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Abstract—In the context of shifting the boundary of the Quaternary down to the level of 2.6 Ma and including
the Gelasian Stage in the Quaternary System, the systematization of the original and published data on the
geology and paleogeography of the Late Pliocene and Early Pleistocene of Eastern Europe has been carried
out. It was established that, at the boundary of the Gauss and Matuyama paleomagnetic epochs, along with
the general trend toward cooling and aridization, profound landscape and climate changes occurred and
rhythmic f luctuations of the climate intensified. During the period from 2.6 to 1.8 Ma, corresponding to the
Gelasian (pre-Tiglian and Tiglian of Western Europe or Paleopleistocene of Eastern Europe), there
appeared subarctic landscapes. In the Eopleistocene (1.8–0.78 Ma) and the Early Neopleistocene (0.78–
0.42 Ma), the climate became colder, and climatic zonality repeatedly underwent a complex restructuring,
gradually approaching the modern one. Glacial deposits (layers of till) occurring in Eastern Europe date back
to the Paleopleistocene. Evidence indicates that there were at least three independent glaciations in the
Eopleistocene (1.8–0.78 Ma) and possibly four in the Early Neopleistocene. On the basis of studies of stra-
totypic sections, paragenetic links were established between sediments of different age within glacial and peri-
glacial areas, and the paleogeographic events of the Early Pleistocene of Eastern Europe were correlated with
those within the Western European region.
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INTRODUCTION

Modern ideas about stratigraphy and paleogeogra-
phy of the Pliocene and Pleistocene of Eastern Europe
were formed on the basis of many years of work by teams
of researchers from the Geological Institute and Geo-
graphical Institute of the Russian Academy of Sciences,
VSEGEI, Moscow and Voronezh State Universities,
PGO Tsentrgeologiya Ltd., and other organizations.
The extensive factual material was summarized in a
series of publications (Chetvertichnaya…, 1997; Geolog-
icheskie…, 2007;  Sovremennye…, 2011; Stratigrafiya…,
1992; Voprosy…, 1981). A major contribution to the
study of stratigraphy and correlation of Pliocene and
Quaternary sediments was the work carried out in the
1980s in the framework of the International Project of
Geological Correlation (Granitsa…,1987; Nikiforova,
1973; Nikiforova and Alekseev, 1997).

The new approved Quaternary boundary is found
at the base of the pre-Tiglian within the time interval
considered earlier in the East European region as the
Late Pliocene. At that time, there were profound land-
scape and climate changes. As a result of a sharp cool-
ing and aridization of the climate, the vegetation lost
the most thermophilic representatives of the f lora and
acquired a modern appearance (Izmenenie…, 1999).
Villnia sp., Lemmus sp., and other inhabitants of the
cold forest steppe appeared in the fauna. This milestone
roughly coincides with the Gauss/Matuyama magnetic
reversal, with the beginning of the Middle Villafran-
chian, and the beginning of the Khapry fauna with
the archaic elephant Archidiskodon gromovi Alekse-
eva et Garutt.

According to the recent studies, formation of ice
sheets in the Western European region of the Northern
Hemisphere occurred already in the Pliocene about
475
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Fig. 1. The correlation scheme of chronostratigraphic units of the Early Pleistocene, the distribution of glaciations, and changes
in vegetation in the basin of the Upper Volga, Kama, and Upper Don.
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3.2 million years ago (Borzenkova and Zubakov, 1985;
Mundelsee and Raymo, 2005); at the beginning of the
Quaternary, the continental glaciations developed in
middle latitudes. Evidence of a significant cooling and
development of glaciations in the earliest and coldest
epoch of the pre-Tiglian (from 2.6 to 2.4 Ma) was
reported for many regions, including the North Atlantic,
where evidence of iceberg rafting was found (Lee et al.,
2011). Approximately 2.4 million years ago, the ice sheet
expanded to Scandinavia and the Arctic archipelagoes
of Svalbard, Severnaya Zemlya, and Novaya Zemlya,
which occupied a significant part of the western sector of
the Eurasian Arctic (Knies et al., 2009; Vorren et al.,
2011). About 2 million years ago, the cold pre-Tiglian
gave way to the warmer Tiglian with extremely unstable
climate (Urban, 1978; Zagwijn, 1985).

One of the first researchers to substantiate the
Akchagyl age of the oldest glacial till in the East Euro-
STRATIGRAPHY AND G
pean region was Moskvitin (1967). The development
of the first continental glaciations here dates back to
the beginning of the Matuyama chron, although the
cooling of the climate here, as well as in Western
Europe, occurred much earlier, at about the Hil-
bert/Gauss boundary. According to some researchers,
this boundary can also be considered as one of the
options for drawing the lower boundary of the Quater-
nary system (Grichuk, 1959; Tesakov, 2007; Zubakov,
2006). The later history of the Eopleistocene and the
Neopleistocene is associated with the alternation of
further cooling and warming, yet their rank and peri-
odization have been repeatedly revised as new data
have been accumulated (Fig. 1).

MATERIALS AND METHODS
The present paper is based on the results of our own

field and analytical work carried out for stratotypical
EOLOGICAL CORRELATION  Vol. 27  No. 4  2019



CHANGES IN THE LANDSCAPE AND CLIMATE OF EASTERN EUROPE 477
sections in the Sea of Azov and the Caspian Sea
regions and in the basins of the Upper and Middle
Volga, Don, Dnieper, Oka, Kama, and Unzha rivers.
Samples for various types of studies were taken mainly
from deep boreholes drilled during geological survey.
The location of the reference and stratotypic sections
is shown in Fig. 2. The correlation of sediments was
performed using published geological, geomorpho-
logical, lithological, faunistic, paleobotanical, radio-
metric, and paleomagnetic data, which determined
the position of the most important boundaries—
Matuyama/Brunhes (0.78 Ma) and Gauss/Matuyama
(2.58 Ma) reversals.

