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breves ont ete reconnues pour la base de Г Albien, dues a l'ouverture de zones marines meridionales. L'analyse des successions
sedimentaires et des discordances de premier ordre demontrent le controle eustatique et tectonique regional de l'histoire du
bassin. La serie sedimentaire de la plate-forme russe enregistre des changements du niveau de la mer de second ordre. Pour la
structure hercynienne, la surimposition tectonique de l'effet des changements du niveau de la mer est typique. Differentes
combinaisons de ces facteurs et de leurs consequences ont pour resultat le style general de la sedimentation (c'est a dire la
paleogeographic) et completent l'enregistrement geologique. L'observation des evenements des principaux bassins
(sedimentation, anoxie et volcanisme) demontrent que tous n'apparaissent pas simultanement mais avec un leger decalage.

INTRODUCTION

The investigation is a contribution to the "Peri-Tethys Program". It is a synthesis based on numerous
previous publications and new data obtained by the authors. Earlier geological studies focused mainly
on general stratigraphy and lithological aspects of the subject. Detailed stratigraphy and event analysis
were out of interest. The first works on that topic were made for the Russian Platform (SASONOVA &
SASONOV, 1967) and then for Mangyshlak and Turkmenia regions (SAVELIEV, 1971; NAIDIN et al,
1984, 1995; TASHLIEV & TOVBINA, 1992). It was demonstrated that different events had different
importance in the global sense. Recently comparable data were obtained for the Mid-Cretaceous interval
of the Russian Platform and for the Crimean, northern Caucasus and Turkmenian sedimentary basins
(Great Balkhan and Tuarkyr; Fig. 1). A preliminary event scale was published in BARABOSHKIN &
KOPAEVICH (1996). Several groups of events are discussed in the paper: anoxic events, volcanic events
and significant stratigraphical gaps.

FIG. 1.— Map of the position of mentioned localities: 1, Aksu-Dere and Katcha - Bodrak Rivers sections, north-west Crimea: 2.
Kuma section, northern Caucasus; 3, Baksan River section, northern Caucasus; 4, Heu River section, northern
Caucasus; 5, Akusha section, northern Caucasus; 6, Aksyirtau - Koksyirtau and Shetpe sections, Mangyshlak; 7.
Besokty section, Mangyshlak; 8, Akkyr section, Tuarkyr; 9, Kiariz section, The Great Balkhan; 10, Vorona River
section, Riasan - Saratov Trough, Russian Platform; 11, Ulianovsk section, Simbirsk syneclise, Russian Platform: 12
Paromonovo section near Moscow, Moscow Syneclise, Russian Platform; 13, Eza River section near Vladimir. Mcs; y*
syneclise, Russian Platform; 14, Borehole n° 426, Smolensk district, Moscow syneclise, Russian Platform: 15. Bore"-.:".e
n° 453, Kursk district, Moscow syneclise, Russian Platform.

FIG. 1.— Carte de localisation. 1, coupes des rivieres Aksu-Dere et Katcha-Bodrak, nord ouest de la Crimee ; 2. coupe de
Kuma, nord du Caucase ; 3, coupe de la riviere Baksan, nord du Caucase ; 4, coupe de la riviere Неu. nord du
Caucase ; 5, coupe d'Akusha, nord du Caucase ; 6, coupes d'Aksyirtau-Koksyirtau et de Shetpe, Mangyshlak : 7, coupe
de Besokty, Mangyshlak ; 8, coupe d'Akkyr, Tuardyr ; 9, coupe de Kiariz, Grands Balkans ; 10. coupe de la riviere
Vorona, depression de Riasan-Saratov, plate-forme russe ; 11, coupe d'Ulianovsk, synclinal de Moscou, plate-forme
russe ; 12, coupe Paramonovo pres de Moscou, synclinal de Moscou, plate-forme russe ; 13, coupe de la riviere Eza
pres de Vladimir, synclinal de Moscou, plate-forme russe ; 14, forage n°426, district de Smolensk, synclinal de Moscou,
plate-forme russe ; 15, forage n °453, district de Smolensk, synclinal de Moscou, plate-forme russe.
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BIOSTRATIGRAPHY AND GENERAL SEDIMENTOLOGY

Eastern Europe was a system of communicating epicratonic basins during the Mid-Cretaceous.
Geologically the area of investigations belongs to the ancient Russian Platform, the Hercynian Scythian
and Turan Platforms and to the Alpine mobile belt in particular (MlLANOVSKY, 1987-1991). The only
exclusion is the Peri-Caspian Basin that had its own geological history, which does not coincide with the
history of the surrounding area. It was already demonstrated that tectonic activity of those regions was
strongly different during Mid-Cretaceous time (NlKISHIN et al, 1998). The investigated Albian through
Turonian interval is characterized by various basin events and the main sedimentary change (terrigenous
to carbonate) around the Lower/Upper Cretaceous boundary.

ALBIAN

Albian biostratigraphy is based mainly on ammonites for all of the investigated area. All regions
could be correlated by the zonation similarity (Fig. 2). It reflects, of course, general characteristics of
water mass and climate.

FIG. 2.— Biostratigraphic zonation of the Albian of Crimea, northern Caucasus, Russian Platform, Mangyshlak - Peri-Caspian
and Great Balkhan area based on ammonites.

FIG. 2.— Zonation basee sur les ammonites pour VAlbien de Crimie, du nord Caucase, de la plate-forme russe, du
Mangyshlak, de la region peri-Caspienne et

Grands Balkans.
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The biostratigraphic scheme of Crimea - Northern Caucasus region is close to the "standard"
zonation for mediterranean region (HOEDEMAEKER et al, 1995; BARABOSHKIN, 1996). It is also very
similar to the zonation of the historical Albian "stratotype" (DESTOMBES, 1979) and to the well-
investigated zonation of European province (OWEN, 1996).

