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摘  要：分析了西西伯利亚东南地区的下凡兰吟阶的两个剖面的陆相孢粉型化石的分布。依据西伯利亚北部已经

定年的剖面中动物群建立起来的孢粉组合的对比, 确定了孢粉标志层的定义, 并与北方区的菊石带相对应的孢粉

组合进行了对比。这一工作为早凡兰吟期与气候变化息息相关的植被和景观的短期变化以及周边古盆地变迁的重

建, 提供了地层依据。欧亚大陆中部和东部地区凡兰吟期孢粉组合的横向对比显示: 西西伯利亚东南地区的植被

具有印度−欧洲和西伯利亚−加拿大两大古植物地理区的过渡性质, 显有这两区的典型特征。 
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EASTERN REGIONS OF WEST SIBERIA: PALAEOENVIRONMENT AND 

VEGETATION RECONSTRUCTIONS 

Ekaterina B. PESTCHEVITSKAYA 1), Irina V. SMOKOTINA 2) and Galina E. BAYKALOVA2) 

1) Institute of Petroleum Geology and Geophysics of SB RAS, av. ak. Koptyug 3, 630090 Novosibirsk, Russia,  
e-mail: PeschevickayaEB@ipgg.nsc.ru;  

2) JSC "Krasnoyarskgeolsyomka", Beresin st., 3d, 660020 Krasnoyarsk, Russia, e-mail: Smokotina@list.ru 

Abstract  The distribution of terrestrial palynomorphs is analyzed in two Lower Valanginian sections from south- 
eastern areas of West Siberia. Comparison with the palynological zonation developed on fauna in the dated sections of 
North Siberia allows the definition of palynological marker levels and calibration of southern palynological zones 
against the Boreal ammonite standard. It provides a stratigraphic basis for the reconstruction of short-time fluctuations 
of the Early Valanginian vegetation and landscape related to climatic changes and the dynamics of the neighboring pa-
laeobasin. Lateral comparison of Valanginian palynological assemblages of central and eastern regions of Eurasia shows 
the transitional character of the vegetation in the southeastern region of West Siberia, demonstrating typical features of 
both the Indo-European and the Siberian-Canadian palaeofloristic provinces. 
Key words  palynostratigraphy, paleovegetation, palaeofloristic provinces, Valanginian, Cretaceous, West Siberia

The paper presents the first palynological results of 
a detailed subdivision of the Lower Valanginian in the 
south-eastern regions of West Siberia, where it is 
composed of continental and nearshore deposits. The 
systematic composition of micro- and macrofauna 

assemblages of these territories is very specific pre-
cluding zonal subdivision (Nesterov, 1991). Palyno-
logical assemblages previously provided the subdivi-
sion only at the stage level (Markova, 1971; Nesterov, 
1991). Detailed faunistic and palynological zonations 
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(Fig. 1) are established only in the northern regions of 
Siberia and the Subpolar Urals, where the Boreal zonal 
standard was developed (Zakharov et al., 1997; Pest-
chevitskaya, 2007a, 2010). Comparative analysis of 
spore-pollen successions allows the definition of pa-
lynological marker levels in the southeastern regions 
of West Siberia and calibration of southern paly-
nological zones against the boreal ammonite scale. 
Based on detailed stratigraphy, the short-termed facial 
and climatic changes are studied for nearshore and 
inland areas. 

1  Material and methods 

Material comes from two wells situated in the 
southeastern region of West Siberia (Fig. 2). In the 
Vostok-4 well, the Lower Valanginian is represented 

by the deposits of the marginal shallow-water zone of 
the West Siberian palaeobasin. They consist of light 
grey sandstone and fine alternation of grey and green-
ish mudstone and siltstone of the Kulomsino and Tar-
skaya formations, which overlies the Upper Jurassic 
deposits of the Naunak Formation with a stratigraphic 
unconformity (Fig. 3). The Lower Valanginian section 
of the R-6 well is composed of yellowish and greenish 
sandstone and alternating mudstone and siltstone of 
the Ilek Formation (Fig. 3). Sandstones are from fine- 
to coarse-grained, with basal gravelites and conglom-
erates. Mudstones and siltstones are mostly greenish 
grey in the lower part and variously colored 
(cherry-red, brown, grey, bluish-green) in the upper 
part. Lithological composition and texture indicate 
their shallow-water lacustrine origin.  

