus Vass.,
Osangularia whitei crassa Vass., O. w. polycamerata
Vass., Cibicides ribbingi Brotz., Praebulimina ventri-
cosa (Brotz.), and Cuneus buliminoides (Brotz.). The
zonal foraminiferal assemblage also includes Gaudry-
ina laevigata Franke, Globorotalites multiseptus
Brotz., Osangularia whitei whitei (Brotz.), Cibicides
excavatus Brotz., Cibicidoides eriksdalensis (Brotz.),
and Bolivinitella eleyi (Cushm.), all known from under-
lying strata as well. Taxa terminating their evolution in
the zone are Spiroplectammina embaensis Mjatl.,
Arenobulimina orbignyi (Reuss), Gavelinella costulata
(Mjatl. non Marie), G. giedroyci Grig., and G. thal-
manni (Brotz.). The Gavelinella infrasantonica Zone is
identical in range to the Texanites texanus—Sphenocer-
amus cardissoides—Belemnitella propinqua propinqua
Zone of molluscan fauna.

The Gavelinella stelligera Zone is included in our
scale in the range suggested by Akimets er al., (1979).
This upper zone of the Santonian Stage reveals predom-
inance of first appearing species Gaudryina rugosa
Orb., Arenobulimina senonica Mjatl., Ataxophragmium
orbignynaeformis Mjatl., Orbignyina variabilis (Orb.),
Stensioeina granulata incondite Koch, S. granulata
perfecta Koch, S. mursataiensis Vass., Gavelinella stel-
ligera (Marie), G. santonica Akim., and Sitella car-
seyae (Plumm.). This assemblage is well correlative
with those characterizing the terminal middle (begin-
ning from the Stensioeina granulata incondite Zone
after Schonfeld, 1990) and upper Santonian of north-
western Germany (Table 4).

Foraminifers from the upper part of Gavelinella
stelligera Zone represent an assemblage transitional in
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composition to the Campanian one. All characteristic
taxa listed above coexist at this level with newcomers
Heterostomella praefoveolata Mjatl., Arenobulimina
vialovi Wolosch., A. obliqua (Orb.), Egerrellina brevis
(Orb.), E. ovoidea Marie, Orbignyina convexocamer-
ata Wolosch., O. inflata (Reuss), O. irreperta Wolosch.,
Voloschinovella aequisgranensis (Beis.), Valvulineria
biconvexa Lipn., Stensioeina pommerana Brotz.,
Eponides aff. grodnoensis Akim., Osangularia cordi-
eriana (Orb.), Gavelinella bistellata (Gorb.), G. dainae
(Mjatl.), G. costulata (Marie), Brotzenella insignis
(Lipn.), Pullenia dampelae Dain, Cuneus triangulus
(Cushm. et Park.), Bolivina funalis Wolosch., and
Bolivinoides strigillatus (Chapm.). Concurrent plank-
tonic forms are Rugoglobigerina ordinata (Subb.) and
R. kelleri (Subb.). Owing to abundance of Stensioeina
pommerana (Brotz.) and absence of Gavelinella clem-
entiana clementiana (Orb.), we defined the interval of
indicated assemblage as the Stensioeina pommerana
Beds, which are correlative with the synonymous sub-
zone of the European paleobiogeographic province
(Beniamovskii and Kopaevich, 1998) or with the Sten-
sioeina pommerana—Eponides frankei Zone of north-
western Germany (Schonfeld, 1990). The last subdivi-
sion corresponds to the upper marsupites Beds of the
terminal Santonian in Germany. In areas framing the
Donetsk basin on the north, the distribution interval of
the assemblage under consideration was defined as the
Gavelinella dainae-Orbignyina inflata Beds of the
lower Campanian (Naidin et al., 1980), which were
erroneously placed above the Gavelinella clementiana
clementiana Beds. Correlation between: various zonal
schemes of the Santonian Stage in the European paleo-
biogeographic province is illustrated in Table 4. The
Gavelinella stelligera Zone of benthic foraminifers
corresponds to the Sphenoceramus patootensis—Belem-
nitella praecursor praepraecursor Zone of molluscan
fauna.