CRIMEA

The main peculiarity for Crimea is the great difference between the disposition of plains and
mountains and completeness of ammonite successions (BARABOSHKIN, 1996, 1997). Marine
sedimentation was more continuous in the plain Crimea than in the mountain Crimea and most of Albian
ammonite zones are present there (LESCHUKH, 1992). Albian successions in the plain Crimea are
presented mainly by coarse terrestrial facies, being more fine-grained towards the end of the Albian,
especially in central Crimea. Terrigenous sedimentation changed into volcanic deposits in the middle
Albian (LESCHUKH, 1992), due to the opening of the back-arc rift basin on the border of plain Crimea
and Russian Platform (NIKISHIN et al, 1998). Total thickness of Albian sediments varies from 250 to
about 1000 m in the depressions of the plain Crimea.

Crimea was mountain region even during Albian time. Sedimentation started there only in the late
Albian, in the beginning of Hysteroceras orbignyi Chron (YANIN & VlSHNEVSKY, 1989;
BARABOSHKIN, 1996, 1997) and after a widespread tectonic phase in the end of Dipoloceras cristatum
Chron (OWEN, 1996). Generally, it coincides with the beginning of Albian transgression in many other
regions. Because of the elevated primary position of mountain Crimea, its Albian sequences reflect sea-
level falls and rises very sensitively. The basal parts of the terrigenous Albian succession are very coarse
and typical for ingressive conditions (YANIN & VlSHNEVSKY, 1989). They were replaced shortly by
terrigenous-carbonate sedimentation in Mortoniceras inflatum Chron (YANIN & VlSHNEVSKY, 1989;
BARABOSHKIN, 1996, 1997). The latest Albian sequence in mountain Crimea is characterized by
terrigenous deposition with thin tuff layers near the Albian/Cenomanian boundary. Total thickness of
Albian succession reaches 80-100 m here.

NORTHERN CAUCASUS

Albian succession of northern Caucasus is represented mainly by clays with limestone/marl
interbedding, sandy in the base (BARABOSHKIN, 1996). It contains many stratigraphic gaps marked by
erosional surfaces, softgrounds and phosphorites. The most complete succession is the Akusha section
(Fig. 2) in Daghestan (BARABOSHKIN et al, 1997a). An important feature of Albian successions is the
presence of series of strongly dysaerobic to anoxic events represented by "black shales" and the absence
of a benthic fauna. Tuff layers are also present in the topmost part of the succession. They have exactly
the same position as in the mountain Crimea. Albian sediments reach 100-120 m thick in depressions
and are completely eroded in uplifts.

R USSIAN PLATFORM

Albian deposits of the Russian Platform were observed by many investigators, and a general
summary was published by SASONOVA & SASONOV (1967), BARABOSHKIN (199L 1996) and
BARABOSHKIN & MlKHAILOVA (1987). The distribution of Albian sediments is very irregular
(BARABOSHKIN, 1996). Even in the depressions and syneclises different parts of the Albian are
preserved in different places because of the numerous stratigraphical gaps and unconformities. For
example, it was counted up to 30 morphologically expressed gaps (erosion surfaces, softgrounds, etc.)
per 0.5 m of succession in some sections of Ryasan - Saratov Trough. This means that complete sections
are absent here and that it is very difficult to build up a composite section. The lower Albian is
represented by cross-bedded sands with phosphorites in the top. It is preserved in depressions of the
central part of the Russian Platform as well as on top of the Voronezh anteclise. The basin was
characterised by boreal water masses (with an

fauna) during early Albian time. The middle
Albian is represented by an anomalously thin succession in comparison with lower and upper Albian
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because of the numerous and polyphase gaps. It consists of quartz-glauconite sands rich in phosphorites,
which were deposited in waters of moderate temperature (BARABOSHKIN, 1996). The transgressive
upper Albian is built up fine-grained sands, silts and clays (as usual) under the influence of warm
tethyan water masses (BARABOSHKIN, 1996). Originally upper Albian sediments were widely distributed
all over the Russian Platform, but they were eroded in many of regions during Cenomanian time. The
former existence of upper Albian sediments was reconstructed owing to the presence of redeposited
phosphatic pebbles in the base of Upper Cretaceous succession. The total thickness strongly varies, but
commonly is 20-30 m.

MANGYSHLAK AND PERI- CASPIAN

Albian succession of Mangyshlak and Peri-Caspian is represented by shallow-water terrigenous
sediments, mainly by silts and sands with sandstone carbonate concretions. The lower parts of the
Albian succession are more fine-grained than the upper ones. Usually the coarsest parts of the section in
Mangyshlak belong to the middle - basal upper Albian. They are represented by near-shore cross-bedded
sandstones. In opposite, the coarsest interval of Albian successions is occurred in the uppermost Albian
in Peri-Caspian. It consists of near-shore to continental cross-bedded sandstones, gravelstones with
pebbles and plant remains. It has regional distribution and is not connected with salt diapirism. The most
of the sections are incomplete (SAVELIEV, 1971), so we draw up a composite section. Stratigraphic gaps
are different in morphology and extent of the stratigraphic hiatus. The most condensed intervals are
marked by phosphatic nodules and phosphorite "plates". Very strong condensation is typical for the
lower Albian as well as for the uppermost Albian in Mangyshlak, but the main hiatus is dated as the
basal upper Albian (SAVELIEV, 1971). This is due to the fact that the base of the upper Albian coincides
with the transgressive phase in this area. The upper Albian reflects the regressive phase, during which
deltaic and continental facies prograded into the Peri-Caspian basin. This phase was initiated by the
compression of the Hercynian Scythian-Turan Platform and upliftings in the South Urals. In the
Aktubinsk area of the Peri-Caspian, volcanoclastic sediments are also known in the uppermost Albian
(SASONOVA & SASONOV, 1967). The total thickness of Albian sediments reaches 300-400 m up to 1000
m in Mangyshlak and the Peri-Caspian.