 

 

Fig. 1  Calibration of northern Siberian palynological zones against standard ammonite and foraminiferal zones  
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Fig. 2  The localities of the wells Vostok and R-6 

Palynological samples were prepared using paly-
nological techniques, including the treatment with 
hydrofluoric and hydrochloric acids and natrium py-
rophosphate. Organic and mineral fractions were 
separated through centrifugation in heavy cadmium 
liquid (specific gravity: 2.25). All samples yielded rich 
assemblages of terrestrial palynomorphs. At least 200 
specimens were counted per sample to establish taxon 
abundances. The palynological zonation is mostly 
based on the first and last occurrences of stratigraphi-
cally important taxa, whose stratigraphic potential for 
Siberia was previously estimated on the basis of com-
parative analysis of spore-pollen assemblages from 
different regions of West and East Siberia (Pestche-
vitskaya, 2007a, 2010). Percentage relations are only 
used as subsidiary stratigraphic characters as they 
mostly reflect facial features as well as floristic and 
ecological peculiarities of land vegetation. Hence, 
percentage relations are analyzed to reconstruct the 
succession of facial and climatic changes for the 
Lower Valanginian of the southeastern regions of West 
Siberia. Botanical affinities and palaeoecological at-
tribution of palynomorphs accepted here are derived 
from literature analysis and the authors’ observations 
of Jurassic and Cretaceous spores and pollen (Fig. 4). 

2  Spore-pollen zonation of the Lower 
Valanginian sections in the Vostok-4 
and R-6 wells and correlation against 
northern palynological successions 
and boreal ammonite standard 

Four spore-pollen zones are defined in the studied 
Lower Valanginian sections (Fig. 5). The main paly-
nological features important for the determination of 
their stratigraphic position are the occurrences of key 
taxa (Fig. 5). Subsidiary stratigraphic characters are 
the percentage of ancient morphotypes of bisaccate 
pollen of conifers and pteridosperms (Alisporites, 
Pseudopicea, Protopinus), reducing upward in the 
sections and the percentage of Taxodiaceae increasing 
in the upper part of the section in the Vostok-4 well. 

The studied spore-pollen assemblages are domi-
nated by gymnosperm pollen mostly represented by 
abundant bisaccate pollen of conifers, Classopollis, 
Taxodiaceae, and Bennettitaceae (Fig. 5). The Lower 
Valanginian spore-pollen assemblages from the refer-
ence sections situated in northern areas of West Sibe-
ria and dated by ammonites differ in less abundant 
gymnosperms, especially Classopollis and Taxodia- 
ceae, which is related to palaeofloristic zonality. In the 
Valanginian, two palaeofloristic provinces are estab-
lished for West Siberia on palaeobotanical data: the 
temperate warm Siberian-Canadian for the north and 
the subtropical Indo-European for the south (Vak-
hrameev, 1988). The location of the boundary is 
evaluated on the basis of palynological material (Fig. 
1) (Pestchevitskaya & Lebedeva, 2003). The humid 
climate of the Siberian-Canadian province was favor-
able for the development of rich fern floras, and the 
northern palynological assemblages contain diverse 
fern spores providing detailed zonation of the Lower 
Cretaceous deposits in these regions (Pestchevitskaya, 
2007a, 2010). It is mainly based on striate, granular 
and spinous spores of Schizaeaceae, which are almost 
absent in the south of Siberia. Nevertheless several 
stratigraphically important taxa are defined in the 
studied spore-pollen assemblages from the sections of 
the Vostok-4 and R-6 wells. These are spores of li-
werworts (Foraminisporis asymmetricus, Aequitriradites 
verrucosus, Hepaticae), and gleicheniaceous and polypo-
diaceous ferns (Clavifera triplex, Laevigatosporites sp.), 
which are minor stratigraphic groups in northern regions, 
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Fig. 3  Valanginian sections in the Vostok-4 and R-6 well and distribution of main terrestrial palynomorphs 
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Fig. 4  Probable botanical affinities of studied palynotaxa, life forms and ecology of parent plants (Based on: Bolkhovitina, 1961, 

1963; Cornet & Traverse, 1975; Plant’s life, 1978; Ilyina, 1979; Alvin, 1982; Vakhrameev, 1988; Duane, 1996; Abbink, 1998; Vajda, 2001; 