Campanian Stage. The Gavelinella clementiana
clemetiana Zone distinguished by Akimets (1980) can
be established by appearance of its index species and is
traceable throughout the territory of the European pale-
obiogeographic province, although its deposits are pre-
served after erosion in a limited number of localities. It
corresponds to the molluscan Belemnitella praecursor
mucronatiformis Zone of the East European platform,
and its assemblage is also known from the lower Cam-
panian Placenticeras bidorsatum Zone of Germany.

The Cibicidoides temirensis Zone was established
for the first time by Vasilenko (1961). This upper zone
of the lower Campanian is divided in two subzones.
The lower Cibicidoides temirensis Subzone corre-
sponds to the interval, where its index species show
mass abundance. Index species of the upper Cibici-
doides aktulagayensis Zone coexist with concurrently
appearing Neoflabellina rugosa leptodisca (Wedek.),
Gavelinella clementiana laevigata Marie, Cibicidoides
beaumontianus (Orb.), Bolivinoides decoratus (J ones),
and B. laevigatus Marie. These subzones are equiva-
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lents of two upper subzones of the Bolivinoides decora-
tus decoratus Zone that has been originally established
in western Germany (Koch, 1977) and is recognizable
in the European paleobiogeographic province (Benia-
movskii and Kopaevich, 1998). It is impossible to trace
in the Russian plate the lower Bolivinoides decoratus
decoratus Subzone s. str. (Prakticheskoe..., 1991) or
Bolivinoides decoratus decoratus-Bolivinoides granu-
latus Subzone (Beniamovskii and Kopaevich, 1998)
originally recognized in western Kazakhstan (Naidin
etal., 1984; Prakticheskoe..., 1991; Stratigrafiches-
kie..., 1996). This situation can be explained either by
a cryptic hiatus, or by ecological factors, which con-
trolled provincialism of faunal assemblages. The Cibi-
cidoides temirensis Subzone corresponds to the Belem-
nitella mucronata alpha Zone of cephalopods, whereas
the Cibicidoides aktulagayensis Subzone is correlative
with the Belemnellocamax mammillatus Zone.

Brotzenella monterelensis Zone. The upper Campa-
nian Substage is divided into three zones of benthic for-
aminifers. The lower Brotzenella monterelensis was
initially established by Dolitskaya (1961) in the inter-
val, where its index species appears in association with
Arenobulimina puschi (Reuss), Orbignyina simplex
(Reuss), Eponides grodnoensis Akim., Brotzenella
menneri (Kell.), Cibicidoides voltzianus (Orb.), Sitella
laevis (Beiss.), Eouvigerina campanica Dain, and
Pseudouvigerina cretacea Cushm. Taxa terminating
their evolution in that interval are Spiroplectammina
lingua Akim., Brotzenella insignis Lipn., and Praebu-
limina ventricosa (Brotz.). In its stratigraphic range, the
Brotzenella monterelensis Zone corresponds to the
Hoplitoplacenticeras coesfeldiense—Belemnitella mucro-
nata mucronata of cephalopods and to the lower
ammonite zone of the upper Campanian in the general
scale.

