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Abstract: In the Late Cretaceous the Northern Hemisphere comprised the Tethyan, Transitional and 
"Boreal" palaeobiogeographic Realms. The palaeobiogeographic European Province belonged to 
the Transitional Realm and largely to the Northern mid-Latitude climatic belt. lt was the marginal 
zone of the Tethyan Realm called Peri-Tethys. The West Siberian Province was a part of the 
Northern High Latitude climatic belt and extended into the Northern mid-Latitude climatic belt. 
Each province was characterized by particular assemblages of benthic Foraminifera. Typical West 
Siberian assemblages of benthic Foraminifera were dominated by quartz-siliceous agglutinating 
forms. The palaeoassociations of the epicontinental seas of the European Province contained 
predominantly calcareous benthos. 
There was an exchange between biotas of the European and West Siberian Provinces through 
straits. The Late Cretaceous history of the most significant Turgai Strait comprised four stages. 
Biotic evolution of the West Siberian Province was also affected by the Northern High Latitude 
climatic belt. The meridional current along the eastern slopes of the Urals existed during the entire 
Late Cretaceous period. Consequently, the foraminifers of the West Siberian Province developed 
under the combined influence of both "Boreal" and Tethyan water masses. 
The eastern part of the European Province consisted of the Crimea-Caucasus and Dnieper-Peri
Caspian-Mangyshlak Subprovinces, which were recognized on the basis of the distribution of 
planktonic and benthic Foraminifera. The Crimean-Caucasian assemblages included many typical 
Tethyan planktonic Foraminifera, whereas the latter Subprovince was characterized by predomi
nantly benthic Foraminifera with no Tethyan endemics. 

Keywords: Tethyan, Transitional Realm, "Boreal" Realm, European Province, West Siberian 
Province, Foraminifera, Palaeobiogeography, Migrations 

1. INTRODUCTION 

Marine microfossils provide us with important information an sea surface conditions and, 
in some cases, on sea-floor temperatures. The first attempt to reconstruct Cretaceous 
planktonic foraminiferal provinces with regard to palaeoceanography was made by 
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BANDY (1967), who was followed by many other investigators (FRERICHS, 1971; SuTER, 
1977; HART & BAILEY, 1979; HART, 1980, 2000). lsotopic analysis was used to determine 
sea surface temperatures (CoRFIELD et al., 1990; HUBER et al., 1995). All of the studies 
were based mainly on planktonic Foraminifera. The application of benthic foraminiferal 
data to the interpretation of Cretaceous palaeoclimates was limited (HA1G, 1979; OLssoN 
& NYONG, 1984; KUHNT, 1990; KOTSOUKAS & HART, 1990; PODOBINA, 1966, 1995, 2000a). 

On the basis of the distribution of the Late Cretaceous planktonic foraminifers, 
Tethyan, Transitional and "Boreal" palaeobiogeographic Realms can be recognized in 
the Northern Hemisphere (HAY, 1995; HART, 2000) (Fig.1 ). The palaeobiogeographic 
European Province belonged to the Transitional Realm and largely to the Northern mid
Latitude climatic belt. The West Siberian Province was a part of the Northern High 
Latitude climatic belt and extended into the Northern mid-Latitude belt. Each province 
was characterized by a particular assemblage of benthic Foraminifera. 

The European Province (EP) extended for about 7000 km from the Atlantic shores of 
northwestern Europe in the west to the Aral Sea and Kopet-Dag in the east (NAIDIN, 
1969). lt was the largest epicontinental sea in the Earth's history (about 7000 km long). 
The sea was relatively deep (nearly 200 m). White chalk and marls were the dominant 
lithofacies in the EP and similar foraminiferal assemblages occurred throughout, permit
ting long-range correlation. Only the northern and northeastern parts of this area were 
characterized by alternating clastic and carbonate lithofacies (central and eastern parts of 
the Russian Platform and Mangyshlak Peninsula). 

The geographical distribution of the late Santonian - Maastrichtian benthic foramini
fers in the EP enabled us to distinguish West European and East European parts (NA1D1N, 
1969; CHRISTENSEN, 1997; BENIAMOVSK11 & KoPAEVICH, 1998). The former part was connect
ed with the North Sea, the northern Atlantic and the Tethys. The latter part had a 
restricted connection with the "Boreal" West Siberian Sea through the Turgai Strait, and 
was continuously linked with Tethys. 

Planktonic Realms 

liYYTYJ "Boreal" Realm 

~ Transitional (Peri-Tethyan) 
L..:..:..:.:.:. Realm 

~ lethyan" Realm 

1:1if.~.f) 1 Wesl Siberian Province 

~ 
~ European Province 

~...,__-~....,, -.......i---

~ present shoreline 

„„„ __ ... „~ Laie Cretaceous palaeshorel1ne 

Fig. 1: Late Cretaceous palaeobiogeographic subdivision of the Northern Hemisphere by means of 
foraminifers (HART, 2000; with small additions). NHT - Northern High Latitude Temperate 
climatic belt; NMW - Northern mid-Latitude Wet climatic belt, NHA - Northern Hot Arid 
belt. Provinces: EP - European Province, WSP- West Siberian Province. 
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2. STUDIED AREA, MATERIAL AND METHODS 

The present work is based on studies of many outcrops and boreholes of the Russian 
Platform and its framework (NAIDIN & KOPAEVICH, 1977; NAIDIN et al., 1984; AKIMEZ et al., 
1992; N1K1SH1N et al., 1993), as weil as on a detailed analysis of published data on the 
West Siberian Province (Su00or1NA (ed.), 1964; PoDOBINA, 1966, 1989, 1995, 1997, 
2000a, 2000b; AMoN, 1990, 2001 ); the Volga region, Peri-Caspian depression, Mangy
shlak Peninsula and Crimea were studied in detail (AKIMEZ et al., 1979, 1983; BENIAMOVSKll 
et al., 1988; NAIDIN et al., 1994; KOPAEVICH, 1996; KoPAEVICH & WOLASZCZYK, 1990; 
ALEKSEEV, 1989; ALEKSEEV & KOPAEVICH, 1997; ALEKSEEV et al., 1997, 1999; KoPAEVICH & 
BEN1AMovsK11, 1999; GoRBACHIK et al., 2000). 