Deng, 2002; Van Konijnenburg-Van Cittert, 2002; Li & Batten, 2004, 2007; Kvaček et al., 2005; Barrón et al., 2006; Bugdaeva et al., 2006; 

Nagalingum & Cantrill, 2006; Nichols et al., 2006; Saiki & Okubo, 2006; Pott et al., 2008; Prakash, 2008; Wang et al., 2008, and others) 



184 地      层      学      杂      志 36卷 

 

but turned out to be important for the correlation of 
southern spore-pollen successions. The comparison with 
the northern palynological successions allows the cali-
bration of southern spore-pollen zones against the boreal 
ammonite standard (Fig. 5). 

Additional stratigraphic control of spore-pollen zones 
in the Vostok-4 section comes from the succession of 
transgressive-regressive (T-R) events based on the analy-
sis of microphytoplankton and macrofauna fluctuations 
(Pestchevitskaya et al., 2010). The T-R succession de-
fined in the Vostok-4 well is correlated on microphyto-
plankton with those established in northern sections 
dated both by palynomorphs and fauna (Pestchevitskaya 
& Khafaeva, 2008; Pestchevitskaya & Gnoeva, 2010). 
We can’t state the coincidence of all minor T-R events, as 
we can’t collect the samples accurately from the same 
stratigraphic levels. Nevertheless, similar regularities in 
T-R successions can be observed in the northern and 
southern regions of Siberia: on the background of gen-
eral regression increasing from the Berriasian to the 
Hauterivian, a number of minor T-R events is defined 
including more pronounced regression in the middle part 
of the zone SPA2 and more pronounced transgression in 

the upper part of the zone SPA3, that is also identified in 
Vostok-4 well (Fig. 3). Thus, the more precise strati-
graphic range of this section is defined as the middle part 
of the zone SPA2 (approximately base of the ammonite 
zone Euryptychites quadrifidus): the uppermost part of 
the zone SPA3 (middle part of the ammonite zone Si-
berites ramulicosta). 

3  Early Valanginian palaeoenvironments 
and vegetation of coastal areas in the 
southeastern regions of West Siberia 

In the Valanginian, the southeastern regions of West 
Siberia were occupied by the marginal shal- low-water 
part of an epicontinental sea and lacustrine-alluvial 
plain with low coastal gradient (Golbert, 1987), which 
is confirmed by the palynological data. 

Apart from abundant terrestrial palynomorphs, pa-
lynological assemblages from the Vostok-4 well com-
prise microphytoplankton (0~16%) represented by 
almost permanent Leiosphaeridia (0~9%), Ovoidites 
(0~2%), Schizosporis (1%~2%) and rare dinoflagellates 
(Pareodinia, 0~1%; Sentusidinium, 0~1%; Fromea, 
0~1%; Jansonia, locally 8%), that indicate nearshore 

 

 
 

Fig. 5  Palynological zones and their characteristic features 
A. abundant (20%~40%),  C. considerable (3%~10%),  D. dominant (> 40%),  F. few (2%~3%),  R. rare (0~1%),  SD. subdominant (10~20%)



2期 Pestchevitskaya E. B.等: 西西伯利亚东南部早凡兰吟期孢粉地层学, 古环境和植被再造 185 

 

environments. Spore-pollen assemblages, including 
rather abundant spores of lycopods and ferns along 
with dominant gymnosperms pollen mainly compris-
ing Taxodiaceae, Bennettitaceae and Classopollis, 
indicate hot arid and seasonal climate with alternation 
of dry and wet periods. 

Detailed stratigraphy and reconstruction of short- 
termed T-R events allow the analysis of temporal 
changes of nearshore vegetation and landscapes in 
relation to palaeobasin dynamic. Low coastal gradient 
resulted in a wide distribution of wet and locally 
swampy lowlands during the regressions that are evi-
denced by dominant spores and pollen of hydrophilous 
plants (Fig. 3). In the early Euryptychites quadrifidus 
time, the landscape was rather uniform bringing to the 
development of homogeneous floras mostly consti-
tuted of ancient pteridosperms (Alisporites, Pseu-
dopicea) and dicksonialean tree ferns (Cyathidites). 
The occurrence of coastal hydrophilous vegetation 
adapted to overwetting and specific salt regime is in-
dicated by rather abundant Densoisporites (10%), 
since it is regarded as an indicator of coastal zone 
(Abbink, 1998; Saiki & Okubo, 2006).  