The Globorotalites emdyensis Zone was recognized
by Akimets (1974) and named after the index species
described by Vasilenko in 1961 that is indistinguishable
from simultaneously described Globorotalites hilter-
manni Kaever, 1961. The zone is divided (Fig. 2) into
the Globorotalites emdyensis s. str., Bolivinoides draco
miliaris, and Brotzenella taylorensis subzones, which
correspond to zones BF5, BF6, and BF7 in the scheme
of Beniamovskii and Kopaevich, (1998). The lower
zonal boundary is defined at the first occurrence level of
the index species in association with Heterostomella
Joveolata (Marss.) and Orbignyina pinguis Wolosch.
The base of Bolivinoides draco miliaris Subzone corre-
sponds to the appearance level of this subspecies and
associated taxa Eponides frankei Brotz., Bolivina
incrassata incrassata (Reuss), and B. kalinini Vass.
Indicative forms of the upper subzone are Neoflabellina
praereticulata  Hilt.,  Osangularia  navarroana
(Cushm.), Stensioeina gracilis stellaria Vass.,
Brotzenella taylorensis (Carsey), Bolivinoides decora-
tus giganteus Hilt. et Koch, and Silicosigmoilina vol-
ganica (Kuzn.).
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The Globorotalites emdyensis Subzone corresponds
to the Belemnitella langei minor-Bostrychoceras poly-
plocum Subzone of cephalopods. Equivalents of Boliv-
inoides draco miliaris and Brotzenella taylorensis sub-
zones are the Belemnitella langei langei—Didymoceras
donezianum Subzone and lower strata of the Belemni-
tella langei najdini-Micraster grimmensis Subzone,
respectively.

The Angulogavelinella gracilis Zone initially recog-
nized by Beniamovskii et al., (1973) is terminal one in
the Campanian Stage of the East European platform,
though earlier (Naidin er al., 1984a, 1984b; Beniam-
ovskii et al., 1988) its range was believed to be wider,
spanning in addition the Neoflabellina reticulata Zone
distinguished afterward (Beniamovskii and Kopaevich,
1998) and attributed to the lower Maastrichtian. In our
zonation, the Angulogavelinella gracilis Zone is
accepted as subdivision signifying appearance of its
index species in association with Spiroplectammina
suturalis Kalin., Cuneus minutus (Marss.), Bolivi-
noides delicatulus Cushm., and B. peterssoni Brotz. Its
assemblage also includes Silicosigmoilina volganica
(Kuzn.) and S. epigona (Rzeh.)

The Angulogavelinella gracilis Zone is confidently
correlated (Beniamovskii and Kopaevich, 1998) with
the Bolivinoides peterssoni—Globorotalites hiltermanni
Zone of northwestern Germany (Schonfeld, 1990),
where the latter is attributed to the terminal part of the
Micraster grimmensis—Cardiaster granulosus Zone
that is the uppermost one in the Campanian Stage of
western Europe. In the Russian plate, the Angulogave-
linella gracilis Zone corresponds to the upper portion
of the Belemnitella langei najdini-Micraster grimmen-
sis Subzone and to the Belemnella licharewi—Micraster
grimmensis Zone (Prakticheskoe..., 1991).

Maastrichtian Stage. The Neoflabellina reticulata
Zone established by Koch (1977) is the lowermost one
in the Maastrichtian Stage. It is defined by appearance
of index species in association with Heterostomella
bullata Akim., Cibicidoides bembix (Marss.), Bolivina
decurrens (Ehr.), and Pseudouvigerina cristata
(Marss.). Other characteristic forms of zonal assem-
blage are Spiroplectammina suturalis Kal., Orbignyina
pinguis Wolosch., O. sacheri (Reuss), O. inflata
(Reuss), Stensioeina pommerana Brotz., Eponides
frankei Brotz., Osangularia navarroana (Cushm.),
Brotzenella menneri (Kell.), Cibicidoides beaumon-
tianus (Orb.), C. aktulagayensis (Vass.), C. voltzianus
(Orb.), Cuneus minutus (Marss.), Sitella laevis (Vass.),
Bolivina incrassata incrassata Reuss, Bolivina kalinini
(Vass.), and Bolivinoides delicatulus Cushm. Taxa ter-
minating their evolution at this level are Globorotalites
emdyensis Vass., Gavelinella clementiana laevigata
(Marie), and Gemellides orcinus (Vass.). The described
zone corresponds to the lower part of the Belemnella
lanceolata Subzone and is correlative with the subzone
CC23a of calcareous nannoplankton.