Palaeogeographical investigations should be carried out in accordance with precise 
and reliable zonal stratigraphical schemes allowing wide correlations. We used the 
planktonic foraminiferal Cretaceous zonation for the low and middle latitudes (RoBASZVN
sK1 & CARON, 1995). This zonation is partly (at least from uppermost Albian to lower 
Coniacian) applicable to the "Boreal" belt. We used the benthic foraminiferal zonal 
scheme for the upper Santonian - Maastrichtian interval (BENIAMOVSKll & KoPAEVICH, 1998, 
Fig.3, left column), which is based on the distribution of zonal assemblages in different 
regions of Eastern and Western Europe, particularly the Mangyshlak-Caspian Basin and 
the NW German Basin (NAIDIN et al., 1984; KoCH , 1977; SCHÖNFELD, 1990; ScHöNFELD & 
BuRNrn, 1991 ). This benthic zonal scheme was correlated with the planktonic and 
nannofossils schemes (HERMAN et al., 1988; ALEKSEEV & KoPAEVICH, 1997; ALEKSEEV et al., 
1999). We used the benthic foraminiferal zonal schemes of AMoN (1999) and P0Do01NA 

1 SOOkm 1 

11111111111111 1..- -12 I .... / 13 

Fig. 2: Late Cretaceous palaeobiogeographic subdivision of the European Province by means of 
foraminifers. 1 - land, 2 - boundaries between provinces, 3 - boundaries between subprov
inces, MP - Mediterranean Province, WSP - West Siberian Province, CCS - Crimea
Caucasus Subprovince, DPMS - Dnieper-Peri-Caspian-Mangyshlak Subprovince. 
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Age European Province North of Turgai West Siberian Province 
Strait (Podobina, 2000a) (Beniamovskii & Kopaevich, 1998) (Amon, 1990) 

c: Hanzawaia ekblomi/ 
BF13 Hanzawaia ekblomi 

Ctl Pseudotextularia e/eaans Spirop/ectammina kasanzevi, 
E m, 

Gavelinella danica/ Brotzenella Bulimina rosenkrantzi 
(.) Brotzenella oraeacuta BF12 oraeacuta :s 
U) Bolivinoides draco draco BF11 Ctl m, Gaudryina rugosa Spiroplectammina variabilis, 
Ctl spinulosa Gaudryina rugosa spinulosa 
~ Bo/Mnoides paleocenicus/ 1 Brotzenalla complanata BF10~ Neoflabellina reticufata INeoflabeffina re/icu/ata/Bolivina decurrens 

Angulogavelinella gracilisl 
BF9 Bolivinoides oeterssoni 

NeoHabeflina praereticulatal 
Osangu/aria navarroana 

BFaf;-
Bolivina kalininil 

Cibicidoides 2-4 Brotzanella taylorensis Bolivino1rJes dacoratus giganteus Brotzenella tay/orensis cp2 
Bolivinoides draco miliaris 

eriksda/ensis 
c: BF7 primus Ctl ·c: Globorotalites hiltermanni 
Ctl 

(=G emdvensis) BF6 a. 
E cp; Brotzenella monterelensis BF5 

Spiroplectammina 
Ctl /Heterostomella leooo/itana optata 
ü 

Bolivinoides Cibicidoides voJtzlanus/C. aklulagayensis .E.... 
decoratusl Ciblcidoides lem1rensisl 

b 
Cibicidoides Gavalinalla damentiana usakansis BF4 

cp, temirensis 
Bolivlnoides decoratus decoratus/ a Bathysiphon vitta, 

8. aranu/a/us 
Spirop/ectammina Recurvoides magnificus 

Gavelinella clementiana c/ementiana BF3 senonana 

Bolivinoides 1 Stensioeina oommerana BF2 1 b 
pocurica 

.!! c 
striaillatus 1 Gavelinella stelligera a Ammobaculites dignus! Cribrostomoides cretaceus 

ii.!! st 2 Stensioeina granulata perfecta BF1 
Pseudoc/avulina hastata exploratus, Ammomargi-„ c admota nulina crispa 

Fig. 3: Santonian - Maastrichtian zonations based on benthic foraminifers for the European and 
the West Siberian provinces. 

(2000a) for the Upper Santonian - Maastrichtian interval of the Turgai Strait-Sea and 
West Siberian Basin (Fig. 3). 

2.1. Benthic Foraminifera 

Comparative analysis showed that the assemblage of benthic foraminifers of the northern 
and central parts of the West Siberian Province were strongly dominated by quartz
siliceous agglutinating forms of the genera Rhabdammina, Rhizammina and Bathysip
hon, as weil as Psammosphaera, Saccammina, Ammodiscus, Glomospira, Hyperammi
na, Reophax, Haplophragmoides, and Ammobaculites. Scarce calcareous foraminifers 
were represented mainly by the genera Neobulimina, Globulina, Pyrulina, Nodosaria, 
Lagena and rare Discorbis (Figs. 4, 5, 6). The agglutinating foraminiferal assemblages 
frequently show a low specific diversity, being dominated by few taxa. They consist 
mostly of stratigraphically long-ranged forms. They were usually confined to the deep
and cool-water conditions of the bathyal zone (KoursouKos & HART, 1990; KuHNT et al., 
1989). The presence of quartz-siliceous agglutinated astrorhizids, ammodiscids, lituolids 
and trochamminids in the West Siberian Basin can be explained by the open connection 
with the Arctic Basin and the lower temperature regime than in the European Basin 
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Agglutinated Foraminifera 

„: "Boreal" Realm Tethyan Realm 0.,, 
GI :I; 
II. GI 

i?'s Orders Genera West Siberian European 
Province Province 

Rhabdammina + 
Ul Bathysiphon + 
:::1 

Astrorhizida Psammosphaera ·1-
0 
Q) Stegnammina 

.!::! Saccammina 
Ul Thurammina 
1 

Hippocrepinella + N 
t: Hyperammina + ca 
:::1 Ammodiscid~ Ammodiscus + 
tT Glomospirella + 

Reoohax ..... 
Haplophragmoides + 
Trochammmoides ..... 