In the middle of the Euryptychites quadrifidus time, 
the restricted links with an open basin resulted in the 
periodic occurrence of lagoonal environments that is 
reconstructed from the benthic fauna (Pestchevitskaya 
et al., 2010). These conditions in tropical and sub-
tropical regions are favorable for the development of 
mangroves. It is interesting to note that these levels in 
the Vostok-4 well section are marked by the acmes of 
Classopollis, which is often regarded as a typical 
component of coastal pioneer vegetation and man-
groves (Cornet & Traverse, 1975; Duane, 1996; Ab-
bink, 1998; Prakash, 2008 and others). Frequent finds 
of Classopollis tetrads confirm its short distance 
transportation and nearshore derivation. T-R fluctua-
tions caused frequent changes of coastal landscapes 
and vegetation recorded in quantitative changes of the 
components in palynological assemblages. The low-
land relief becomes more differentiated: the composi-
tion of the hydrophilous flora is more diverse com-
prising plants of different ecological requirements. The 
diversity of lycopods and ferns increases, and they are 
represented by Hymenozonotriletes, Selaginella, Lep-
tolepidites, Neoraistrickia and Todisporites, Dictyophyl-

lidites, Cyathidites, Eboraciasporites, Gleicheniidites, 
Klukisporites, Trilobosporites respectively.  

In the Euryptychites astieriptychus time, the low-
land was mostly flooded during the transgressions, and 
coastal areas became more elevated. In arid conditions, 
these territories were occupied by gymnosperms with 
certain adaptations to withstand drought conditions. It 
is indicated by wide distribution of Taxodiaceae, 
Bennettitaceae and Cycadaceae (Fig. 3). Nevertheless, 
it does not exclude the occurrence of swampy lowland 
and mangroves, as some fossil representatives of these 
families are regarded as their indicators (Cornet, 
Traverse, 1975; Kvaček et al., 2005; Bugdaeva et al., 
2006, and others). Seasonal climate possibly caused 
the formation of swampy and well-drowned lowland in 
wet periods and their desiccation in dry periods. 

Ginkgophytes probably preferred more humid con-
ditions, as they are generally more abundant in regres-
sive stages correlated to the occurrences of broad wet 
lowland. However, the ecological heterogeneity of 
their parent plants can be implied from a considerable 
percentage variation of this pollen in the assemblages. 
An increased percentage of Eucommiidites is often 
observed in transgressive stages. Low percentages 
(0.5%~1.5%) of Pinuspollenites and Podocarpidites in 
spore-pollen assemblages indicate rare occurrences of 
their parent plants in Early Valanginian coastal floras 
in the studied regions. 

4  Early Valanginian palaeoenvironments 
and vegetation of inner-land areas in 
south-eastern regions of West Siberia 

The Early Valanginian vegetation of inner-land ar-
eas is studied on the basis of palynological material 
from the R-6 well. Aquatic environments are evi-
denced by abundant Salviniaceae (7%~16%), which is 
a typical component of the contemporary shallow- 
water biota of tropical and subtropical lakes, where 
they grow in shallow areas down to 1.5~2.0 m. The 
wide distribution of variously colored red, brown and 
blue sediments, containing poor nutrients as well as poor 
accumulations of coal particles and organic detritus, im-
plies the absence of thick forest. Spore-pollen assem-
blages comprising abundant Podocarpidites (5%~20%), 
Piceapollenites (18%~24%) and Pinuspollenites (4%~ 
10%) show that the landscape was mostly represented 
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by open coniferous woodland. Domination of gymno-
sperms with a high percentage of Classopollis (6%~ 
25%) indicates an arid climate.  