No. 2 2003



192 OLFER’EV, ALEKSEEV

SISUALIUI] SIPIOPLIGID)

SHIDIOIP SN0 " g]
| smopiuoas g
SHID1AaD] SaprouIAlfog
puryapam N |

D803 DUI]IIGDfOIN

DUDHUNUI]) DUDIUIUNLI]) DI|IUIIADE)

DupLd DUIIOISUI!

DadSifors n’,pu_lpmn_t)

SHIDIS1AIS Saproulaljog

T =

D12afaad DIDMUDLS DULICISUIIS
. O’

DSSDLD 1211y M DLDIMSUDS ()
[

E} 5]
) ~ S
| ElE|E |2l BIEE B 8| gl 2| E|E |aEEs
ns J0 UO!
« Zl @|la@da|a| K| 5 |9a|d] @& | @ Q| g o | @ |®fd|m @
=
= §
£ S
)
== s s 3
< 8| % I
S 8| € $ 4 =
$ S| Ss &1 58 z
= E[TE] e 3 g £
S| =S| s < = =)
SSIES| S | S| £z =
TE|IZE| ¢ R i
M S| 5218 | <
ST < o =< |2 = v
S § < g =g | & ]
sus | Os ] = | £ | £°0E |% 3
-0 S 3 < z S =4
aojq £ g & =
BN < HE =
s 2|8 =
[T ] > S| =
SNIUD3 A1y ")) < 2 i:' g
sudutd “uy § = ks g
vIInIDLd “4g § TE. 5 2 =
e - g Sof 2 s <
SHSD[IIUAL ) = |2 - = S
sudsi sajtajo ) < Si] g 2 2
2 = ’g E = 8.
= & S
£ w2 |5s | L& E &
& <
5 DSSOL) DUINIOG) 3 1 ]
Ra) SHIDULIDIGHS "y = ; 3 -g
o DU o) v)UIZI0Lg 3 § g s <
.S SHIUI0I SIproutaljog § g I3 g = i
= DIDPIINGL DUNIIGDYf0), S= < = 2 4
Q 8 Sussmaap musog | = £ < E T o
= o R S = s
= g supmoap I3 g ;',ig kS 3 § e |- g
< wossaad sopousijog| S 3 2 N - k=
< N ! prousijogl < S g
o = Q K = < | g o
2' = SIS DffulaADEOSuY 8 E g |8 m
fe} _; DIDISIL) DULIANIANOPIIS % > ] ‘E < b
S o= DUDOLIDADY DLIDISUDS () < s S E§ tf—c;
- —) e e e ] g s | 83
8 < SHHUDSIS SID1020p SIp1ouIAljog] 5 3 3 s ~
= 3 SISU2L0[ADI D|jdZ104g] £ % S o g
< g pippoNasav1d puyIgDlfoaN] £ z | £E 1§ b=}
— = s |3 -S =
2] [Sutoao sapijawaty s ERE R EHE £
Q N - it < = =S S| Bl -
= | syousno-g < s | §| 8| £
g RRHE &
-5 SUDIjI 0ID1p SapIOULALOgG S ERINHE 5
2 = SYIDAY D) AuoIS0INIY KRN “5
he R= DINSSVIIUI DUIATIOG HEH =
o &g HAUDIULNIY SIT[DI0I0GO] 1) g H ‘é =
o 8 DINSIAID] DJJAUIADD) 2 MRS _QD)
-g £ wjoarof ‘1 g 3 pos
e < =
g pupijOdoa] DjjAUWOIS04IIF < T 8
< s =
SISUI]I421UOU DJ|AUIZIOL 3 =
8 .\"I nuf\'m;ml DU " e ? S E -2
- SHDULS ]uaqnynq\ < b=}
3 SHUDIZIOA " ) g k4
1
:"c,é‘ SISUIDEDINLYD SAPIOPIIIGL) s ]
5 SISUAYDSH DJ]2UI]IADT) = 2
a DIDIDS DULLASIANOS § é
S 2
g £
3 =
S (%]
L
2
3
-
o
=
=
[
o
=
o
=
[x}
=
]
N
o
L
=
<
=
a
N
N
o0
)