Lituolida Ammobaculites + 
Ammobaculoides + 

Trochammmida Trochammma + 
Textulariida Textularia + + 

:1p1rop1eCU1mm1na + 
"O Pseudoclavulina 
Q) 

+ „ Arenobulimina .. 
c: 
Q) Gaudrvina + 
E Dorothia + 
Q) 

Marssonella + u 
1 

Ataxophrag- Plectina• + Q) „ 
ca miida Eggeremna• 
c: Ataxophragmium• 0 
.c Orbi!mvna• „ 
ca Voloshinovella u 

Verneuilina + 
Tritaxia + 
Heterostomella ..... 
Clavulina + 

• European genera, migrated lo Wesl Siberian Province in the Laie Campanian-Maastrichlian 

Fig. 4: Comparison of some agglutinated orders and genera typical of the West Siberian and 
European provinces. 

(PoooB1NA, 1989), as well as by oxygen depletion of bottom water (MARINOV, 1997). 
According to GRADSTEIN & BERGGREN (1981) and M1LLER et al. (1982), depth was not a 
decisive factor in the development of agglutinated "primitive" foraminifers (Astrorhizi
dae, Ammodiscidae, Lituolidae). They inferred that certain hydrographic properties (low 
oxygen, high C02, low pH and thus corrosive waters) favoured the development of 
these assemblages. Another controlling factor was the relatively rapid deposition of fine
grained, organic-rich, carbonate-poor clastics under somewhat restricted bottom water 
circulation in compartmented basins. These authors noted a wide bathymetrical zonation 
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of these factors - from neritic to abyssal. In the middle and high latitudes, the environ
ments favourable for the formation of agglutinating foraminiferal assemblages occurred 
frequently in the shelf depths. We suggest that such environments appeared in the West 
Siberian Basin in the Late Cretaceous and resulted in the wide distribution of agglutinat
ed assemblages. 

The assemblages of the European epicontinental seas were dominated by calcareous 
foraminifers of the genera Neoflabellina, Stensioeina, Angulogavelinella, Gyroidi
noides, Gyroidina, Globorotalites, Osangularia, Cibicidoides, Gaveline/la, Brotzenella, 
Praebulimina, Bolivinoides and Bolivina. The most abundant agglutinating foraminifers 

Calcareous Foraminifera 

"Boreal" Realm Tethyan Realm 
Genera West Siberian European 

Province Province 

Nonionella + 
Neobulimina + 
Nodosaria + + 
Dentalina + + 
Globulina + + 
Guttulina + + 
Lenticulina + + 
Valvulineria + + 
Discorbis + + 
Globorotalites + + 
Eponides + + 
Epistomina + + 
Gavelinella + + 
Cibicides + + 
Praebul1mma + ..... 
Bulimina + + 
Bolivina* + + 
Bolivinoides* + + 
Cibicidoides* + + 
Neoflabellina + 
Stensioeina + 
Osangularia + 
Angulogavelinella + 
Oridorsalis + 
Brotzenella* + 
Coleites + 

Aragonia + 
* European genera. migrated to West Siberian Province in the Late Campanian-Maastrichtian 

Fig. 5: Comparison of some calcareous orders and genera typical of the West Siberian and 
European Provinces. 
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were carbonate-cemented forms of the genera Heterostomel/a, Vo/oshinovella, 
Spiroplectammina, Marssonella, Gaudryina, Ataxophragmium and Orbignyna (see 
Figs. 5,6). This is the typical shelf fauna of the chalk facies (KoursouKOs & HART, 1990). 

2.2. Planktonic Foraminifera 

The Cretaceous assemblages of the West Siberian Province are characterized by the 
predominance of heterohelicids, hedbergellids, and planomalinids (Pooos1NA, 1995, 
1999, 2000a,b). All of these taxa have non-ornamented chamber surfaces and are of 
very small size - maximum 250 µm in diameter (ALEKSEEV et al., 1999). 

The Russian Platform and Mangyshlak Peninsula successions are characterized by 
numerous planktonic foraminifers with pustulose, rarely rugose, chamber surfaces (Hed
bergella, Whiteinella, Archaeoglobigerina, Rugoglobigerina) and other weakly orna
mented hedbergellids, planomalinids, heterohelicids and guembelitrids. Rare species of 
Rotalipora were recorded in the Lower Cenomanian. The Coniacian-Maastrichtian 
assemblages contain very few keeled morphotypes of Marginotruncana, Globotruncana 
and Globotruncanita and also multicamerate heterohelicids (ALEKSEEV et al„ 1999, KoPAE
v1cH & BENIAMOVSKll, 1999). 

The Late Cretaceous successions of the Crimea and North Caucasus is characterized 
by different planktonic and benthic foraminiferal assemblages with a high planktonic/ 
benthic ratio: from 40 to 90% in some intervals (Borv1NNIK, 1978; 1983, ALEKSEEV, 1989; 

Some typical agglutinated 
foraminifera of the West 

Siberian Province 

III 
.. 

. 

·,~: ·.. 1;1 . {!1 - . ~-.; 
. \j -.1· 
Rhabdammina • ;. 

'11 i ~ II'.\) 
~ Rhizammin/J Bathys1phon 

Some typical agglutinated foraminifera 

:f'iroö~f 
Heterostomella Voloshinovella 

Polymorhina 

t Some typical calcareous 
foraminifera of the European 

Province 

~@~ .•• 

• •lt Angulogavelinella 
Stensioeina 

Neoflabellina 

Fig. 6: Comparison of some agglutinated and calcareous genera typical of the West Siberian and 
European Provinces. 
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Fig. 7: Straits connecting the European and West Siberian Provinces in the Coniacian - Early 
Campanian (A) and in the Maastrichtian (8) (according to AMON, 1997, 2001). 1 - sea, 
2 - land. 