Drier environments in the Euryptychites quadrifidus 
time can be inferred from more abundant Pinuspol-
lenites (10%) in the assemblage of the Aequitriradites 
verrucosus, Pseudopinus pectinella, Piceapollenites 
exilioides zone (Fig. 3). Contemporary pines prefer 
temperate dry conditions, but are well adapted to a dry 
climate. Drier conditions resulted in a decrease of lake 
size, evidenced by lower percentage of Salviniaceae 
(7%~9%), and exposure of nearshore lowlands, which 
could be periodically swamped during wet seasons. 
Desiccation of near-shore areas in dry seasons pre-
cluded the wide distribution of dicksoniaceous ferns 
and liverworts represented in the spore-pollen assem-
blage by rare Cyathidites, Aequitriradites and Lep-
tolepidites. The main body of lowland and swamp 
vegetation was possibly constituted by podocar-
paceans, which now prefer wet and warm conditions, 
but can withstand dry periods. The occurrence of wet 
environments is evidenced by the presence of Os-
mundacidites. 

In the Euryptychites quadrifidus time, a period of 
more humid conditions can be identified by a de-
creased percentage of Pinuspollenites and increased 
percentage of Ginkgocycadophytus (Fig. 3). The quan-
titative peak of Salviniaceae (up to 16%) evidences an 
enlargement of the lake. Wet and swampy lowland was 
mostly drowned, which is indicated by the absence of 
Dipteridaceae, Cyatheaceae, Osmundaceae and a re-
duced percentage of Podocarpidites in the spore-po-
llen assemblage. Surrounding land became more ele-
vated. More humid conditions caused the formation of 
mixed and possibly marginal forest of fir trees and 
undergrowth consisted of ginkgophytes and pteri-
dosperms. Temperate wet conditions are also indicated 
by the occurrences of Lygodiumsporites. 

5  Comparison of Early Valanginian ter-
restrial vegetation of coastal and in-
ner-land areas in southeastern regions 
of West Siberia 

The Early Valanginian flora of inner-land areas 
(R-6 well) is characterized by a strong dominance of 
conifers, especially podocarpaceans. They are re-

placed by Taxodiaceae, Bennettitaceae, Cycadaceae 
and Eucommiidites-producing plants in coastal regions 
(Vostok-4 well) forming specific plant communities 
(Fig. 6). These taxa typical for coastal vegetation are 
almost absent in spore-pollen assemblages from the 
R-6 well (Fig. 3). Contemporary taxodiaceans also 
grow in humid areas under the influence of marine 
basins, great rivers or lakes, no farther than 200 km 
away (Plant’s life, 1978). There are interesting discus-
sions on the occurrence of a great river in the 
south-eastern region of West Siberia in the Valaginian, 
that turns out to be unlikely on palynological material.  

Lowlands in coastal regions were occupied by 
abundant dicksoniaceous ferns, which were rare in 
inner-land areas with restricted humid environments. 

Cheirolepidiaceans producing Classopollis pollen 
were widespread in the Early Valanginian arid vegeta-
tion of the southeastern region of West Siberia both in 
coastal and inner-land areas. Nevertheless, they are 
much abundant in coastal floras that imply their high 
water requirement.  

Ginkgophytes apparently can be regarded as humid 
indicators in southern regions of Siberia: they are 
more abundant in coastal communities, and their in-
creased percentage in inner-land assemblages is cor-
related to the reduced percentage of Pinuspollenites 
indicating more humid conditions. 

6  Comparison of lateral distribution of 
Valanginian spore-pollen assemblages 
of central and eastern regions of 
Eurasia  

Comparison of the distribution of the Valanginian 
palynological assemblages in central and eastern re-
gions of Eurasia shows the transitional character of the 
vegetation in the southeastern region of West Siberia, 
demonstrating typical features of both the Indo-Euro-
pean and the Siberian-Canadian plaeofloristic prov-
inces.  

A considerable amount of cyatheaceous ferns re-
vealed in the palynospectra from the Vostok-4 section 
is a characteristic feature of the Siberian-Canadian 
province (Figs. 6, 7). They are most abundant in 
northern areas of Siberia reflecting the temperate 
warm and humid climate of these territories. Paly-
nological assemblages from the Indo-European prov-
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ince and ecotone regions contain different quantities 
of cyatheaceous spores, which are more abundant in 
coastal and near-shore environments with humid con-
ditions and rather barren or even absent in inner-land 
areas (Figs. 6, 7). 

Another feature, typical of the Siberian-Canadian 
province and revealed in the studied sections, is the 
high percentage of Piceapollenites (Figs. 6, 7). It is 
interesting to note its dominance in the assemblages 
from inner continental depressions, which well reflect 
the adaptation of parent plants to dry environments. In 
the southeastern region of West Siberia, the abundant 
Piceapollenites is also revealed from continental de-
posits of the R-6 well. 