GREAT BALKHAN

The Albian succession of the Great Balkhan is similar to that of the Mangyshlak is represented by
sandstones, silts and clays. The lower Albian is represented by near-shore cross-bedded sandstones with
small phosphorite pebbles, placed above erosional surfaces. Basin deepening is indicated by appearance
of clays and silts with interbedded sands near the lower/middle Albian boundary. The basin became
more shallow in the lower upper Albian, when cross-bedded phosphorite sandstones appear again. In
particular, the succession is similar to the Peri-Caspian, but finally it is characterized by the strong
deepening in the uppermost Albian and basal Cenomanian. The succession does not contain
volcanoclastic material, nor anoxic levels in comparison with the other basins discussed in the paper. It
reflects the shallower conditions of the basin and weak tectonic activity of the region. The total
thickness is about 400 m.

CENOMANIAN

CRIMEA

The main peculiarity of the Crimea Cenomanian series is the carbonate composition of the
succession: rhythmically - bedded marls and limestones. Marls can have different colours - from light-
grey till completely black or dark-grey. The Cenomanian succession is very similar in plain and
mountain Crimea except the thickness, which varies from 20-70 m in mountain Crimea up to 500 m in
the plain Crimea (Tarkhankut Peninsula). Cenomanian sediments are completely eroded in the
Simpheropol city region. The most complete sections consist of two sedimentary successions, which
coincide with global cycles of sea-level-changes (

, 1997). The first one consists of four
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lithological units while the second contains three units (NAIDIN & ALEKSEEV, 1981). There is an
erosional surface between these successions with the distinctive Thalassinoides-type burrows. The bed
above is a glauconite marl with about 6-7 cm pebbles of limestones and sandstones of Taurik and
Bodrak Formations (Triassic - Liassic). The surface coincides with the "mid-Cenomanian non-
sequence", which has very wide distribution (see Fig. 4). The latest Cenomanian is well - marked by the
appearance of the black (or dark) marly clays with silt-size quartz grains, glauconite, volcanoclasts, and
a complete lack of calcite macro- and microfossil remains (see Fig. 4, Aksu-Dere section). In the other
sections the boundary is usually represented by a submarine erosional surface or horizon with intraclasts
and "Radiolarian sands". The lower sequence corresponds with the lower Cenomanian and the second
one - with the middle and upper Cenomanian. The stratigraphical subdivision of the upper part of middle
and upper Cenomanian is based on foraminiferal data only (Fig. 3).

Cenomanian biostratigraphy in Crimea is based mainly on ammonite and inoceramid assemblages
(Fig. 3). The biostratigraphic scheme is very close to the "standard" zonation proposed by KENNEDY
(1984). Only the uppermost part of the scheme differs since macrofauna is practically absent. The
inoceramid scheme is identical to that of Central Europe (TROGER, 1989, 1996). The planktic
foraminiferal zonation is also very similar to the European "standard" and the Mediterranean zonal
scheme (ROBASZYNSKI & AMEDRO, 1980; ROBASZYNSKI et al. 1996).

R USSIAN PLATFORM

Cenomanian deposits are irregularly distributed over the Russian Platform. Different parts of
Cenomanian - lower Turonian succession are preserved in different areas due to the numerous
stratigraphical gaps and unconformities. Normal marine sedimentation characterizes early Cenomanian
time only. The middle and especially upper Cenomanian deposits are strongly condensed and
represented by phosphorite horizons, phosphorite plates or are completely missing. This is the reason
why the Cenomanian - Turonian composite profile is built up from different sections. The Cenomanian
succession is represented only by terrigenous facies, mainly by quartz sand with small phosphorite
nodules, fragments of black flints and with Thalassinoides burrows. Two phosphorite horizons exist: in
the base and in the upper part of the Cenomanian (Fig. 4).

Characteristic fauna of the Cenomanian time is very poor: rare ammonites, remains of bivalves, shark
teeth and benthic foraminifera. The first appearance of Praeactinocamax plenus marks the base of the
upper Cenomanian. The benthic foraminiferal zonation is the same for this region and adjacent areas
(VASSILENKO, 1961, AKIMETZ et al, 1992, NAIDIN et al, 1984) and similar to the west European
shallow water sections in south England, north Germany, north France and Bohemian Massif (CARTER
& HART, 1977; ROBASZYNSKI & AMEDRO, 1980; HRADECKA, 1996). There are several correlative
bioevents: appearance of Gavelinella cenomanica near the Albian/Cenomanian boundary; appearance of
Lingulogavelinella globosa at the lower/middle Cenomanian boundary and appearance of Brotzenella
berthelini inside the terminal part of the Cenomanian succession. Gavelinella cenomanica is a very
important Cenomanian marker. It represents the most conspicuous component of the Cenomanian
assemblage in different geographical regions. First occurrences of this species were reported from upper
Albian of France and south England, however, its maximal development falls into the Cenomanian. It
also represents the index species of the Cenomanian foraminiferal assemblage not only for the Russian
Platform, but also at the Mangyshlak and Peri-Caspian Basin (VASSILENKO, 1961; NAIDIN et al.. 1984),
Poland and Germany, Bohemian Basin (HRADECKA, 1996). The distribution of this species in the
Cenomanian series of Crimea coincides with the distribution of Rotalipora appenninica. The first
Lingulogavelinella globosa appears in the middle part of the succession and indicates beginning of the
middle Cenomanian. The upper part of Cenomanian is strongly condensed or is absent. It exists in a few
complete sections only and contains poor foraminiferal assemblage, very similar to the one of the
Lingulogavelinella globosa Zone, but younger, because Brotzenella berthelini developed here.

MANGYSHLAK

Cenomanian through middle Turonian exists in terrigenous facies whereas carbonates are present in
the upper Turonian - Coniacian of the Mangyshlak. The middle Cenomanian - middle Turonian interval
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FIG. 3.— Biostratigraphic zonation of the Cenomanian - Turonian of Crimea, Russian Platform and Mangyshlak - Peri-Caspian
area based on ammonites (for Cenomanian), inoceramids (for Turonian) and foraminifera.