Paleobotanical and paleofaunistic (fauna of mam-
mals and mollusks) studies allowed a comparison of
marine and continental sediments to be made. Many
of the reference sections under consideration were
studied by well-known paleocarpologists: P.A. Nikitin,
P.I. Dorofeev, F.Yu. Velichkevich, T.V. Yakubovskaya.
This made it possible not only to refine the definitions
of pollen and spores but also to supplement the fossil
f lora with the species that were not discovered during
spore and pollen analysis. Interpretation of the paly-
nological data included a paleogeographic analysis of
fossil f lora: the presence of extinct taxa was registered;
the role of East Asian, North American, and Balkan-
Colchian species and other representatives of the
pranemoral f lora was taken into account. Such an
approach to the generalization of paleobotanical
materials, proposed by W. Szafer (1946) and later
developed by V.P. Grichuk (1959, 1989), enabled us to
assess a reliable age of the fossil f loras, to establish
their stratigraphic sequence, to determine the rank of
warming and cooling, and to outline the boundaries
associated with which a sharp depletion of plant com-
munities occurred. In order to perform paleogeo-
graphic reconstructions, the climatic optima were
selected as the most indicative chronosections of the
interglacial periods and interstadials, and the intervals
with the least heat supply were selected as those of the
glacial periods. In view of possible redeposition, the
problem of interpreting palynological data was solved
taking into account studies of lithologic facies, as well
as on the basis of ecological and geographical analysis
of f lora and the degree of pollen and spore preserva-
tion. Methodological approaches to the correlation of
interglacial, stadial and interstadial deposits with
deposits of the periglacial zone were developed under
the guidance of A.A. Velichko.

RESULTS AND DISCUSSION
Lowering the boundary of the Quarernary to the

bottom of the Gelasian called for developing a com-
mon stratigraphic scale for this unit. Earlier studies
indicate that, at the beginning of Gelasian, about
2.6 million years ago, global cooling developed in the
Ponto-Caspian region, which led to continental glaci-
ation and the filling of the Baltic and North Seas with
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Scandinavian ice. At the same time, the ice sheet of
the Barents Sea arose (Zubakov, 2006). The cooling
that caused this glaciation was considered in Western
Europe as pre-Tiglian. It manifested itself in many
areas and was reflected in the change in fauna. Inva-
sion of northern species began in Western Europe
(Menke, 1975; Zagwijn, 1985). Tundra vegetation
(Grichuk, 1981) appeared on the territory of the Baltic
States; plants characteristic of periglacial landscapes
appeared in Belarus: Betula nana L., Juniperus sp.,
Selaginella selaginoides (L.) Shrank et Mart., S. helvet-
ica (L.) Spring., S. tetraedra Wieliczk. (Rylova and
Yakubovskaya, 1999). However, this paleoclimatic
boundary is not universally accepted when determin-
ing the lower boundary of the Quaternary system
owing to the different approach to interpreting the
results of faunal, paleobotanical, and paleomagnetic
studies (Schick et al., 2015). Therefore, it was neces-
sary to continue the study of the development of the
organic world of the Gelasian and to move on to the
interregional correlation of the events of this stage.
Below are the results of studies of the sections which
are used for restoration of the landscape and climate of
the Early Pleistocene.

Paleopleistocene (Gelasian), 2.588–1.806 Ma

In the Udmurt Kama region, the Late Pliocene
and Gelasian (Paleopleistocene) sediments are those
involved in filling the ancient overdeepened valleys of
the Izh and Kyrykmas rivers of the Kama River basin
(Fig. 2). Borehole 15, a reference section for the area,
situated in the valley of Kyrykmas River, left tributary
of the Izh River (1.1 km to the north of the village of
Chilcha), revealed the Akchagyl sediments 132.2 m in
thickness (Pisareva, 2006; Pisareva et al., 1981).
Below, at a depth of 43 m, Permian rocks occur.
According to lithological, paleofaunistic, and paleo-
botanical data, five stages of development of paleoval-
leys are distinguished (Fig. 3):

Stage 1 (127.0–165.7 m), associated with river run-
off and alluvium accumulation;

Stage 2 (106.5–127.0 m), corresponding to the life-
time of a lake reservoir with an unstable hydrological
regime;

Stage 3 (58.0–106.5 m), associated with the
resumption of runoff and accumulation of lacustrine
and alluvial sediments;

Stage 4 (42.0–58.0 m), corresponding to the exis-
tence of a low-flowing lake reservoir in which mont-
morillonite-chlorite-hydromica clay was deposited;

Stage 5 (33.5–42.0 m), corresponding to the resto-
ration of the alluvial regime.

The first, second, and third stages belong to the
Early Akchagyl, and the fourth and fifth stages belong
to the Middle and Late Akchagyl—the Paleopleisto-
cene (Gelasian).
 Vol. 27  No. 4  2019
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Fig. 2. The location of the reference and stratotypic sections. (a) Map of the sections referred to in the text; (b) map of the sections
of the Akchagyl regional stage in the Udmurt area of Kama River basin. Legend: (1) area of   maximum Akchagyl transgression;
(2) reference sections and their numbers: 1—Chilcha (borehole 15), 2—Kasayevo (borehole 17), 3—Altata, 4—Mangyshlak,
5–6—Akulovo, Okatovo, 7—Krasikovo, 8—Karamyshevo, 9—Chekalin, 10—Liventsovsky open pit, 11—Smolensky ford,
12—Mastyuzhenka, 13—Korostylevo, 14—Tsimlyansk Reservoir, 15—Demshinsk (Nikolskoe), 16—Lukoyanov, 17—Belaya
Gora, 18—Uryv, Pokrovka; (3) mapping boreholes and their numbers.
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The study of mollusks and ostracods have shown
that the fauna throughout the section consisted mostly
of freshwater species; however, in the sediments of the
STRATIGRAPHY AND G
fourth stage, the halobionts of the genus Galolimno-
cythere, living at salinity up to 10‰, emerge among
the rich and diverse association of ostracods. This is
EOLOGICAL CORRELATION  Vol. 27  No. 4  2019
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Fig. 3. Spore and pollen diagram of the borehole 15 (Chilcha, no. 1 in Fig. 2). Legend: (1) clays, (2) clays with sand interlayers,
(3) sands, (4) gravel with pebbles, (5) plant macrofossils, (6) mollusk shells. Here and in Figs. 3–11: AP—pollen of trees and
shrubs, Sp—spores, NAP—grass pollen.
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probably associated with the ingression of the Akcha-
gyl Sea. According to the palynological and paleocar-
pological data, three cooling periods occurred during
sedimentation. The first of them (depth interval of
127.0–165.7 m, the Early Akchagyl) is associated with
development of spruce forest formations involving
spruce (Picea omorikoides), pine, fir, larch, hemlock,
birch, and rare broad-leaved species—oak, elm, and
linden (Fig. 3). Later, coniferous and broad-leaved
forests with an admixture of relict tree species propa-
gated: Tsuga, Taxus, Juglans, Pterocarya, Carya, Ilex
shrubs, and herbaceous plants: Polygonum pliocenicum
Dorof., Scirpus pliocenicus Szafer, Eleocharis pseudoo-
vata Dorof., etc. (definitions by P.I. Dorofeev). Espe-
cially many extinct species were preserved among
aquatic and marsh plant communities: Najas plioce-
nica Dorof., N. lanceolata C. et E.M. Reid, N. cf. irty-
shensis Dorof., Potamogeton crispoides Dorof.