TuR, 1994; ALEKSEEV et al., 1997). The specialized keeled taxa (Rotalipora, Marginotrun
cana, G/obotruncana, Globotruncanita and Contusotruncana), rugoglobigerinellids and 
large-sized multicamerate heterohelicids occur commonly. 

3. DISCUSSION 

The eastern part of the European Basin was connected to the Western Siberian basin by 
a system of straits (Fig. 7) including those crossing the Ural Mountains in the north, 
centre, and south (the Polar Ural, Middle Ural and Ajat straits) and the meridional Turgai 
Strait-Sea (AMoN, 1990, 2001; AMON et al., 1997; ÜLFERIEV et al., 2000). The Turgai 
Strait-Sea is considered to have bordered the Peri-Tethyan basins in the northeast during 
the Late Cretaceous. This area contained elements of each regional fauna, i.e., both the 
relatively warm-water Peri-Tethyan or European fauna and the cool-water West Siberian 
one. 
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The Polar and Middle Ural straits connected the basins of the Western Siberian 
Province and the Dniepr-Caspian-Mangyshlak Subprovince during the Turonian - Cam
panian time interval. The Turonian - Upper Coniacian deposits of the Moscow depres
sion contain the foraminiferal assemblage of the Western Siberian Gaudryinopsis fili
formis angustus Zone (Pooos1NA, 1966, 1997, ÜLFERIEV et al., 2000). The penetration of 
Siberian species was very intense. 

In the Late Coniacian, the European species Cibicides sandidgei and Gavelinella 
thalmanni migrated through the Middle Ural Strait into the West Siberian Sea (the river 
Sos'va area). The distribution of the former species extended up to the river Kenga to the 
west from Tomsk (PoDOBINA, 1997). Abundant radiolarian assemblages represented 
mainly by the West Siberian species were found in Santonian - Campanian dark
coloured non-carbonate siliceous clays and silts in the Ulyanovsk and Volgograd areas. 
The agglutinated benthic genera Ammobaculites, Rhabdammina, Bathysiphon, Rhizam
mina, Saccammina and Hap/ophragmoides were widely distributed in the boreal West 
Siberian Basin (BENIAMovsK11 et al., 1988; PoDOBINA, 1966, 1989; BRAGINA et al., 1999). The 
Turgai Strait connected the West Siberian Basin and the marginal East European basins 
during the Turonian to Maastrichtian. Four stages can be distinguished in the Late 
Cretaceous history of the strait. 

The first (Turonian) stage was marked by a strong northern influence. The Turonian 
deposits of the entire Turgai Strait contain the foraminiferal assemblage of the West 
Siberian Gaudryinopsis filiformis angustus Zone. In addition to the index-species, the 
assemblage includes the characteristic agglutinated species Haplophragmoides semiin
volutus (L1PMAN & KHOKHLOVA, 1964). The zonal species had a very wide distribution 
throughout the EP as far as the United Kingdom (ALEKSEEV et al., 1997; HART, in JARv1s et 
al., 1988; ÜLFERIEV et al., 2000) and northern Central Asia (ZHUKOVA, 1963). 

Du ring the second (Santonian - Early Campanian) stage, warm waters of the margin
al East European seas sometimes reached the northern Turgai Strait and the southern 
West Siberian Basin, as evidenced by the occurrence of warm-water molluscs (Trigonia) 
in the Lower Santonian deposits of these areas. According to PovARKOVA (1990), this 
fauna migrated northward from the Central Asia Subprovince. The Santonian - Early 
Campanian foraminiferal assemblages of the northern Turgai Depression and adjacent 
areas of the southern Transuralian region are entirely composed of West Siberian boreal 
benthic agglutinating species (AMoN, 1990): predominant Lituolida, Astrorhizida, 
Ammodiscida (Fig. 8), frequent Trochamminida and scarce Ataxophragmiida. Deposits 
of this stage are missing in the key sections of the Turgai Depression because of the pre
middle Campanian erosion. This time was a sea-level low in the Turgai Depression, but 
in most places it was a sea-level high (HART & BAILEY, 1979; HANCOCK, 1992). 
The third stage of development of the Turgai Strait-sea connecting the marginal seas of 

the eastern part of the European Province and the West Siberian Basin embraced the 
Late Campanian interval. The stage began with the eustatic rise of the initial late 
Campanian (Brotzenella monterelensis/Heterostomella leopolitana Zone), which pro
vided an extensive expansion of European species into the northern Turgai Strait-sea and 
the southern West Siberian Province. Two Late Campanian eustatic sea level rises were 
marked by changes in abundance of benthic foraminifer orders. The agglutinated 
Ammodiscida, Lituolida and Trochamminida disappeared, the Astrorhizida were strongly 
reduced, whereas the Ataxophragmiida increased in abundance. Calcareous foraminifers 
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A Orders st cp, 

Astrorhizida 26 26 

Ammodiscida 3 12 

Lituolida 
55 45 

Textulariida 6 

Trochamminida 8 6 
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Fig. 8: Orders of foraminifers (A) and their dynamics (ß) in the Santonian - Campanian deposits 
of the northern Turgai Strait-Sea. 1 - West Siberian species, 2 - European species. 
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appeared and became predominant by the end of the Campanian. The content of 
European species in the northern Turgai assemblage increased from the mid-Campanian 
(cp2

1
) and reached 37% in the latest Campanian (Fig.8). According to Barron (1985), the 

CESAR 6 core obtained in the flank of the Alpha Ridge in the Arctic Ocean contains a 
diverse, well-preserved diatom assemblage of probably Late Campanian age, which 
closely resembles the Late Campanian diatom assemblages from the Northern Urals 
(STREL'NIKOVA, 1974). 

During the fourth (Maastrichtian) stage of the Turgai Strait history, the Ajat Strait 
opened between the Mugodzhary area and the Urals (AMMON, 2001; AMoN et al., 1997). 
The increasing water area experienced a strong European influence. The Maastrichtian 
was marked by the maximal abundance of European species in the assemblages. At the 
end of the Maastrichtian, they amounted to 60% of the assemblage (Fig. 8). Benthic 
foraminifers were dominated by calcareous forms, represented up to 47-49% by the 
order Rotaliida. 