The abundance of Classopollis is usually regarded 
as the most pronounced palynological characteristic of 
the Indo-European palaeofloristic province, especially 
of its arid areas. However, the comparison of its lateral 
distribution demonstrates its uneven distribution over 
these regions revealing its high percentage in 
near-shore and coastal areas and less abundance in 
inner-land ones (Figs. 6, 7). The assemblages from the 
Hailar Basin contain a low percentage of Classopollis, 
and it has not been reported from the Valanginian de-
posits of Transbaicalia. These data confirm an as-
sumption of coastal or humid habitats of their parent 
plants (Fig. 4). Palynological material obtained from 
south Siberian sections also implies their humid re-
quirements, as the abundance peaks of Classopollis in 
the palynospectra of Vostok-4 section are correlated to 
the development of wet lowland or even mangrove in 
coastal areas. The nearshore origin of Classopollis 
grains in south Siberian sections is also confirmed by 
frequent finds of their tetrads.  

The quantity of ginkgophytes is generally higher in 
the Siberian-Canadian province, but they are most 
abundant in eastern areas, in the Primorye region and 
Bureya Basin, reflecting specific Valanginian vegetation 
on these territories (Figs. 6, 7). In the Indo-European 
province and ecotone regions, they are more abundant 
in coastal and near-shore environments, and it is also 
shown in the studied material. Therefore, abundance 
peaks of Ginkgocycadophytus can be regarded as an 
indicator of humid environments for the Indo-European 
province. The wide distribution of ginkgophytes in the 

Siberian-Canadian province and considerable per-
centage variations of their pollen in Siberian sections, 
characterized by different facies, give us the basis to 
suggest ecological heterogeneity of this plant group in 
northern regions. 

The low percentage of Schizaeaceae and Osmun-
daceae in the studied spore-pollen assemblages is an-
other feature, which is also characteristic for the  
Indo-European palaeofloristic province. The abun-
dance of Osmundaceae typical in the north of Siberia 
gradually reduces in a S-W direction (Figs. 6, 7). The 
spore-pollen assemblages of central Siberian areas 
(Nadym and Surgut regions), situated close to the 
boundary of the provinces, contain both abundant 
Osmundaceae and Classopollis. It is also revealed in 
some Indian sections in West Bengal (Vijaya & Bhat-
tacharji, 2002) and probably related to the symmetrical 
latitudinal position of these regions in the northern and 
southern hemispheres respectively. Schizaeaceae 
shows a similar distribution over Siberia reducing in 
quantity in a S-W direction (Figs. 6, 7). In western 
areas, the representatives of these families are re-
placed by Gleicheniaceae, which becomes very abun-
dant in the assemblages from the Ural regions, the 
Russian Platform, Ukraine and the Caucasus. 

Taxodiaceae is most abundant in central areas of 
Eurasia: the Caucasus, south of West Siberia, and 
Transbaicalia (Figs. 6, 7). Its quantity is also rather 
high in neighboring areas (Ukraine, Uzbekistan, Cas-
pian regions) and in Primorye. 

A specific feature of the spore-pollen assemblages 
from the R-6 well is the abundance of Podocarpaceae 
showing a low percentage in other regions, both in the 
Indo-European and Siberian-Canadian provinces, ex-
cept for the Khatanga and Lena-Anabar regions in the 
north of Siberia (Figs. 6, 7). Therefore, Podocarpaceae 
was possibly one of the main components of the 
Valanginian tree communities in the western and 
sout-western areas of East Siberia. The dominance of 
Podocarpaceae, along with abundance of Araucari-
aceae, Schizaeaceae and Classopollis, is typical for the 
Indian vegetation of Gondwana type. 