FIG. 3.— Zonation par les ammonites (pour le Cenomanien), les inoceramides (pour le Turonien) et les foraminiferes du
Cenomanien - Turonien de Crimee, de la plate-forme russe, du Mangyshlak et de la region peri-Caspienne.
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is characterized by a very reduced sedimentation. Only the lower Cenomanian had "normal"
sedimentary rates and a complete record being relatively thick in the most sections. The middle and
upper Cenomanian are strongly condensed or missing. There are two phosphoritic horizons inside the
Cenomanian: the first one is in the base of Cenomanian and the second one at the lower/middle
Cenomanian boundary. The thickness of Cenomanian changes from 35 up to 50 m in the Mangyshlak.

The biostratigraphic division of the Cenomanian of this area based on ammonites and inoceramids.
As for Crimea, the ammonite zonation based on the "standard" schemes, proposed by KENNEDY (1984).
The inoceramid scheme is the same as in central Europe (TROGER, 1989, 1996). Planktic forams are
very rare in Mangyshlak and were recognized in the restricted intervals of the sections. Benthic
foraminiferas are very abundant, in the contrary, and have long stratigraphical ranges. The base of the
Cenomanian is marked by the appearance of the ammonites Neostlingoceras, Mantelliceras and
Schloenbachia. The beginning of the middle substage is characterized by the mass occurrence of
Turrilites со status. The upper Cenomanian is well developed in isolated sections (Aksyirtau -
Koksyirtau) and nicely marked by Praeactinocamax plenus event. Neocardioceras juddi appears in the
top of the Plenus Zone (MARCINOWSKI et al, 1996).

The foraminiferal zonal scheme is based on distribution of benthic taxa and therefore is of limited
value for correlation. Luckily, the same levels exist in the Mangyshlak as in the other regions described:
(1) the appearance of Gavelinella cenomanica near the Albian/Cenomanian boundary; (2) the
appearance of Lingulogavelinella globosa in the middle Cenomanian and (3) Brotzenella berthelini in
the upper Cenomanian.

TURONIAN

CRIMEA

In Crimea the Turonian succession is represented only by carbonate sediments. The lower part of the
succession consists of marls with flint intercalations at its top. A minute omission surface (1.4 m above
the base) and an incipient hardground (2 m above the base) exist in this part. The upper part of the
Turonian is built up of marly stylolitic limestones. The thickness of the lower part is 20 m and the
thickness the upper part is about 18 m. This succession terminates by a mature hardground (NAIDIN,
1987) with distinctive Thalassinoides-type burrows and very hard cemented surface.

The marls and flinty marls belong from the base to the top Mytiloides mytiloides Zone (1),
Mytiloides labiatus Zone (2) and Mytiloides hercynicus Zone (3) (KOPAEVICH & WALASZCZYK, 1990).
These biostratigraphical subdivisions belong to the lower (1 and 2) and middle (3) Turonian. The lower
part of succeeding Stylolitic Limestones represents the Inoceramus lamarcki and I. costellatus Zones of
the middle Turonian and Cremnoceramus waltersdorfensis Zone of the upper Turonian (Fig. 4). The
upper boundary of the Turonian is recognized by the appearance of Cremnoceramus rotundatus, which
is assumed to correlate with the entry of Forresteria petrocoriense index ammonite of the lower
Coniacian. Some events of planktic and benthic foraminifers can be followed from the Crimea to west
European sections (e.g., ROBASZYNSKI & AMEDRO, 1980) inside Turonian. They are: (1) the common
entrance of numerous Whiteinella species; (2) the appearance of Helvetoglobotruncana helvetica and
Globorotalites hangensis in the lower Turonian; (3) the first appearance of the of the genera
Marginotruncana and Gavelinella moniliformis in the middle Turonian and (4) the appearance of
"Grandes Rosalines" ex gr. Marginotruncana coronatarenzi with Gavelinella cf. vombensis (Brotzen) (=
G. praeinfrasantonica (Mjatliuk) around the Turonian/Coniacian boundary (KOPAEVICH, 1996).

R USSIAN PLA TFORM

Turonian sections of the Russian Platform consist of white and light-grey coarse chalk with
inoceramids fragments. Two thin layers (2-3 cm) of bentonite exist in the middle and the terminal part of
the sections. The thickness of the sections is about 25 m. The upper boundary of the Turonian could be
distinguished only by paleontological data.
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FIG. 4.— Relative sea-level changes, main unconformities and anoxic events for Cenomanian - Turonian of Crimea, Russian
Platform and Mangyshlak - Peri-Caspian. Abbreviations in columns mean names of ammonite zones/subzones and
horizons illustrated on fig. 3. Same legend as fig. 5.

FlG. 4.— Variations du niveau marin, principales discordances et tenements anoxiques pour le Cenomanien - Turonien de
Crimee, de la plate-forme russe, du Mangyshlak et de la region peri-Caspienne. Les abreviations dans les colonnes
correspondent aux zones / sous-zones a ammonites et aux horizons de la fig. 3. Meme legende quefig. 5.

The faunal assemblage is very rich in inoceramids, with zones very similar to the one of Crimea,
west and central European regions (Fig. 3). The benthic foraminifera zonation includes the same levels
a5 in Crimea and Mangyshlak. The lower Turonian contains Gavelinella папа zonal assemblage, but
with high planktic foraminifera content in the base. This assemblage probably coincides with the
Whiteinella archeocretacea Zone in Crimea. The abnormal consistence of planktic foraminifera exists
near Turonian/Coniacian boundary as well as in the Crimea and Mangyshlak.

MASGYSHLAK

Turonian succession begins by a thin layer of black clays (0.2 m). A second horizon of black clays is
placed higher, above 0.9 m of green limy clays and shows Chondrites structures. The black clays lie
inside poorly cemented siltstones and sandstones. The total thickness is about 10 m.