During the late Campanian through early Late Maastrichtian eustatic transgressions, 
warm-water masses penetrated into the southern West Siberian Basin, as indicated by 
the occurrence of some characteristic Peri-Tethyan species of benthic foraminifers: 
Bolivinoides decoratus, B. laevigatus, 8. miliaris, Bolivina decurrens, B. incrassata, B. 
plaita (K1sSEL'MAN, 1969). Their stratigraphic ranges in the boreal successions are much 
shorter than in the intermediate zone (Fig. 9). The absence of European species suggests 
that the northwestern and northern parts of the Siberian Basin remained under the 
influence of northern boreal waters at that time (Fig. 10). Comparison of Santonian -
Maastrichtian zonations of the eastern EP, northern Turgai depression and Western 
Siberia shows that the Turgai zonation correlates weil with the EP zonation, from the 
mid-Campanian. On the other hand, the West Siberian and EP zonal schemes are 
different (Fig.3). 

The occurrence of some West Siberian species, such as Cibicides kurganicus, Anom
alinoides subcarinatus, A. pinguis, A. gankinoensis in the Maastrichtian deposits of the 
Dnieper-Caspian-Mangyshlak Subprovince, proves the southward movement of water 
masses through the Turgai Strait-sea. Anomalinoides pinguis and A. gankinoensis 
reached the Polish basin, where they are the zonal and lower subzonal index-species of 
the Upper Maastrichtian Anomalinoides pinguis Zone respectively (GAwoR-B1rnovA, 
1992). The stratigraphic range of these species in the "boreal" sequences is greater than 
in the intermediate zone (see Fig. 9). At the same time, foraminiferal faunas of the Volga 
River, the Peri-Caspian Depression and even the Crimea demonstrate immigrations of 
some characteristic "boreal" species in the Late Maastrichtian. This provides evidence for 
extensive faunal migrations through the basins at that time. 

The short-term transgression in the latest Maastrichtian coincided with a warming 
episode, which was reflected in sections of the Russian Platform (ALEKSEEV et al., 1999), 
Crimea (ALEKSEEV & KOPAEVICH, 1997) and Mangyshlak (KOPAEVICH & BENIAMOVSKll, 1999). 
The sharp increase in the abundance of planktonic species of globotruncanids and 
especially of Pseudotextularia in the uppermost Maastrichtian sediments was recorded 
not only in Northern Europe, where it is known as the "elegans transgression" (W1cHER, 
1953), but also in the North Atlantic (NrnERBRAGT, 1989). 
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Fig. 10: The Late Maastrichtian West Siberian Sea. 1 - sea, 2 - very shallow sea, 3 - land, 
4 - boundary between zones influenced by the southern (1) and northern (II) water masses, 
5 - boundaries between subzones (a,b,c) characterized by different foraminiferal associa
tions, 6 - north cold current, 7 - south warm current, 8-11 benthic foraminifers: 
8 - "primitive" agglutinated (Astrorhizida, Ammodiscida), 9 - agglutinated (Textulariida 
and Ataxophragmiida), 10 - calcareous (Rotaliida), 11 - planktonic (Planomalinida and 
Heterohelicida), 12 - radiolaria, 13 - diatoms. 
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4. CONCLUSIONS 

1. During the Late Cretaceous in West Eurasia there existed Tethyan and "Boreal" 
water basins characterized by contrasting assemblages of benthic and planktonic 
foraminifers. 

2. The northern margin of the Tethyan Realm (the Peri-Tethys) was referred to the 
palaeobiogeographic European Province. The west part of the European Province 
comprises the Dnieper-Caspian-Mangyshlak and Crimea-Caucasus Subprovinces. 

3. The "boreal" West Siberia Basin was connected with the marginal seas of the east 
part of the European Province by the Turgai and Transuralian straits. The first 
phase of influence of the East European waters on the West Siberian Basin can be 
established in the Coniacian. This influence increased during the late Campanian 
to Maastrichtian. The foraminiferal biota of the central, eastern and southern parts 
of the West Siberian Basin formed under the influence of the marginal East 
European water masses penetrating into the basin through the straits. 

4. The West Siberian Basin was also affected by the northern water masses. The 
submeridional current along the eastern slope of the Urals existed during the entire 
Late Cretaceous period (Gm'BERT et al„ 1968; see Fig.10). Thus, the foraminifers of 
the "boreal" West Siberian Province developed under the control of both the 
"boreal" and Tethyan water masses. 

Acknowledgements: We are grateful to our reviewers M.B. Hart, M. Wagreich, Ch. Wood and 
H.A. Kollmann for their remarks on our paper. The work was supported by Russian Federal Program 
"Integration" and the Russian Foundation for Basic Research, projects nos. 00-05-64917 and 
00-05-64738. 

References 

AKIMEZ, V. S., BENIAMOVSKll, V. N., KoPAEVICH, L. F. & NA101N D. P., 1979: The Campanian of the 
European paleobiogeographical region. - Zitteliana 10: 378-392. 

AKIMEZ, V. S., BENIAMovsK11, V. N., GLADKOVA, V. 1., KoPAEVICH, L. F. & NA101N, D. P., 1983: Benthic 
Foraminifera and Belemnites of the Campanian and Maastrichtian of eastern part of the Peri
Caspian area. - Bull. Moscow Soc. Natur. Geol. Ser. 53/4: 42-54. [In Russian] 

AKIMEZ, V. S., BENIAMovsK11, V. N. & KoPAEVICH, L. F., 1992: Foraminiferal zonation for the eastern part 
of the Russian Platform and the western part of Kazakhstan - In: MESSEZNIKOV, M. (Ed.): Practical 
instruction on microfauna of USSR. - Tom 5. Foraminifera of Mesozoic: 161-192, - Leningrad 
(Nedra). [In Russian] 

ALEKSEEV, A. S., 1989: Upper Cretaceous System. - In: MAZAROVICH, 0. A. & M1LEEV, V. S. (Eds.): 
Geological structure of the Kacha uplift of the Mountaineous Crimea. Mesozoic stratigraphy: 
123-157, Moscow University Press. [In Russian] 

ALEKSEEv, A. S. & KoPAEVICH, L. F., 1997: Foraminiferal biostratigraphy of the uppermost Campanian 
- Maastrichtian in SW Crimea (Bakhchisaray and Chakhmakhly sections). - Bull. Inst. Royal Sei. 
Natur. Belgique. 67: 103-118. 