DUISIJIIS "XS DJJIUNIAD L) et
wle|e | g = =
=1 = 13) 5 b |0 ~
8 -~
¥z ~ _ = — -
= = ™ =
5 5 E = 8 g
D -
“ o
— =
4 8 o~ o~
P - Rl - —— o ol aa —_ - — ~— .
g8 E B & E = © o [3) 3] 3 & 5
= o
= -
7]
o~ - o~ ~
£ £ o &
© 13}

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 11 No. 2 2003



193

BIOSTRATIGRAPHIC ZONATION OF THE UPPER CRETACEOUS

paf1od
Uo7 “'d — virafiod SM\\%S% 1x pi2afad piv) 149 DJof1ad bipnuD.8 DUIIOISUIIS
D128 s DUISOISID -NUD.LE DUIIOISUI)S o
y 1o01sud)g ’ as
bjjautjaany D.1281j121s YT
D][2Ul1]o4AD. QU0Z ¥'d — SHDjISLIS e -
HoHII4PD Z4d ! smp|SLuUS cdd Dl SIDIISLUS SIpIoUIALO, 3
puvtowwod UO7 N” 1110 soplouialo d D111 proulnijog 1S
: Zd'd SID|181.4iS ploulaijog DUD.LIUIUO
DUI20ISUIIS 1yup.ffouv.iouiod saploutijog acdd DUIA0ISUI)S 14
oula; 3
DUDLUNUI|D QUOZ | — buuduod bUDUINUI]I DUDI) Id !
: : : D DUDIUIUS]I D]]IUI|IAD. 2
DUDIUIWI]D D]joUlIDD) SU0Z U'd — DUBIIUI] IAX| uawa pjjounjaansy | €48 DUDIUIWS]D DUDLUIUI]D D]]IUI]IADL) ,
. g SHID.10JaP SNID.L SIIDINUDIS * g/SNID.L0IIP ldo |
¢ 2U0Z "d'd ~ Ipuryapom AX| —opap saprourjog | rdd SIIDU0IIP SIPIOUIAIIOG SDA0Iop Ids do
SISUQAIUD] $mp.LoJop IAX SISUS.IUI] N SISUIYDSH DUDLIUIWI]) D] smp1000p | 14 4
$apiopiql) SISUD.L1U) JUOZ “Y'd — smpnupas uw:uﬂwuw_w mW saplopiIq1) ~[UIIADDSISU.LUI) SIPIOPIIGID | saprou | T
sIsuakpSoniyp|  SAPIOPIIqLD) plottied sisuakp8ppyyp snupiz R lda
DPOPINALD JUOZ Y'd ~ SHUDIDZIjO HAX) ™ sopropoiqnd VAR | jou - yysisuacsopiyn sopiopioigid 3
SISU}OUIJUOW o SISU| 2.1 JUOW ) puppjodos) 2ds s
DjjauszIoNg U0z “U'd — $mwS1D] | sypwsiunu IIIAX pjjouszIOLg S8 | pyioworsoaropysisuajo.oniow pjousziorg | 1 1
U0Z "¥'d — puviijodoa) | Pul]joqDljooN SnupIZ}joA . z
: SISUIPWD ") =) IUUDWLIDIIY SINDIOAOGO, do
sisuapuio XIX|  sopioproqis 94d | (ssuakpus 9 =) Y SOHIDIOLOGOID) :
$211]DJ0.10q0] D) QUO0Z *Y'd — Sy1on.8 SsLpnu ud
o S SLIDIJILU OID.AP SIPIOUIAI]O, o
, sisuakpuua XX oov.ip sapiomjog | 48 Hot! P soplouiiog s | 2do
SLDIIW 0op.ap | $OHIPIOLOGOID 3U0Z “u'd 28 SnaUDSIS SJD.L P tds €