In general, two large areas can be recognized on 
palynological data for the Valanginian vegetation of 
Laurasian type (Fig. 7). The northern area was occupied 
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Fig. 6  Main components of spore-pollen assemblages from Valanginian sections of central  

and eastern areas of Eurasia. Numbers correspond to those on the map (Fig.7) 

1. by author's material, Lyubomirova & Kislyakov, 1985, and others;  2. by author's material, Chirva et al., 1979, and others;  3. by Pervuninskaya, 1966, 
and others;  4. by Sedova & Sirotenko, 1967, and others;  5. by Fradkina, 1967, and others;  6. by author’s material, Sheiko, 1970, and others;  7. by 
author’s material, Sologub, 1989, and others; 8. by Strepetilova, 1989, and others;  9. by Bezrukova, 1994, and others;  10.by Shirokova, 1973, and 
others;  11-12. by Markova, 1971, and others;  13. by author's material,  14. by Gryazeva, 1980, and others;  15. by Voronova, 1971, and others;  16. 
by Yaroshenko, 1970, and others;  17. by Fedorova-Shakhmundes, 1976, and others;  18. by Polyakov et al., 1969, and others;  19-21.by Marke-
vich, 1995;  22. by Jiang De-xin et al., 2007;  23. by Jianguo Li & Batten, 2004;  24. by Meng Qi-An et al., 2003;  25.Vijaya & Bhattacharji, 2002;  
26. by Prakash, 2008;  27.by Racey, 2009 
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Fig. 7  Preliminary position of Valanginian sections accor-
ding to palaeogeography and paleofacies (paleofa-
cies on Zharkov et al., 1998) 

Numbers on the map correspond to those on Fig. 6. 1. land;  2-5 de-
posits of alluvial–proluvial plains, depressions, lakes, sebkhas, and 
lagoons in arid zones: 2. redbed conglomerates, gritstones, and sandstones;  
3. red-bed and variegated sandstones, siltstones, and clays; 4. sandstones, 
siltstones, and clays with gypsum; 5. gypsiferous calcareous, and terri-
genous-calcareous sediments;  6-7 deposits of alluvial and lacustrine 
plains, marshland, coastal plains intermittently flooded by the sea, and 
lagoons: 6. gray conglomerates, gritstones, and sandstones; 7. grey 
sandstones, siltstones, and clays;  8-12 deposits of shelf and epiconti-
nental seas: 8. sandstones, siltstones, and clays; 9. turbidites of shelf 
slopes and back-arc basins; 10. carbonaceous clayey, clayey-calcareous, 
and calcareous-siliceous sediments (black shales); 11. clayey lime-
stones and marls; 12. carbonate platforms;  13-16 deposits of the 
continental and island-arc slope and peripheral zones of oceans: 13. 
turbidites; 14. hemipelagic clayey, calcareous-clayey, calcareous sedi-
ments; 15. pelagic (red) clays; 16. pelagic calcareous and sili-
ceous–calcareous sediments;  17. midocean ridges;  18. boundaries 
between lithologic complexes;  19. boundary between Sibe-
rian-Canadian and Indo-European palaeofloristic provices;  20. 
boundary of the areas based on palynological data 

 

by vegetation dominated by pteridosperms and coni-
fers producing bisaccate pollen, which must have 
formed forests of different types, with abundant glei-
cheniaceous ferns in the west, abundant osmundaceous 
ferns in the north, and abundant ginkgophytes in the 
east. Cyatheaceous ferns were one of the main forest 
components in the Siberian-Canadian province, but 
keep their abundance in the Indo-European province 
only in humid near-shore environments. The southern 
areas were mostly occupied by specific vegetation 
dominated by gymnosperms producing Classopollis 

and Dicheiropollis pollen. Specific vegetations of sa-
vanna type on the territory of Russian Platform can be 
inferred from the overwhelming dominance of glei-
cheniaceous ferns in their spore-pollen assemblages. 

7  Conclusion 

Biostratigraphic analysis of spore-pollen assem-
blages from the Vostok-4 and R-6 wells and their 
comparison to a reference palynological succession, 
developed in the sections of North Siberia dated by 
fauna, allow detailed palynological zonation of the 
Lower Valanginian in the southeastern areas of West  
Siberia. The proposed zonation is based on the occur-
rences of key taxa, which are the groups of minor 
stratigraphic significance in northern regions of Sibe-
ria, but turned out to be important for the correlation 
of southern spore-pollen successions.  