During the second cooling (depth interval of 42.0–
58.0 m, the Middle Akchagyl), which was more exten-
sive than the first, f loristically depleted spruce forests
similar to the modern northern taiga, with predomina-
tion of fir and larch, expanded. Along with them, there
were heather forests, in some places with juniper
thickets, and birch forests with the participation of
Siberian species Betula aff. exilis Sucaczev and Alnus
aff. hirsuta Turcz. Broad-leaved species gradually
declined. Vegetation of the same composition was
reconstructed for the time of formation of the allu-
vium of the Chistopol Horizon of the Kama River
basin (Goretsky, 1964) and deposits of Zilim-
Vasil’evo Horizon of Bashkiria, near the Ural Moun-
tains, where the marine sediments of the Middle
Akchagyl with cardiids and avimaktra near   the village
of Akkulaevo contained the Khapry fauna (according
to the definitions of V.P. Sukhova) of small mammals
(Nemkova et al., 1972). Later, the landscape-climatic
record in the section on the Chilcha River was inter-
rupted owing to a sedimentation hiatus. The aleurites
and sands from the upper part of the section (depth
interval of 33.5–42.0 m) were deposited during the
period of a new cooling, the Late Akchagyl, when dark
coniferous forests degraded and were replaced with
pine and birch light forests. Sandy shores and other
open areas were covered with wormwood and pig-
weeds (Chenopodiaceae family).

The advance of spruce and pine-birch forests with
shrub birch, heath, and juniper to the south during the
Middle Akchagyl was established on the basis of mate-
rials collected on the left bank of Volga River near
Saratov (Kovalenko, 1971; Kuznetsova, 1971) and our
own data.

Borehole 36, drilled near the village of Altata in the
vicinity of the town of Yershov, below the Middle
Pleistocene Khazar sediments opened a 70-m-thick
layer of aleuritic clays containing marine mollusks.
The spore and pollen diagram (Fig. 4) reflects two
phases of the geological history of the basin and the
STRATIGRAPHY AND G
corresponding phases of vegetation development. The
first stage (78–100 m) corresponds to the maximum of
the Akchagyl transgression and belongs to a period of
the predominantly forest vegetation, at first, denser
with prevailing spruce, pine, fir, hemlock, and larch
and, then, sparser, consisting of birch with an addition
of coniferous species and an abundance of ericales
(Ericaceae). The second stage (30.0–78.0 m, Late
Akchagyl) is associated with the regressive stage of the
basin development and the beginning of spreading of
grass and shrubs with predominance of xerophytes from
the Chenopodiaceae family on the left bank of Volga
River, near Saratov: Eurotia ceratoides C.A. Mey, Atri-
plex cana C.A. Mey, Polycnemum arvense L., Kochia
laniflora (S.G. Gmel.) Borbas, Kochia prostratа (L.)
Schrad, and plants typical of saline soils belonging to
the genera Salsola, Anabasis, etc. The emergence of
taiga forests during the first stage, associated with
cooling and moistening of the climate in the Middle
Akchagyl, was noted by N. D. Kovalenko in Volgograd
oblast, as well as in other areas of the Northern Cas-
pian; however, in these areas, pine was more common
among trees (Kovalenko, 1971; Maslova, 1960; Naid-
ina, 2007).

To the south, on the Mangyshlak Peninsula (near
the town of Shevchenko), the Middle Akchagyl 70-m-
thick sediments overlie limestones and clays of the
Sarmatian. They were opened by borehole 17 (Fig. 5)
in the core of the synclinal fold and are represented by
calcareous clays with layers of marls and clay lime-
stones with planktonic foraminifera from the orders
Nonianida, Elphidiida, and Cassidullinida. Akchagyl
age of this microfauna was determined by L.S. Pishva-
nova on the basis of its compositional similarity to the
complex of foraminifers from the Middle Akchagyl of
the Krasnovodsk Peninsula.

Pollen and spores in sufficient quantities for analy-
sis were collected from the depth interval of 14.0–
33.0 m. According to the spore and pollen analysis,
two complexes were distinguished (Fig. 5). The first
complex (depth 31.0–33.0 m) is characterized by the
absolute predominance of graminaceous plants and
brushwood, among which there are typical xero-
phytes: Eurotia ceratoides, Polycnemum arvense,
Kochia scoparia (L.) Schrad., Plumbaginaceae, Ephe-
dra. The data obtained indicate that there were steppes
on the territory of Mangyshlak with wormwood-grass-
quinoa vegetation. Similar vegetation was found in the
sediments attributed to the first half of the Middle
Akchagyl in other regions of Western Turkmenistan
(Filippova, 1997).

The composition of the second complex (depth
interval of 14.0–26.0 m) suggests a replacement of
steppe vegetation by that characteristic of forest
steppes. At that time, there appeared conifers—pine
Pinus sect. Eupitys, P. sect. Cembra, P. mirabilis
(Rudolph) Anan., P. rosibirica Anan., P. sect. Strobus,
spruce Picea sect. Omorica, P. cf. schrenkiana (Fisch.)
EOLOGICAL CORRELATION  Vol. 27  No. 4  2019
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Fig. 6. Schematic section of the Uryv area (by R.V. Krasnenkov (1984)). K1–2—Cretaceous sediments, Upper Pliocene: N2
3—delu-

vial deposits; N2
3ur1—Lower Uryv subseries; N2

3ur2—Upper Uryv subseries; N2
3bg—Belgorod Formation; N2

3grn1–3—Gory-
anskaya Formation; Quaternary deposits: aQIp—Pokrovsky alluvium; gQIdns—deposits of the Don glaciation (till); aQIms—Moi-
seevskii alluvium; aQInh—Novokhopersky alluvium; prQI–III—covering deposits of the Lower and Upper Neopleistocene.
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C.A. Mey., larch, fir, and hemlock; and there
appeared small-leaved species—birch, alder, and wil-
low. Occasionally, broad-leaved trees were found: oak,
elm, and linden. Hazel and myrica (Myricaceae) grew
in the undergrowth. The heather family (Ericaceae)
played a prominent role, preferring conditions of a
cool and humid oceanic climate, as well as ferns,
sphagnum, and green mosses. The open areas were
occupied by steppe vegetation, consisting of various
species of pigweeds, wormwood, herbs, and ephedra.