sapiouinljog - EB&.B.C:._\&.S.:._:\ SLpInU 00D.1p h.a,tw.\a\%u\ -029p Saploulnljog B\\mtvn\: .NQ“M:E: o [4
SISU10]D] 007 Wd =D sopourajog | XX ppouazioug - DUDO.LWADU 24004 DU QDI s
pjjauaziog -DIS1IO[DUDO.LIDADU oLIDINEUDS ) ’ 4
$1j100.48 D) JUOZ "D oss.ajod
-[ouljoap3o8uy| — mupuLdly/iuoss.iiad XX S48 edd | aploutjog s11o0.48 pjjoutjoapSomsuy lu
bipjnola.t g pjjouljopsomsuy $2.LINJIP PUINI|OG/DI I 1
- QUOYZ [ — SUa.LinIop e0rdg - bjpnd1o. bulj w
pul)ogpifoo -DpN21I.L DULIIGD00 ! ! 1
T l1ogpifooN Eﬁmmm@mwz ; 12004 DUIADYOIN “19qDLfOIN /SN2 Tw
1up|diod L pipup|diod . . Is 1
pjpup|dio) pjjauazioag |-0]vd saploutiijog Tw w
D|jouazio.Ng pipuD)diuos oU0Z "y'd XX vjjouaziolg q01d49d ! I q " z
] . DjjouIz}OL BIDPONALISNIUII00)0d | o, oD, 2D.ID 09D, 4
0IDUP 0JD.UP 1l q D] [$111 i 0ID.AP 0ID.IP AIXX 0ID.p 0ID.IP 1144 00D.1p 0201 SIPIOUIALJOG lw
saplouiatjog saprouaijog saplouiaijog S £
lwojq botubp pHopap.id 120oD.Id DJJoUIZIOAGIPIUDY D]]oUIIAD Cw
-Yo DiDMDZUDY SU0Z [ - supSapo ppouyans | AXX pjjousziorg Cld8 | DImoDov.Id D]joU2zjOIg/DIIUDP D]]oUNADY | - -
- pinovav.ad pLibnixojopnas g wzwmﬁt DIl w:ﬁ%&m 5 z
’ s 3 SUDC . AY a8, Y- MDZ w
Djjouazjo.g -DpIN2IOPIIS Y IAXX DLIDPIN2IOPNIS g €1dd [SUp3a]o DLIDININIJOPNIS J[1UOJGY DIDMDZUD]] z
Spaq pue ‘ . (1661 “v 12 s)PWINY SUOISIAIPQNS Jeulpiogns
sauozqng sauoz (0661 ‘PI2yuQuds) (LL61 4203 861 ‘Bp861 ‘v 12 uIpieN) 1oy} pue sadeisqng
(8661 ‘yoradedoy pue Ijsaoweiuag) 3
oM sy ur pojsaS3ns se Jouraoid douraoid orydeidoas soutaoad omydes3oadoriqoared ueadoing ayy us Auewian %o_ ol
wioperd ueissmy ay) ur orydes3oagorqoajed ueadoing 1sopm -o1qoayed ueadounyg 1seg SIOJIUIUIEIO] JIY)USq JO UOHBUOZ UI21SaM mﬁcwwmmw:wm«
1l 1 I -yuo :
$I2JHUIWEI0) S1IURq JO UohEU0Z SI9JIUIUILIO} DIYIUSQ JO SAUOZ [BUOISY HHON | yerysk3uepy

UI2ISIMUIOU pUE (SUONEIYIPOW Yiim ‘866 ‘Ydiaaedoy pue i1

uojie[d ueissny ay) J0J pa1sadIns owoyds o Yiim pIIL[aLI0d AuruiIan

ysaoweluag 1a)e) uor3ar ueidse)-wnoalo ura)sesa-ye[ysASueA 9y Ul SUOHBUOZOI] [BIDJIUNUEIO °S IqBL