ALEKSEEV, A. S., VENGERTSEV, V. S., KOPAEVICH, L. F. & KUZMITCHEVA, T. A., 1997: Lithology and 
micropalaeontology of Cenomanian - Turonian boundary interval in Southwestern Crimea. -
In: M1LEEv, V. S. (Ed.): Essays on the geology of the Crimea. Transactions of the A.A.Bogdanov 
Crimean geological scientific-educational Centre: 54-74, Moscow State University Geological 
Faculty Publication. [In Russian] 

74 



ALEKSEEV, A. S., KoPAEVICH, L. F., OvECHKINA, M. N., 0LFERIEV A. G., 1999. Maastrichtian and Lower 
Palaeocene of Northern Saratov region (Russian Platform, Volga River): foraminifera and 
calcareous nannoplankton. - Bull. Inst. Royal Sei. Natur. Belgique 69-Supp.-A: 15-46. 

AMoN, E. 0., 1990: Foraminifers and radiolarians. - In: PAPULOV, G. N., ZHELEZKO, V. 1., LEVINA, A. P 
(Eds.): Upper Cretaceous deposits of the southern Transuralian region (the Upper Tobol River 
area): 83-106, Sverdlovsk (Ural. Otd. Akad. Nauk SSSR). [In Russian] 

AMoN, E. 0., 2001: Sea water areas of the Uralian region in the Middle and Late Cretaceous. -
Geology and Geophysics. 42: 471-483, Novosibirsk (GEO). [In Russian] 

AMON, E. 0, BLUEFORD, J. E., DE WEVER, P. & ZHELEZKO, V. 1., 1997: An essay on regional geology and 
stratigraphy of the Upper Cretaceous deposits of southern Urals territories. - In: CRAsau1N
SmEAU S. & DE WEVER, P. (Eds.): Peri-Tethys: stratigraphic correlations. - Geodiversitas 19: 
293-317. 

BANDY, 0. L., 1960: Planktonic foraminiferal criteria for paleoclimatic zonation. - Tohoku University. 
Scientific Reports. Series 2 (Geology). Spec. Vol. 4: 1-8. 

BARON, J. A., 1985: Diatom biostratigraphy of the Cesar 6 core, Alpha Ridge. - Geol. Surv. Canada. 
Pap. 84-22: 137-148. 

BENIAMovsK11, V. N. & KoPAEVICH, L. F., 1998: Benthic foraminiferid zonation in the Late Santonian
Maastrichtian of the European palaeobiogeographical area (EPA) - Zbl. Geol. Paläont. Teil 1. 
1998: 1149-1161. 

BENIAMOVSKll, V. N., KOPAEVICH, L. F., AKIMETZ V. S., BARYSHNIKOVA, V. 1., BONDAREVA, M. V. & GLADKOVA, 
V. 1., 1988: Biostratigraphy of the Late Cretaceous of the Ulyanovsk-Povolgie area on distribu
tion of Foraminifera. - Proc. Acad. Sei. USSR, Ser. Geol. 5: 65-74. [In Russian] 

Borv1NNIK, P. V., 1978: Some regularities of the Late Cretaceous Foraminifera development in the 
North-East Caucasus. - Transact. XVIII Sess. All-Union Palaeontol. Soc. 147-154, Leningrad 
(Nauka). (In Russian). 

BRAGINA, L. G., BENIAMOVSKll, V. N. & ZASTROZHNOV, A. S., 1999: Late Cretaceous radiolarians, 
foraminifers and stratigraphy of the right bank of the Volga near Volgograd. - Stratigr. Geol. 
Corr. 7: 84-92. [In Russian] 

CHRISTENSEN, W. K., 1997: Palaeobiogeography and migration in the Late Cretaceous belemnite 
family Belemnitellidae. -Acta Palaeont. Polonica. 42:457-495. 

CoRFIELD, R. M., HALL, M. A. & BRASIER, M. D., 1990: Stable isotope development for foraminiferal 
habitats during the development of the Cenomanian/Turonian oceanic anoxic event. - Geol
ogy 18: 175-178. 

FRERICHS, W. E. 1971: Evolution of planktonic Foraminifera and paleotemperatures. - J. Paleont. 45: 
963-968. 

GAWOR-B1rnowA, E., 1992: Campanian and Maastrichtian foraminifera from the Lublin Upland, 
Eastern Poland. - Paleontol. Polonica. 52: 3-187. 

Gm'BERT, A. V., MARKOVA, L. G., PmYAKOVA, 1. D., SAKS, V. N. & TESLENKO, Yu. V., 1968: Jurassic, 
Cretaceous and Palaeogene paleolandscapes of West Siberia. - 150 p., Moscow (Nedra). [In 
Russian] 

GoRBACHIK, T. N., KoPAEVICH, L. F. & NA101N, D. P., 2000: About Albian/Cenomanian boundary in 
southwestern Crimea. - Stratigr. Geol. Corr. 8: 13-24. [In Russian] 

GRAosrE1N, F. M. & ßERGGREN, W. A., 1981: Flysch-type agglutinated foraminifera and the Maastrich
tian to Paleogene history of the Labrador and North seas. - Mar. Micropal. 6: 211-268. 

HA1G, D. W., 1979: Globaldistribution patterns of mid-Cretaceous foraminiferids. - J. Foram. Res. 
9: 29-40. 

HANCOCK, J. M., 1992: Sea-level changes in the British region during the Late Cretaceous. - Geol. 
Soc. London Spec. Publ. 70: 241-256. 

HART, M. B., 1980: A water depth model for the evolution of the planktonic Foraminiferida. -
Nature. 286: 252-254. 