Within the basin of the Upper Don River, the ref-
erence section of the Gelasian was the one near the vil-
lage of Uryv, located in the Ostrogozhsky district of
Voronezh oblast (Agadjanian, 2003; Piareva and Kras-
nenkov, 1979). In clearing K 4-1 on the right bank of
the Don River, 0.32 km upstream from the pier, there
were deposits of the Uryv Formation, divided at the
base of the lignite marking horizon into the Upper
Uryv and Lower Uryv deposits (Fig. 6). The latter are
represented by a complete alluvial cycle from bed
sands to f loodplain sediments with traces of soil for-
mation. According to I.M. Gromov, the sand from the
bottom of the section contains the fauna of small
mammals of the Khapry complex, characteristic of
forest-meadow watershed areas (Iosifova, 1971).
A.K. Agadjanian considered it transitional from the
Moldavian complex to the Khapry complex and dis-
tinguished it as the Uryv complex of the MN16b Zone
(Agadjanian, 2003; Agadjanian et al., 2009).
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
The data of the spore and pollen analysis were
obtained for the f loodplain clays of the Lower Uryv
subseries, which accumulated in a colder climate than
the modern one. At that time, sparse birch and pine-
birch forests grew in the basin of the Upper Don (com-
plex “a” in Fig. 7). The cryomer, known as the Khvo-
rostyan’ cryomer, was correlated by А.K. Agadjanian,
Yu.I. Iosifovoi, and V.V. Semenov with the pre-Tiglian
of Western Europe (Agadjanian et al., 2009).

The Upper Uryv sediments, attributed by Schick
et al. (2015) to the Storozhevskii Horizon, were depos-
ited during the warming period corresponding to the
Tiglian A according to the schemes by B. Zagwijn and
B. Urban (Urban, 1978; Zagwijn, 1985). They contain
thermophilic mollusks of the genus Parmacella, cur-
rently distributed in the Mediterranean and Central
Asia, and the hydrophilic species Vertigo antivertigo
(Drap.), as well as the fauna of small mammals from
the genera Mimomys, Promimomys, Villania, Desmana,
and others (Agadjanian et al., 2009; Krasnenkov,
1984). Vegetation in the basin of the upper reaches of
Don River was represented by broad-leaved and conif-
erous forests with undergrowth of the shrubs Diervilla
and Ligustrum (complex “b” in Fig. 7). Most of the
macrofossils in the lignite belong to aquatic and marsh
plants (Nikitin, 1957). Of these, 70% are to a varying
degree alien to the modern f lora of the studied area.
More than 13% belong to East Asian and North Amer-
ican species, 23% belong to extinct species, and the
 Vol. 27  No. 4  2019
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rest presently grow outside the basin of the Upper
Don. Sediments with such a composition of f lora were
considered by Nikitin (1957) as Early to Middle Plio-
cene. Dorofeev (1979b) determined the age of macro-
fossils within the Middle Pliocene, yet he considered
the f lora of the section near the village of Uryv to be
close to the f lora of the Tiglian of Western Europe. On
the paleomagnetic scale, Upper Uryv sediments
belong to the Matuyama epoch, but in the upper part
of the layer, a positive episode has been revealed, pos-
sibly Reunion.

The later warming, corresponding to the Krivskoye
Horizon on the stratigraphic chart, includes the sands
of the Krivskoye series with the fauna of small mam-
mals of the Khapry complex, found in rock sequences
on the southern bank of the Tsimlyansk reservoir
(Dodonov et al., 2007). In the basin of the Upper
Don, this horizon includes the sediments of the
Belaya Gora Formation (Kholmovoy et al., 1985).
The seed f lora of this climatolite is less exotic com-
pared to the warmer Storozhevskii interval (Nikitin,
1957). Sedimentation took place under the conditions
of forest-steppe landscapes. R.S. Kholmovaya distin-
guished two warming periods with a short-term cool-
ing between them for the time of accumulation of
Krivskoye sediments near the Belaya Gora locality,
5 km north of Voronezh, in the cliff of the right bank of
the Voronezh River. Paleocarpological data confirm
the younger age of the Belaya Gora sediments com-
pared to those of the Upper Uryv. The paleomagnetic
characteristic of the Krivskoye Horizon corresponds to
the Matuyama epoch (Kholmovoi et al., 1985).

The second half of the Paleopleistocene (Gelasian)
includes another warming, corresponding to the
Liventsovskii Horizon with the savanna fauna of the
MN17 Zone (Agadjanian et al., 2009). It was revealed
during the study of the Liventsovskii section near the
village of Khapry to the west of Rostov-on-Don (Bai-
gusheva, 1964).

The classic section of the Liventsovsky open pit
with the Khapry faunistic complex, investigated by
V.I. Gromov, V.S. Baygushevaya, V.V. Titov,
L.P. Alexandrova, N.A. Lebedeva, A.S. Tesakov,
V.I. Gromova, and others, unfortunately, has scarce
palynological data. E.N. Ananova and M.P. Grichuk
were able to reconstruct the development of steppe
associations of f lat interfluves only for several samples.
These associations, according to V.S. Baigusheva,
V.V. Titov, and other researchers, most likely corre-
spond to the Upper Villanian fauna—MN17 (Baigu-
sheva, 1964, 2006; Titov, 2008). The Paleopleisto-
cene is completed with a cryomer (Tereshkovsky
Horizon) containing the f lora of cold-resistant
plants. A.K. Agadjanian, Yu.I. Iosifova, and
V.V. Semenov attributed it to the pre-Olduvai inter-
val—the Matuyama chron (Aghajanyan et al., 2009).
This cooling is traced everywhere. In Western Europe,
it was accompanied by invasion of northern species:
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Huperzia arctica Sipliv., Selaginella selaginoides, Bet-
ula sect. Fruticosae (Kahlke and Ukraintseva, 1986).

Working on a regional stratigraphic scale of the
Gelasian, researchers of f lora and fauna had a dis-
agreement over its lower boundary (Schick et al.,
2015). It turned out that it is drawn at different strati-
graphic levels. So, according to A.S. Tesakov, the
archaic composition of the fauna of the MN16b Zone,
close to the Moldavian Roussillon observed near the
village of Kotlovina (Southwestern Ukraine), does not
allow correlation of the Upper Uryv sediments with
the Gelasian and should be attributed to the Piacen-
zian (Reshenie…, 2015). L.P. Alexandrova, N. A. Leb-
edeva, A.K. Agadjanian, and other researchers, on the
other hand, regard the Kotlovina fauna as a transi-
tional one from the Moldavian complex to the Khapry
complex, considering it to be the early phase of the
Khapry complex (Aleksandrova, 1976; Lebedeva,
1978). The latter viewpoint is supported by the presence
of progressive species, such as Villania petenyii
(Mehely.) (=Mimomys praehungaricus Schevtschenko)
and Mimomys ex gr. polonicus-pliocaenicus. Its relation
to the Khapry complex, correlated with the Middle Vil-
lafranchian of Western Europe, determines the pres-
ence of cement and low-cement forms in faunas, which
are not characteristic of the more ancient Moldavian
species (Lebedeva, 1978). Of the large animals in the
composition of the Khapry H fauna, along with ele-
phants, bulls, horses, and small camels, some members
of the Russilonian fauna were able to be preserved.