The overlying lithological unit is built up of yellow-greenish soft marly quartz - glauconite
sandstones. Two concretional horizons exist in the lower and middle parts of the succession, which are
characterised by inoceramids. The thickness is 25 m.

The following carbonate succession begins with a horizon with numerous dark-brown phosphorite
concretions in a sandy marl matrix. The thickness is 0.5 m. The phosphatic concretions are very rare
higher in the succession. The numerous fauna, represented by ammonites, echinids and brachiopods, is
phosphatized. The top of the succession is represented by coarse "spherical chalk" with hardground
surfaces on the Turonian/Coniacian boundary.

Turonian biostratigraphy in Mangyshlak mainly based on inoceramid fauna. The inoceramid
zonation is similar to the one of central and eastern Europe. It is more precise than the ammonite
zonation for the whole stage. The inoceramid fauna is well represented for both condensed and non-
condensed intervals (NAIDIN et al, 1984; MARCINOWSKI et al, 1996). The base of the Turonian is
determined by the appearance of Mytiloides hattini and the lower Turonian

zonation
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comprises three zones (Fig. 3). The lower/middle Turonian boundary is marked by Mytiloides
hercynicus, and the base of the upper Turonian coincides with the first occurrence of Inoceramus
costellatus. The Turonian/Coniacian boundary is determined by the appearance of Cremnoceramus
rotundatus.

The foraminiferal zonation is as follows: the base of Turonian corresponds to the first planktic
foraminiferal Zone - Whiteinella archeocretacea and with an anoxic episode; the appearance of
Globorotalites hangensis is correlated with lower Turonian Mytiloides labiatus Zone; Gavelinella
moniliformis Zone coexists with middle Turonian Mytiloides hercynicus - Inoceramus apicalis -
Inoceramus lamarcki Zone and upper Turonian Ataxophragmium nautiloides with Inoceramus
costellatus - Mytiloides incertus Zones; the Turonian/Coniacian boundary is determined here by the
appearance of Reussella kelleri and high content of planktonic species of Marginotruncana (Fig. 3).

MAIN BASIN EVENTS

ANOXIC EVENTS

Anoxic events were recognized only for the northern Caucasus area by analysis of total organic
carbon content (TOC, made in Moscow State University), magnetic susceptibility (A%= %-%t, made in
Palaeomagnetic laboratory of Saratov State University) and fauna palaeocoenoses. Several dysaerobic to
anoxic events were recognized in the succession (BARABOSHKIN & KOPAEVICH, 1993).

The analogue of "Paquier Level" (HART et al., 1996) is weakly developed near the base of regularis
Zone (Fig. 5). It is characterized by absence of benthic fauna, development of Chondrites-beds and fine
lamination in clays.

Dysaerobic conditions prevailed in the middle Albian time. This view is supported by the
development of a Actinoceramus (Byrostrina) - Nucula benthic bivalve assemblage and high dispersed
pyrite content (A/=60-70 units SI ; BARABOSHKIN et al, 1997b). The level extends from the base of
middle Albian up to roissyanum Zone with a maximum in spathi and roissyanum Zones.

For the upper Albian time three dysaerobic events were recognized.

The orbignyi - varicosum Zones are characterized by dysaerobic conditions, where the
Actinoceramus (Byrostrina)-Variamussium-Nucula benthic bivalve palaeocoenoses changed into an
Aucellina palaeocoenoses. The maximum of anoxic conditions in this level was reached in the
varicosum Zone, where A/ is maximal (=80-90 units SI).

Dysaerobic conditions started in the uppermost part of the inflatum Zone and reached their maximum
in the middle of the rostratum Subzone, where Д/=60-80 units SI and TOC=5%. The level is probably
the analogue of "Breistroffer Level" (BREHERET & DELAMETTE, 1989). This anoxic event was reflected
in Aucellina benthic paleocoenosis reduction in the Albian succession of northern Caucasus. In some
sections it could be recognized as fine-laminated interval (0.7-1 m) with rare belemnites.

The uppermost anoxic event found in the sections is in the perinflatum Subzone. This event was the
shortest one, with A%=60-70 units SI, about 2% TOC and the same Aucellina palaeocoenoses reduction.
This event was interrupted locally by volcanic ash "rain".

The development of Aucellina paleocoenosis is a typical feature of the northern Caucasus Basin,
indicating dysoxic conditions. In the Crimea and Mangyshlak - Great Balkhan areas, Aucellina are also
present in the sections, but they do not produce great populations because of the quite good bottom
oxygenation.

Upper Albian maximum sea-level rise coincides with the maximum of dysaerobic and anoxic
conditions in a relatively shallow basin. The model of transgressive "black shales" (WlGNALL &
MAYNARD, 1993) could explain the appearance of such conditions, characterized by the coexistence of
"normal marine" nektonic and planktonic faunas with poor benthic assemblages.

Anoxic events are more easily recognizable in the Cenomanian time of the Crimea and northern
Caucasus areas, due to their lithological peculiarities and high TOC content. The analogue of the
"Bonarelli Level" was recognised near the Cenomanian/Turonian boundary. It is characterized by the
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existence of organic-rich sediments ("black shales"), the development of Chondrites beds and by the
absence of benthic fauna. Pre-Cenomanian sediments of these areas are characterised by low TOC
content with an important terrestrial component. During the Cenomanian, TOC increased, culminating
around the Cenomanian/Turonian boundary. Organic-rich sediments have progressively declined since
the Turonian, being replaced by "normal" sediments (GAVRILOV & KOPAEVICH, 1996).

A dysaerobic event can be determined in the base of the lower Turonian in terrigenous facies of
Mangyshlak. It is represented by "black clays" with Chondrites burrows, rare remains of inoceramid and
ammonites. Above, sediments contain an exclusively planktonic foraminiferal assemblage. This is the
only planktic zone for the whole Upper Cretaceous in Mangyshlak.