75 



HART, M. B., 2000: Climatic modelling in the Cretaceous using the distribution of planktonic 
Foraminifera. - In: HART, M. B. (Ed.): Climates: Past and Present. - Geol. Soc. London Spec. 
Publ. 181: 33-41. 

HART, M. B. & BAILEY, H. W., 1979: The distribution of planktonic Foraminiferida in the mid
Cretaceous of NW Europe. - In: W1rnMANN, J. (ed.): Aspekte der Kreide Europas. IUGS Series A. 
6: 527-542. 

HAv, W. W., 1995: Cretaceous Palaeoceanography. - Geol. Carpathica. 46: 257-266. 
HERMAN, Y., BHATIACHARAYA, S. K., PERCH-NIELSEN, K., KOPAEVICH, L. F., NAIDIN, D. P., FROLOV V. T., 

JEFFERS, J. D., SARKAR, A., 1988: Cretaceous-Tertiary boundary marine extinctions: The Russian 
Platform record. - Rev. Espan. Paleont., Numero Extraord. Paleont. and evolution. Extinction 
events: 31-40. 

HUBER, B. T., HoDELL, D. A. & HAMILTON, C. P., 1995: Middle - Late Cretaceous climate of the 
southern high latitudes: Stable isotopic evidence for minimal equator-to-polar thermal gradi
ents. - Geol. Soc. Amer. Bull. 107: 1164-1191. 

JARVIS, 1., CARSON, G. A., COOPER, M. K. E., HART, M. B., LEARY, P. N., TOCHER, B. A., HORN, D. & 
ROSENFELD, A., 1988: Microfossil Assemblages and the Cenomanian - Turonian (Late Creta
ceous) Oceanic Anoxie Event. - Cretaceous Res. 9: 3-103. 

K1sSEL'MAN, E. N., 1969: Foraminifer-based subdivision of the upper Senonian (the upper part of the 
upper Campanian-Maastrichtian) of the West Siberian Lowland. - Trans. Sib. Inst. Geol. 
Geophyz. Mineral Ser. 84: 116-124. [In Russian] 

KocH, W., 1977: Biostratigraphie in der Oberkreide und Taxonomie von Foraminiferen. - Geol. Jb. 
A38: 11-123. 

KoPAEVICH, L. F., 1996: The Turonian strata in Southwestern Crimea and Mangyshlak (foraminiferal 
biostratigraphy and palaeobiogeography). - Mitt. Geol. Paläont. Inst. Univ. Hamburg 77: 
203-211. 

KoPAEVICH, L. F. & BENIAMovsK11, V. N., 1999: Foraminiferal distribution across the Maastrichtian/ 
Danian boundary of Mangyshlak peninsula (West Kazakhstan). - Bull. Inst. Royal Sei. Natur. 
Belgique 69-Supp.-A: 129-139. 

KoPAEVICH, L. F. & WALAszczvK, 1., 1990: An integrated lnoceramid-Foraminiferal Biostratigraphy of 
the Turonian and Coniacian Strata in South-Western Crimea, Soviet Union. - Acta Geol. 
Polonica. 40: 83-95. 

KouTsouKos, E. A. M. & HART, M. B., 1990: Cretaceous foraminiferal morphogroup distribution 
patterns, palaeocommunuties and trophic structure: a case study from the Sergipe Basin, Brazil. 
- Transact. Royal Soc. Edinburg, Earth Sei. 81: 221-246. 

KuHNT, W., KAMINSKI M. A. & MouLLADE M., 1989: Late Cretaceous deep-water agglutinated 
foraminiferal assemblages from the North Atlantic and its marginal seas. - Geol. Rundsch. 78: 
1121-1140 

LIPMAN, R. KH. & KHOKHLOVA, 1. A., 1964: Microfaunal characteristics of Upper Cretaceous and 
Palaeogene deposits of the northern Aral area. - Transact. All-Union Geol. Inst. Nov. Ser. 93: 
181-190. [In Russian] 

MAR1Nov, V. A., 1997: The influence of gas regime on dynamics of the quantitative diversity and 
preservation of benthic foraminifera in the Turonian-Coniacian of Prypolar Zauralye. - In: 
PoooBINA, V. M., SAVINA, N. 1., KusNEZOVA, K. 1., MuzvLov, N. G. (Eds.): Biostratigraphy and 
microorganisms of the Phanerozoic of Eurasia. - 158-164, Moscow (GEOS). [In Russian] 

M1LLER, K. G., GRADSTEIN, F. M. & BERGGREN, W. A., 1982: Late Cretaceous to early Tertiary aggluti
nated benthic foraminifera in the Labrador Sea. - Micropaleont. 28: 1-30. 

NA1D1N, D. P., 1969: Biostratigraphie und Paläogeographie der Oberen Kreide der Russischen Tafel. 
- Geol. Jb. A87: 157-186. 

NA1D1N, D. P & KoPAEVICH, L. F., 1977: Biostratigraphie Zonation of the Upper Cretaceous of the European 
palaeobiogeographic area. - Bull. Moscow Soc. Natur. Geol. Ser. 52: 92-111. [In Russian] 

76 



NAIDIN, D. P., BENIAMOVSKll, V. N. & KoPAEVICH, L. F., 1984: Methods of transgression and regression 
study (exemplified by Late Cretaceous basins of Western Kazakhstan). - 162p., Moscow 
(University Press). [In Russian] 

NA1D1N, D. P., BENIAMovsK11, V. N. & KoPAEVICH, L. F., 1994: The palaeogeographical substantiation of 
stratigraphical constructions. - 136p., Moscow (University Press). [In Russian] 

NrnERBRAGT, A. J., 1989: Maastrichtian Heterohelicidae (planktonic Foraminifera ) from the North 
West Atlantic. - J. Micropaleont. 8: 183-206. 

N1K1SH1N, A. M., ALEKSEEV, A. S., KoPAEVICH, L. F., YANIN, B. T., BARABOSHKIN, E. Yu. & Yurs1s, V. V., 1993: 
Cretaceous-Eocene sedimentation in the Shelf Alma Basin of Cimmerian mobile belt (Crimea): 
eustatic and tectonic influences. - In: VA1L, P.R. (Ed.): Book 4. Sequence Stratigraphy Workshop. 
- 74 p. May 20-May 30. Crimea. Ukraine. (VU Amsterdam. Moscow State University). 