Eopleistocene (Calabrian), 1.806–0.781 Ma

Starting from 1.8 million years ago, the trend
toward cooling and the development of glaciations
strengthened. In Western Europe, glaciation corre-
sponding to the Eburonian occurred all over Scandi-
navia. In northern England, judging by the findings of
rocks debris of Scandinavian origin in the alluvium,
the glacier spread as far as the upper reaches of the
Thames River (Clark et al., 2004). In the Barents Sea
region, glaciers could have reached the edge of the
shelf (Vorren et al., 2011). In the ancient river valleys
of the northwestern regions of the East European
Plain, glacial till of pre-Cromerian age and intermo-
rainal sediments of the two moderate interglacials (Pai
and Svir’) were discovered (Problemy…, 2000). In the
Moscow region, near the town of Odintsovo (Fig. 8),
there was a till opened by boreholes below the Eopleis-
tocene Akulovo interglacial sediments, which are
believed to belong to the Lower Petropavlovka Hori-
zon (up to 2.0 m thick); the till was named Likovo
(Maudina et al., 1985). It is represented by black or
greenish dark gray loam with small pebbles and gravel
of pyroxenite, pink finely grained leucocratic granite,
hyperbasites of the Polar Urals, banded jasper, and
opal. The mineral composition corresponds to a dis-
thene-epidote-garnet-staurolite association with pre-
dominance of pyrite among opaque minerals (accord-
 Vol. 27  No. 4  2019
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ing to M.I. Maudina). The Likovo till is overlain by
fluvioglacial sands, correlated with the period of the
glacier regression; only a few pollen grains of Betula
nana and redeposited Mesozoic spores were found in
them. According to the spectral analysis, the overlying
oxbow sediments (gyttjas with interbeds of peat) 2.0 to
4.0 m in thickness differ from all other Quaternary
sediments of the Odintsovo stratigraphic region in
abnormally high contents of copper, molybdenum,
lead, tin, and manganese. According to paleomagnetic
data, they belong to the Upper Matuyama chron
(Semenov, 2011).

Palynological studies of boreholes 8, 12, 146 were
conducted by V.V. Pisareva and O.P. Kondratene; car-
pological studies were performed by F.Yu. Velichkevich
and T.V. Yakubovskaya. Paleobotanical analysis of the
three sections indicates the predominance of forest veg-
etation of rich floristic composition (Maudina et al.,
1985; Pisareva, 1997). In the development of vegetation,
the following three phases are distinguished (Fig. 9):

Phase 1 (depth 39.5–39.9 m): polydominant
coniferous and broad-leaved forests, with the pre-
dominance of oak; other species are linden, elm,
hornbeam, less commonly wingnut, walnut, chest-
nut, hop hornbeam, grapes, myrica, mulberry, and
eucommia. This part of the section contains highest
concentration of alder pollen. Among the conifers,
along with pine Pinus sect. Eupitys, there were Pinus
sect. Cembra, Pinus sect. Strobus, spruce, fir, larch,
and hemlock. Generally heat-loving f lora is com-
bined with the finds of water chestnut, salvinia, and
spores of Polystichum aculeatum (L.) Roth ex Mert.,
Onoclea sp., Adiantum sp., Osmunda cinnamomea (L.)
C. Presl., O. claytoniana L., and O. regalis L.

Phase 2 (38.6–39.5 m): mixed pine and birch for-
ests with oak, hornbeam, maple, and chestnut. This
phase is characterized by the predominance of pollen
of Scots pine and birch, as well as by a less diverse
composition of deciduous species and a reduced
amount of alder pollen.

Phase 3 (depth 37.8–38.6 m): recurring distribu-
tion of broad-leaved species with preservation of the
floristic composition described for the previous inter-
vals. Among macrofossils F.Yu. Velichkevich and
T.V. Yakubovskaia discovered Salvinia aphtosa Wiel-
iczk., Azolla interglacialis Nikit., Aracites johnstrupii
Nikit., and Pinus sect. Strobus. On the basis of paleo-
botanical and paleomagnetic data, Akulovo sediments
STRATIGRAPHY AND G
belong to the Petropavlovka Horizon and correlate
with the Leerdam interglacial of the Bavelian Stage in
Western Europe (Zagwijn, 1985).

The Akulovo interglacial may include also lacus-
trine and alluvial sediments near the village of
Karamyshevo, Ryazan oblast, which were revealed by
borehole 566 below the Don till (Grichuk, 1989; Iosi-
fova et al., 2006; Valuev et al., 1983). P.I. Dorofeev
determined extinct species with Pliocene bonds in these
sediments: Potamogeton cf. manshuriensis A. Benn.,
Nuphar cf. ovata Dorof., Carex paucifloroides var. min-
ima Dorof., Ranunculus sceleratoides Nikit., Azolla
interglacialica Nikit., Selaginella cf. helvetica, and oth-
ers. The pollen composition, along with the high con-
tent of pine pollen Pinus s/g Haploxylon, is distin-
guished by the presence of spruce, larch, and fir and
pollen of broad-leaved trees—oak, elm, linden, horn-
beam, walnut, and holly, not more than 20% in total.
Alluvium of the Pokrovka Formation belongs to the
time of the cooling in the basin of the Don.