2003

No. 2

Vol. 11

STRATIGRAPHY AND GEOLOGICAL CORRELATION



194 OLFER’EV, ALEKSEEV

The Brotzenella complanata Zone was originally
recognized by Grigyalis et al., (1974), and its strati-
graphic range was somewhat refined afterward
(Akimets et al., 1983). It includes the Brotzenella com-
planata s. str. and Bolivinoides draco draco subzones.
Foraminiferal assemblage of the former is similar in
general to that of the underlying zone, but newcomers
Brotzenella complanata (Reuss) and Bolivina incras-
sata crassa Vass. represent its distinctive taxa. The
lower subzone corresponds to the upper part of Belem-
nella lanceolate Subzone or to the subzone CC23b of
calcareous nannoplankton. The upper subzone is estab-
lished above the extinction level of subspecies Bolivi-
noides draco miliaris Hilt. et Koch that is replaced by
subspecies Bolivinoides draco draco (Marss.) associ-
ated with Gavelinella midwayensis (Plum.). This sub-
zone corresponds to the Belemnella sumensis Subzone
and bears nannoplankton of the zone CC24.

The Brotzenella praeacuta-Hanzawaia ekblomi
Zone it terminal one in the Maastrichtian Stage. In sec-
tions of northwestern Germany (Koch, 1977) and west-
emn Kazakhstan (Naidin er al, 1984a, 1984b), there
were distinguished, though under different names, two
subzones of the unit (Table 5): the lower Gavelinella
danica or Brotzenella praeacuta subzones and the
upper Pseudotextularia elegans or Hanzawaia ekblomi
subzones (in western or eastern regions, respectively).
It is likely that in the eastern Russian plate (Ul’yanovsk
and Saratov areas), the Brotzenella praeacuta and Han-
zawaia ekblomi subzones can be recognized as separate
subdivisions (Beniamovskii er al., 1988; Dmitrienko
et al., 1988; Alekseev et al., 1999), but they cannot be
discriminated in the west so far.

The following taxa of benthic foraminifers are char-
acteristic of the Brotzenella praeacuta—Hanzawaia
ekblomi Zone: Spiroplectammina suturalis Kal., S.
kelleri Dain, S. kasanzevi Dain, Neoflabellina reticu-
lata (Reuss), Stensioeina pommerana Brotz., S. cauca-
sica (Subb.), Osangularia navarroana (Cushm.), Gav-
elinella affinis (Hant.), G. danica (Brotz.), G. midway-
ensis (Plum.), G. pertusa (Marss.), G. welleri (Plum.),
Brotzenella complanata (Reuss), B. praeacuta (Vass.),
Hanzawaia ekblomi (Brotz.), Cibicidoides beaumon-
tianus (Orb.), C. bembix (Marss.), C. spiropunctatus
(Gall. et Marss.), Anomalidoides pinguis (Jenn.), A.
ukrainicus (Wolosch.), Karreria fallax Rzeh., Cuneus
minutus (Marss.), Bulimina quadrata Plum., B. inflata
Seg., Bolivina decurrens Ehr., B. plaita Carsey, Bolivi-
noides draco draco (Marss.), B. decoratus giganteus
Hilt. et Koch, B. incrassata incrassata Reuss, and B.
peterssoni Brotz. It is remarkable that among concur-
rent planktonic forms there are present Abathomphalus
mayaroensis (Bolli) and Globotruncanita stuarti (Lap-
par.), both identified by T.E. Ulanovskaya in the Maas-
trichtian sequence of the Pervomaiskaya—Chir mono-
cline, the Rostov region. The described zone yields fos-
sils characteristic of nannoplankton zones CC25 and
CC26 (Alekseev et al., 1999) and corresponds to the

STRATIGRAPHY AND GEOLOGICAL CORRELATION  Vol. 11

Belemnitella junior—Neobelemnella kazimiroviensis
Zone of cephalopods.
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