In the Russian Platform the Cenomanian/Turonian anoxic event is not represented in the sections.
Only a positive 613C isotope shift helps to recognise dysaerobic conditions inside the Lower Turonian
succession, coeval with the anoxic event in the other areas.

Thus, Cenomanian/Turonian organic-rich sediments occur in a wide range of different facies from
planktic carbonate to terrigenous facies. It is easy to see that all dysaerobic and anoxic events coincide
with short-term sea-level changes (Fig. 4) and that the duration of the interval depends from long-term
sea-level change.

The same intervals of the Mid-Cretaceous are also characterised in the Atlantic and Mediterranean
regions (REYMENT & BENGTSON, 1986, KUHNT et al, 1992).

VOLCANIC EVENTS

Several volcanic events were recognised in the Crimea - Peri-Caspian region. The most intensive
intermediate volcanism developed in the plain Crimea during the rifting stage in this region (NiKISHIN et
al. 1998). It started in middle Albian time and was most active during late Albian - early Cenomanian
times (LESCHUKH, 1992), when volcanic tuffs spread also over the Mountain Crimea.

Tuff layers were recognized in the uppermost Albian (Durnovarites prinflatum Subzone), near the
Albian - Cenomanian boundary in Heu River and Baksan River in northern Caucasus. The thickest tuff
layer was found in the Akusha and in some other sections of Daghestan (GORBUNOVA, 1966). It is close
to the area of intensive Albian - Cenomanian intermediate to basic volcanism in the south slope of the
Great Caucasus. There is an evidence that some volcanism was developed in the north-west Caucasus in
the late Aptian time (KORNEV, 1965) or, more likely, in the late Albian time. Unfortunately,
palaeontological data are very poor and could only be obtained from borehole cores.

The unique evidence of the existence of a tuff layer in the Peri-Caspian (SASONOVA & SASONOV,
1967) is known in the uppermost Albian, near the Albian/Cenomanian boundary. In other sections, the
mff layer is not preserved due to erosion at the beginning of Cenomanian time. It seems that the volcanic
ash source was the same as for the north-east Caucasus.

The maximum of the eustasy deduced from mountain Crimea and northern Caucasus series, correlate
with the position of the tuffs (Fig. 5). This is quite understandable, because volcanic events were related
to the rifting stage of Scythian Platform. For this reason, tuff layers do not exist on the Russian Platform.
The latter lay on a rigid basement was not affected by the movements of the north tethyan margin.
Hence, the appearance of tuffs in Peri-Caspian is occasional and was possibly due to aerial transport.

In contrast to the Scythian Platform, Mangyshlak - Great Balkhan region developed in a different
way during the late Albian time (Fig. 5). The long-term sea-level fluctuation is opposite to that of the
Cri'mea-Caucasus-Russian Platform region as well as to that of the North America continental margin
i HAQ et al, 1988). This means that the rifting phase was shifted compared to those areas or did not
occur at all. Similar events were reported for western Europe (ZIMMERLE, 1989), where they are
supposed have been connected with the Atlantic opening.

Volcanic events can be well recognized in Crimea - Northern Caucasus regions in the early
Cenomanian. A bentonite layer exists in lower Cenomanian in the Crimea and northern Caucasus areas
i ALEKSEEV, 1989). The volcanic ash sources were placed in the Small Caucasus volcanic arc, where
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collision volcanism occurred during Late Cretaceous time. The next volcanic event took place dur
late Turonian on the Russian Platform (OLFERIEV data, unpublished). The sources of ashes w
probably the same as during the Cenomanian. It is puzzling that these bentonite layers are absent in
southern area - Crimea and northern Caucasus.

Clay-rich beds, containing altered volcanic ashes (bentonites), are present in Turonian sediment:
the Miinster Basin and Lower Saxony region of northern Germany. Analyse of these beds demonsti
that it is possible to correlate individual bentonites and to use them as stratigraphical markers (WRA
al, 1996).
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PIG, 5.— Relative sea-level changes, main unconformities, anoxic events and position of volcanoclastic levels in Albi
Crimea, northern Caucasus, Russian Platform, Mangyshlak - Peri-Caspian and Great Balkhan. Abbreviatic
columns mean names of ammonite zones/subzones and horizons illustrated on fig. 2. 1, sands, sandstones; 2
sandstone / hard sandstone alternation; 3, silts, siltstones; 4, clays; 5, marls; 6, limestones; 7, shelly oolitic limes
8, tuff layers; 9, pebbles, conglomerates; 10, phosphorite pebbles and conglomerates; 11, flint levels; 12, (
bedding; 13, hiatuses; 14, eroded intervals, that could be reconstructed from fossil record in the basal horizon
erosional surfaces; 16, hard/softgrounds; 17, relative sea-level fluctuations of the lth order; 18, relative sea
fluctuations of the lth order for Peri-Caspian (only); 19, relative sea-level long-term fluctuations; 20, assumed n
sea-level short-term fluctuations for reconstructed intervals; 21, anoxic and dysaerobic intervals.

FIG.5.— Fluctuations du niveau marin, principales discordances, evenements anoxiques et position des niveaux vo
clastiques dans I'Albien de Crimee, du nord Caucase, de la plate-forme russe, du Mangyshlak, de la regior
Caspienne et des Grands Balkans. Les abreviations dans les colonnes correspondent aux zones / sous-zi
ammonites et aux horizons de la fig. 2. 1, sables, gres ; 2, alternances de gres meubles et indures ; 3, I
microgres ; 4, argiles; 5, marnes ; 6, calcaires ; 7, calcaires oolithiques coquilliers ; 8, niveaux de tuff; 9,
conglomerats ; 10, galets phosphates et conglomerats ; 11, niveaux siliceux ; 12, stratifications entrecroisie
hiatus ; 14, intervalles erodes pouvant etre reconstruits a partir des fossiles dans les niveaux basaux ; 15, .
d'erosion ; 16, surfaces durcies, surfaces meubles ; 17, fluctuations de ler ordre du niveau marin ; 18, fluctuat
ler ordre du niveau marin pour la region peri-Caspienne ; 19, variations a long terme du niveau marin ; 20, vai
a court terme supposees du niveau marin pour les intervalles reconstruits ; 21, intervalles anoxiques ou disaerob
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STRATIGRAPHIC UNCONFORMITIES

Each of the studied sections reveals numerous stratigraphical gaps which differs in genesis and
morphology. The most complete succession is in the northern Caucasus - Crimea area, and the most
incomplete is in the Russian Platform.