Sediments from borehole 1028 drilled near the vil-
lage of Krasikovo of the Konakovsky district of the
Tver oblast, apparently, can be dated to the beginning
of the Cromerian of Western Europe (Shik et al., 2006).
The sediments were opened at a depth of 19.5 m under
three layers of till—Moscow, Oka, and Don—and are
represented by humified aleurites, loams, and clays
with the interbeds of peat and gittja. The f luvioglacial
sandy loams and sands lie below, and under them
there are the Jurassic clays. Lacustrine sediments,
according to V.V. Semenov, are normally magnetized
with intervals of reverse polarity in their lower and
upper parts. The spore and pollen diagram (Fig. 10)
reflects the development of the vegetation cover of the
whole interglacial. The following phases of vegetation
development are distinguished:

Phase 1 (42.2–42.7 m), dating to the cooling
period preceding the interglacial: birch forests;

Phase 2 (39.2–42.2 m): spruce and pine-birch for-
ests with larch, fir, hemlock, yew;

Phase 3 (37.5–39.2 m): the same forests as in the
second phase, but with a minor participation of oak
and elm;

Phase 4 (31.3–37.5 m): complex mixed forests that
grew during the climatic optimum of the interglacial.
Fir is typical of this time; among broad-leaved species
are oak and elm, less often, linden and hornbeam,
Fig. 8. Geological section of Quaternary sediments near the village of Akulovo (Moscow oblast, no. 5 in Fig. 2). Legend: (1) cover
loam; (2) loams; (3) gravel, pebbles, boulders; (4) sands; (5) peat; (6) gittja; (7) silt; (8) clay sands; (9) silty sands; (10) sandy
loam; (11) clay; (12) boulder loam; (13) buried soils; (14) plant macrofossils. prII–III—Middle to Upper Pleistocene covering
deposits; l,lgIIIv—lake and lacustrinoglacial deposits of the Valdai glaciation; lgIIms—lacustrinoglacial deposits of the Moscow
glaciation; fIIms—fluvioglacial deposits of the Moscow glaciation; gIIms—till of the Moscow glaciation; lgIIms1—lake deposits
of the onset of the Moscow glaciation; l,hImc—lake and lake-marsh deposits of the Muchkap interglacial; a,fI—alluvial and flu-
vioglacial deposits of the Lower Pleistocene; gIdns—till of the Don glaciation; gIst—till of the Setun’ glaciation; fIst1—fluviogla-
cial deposits of the onset of the Setun’ glaciation; a,lIak—alluvial and lake deposits of the Akulovo interglacial; fSIlk—fluviogla-
cial deposits of the Likovo glaciation retreat; gIlk—till of the Likovo glaciation; K1—Lower Cretaceous sediments.
EOLOGICAL CORRELATION  Vol. 27  No. 4  2019
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Fig. 10. Spore and pollen diagram of Upper Ilinsky deposits in borehole 1028 near the village of Krasikovo (Tver oblast; no. 7 in
Fig. 2). Palynological analysis by A.A. Danilina with the participation of V.V. Pisareva; paleomagnetic analysis by V.V. Semenov.
Legend: (1) sand; (2) gravel and pebbles; (3) sandy loam, aleurite; (4) loam rubbly; (5) loam lacustrine; (6) clay; (7) gittja;
(8) peat; (9) plant macrofossils; (10, 11) magnetic polarity: (10) normal, (11) reverse; gQIds—glacial deposits of the Don glacia-
tion; lQIil1—lacustrine deposits of the Ilinsky Horizon; J—Jurassic deposits.
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which become more frequent in the second half of the
optimum along with alder. Walnut and wingnut were
found in the plant formations; holly, dogwood, and
cepiferous and other bushes formed undergrowth; and
ferns of the genus Osmunda and forest species of moss
were in the grassy cover. Among aquatic plants, Sal-
vinia sp., Trapa sp., and Azolla interglacialica f lour-
ished.

Subsequent phases in the development of vegeta-
tion belong to the second half of the interglacial
period, when, owing to the beginning of cooling, the
most thermophilic species began to recede.

Phase 5 (30.5–31.3 m): domination of cedar forests
with an admixture of spruce and fir, as well as mixed
pine and birch forests;

Phase 6 (29.5–30.5 m): dark coniferous forests of
spruce and cedar;

Phase 7 (27.0–29.5 m), attributable to the end of
the interglacial: spruce-pine and pine-birch forests
alternating with open spaces;

Phase 8 (26.0–27.0 m), corresponding to the time
of substantial cooling: monodominant sparse birch
forests.

In general, the fossil f lora of the Krasikovo inter-
glacial is less diverse than that of the Akulovo. There is
no pine Pinus sect. Mirabilis encountered there; the
finds of Pinus sect. Strobus are very rare; pollen of
broad-leaved species is less diverse, among which pol-
len of the most thermophilic species—eukommia—is
not found. The Krasikovo flora is determined by the
significant participation of Pinus sect. Cembra in
combination with other conifers (Picea omoricoides,
fir, larch, hemlock, yew) and broad-leaved species.
The change of these phases has no analogs among the
vegetation cover of other warm rhythms and corre-
sponds to an independent interglacial which was
younger than Akulovo.

Outside the glacial area, there are two layers of the
red-colored soils of the Balashov soil complex, formed
under climate conditions close to subtropical, which
probably correspond to the Akulovo and Krasikovo
interglacials. Krasikov’s warming in Eastern Europe
corresponds to the beginning of the Cromerian Stage,
which lasts from 780 to 480 ka (Houmark-Nielsen,
2011) and is characterized by the alternation of signif-
icant warming and cooling periods (Iosifova et al.,
2006; Schick et al., 2006; Zagwijn, 1996).

The Matuyama/Brunhes reversal, known to corre-
spond to the bottom of the marine isotopic stage 19
with an age of about 780 ka, and in the loess soil sec-
tions of the East European platform positioned above
the Balashov soil complex, was used as the main refer-
ence for further chronostratigraphic reconstructions
(Velichko et al., 2002).
STRATIGRAPHY AND G
Early Neopleistocene (Ionium, including
the Cromerian and Elsterian of Western Europe)

The first cooling at the beginning of the Cromerian
and the glaciation of stage A in Western Europe cor-
relates with the advancement of the Setun’ ice sheet
along the Setun’ River in the Moscow region to the
East European Plain. The till of that ice sheet is traced
from the Moscow region to the northern outskirts of
Tula oblast (Schick, 1993). In the boreholes drilled
near the village of Akulovo, it overlies the Akulovo
interglacial deposits and is represented by massive
brownish and greenish dark gray loams with fragments
of Ladoga rapakivi, Shoksha sandstones, and biotite
gneisses (after M.I. Maudina and A.Gaygalas). Accord-
ing to L.T. Semenenko, an amphibole-epidote-gar-
net-zircon association of heavy fraction minerals is
characteristic of that till. The till thickness is on aver-
age 5–10 m, increasing in hollows of glacial plowing to
40 m. The analysis of detrital material inferred that the
ice of the Setun’ glaciation advanced into the Don basin
from Scandinavia (Schick, 1993). In subaerial deposits,
the Setun’ cryochrone corresponds to the Bobrov loess.