Detailed zonation provides a stratigraphic basis for 
the reconstruction of short-time fluctuations of the 
Early Valanginian vegetation and landscape related to 
climatic changes and dynamics of the neighboring 
palaeobasin. During the regressions, the southeastern 
shore of the West Siberian palaeobasin was occupied 
by wet and swampy lowland favorable for the wide 
distribution of hydrophilous vegetation mostly repre-
sented by dicksoniaceous ferns and pteridosperms. In 
transgressive periods, coastal relief was more diverse 
including more elevated areas, possibly desiccated in 
dry periods. Inner-land areas were occupied by conif-
erous light forest. Wet and periodically swampy low-
land with hydrophylous vegetation occurred only near 
the lakes. 

The comparison of lateral distribution of Valangin-
ian palynological assemblages of central and eastern 
regions of Eurasia shows the transitional character of 
the vegetation in the southeastern region of West Siberia, 
demonstrating typical features of both Indo-European 
and Siberian-Canadian palaeofloristic provinces. In 
general, two large areas can be defined on paly-
nological data for the Valanginian vegetation of 
Laurasian type: 1) northern area, which was occupied 
by vegetation dominated by pteridosperms and coni-
fers producing bisaccate pollen, 2) southern area 
characterized by specific vegetation with abundant 
Classopollis and Dicheiropollis.  
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Summary 

Stratigraphic analysis of spore-pollen assemblages 
from the Vostok-4 and R-6 wells and their comparison 
to reference palynological succession developed in 
faunally-dated sections of North Siberia allow detailed 
palynological zonation of the Lower Valanginian in 
south-eastern areas of West Siberia. The proposed 
zonation is based on the occurrences of key taxa, 
which are of minor stratigraphic significance in north-
ern regions of Siberia, but turned out to be important 
for the correlation of southern spore-pollen succes-
sions. These are spores of liwerworts (Foraminisporis 
asymmetricus, Aequitriradites verrucosus, Hepaticae), 
gleicheniaceous and polypodiaceous ferns (Clavifera 
triplex, Laevigatosporites sp.). Subsidiary strati-
graphic characters are the percentage of ancient mor-
photypes of bisaccate coniferous pollen (Alisporites, 
Pseudopicea, Protopinus) reducing upward in the sec-
tions and the percentage of Taxodiaceae increasing in 
the upper part of the section in the Vostok-4 well.  

Detailed zonation provides a stratigraphic basis for 
the reconstruction of short-time changes of Early 
Valanginian vegetation and landscape related to the 
climatic fluctuations and dynamics of the neighboring 
palaeobasin. Spore-pollen assemblages evidence arid 
and seasonal climate. The Early Valanginian flora of 
inner-land areas is characterized by strong domination 
by conifers, especially podocarpaceans, which were 
replaced by Taxodiaceae, Bennettitaceae, Cycadaceae 
and Eucommiidites-producing plants in coastal regions 
(Vostok-4 well), forming specific plant communities. 
During the regressions, the southeastern shore of the 
West Siberian palaeobasin was occupied by wet and 
swampy lowland favorable for wide distribution of 
hydrophilous vegetation mostly represented by pteri-
dosperms and dicksoniaceous ferns. In transgressive 
periods, coastal relief was more diverse, including 
more elevated areas, possibly desiccated in dry periods. 
Coastal floras were dominated by gymnosperms com-
prising abundant Taxodiaceae, apparently constituted 
the main body of tree communities. Inner-land areas 
were characterized by arid and seasonal climate. Wet 
and periodically swampy lowland occupied by hydro-
philous vegetation with dicksoniaceous ferns and 
abundant podocarpaceans occurred in near-shore areas. 
Upland was occupied by coniferous light forest. Cli-

mate humidification in the Euryptychites quadrifidus 
time resulted in lake high stand and formation of 
mixed forest with conifers, ginkgophytes and pteri-
dosperms.  

The comparison of lateral distribution of the 
Valanginian palynological assemblages of the central 
and eastern regions of Eurasia shows the transitional 
character of the vegetation in the southeastern region 
of West Siberia demonstrating typical features of both 
the Indo-European and Siberian-Canadian palaeofloris-
tic provinces. In general, two large areas can be de-
fined on palynological data for the Valanginian vege-
tation of Laurasian type: 1) northern area, which was 
occupied by vegetation dominated by pteridosperms 
and conifers producing bisaccate pollen, 2) southern 
area characterized by specific vegetation with abun-
dant Classopollis and Dicheiropollis. 
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