We can divide stratigraphic gaps in several orders correspondingly to their significance and the area
of their development. In this paper we discuss only stratigraphic unconformities of the first order (SU-I),
which could be recognised for all of the mentioned regions. SU-I extents from one ammonite zone up to
a substage or even more. They were recognized almost in every region at the following levels.

Aptian/Albian boundary. Everywhere it is represented by a phosphorite conglomerate with reworked
Aptian/Albian fauna above an erosional surface (BARABOSHKIN, 1996). Probably the time of non-
deposition corresponds to the Proleymeriella schrammeni Zone of Europe. The presence of the
Sehrammeni Zone in northern Caucasus (MlKHAILOVA & SAVELIEV, 1989) was not supported by the
new data. The lowermost Albian beds were recognised there in the Akusha section, where Leymeriella
Leymeriella) co-occurs with Hypacanthoplites. The hiatus corresponding to this SU-I varies from one

zone (northern Caucasus sections) up to two zones (Russian Platform and Peri-Caspian sections).

Basal part of the middle Albian. Phosphorite levels in the Eodentata and Lyelli Zones marked short
stops in sedimentation in the northern Caucasus. In the Mangyshlak - Peri-Caspian area and in the
Russian Platform this SU-I was "erased" in the Spathi Chron, during the sea-level rise. This led to the
strongest condensation of Albian sediments in the Moscow syneclize, with reworking of the lower-
middle Albian ammonite faunas in a single horizon (BARABOSHKIN, 1996). In the Great Balkhan region,
:his SU-I was not so significant, but the interval is marked by coarsening of sediments. It seems that this
SU-I appeared due to the influx of tethyan waters rather than of boreal ones. It is supported by finds of
:ethyan ammonites Lyelliceras in northern Caucasus and Mangyshlak sections together with European
ammonites Hoplites.

Basal part of upper Albian. An erosional SU-I unconformity is characteristic for the Dipoloceras
jristatum Zone (= Semenovites tamalakensis Subzone of the Russian Platform - Mangyshlak).

An additional and stronger SU-I is recognised for the Hysteroceras orbignyi Zone. It was the time
when the low mountainous relief of the Crimea began to be covered by sea (ingressive series). In the
Transcaspian area, it is marked usually by cutting and eroding of the sediments below, in the Russian
Platform - by the next stage of condensation.

The base of Mortoniceras inflatum Zone. This SU is recognized by the erosion in Mangyshlak -
Great Balkhan area (up to Intermedius Zone of the middle Albian), by phosphorite condensation in the
Russian Platform (including the whole lower - middle Albian in Ulianovsk section, Simbirsk Syneclise)
and by erosion in mountain Crimea. In the northern Caucasus this SU is recognised by the relative
coarsening of sections.

Base of Stoliczkaia dispar Zone. A SU-I is recognized by strong condensation in the Mangyshlak -
Great Balkhan area, and strong erosion in the Russian Platform. In mountain Crimea this SU was
reflected by erosion and deposition of conglomerate member (YANIN & VlSHNEVSKY, 1989). Sections
of the central northern Caucasus are also marked by an erosional surface and phosphorite - belemnite
condensation (Kuma section). Even in Akusha section (the very complete one) sandy rocks were
deposited during this SU (BARABOSHKIN et al, 1997a).

Albian/Cenomanian boundary. This SU exists everywhere, but has a very variable morphology. It is
represented by erosional surface and phosphorite condensation in Crimea. In northern Caucasus three
phenomena express that SU: (a) erosion, (b) non-deposition and soft-ground development, and (c)
phosphorite condensation. Section-to-section those phenomena could be recognized in a 2-3 cm thick
interval. In other cases the last phenomenon completely reworked the previous ones. In the Russian
Platform and Peri-Caspian the boundary is marked by an erosional surface, and the hiatus is more
important, as a rule. The boundary SU is represented by condensed phosphorite horizon in Mangyshlak
and Great Balkhan area. The hiatus usually corresponds to one ammonite Zone, but in Tuarkyr (Akkyr
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Mountains) it embraces the whole Stoliczkaia dispar Zone and the lower-middle Cenomanian. This SU
occurs also in Europe (England, France, Germany), Tunisia, and other regions.

A mid-Cenomanian SU is well recognised all over the studied area, but very variable in morphology
and the extent of the stratigraphical hiatus. In Crimea the SU is characterized by an erosional surface and
a hiatus shorter then one foraminiferal zone. In the North Caucasus mid-Cenomanian SU practically
exists in all sections, but the hiatus varies from a part of one zone up to the whole upper Cenomanian.
The mid-Cenomanian SU is well represented in the Russian Platform, Peri-Caspian region and
Mangyshlak basin, in the terrigenous facies. The phosphoritic horizon marks this SU and the hiatus
changes from of part of one biostratigraphical zone to the all upper Cenomanian - lower Turonian
interval.

Cenomanian/Turonian boundary. A horizon of condensation or a submarine erosional surface is
sometimes situated at the Cenomanian/Turonian boundary. The duration of this hiatus corresponds to the
lower part or the whole Whiteinella archeocretacea Zone in Crimea and northern Caucasus. This SU
exist in the terrigenous facies of Mangyshlak, even in relatively complete sections. The appearance of
stratigraphic gaps could be controlled by short-term sea-level changes (Fig. 4).