The sediments of the Okatovo interglacial, which
began after the Setun’ glaciation, were first identified
below the Don till in the sections near the village of
Okatovo, 4.0 km east of the Vnukovo railway station in
the Western Moscow region (Fursikova et al., 1992)
and in the area of   the Skhodnya station. Flora of Oka-
tovo is by all means poorer than that of Akulovo and
Krasikovo. Pinus sect. Cembra and P. sect. Strobus are
less common; P. sect. Mirabilis and Tsuga are absent.
At the beginning of the interglacial optimum, oak, elm,
and linden with hazelnut and alder as undergrowth
occurred; later, maple, ash, hornbeam, zelkova, wal-
nut, wingnut, chestnut, cornel, honeysuckle, wild
grapes, myrica, and green alder (Alnus viridis (Chaix)
DC) propagated. According to the participation of the
North American, East Asian, and Balkan-Colchian
elements, making up in total 13%, and of extinct spe-
cies (7%), the Okatovo f lora is similar to the f lora of
the section near the village of Moiseevo, Tambov
oblast, which Dorofeev (1979a) believed to be close to
the Cromerian of England. The fauna of small mam-
mals in the Moiseevo section was attributed by
A.K. Agadjanian to the Tiraspol complex (Krasnen-
kov et al., 1981). In the periglacial zone, the soil of the
Rzhaksinsky stratum, corresponding to the age of the
Okatovo interglacial, is similar to prairie soils, while
the more ancient, Balashov, soil is related to the
humid subtropics (Velichko et al., 2012).

A severe cooling in the Middle Cromerian led to
the development of maximum Don glaciation, cor-
related with the Cromerian glacial B. Its age is deter-
mined by the findings of the Late Tiraspol fossil fauna
in the layers above and below the till (Agadjanian,
1986; Krasnenkov et al., 1997; Markova, 1982; Voz-
rast..., 1980) and confirmed by a detailed study of loess
and soils. In the Moscow region, the bulk of larger
EOLOGICAL CORRELATION  Vol. 27  No. 4  2019
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fragments are sedimentary rocks (limestones and
dolomites of the Upper Carboniferous). There is also
a lot of siderite debris. Erratic material is represented
mainly by gray granites, metamorphic rocks, and
quartzite-like sandstones. The presence of numerous
detached fragments of Okatovo sediments in the till in
the sections of the Moscow region, the Ivanovo
region, and the upper reaches of Dnieper indicates an
extensive exaration effect of the Don ice sheet on the
underlying rocks.

Sediments related to the regression of the Don gla-
ciation were investigated in the basin of the Don River.
They were opened by the borehole drilled near the vil-
lage of Nikolskoye (formerly Demshinsk of Lipetsk
oblast) above the Don till and under the sediments of
the Muchkap interglacial and are represented by 8.6 m
of lacustroglacial loams (Iosifova et al., 2006; Pisareva
and Zyuganova, 2005; Turner et al., 2003). The lower
part of the spore and pollen diagram (Fig. 11) gives an
idea of   the changes in the landscape during the regres-
sion. The vegetation in the basin of Don at that time
was essentially periglacial: first, a steppe with a preva-
lence of wormwood and pigweed associations (paly-
nocomplex 1); later, during interstadial warming, for-
est steppe (palynocomplex 2). The glacial period
ends with the spread of periglacial steppe vegetation
with participation of meadow associations (palyno-
complex 3). Throughout the late glacial, wormwood
and pigweeds played a significant role in the land-
scape. Among the latter, there are species that are now
growing in a continental climate: Polycnemum arvense,
Dysphania botrys (L.) Mosyakin et Clemants, Kra-
scheninnikovia ceratoides (L.) Gueldenst., Kochia pros-
trata, Suaeda sp., and other xerophytes: Ephedra sp.,
Helianthemum sp., Plumbaginaceae, Saxifragaceae.
Such species as Artemisia vulgaris L., Plantago lanceo-
lata L., Arctium sp., and Echinops sp. grew on dis-
turbed substrates.

Transition to the interglacial (palynocomplex 4) is
marked by emergence of oak and elm in the forest for-
mations. During the first (Glazovo) optimum (paly-
nocomplexes 5 and 6), polydominant broad-leaved
and coniferous–broad-leaved forests expanded. Coni-
fers were represented by Picea sect. Omorica, Pinus
sect. Strobus, P. sect Cembra, Larix sp., and Abies alba
Mill.; broad-leaved species were represented by oak,
elm, hackberry, linden, maple, chestnut, wingnut; and
the undergrowth was represented by hazel, privet, hop,
and myrica. The subsequent change in the natural
environment was cooling and aridization of the cli-
mate. Open landscapes became dominant (palyno-
complexes 7 and 8). During the second climatic opti-
mum, Konahovka (palynocomplex 9), mixed conifer-
ous and broad-leaved forests, with participation of
hornbeam, spread again. At the end of the interglacial
(palynocomplex 10), owing to the climate cooling,
they were replaced by forests of pine and birch with
Betula nana and B. humilis. The list of macroscopic
fossils is dominated by aquatic, marsh, and meadow
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
grassy plants, among which there are species that are
now common in East Asia (Ussuriysk region, Man-
churia, Korea, Japan) and extinct species inherited
from the Pliocene: Azolla interglacialica, Salvinia
interglacialis Dorof., Alisma minimum (Nikit.) Dorof.,
Stratiotes intermedius (Hartz.) Chandl., Myriophyllum
pseudoussuriensis Dorof., Betula diluviana Dorof., etc.
(Dorofeev, 1992; Zyuganov, 2004). Overlying lacus-
trine sediments with buried soils belong to the Middle
Neopleistocene.

The Demshinsk section correlates with other
Muchkap sections of the Don basin dated by the
Tiraspol fauna of small mammals. It also reveals a
close resemblance to the sections of the Yaroslavl
interglacial area of the Moscow region (Maudina
et al., 1985) and Smolensk oblast (Iosifova et al., 2006;
Schick et al., 2006) and the Cromerian section of Fer-
dinanduv in Poland (Janczyk-Kopikova, 1975). Both
climatic optima expressed in the spore and pollen dia-
gram of the Demshinsk section probably correspond
to the interglacial III of the Cromerian. A small
amount of hornbeam pollen in the Konakhovka opti-
mum is explained by its location in the steppe zone.