ÜLFERIEV, A. G., V1sHNEVSKAYA, V. S., KAZINTZOVA, L. 1., KoPAEVICH, L. F. & Os1POVA, L. M., 2000: New 
data about Upper Cretaceous of the northern part of Moscow area. - Stratigr. Geol. Corr. 8: 
64-82. [In Russian] 

ÜLSSON, R. K. & NvoNG, E. E. 1984: A paleoslope model for Campanian-lower Maastrichtian 
foraminifera of New Jersey and Delaware. - J. Foram. Res. 14: 50-68. 

PoDOBINA, V. M., 1966: Late Cretaceous foraminifers of the West Siberian Lowland. - 148 p., 
Moscow (Nauka). [In Russian] 

PoDOBINA, V. M., 1989: Upper Cretaceous foraminifers and zonal stratigraphy of West Siberia. -
232 p., Tomsk (Univ. Press). [In Russian] 

PoDOBINA, V. M., 1995: Paleozoogeographic regionalization of Northern Hemisphere Late Creta
ceous basins based on foraminifera. - In: KAMINSK1, M. A., GEROCH, S. & GAL1NSK1, M. A. (Eds.): 
Proceedings of the Fourth International Workshop on Agglutinated Foraminifera: 239-247, -
Krakow, Poland, September 12-19, 1993, Grzybowski Foundation Spec. Publ. no 3. 

PoDOBINA, V. M., 1997: Coniacian foraminifers and stratigraphy of West Siberia. - In: PoDOBINA, V. 
M (Ed.): Problems of geology and paleontology in Siberia. - 39-43, Tomsk (ST Publishing 
hause). [In Russian] 

PoDOBINA, V. M., 2000a: Upper Cretaceous foraminifera and biostratigraphy of Western Siberia. -
388p., Tomsk (ST Publishing hause). [In Russian] 

PoDOBINA, V. M., 2000b: Cenomanian-Santonian foraminiferal biostratigraphy of Western Siberia, 
Western Canada and North Alaska. - Bull. Moscow Soc. Natur. Geol. Ser. 75: 31-38. [In 
Russian] 

PovARKOVA, Z. N., 1990: Bivalves (trigoniids). - In: PAPULOV, G. N., ZHELEZKO, V. 1., LEVINA, A. P (Eds.): 
Upper Cretaceous deposits of the southern Transuralian region (the Upper Tobol River area). 
- 106--114, Sverdlovsk (Ural. Otd. Akad. Nauk SSSR). [In Russian] 

RosASZVNSK1 F. & CARON, M., 1995: Foraminiferes planctoniques du Cretace: commentaire de la 
zonation Europe-Mediterranee. - Bull. Soc. geol. France 166: 681-692. 

SAMYSHKINA K. G., 1983: Foraminifera and stratigraphy of the Cretaceous of western Praecaucasus. 
- 163 p., - Moscow (Nauka). [In Russian]. 

SLITER, W. V., 1997: Cretaceous foraminifera from the southwestern Atlantic Ocean. Leg 36. DSDP. 
- lnit. Rep. Deep Sea Drilling Proj. 36: 519-545. 

SCHöNFELD, J., 1990: Zur Stratigraphie und Ökologie benthischer Foraminiferen im Schreibkreide -
Richtprofil von Lägerdorf/Holstein. - Geo1. Jb. A117: 139 p. 

SCHÖNFELD, J. & BuRNm, J., 1991: Biostratigraphical correlation of the Campanian - Maastrichtian 
boundary: Lägerdorf-Hemmoor (northwestern Germany), DSDP Sits 548A,549 and 551 (east
ern North Atlantic) with palaeobiogeographical and palaeoceanographical implications. - Geol. 
Mag. 128: 479-503. 

SrREL'NIKOVA, N. 1., 1974: Late Cretaceous diatoms of western Siberia. - 202 p., Nauka. Leningrad. 
[In Russian] 

Sussor1NA, N. N. (ed.), 1964: Foraminifers of Cretaceous and Paleogene deposits of the West 

77 



Siberian Lowland. - Trans. Vses. Nett. Geol. Prospect. Inst. 234: 321 p. - Leningrad (Nedra). [In 
Russian] 

TuR, N. A., 1994: Planktonic foraminifera recovery from the Cenomanian-Turonian mass extinction 
event, northeastern Caucasus. - Geol. Soc. London Spec. Publ. 102: 259-264. 

W1cHER, C. A., 1953: Micropaläontologische Beobachtungen in der höheren borealen Ober-Kreide, 
besonders im Maastricht. - Geol. Jb. 68: 1-26. 

ZHUKOVA, E. A., 1963: Cretaceous foraminifer-based stratigraphy of the southwestern branches of 
the Gissar Ridge. - 139 p., - Tashkent (Akad. Nauk Uzbek. SSR Press.) [In Russian] 

78 


	SchriftR_Erdw_Komm_15_61_78_061
	SchriftR_Erdw_Komm_15_61_78_062
	SchriftR_Erdw_Komm_15_61_78_063
	SchriftR_Erdw_Komm_15_61_78_064
	SchriftR_Erdw_Komm_15_61_78_065
	SchriftR_Erdw_Komm_15_61_78_066
	SchriftR_Erdw_Komm_15_61_78_067
	SchriftR_Erdw_Komm_15_61_78_068
	SchriftR_Erdw_Komm_15_61_78_069
	SchriftR_Erdw_Komm_15_61_78_070
	SchriftR_Erdw_Komm_15_61_78_071
	SchriftR_Erdw_Komm_15_61_78_072
	SchriftR_Erdw_Komm_15_61_78_073
	SchriftR_Erdw_Komm_15_61_78_074
	SchriftR_Erdw_Komm_15_61_78_075
	SchriftR_Erdw_Komm_15_61_78_076
	SchriftR_Erdw_Komm_15_61_78_077
	SchriftR_Erdw_Komm_15_61_78_078