DISCUSSION

The combined appearance of different events makes possible to formulate hypotheses about the
combined effect of different factors.

TECTONIC MOVEMENTS

Tectonic subsidence rate is the main factor that determines the completeness of the sedimentary
record. This is well illustrated by comparison of northern Caucasus and mountain Crimea sections.
Aptian/Albian folding movements led drainage of the mountain Crimea, whereas the upper Albian
record in that part of the Crimea is much more complete. The rifting processes accelerated the
subsidence in the late Albian even in the mountains region. At the same time, northern Caucasus
successions were deposited in more stable conditions, far from the shore-line. This resulted in more
complete record, but delayed filling of the depressions.

Another effect of tectonic movements is the opening/closing of sea-way connections between
different basins (BARABOSHKIN, 1996). This led to the formation of numerous phosphorite levels in the
Russian Platform - Mangyshlak area, especially during the early - middle Albian, when cool water
penetrated from the Boreal Realm into the northern Tethys shelf area through a system of depressions on
the Russian Platform. In other regions, phosphorite horizons are less frequent and are not so rich in
phosphate. Local tectonic factors can also have a strong influence on the sedimentary conditions. Albian
through Turonian transition was characterized by global warming (REYMENT & BENGTSON, 1986) and
overall eustatic sea-level rise (HANCOCK & KAUFFMAN, 1979; HAQ et al, 1988). In the Albian of the
Peri-Caspian area, we have an opposite situation in terms of facies. According to us an activation of the
Hercynian basement during the Austrian compressional stage led to an accelerated denudation in the
south Urals (Mugodzhary) area and intensive deposition in the prograding delta system. This effect was
not so strong in the Mangyshlak-Great Balkhan of the Turanian Platform (TASHLIEV & TOVBINA, 1992).
because of the different tectonic position, and not so weak as for the northern Caucasus.

The Albian is characterized by an acceleration in tectonic activity. The Cenomanian-Turoniar
interval is thus be largely controlled by the original basin geometry and eustatic changes. The effects о
local tectonics would be rather small though in some places the strata geometry has been influenced b-
synsedimentary tectonics. In the Russian Platform local tectonics had only a minor influence on th-
general composition of the studied successions, though the synsedimentary activity of the particula
blocks leads to the

appearance.
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VOLCANIC EVENTS

Volcanic events are closely related with tectonic activity. They were initiated by the back-arc rifting
stage in the Crimea region and collisional volcanism in the Small Caucasus region. Volcanic
sedimentation strongly affected the depositional system, having the avalanche type in the volcanic area.
It leads to the intensive water exchange. Probably this was the main reason for the absence of anoxic
Albian sediments in the plain Crimea in opposite to the northern Caucasus.

SEA-LEVEL FLUCTUATIONS

Another important factor are long- and short-term sea-level fluctuations. All of the anoxic beds are
located in the deepest parts of basins and their appearance was controlled by the first order sea-level
changes. This is one of the main reasons, why the strongest anoxic conditions developed during upper
Albian time in northern Caucasus: this was the time of a long-term eustatic rise. In other regions it was
too shallow for anoxia development (mountain Crimea and Russian Platform) or the relative sea-level
trend had an opposite direction. It could be possible when the rate of the tectonical uplift is higher than
the rate of the eustasy. Short-term sea-level changes controlled the appearance of stratigraphic gaps in
the successions.

Several recent publications deal with the sea-level curves during Aptian - Cenomanian times
(ALEKSEEV et al, 1996) and Bajocian - Santonian times for the Russian Platform (SAHAGIAN & JONES,
1993; SAHAGIAN et al, 1996). The former authors are very close to our point while one of the latter
publications has been criticized (NAIDIN & BARABOSHKIN, 1994).

CLIMATIC CHANGES

General climatic changes were reflected in the facial record. Almost everywhere in the studied area
Albian - lower Cenomanian succession exists in terrigenous facies. Exclusively carbonate deposition
took place there since the late Turonian time. An expansion of the warm climate and Tethyan water was
the main cause of the depositional break: carbonate sedimentation starts in the early Cenomanian in
Crimea, in the middle-late Cenomanian in the northern Caucasus. Carbonate sedimentation appears only
in the late Turonian time in the central parts of the Russian Platform, Peri-Caspian and Mangyshlak
basins.

The Cenomanian, lower and middle Turonian ammonite assemblages of Mangyshlak and the Peri-
Caspian Basins are dominated by hoplitids, schloenbachiids and acanthoceratids of European type
(MARCINOWSKI et al, 1996). Heteromorph ammonites, puzosiids, phyllo- and lytoceratids were
observed with European forms in the Crimea and northern Caucasus area. This suggests the existence
here of deep offshore environments. Foraminiferal assemblages confirm that in Crimea and Caucasus
the Cenomanian - Turonian succession contains a significant quantity of planktic foraminifera (about
50-75%). At the same time, Mangyshlak, Peri-Caspian and Russian Platform successions contain
assemblages where benthic forms prevail (about 90%: KOPAEVICH, 1989).

Massively ornamented forms are noted within terrigenous facies of the lower and middle Turonian of
Mangyshlak. The late Turonian change of the ecomorphic characteristics in ammonites reflects the
relative deepening of the basin and the appearance of carbonate sediments (MARCINOWSKI et al, 1996).
In this interval the ratio

foraminifera increases also. Thus, the fluctuations of the
ammonite and foraminifera assemblages can be described to some environmental conditions
(bathymetry) rather than to climatic one.
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CONCLUSION

Examination of different event data from the Russian Platform and adjacent areas to the south
demonstrate that most of the events were occurred during brief time spans and furthermore did not
appear simultaneously. The main causes originating the events were tectonics and sea-level fluctuations
forced by climatic changes. Various combinations of these factors and their consequences resulted in the
general style of sedimentation (i.e. palaeogeography) and completeness of geological record.
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