The analog of the terminal Cromerian—intergla-
cial IV—is most likely the Ikorets interglacial. It was
distinguished in the course of studying the sections of
Voronezh oblast, namely, Ikorets quarry and Mastyu-
zhenka gully (20 km northeast of the town of Liski, in
the basin of the Ikorets River, a tributary of the Don),
and the section near the Shekhman township on the
Matyra River in Tambov oblast, 50 km south of the
town of Michurinsk (Agadjanian et al., 2009; Iosifova
et al., 2009; Krasnenkov and Kazantseva, 1993). In
the Mastyuzhenka section, the alluvial bone bed is
separated from the Inzhavinskaya (Likhvinskaya) bur-
ied soil by sediments with the traces of permafrost
deformations. The determination of bones enabled
A.K. Agadzhanyan to find the missing link in the devel-
opment of the fauna between the Tiraspol Mimomys and
the Singilian Arvicula. According to A.K. Aghadzha-
nian, the change of faunas could have occurred before
the onset of the Oka glaciation, during the final stage
of the Cromerian, corresponding to MIS13 (Aghadzha-
nyan et al., 2009). The paleobotanical data for the Iko-
rets sediments of the Don basin have not yet been
obtained, but the composition of the fauna suggests a
warm moderately humid climate.

In the glacial area, sediments coeval with the Iko-
rets sediments may be those found in the Smolensky
Brod tract on the Western Dvina River near the village
of Yakhny, in the Velizhsky district of the Smolensk
oblast, where Arvicula is more archaic than the one
found in the the Likhvinskaya (Motuzko, 1985). Paly-
nological studies of this section in different years were
conducted by N.A. Makhnach, T.B. Rylovoy,
Ya.K. Elovicheva, V.V. Pisareva, and others, and car-
pological studies were performed by F.Yu. Velichkev-
ich and T.V. Yakubovskaya (Kozlov et al., 2011; Shik
 Vol. 27  No. 4  2019
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and Yakubovskaya, 2016; Wozniachuk and Sanko,
1981). These studies have indicated that the sediments
of Smolensky Brod are older than those of Likh-
vinskaya but younger than Muchkap judging by the
composition of the fossil f lora.

During the climatic optimum in the Dnieper bank
near Smolensk, there were polydominant broad-
leaved forests of oak, elm, linden, maple, hackberry,
zelkova, and ash, dominated by hornbeam in the sec-
ond half of the optimum. The presence of single pollen
grains of wingnut, beech, and mulberry, as well as of
myrica, ivy, and grapes, was revealed by a new study of
this section conducted by V.V. Pisareva. The indepen-
dence of this interglacial was proved by the fact that it
was preceded by a significant cooling, characterized by
periglacial vegetation.

Outside the glacial area, the second half of the
Early Neopleistocene corresponds to the Voronskii
polygenetic soil complex, studied in a number of refer-
ence sections near the Don and Dnieper. In the cen-
tral regions of the East European Plain (Strelitsa,
Korostelevo, and other sections), it is represented by at
least two independent layers of paleosoil. During the
early stage of development, the soil cover was cherno-
zem-like prairie and meadow soils. A contrasting
combination of chernozem-like and brown and in
more southern areas reddish brown soils was predom-
inant at the final stage (Velichko et al., 1992). The
attribution of the Voronskii soil complex to the Early
Pleistocene was justified by the presence of the Late
Tiraspol fauna (Agadjanian, 1992; Agadjanian and
Glushankova, 1987; Markova, 1982).

The Early Neopleistocene, according to the strati-
graphic scale adopted in Russia, is concluded by the
Oka glaciation, which is comparable to the Elsterian
glaciation in Western Europe. It was assumed that it
reached the basin of Oka River; however, the question
of its borders remains controversial, since the Oka gla-
cial sediments were in places destroyed by the exara-
tion of younger ice sheets. Judging by the orientation
of detrital material, the ice on the East European Plain
moved from the north in the meridional direction. In
the western regions, in the Baltic region, till of the Oka
glaciation contains fragments of rock from the Aland
Islands, from central Sweden, and from the bottom of
the Baltic Sea. The stratigraphic position of the Oka
till in the basins of Upper Volga and Upper Dnieper
and in northern Moscow region is determined by its
occurrence under the Likhvin lake deposits associated
with it by a gradual transition.

The petrographic composition of the till within this
territory is characterized by the presence of nepheline
syenites of the Kola Peninsula and clay-amphibole
schists of the Onega Bay (Shik and Biryukov, 1989).
The glacial conditions of the Oka time are reflected in
the lemming fauna of rodents found on the Oka-Don
Plain in fluvioglacial sediments correlated with the till
(Agadjanian and Glushankova, 1987) and in the species
STRATIGRAPHY AND GEOLOGICAL CORRELATION 
Dicrostonyx simplicior okaensis Alex. from the sands
opened below the Likhvin sediments near the town of
Chekalin (Aleksandrova, 1982).

The outcrop near the village of Narovatovo on the
Moksha River can serve as a representative section for
the Oka till (Runkov et al., 1993), where it lies below
the buried Likhvin soil. In the boreholes by   the town of
Lukoyanov, the Oka till overlies the lake deposits of
the Early Pleistocene (Pisareva, 1992). These data
suggest that the Oka ice sheet reached the city of
Arzamas in the Nizhny Novgorod region, i.e., much
farther south than was previously thought.

In the basin of the Tesha River, interstadial sedi-
ments were identified between the two layers of till of
the Oka glaciation, which are comparable with one of
the horizons of the Venedskaya Formation. According
to the palynological data, there was a periglacial type of
vegetation during relative warming with a predomi-
nance of the flora typical of northern taiga with partici-
pation of Selaginella selaginoides, Betula nana, B. humi-
lis, and Azolla interglacialica. In the cold intervals of the
Venedskaya interstadial, there were periglacial steppes
in the basin of Kama River (Ananova, 1959).

CONCLUSIONS

On the basis of paleobotanical studies, a change of
vegetation from the Late Pliocene—the Early Akcha-
gyl to the end of the Early Neopleistocene—was
traced. A noticeable cooling of the climate was associ-
ated with the Early Akchagyl, when many plants
inhabiting the areas with subtropical and mildly warm
climate vanished from the f lora. Development of the
small Akchagyl transgression and the f looding of the
river valleys f lowing into the Caspian basin dates back
to this time. A more significant cooling was estab-
lished at the beginning of the Middle Akchagyl—
approximately at the boundary of the Matuyama and
Gauss chrons. The decrease in global temperature at the
beginning of the Paleopleistocene (Gelasian) led to the
development of continental glaciation in Scandinavia.
The change of vegetation from zonal to hyperzonal is
associated with this time. There was a degradation of
forest vegetation in the northwest of Eastern Europe. In
the basins of the Kama and the Upper and Middle
Volga, forests were close in composition to the northern
taiga; in the Lower Volga and Caspian regions, there
were islands of pine, spruce, and birch forests. The
maximum transgression of Caspian Sea was associated
with the pluvial phase of the Middle Akchagyl.

The next cooling, less pronounced compared to the
previous one, belongs to the Late Akchagyl. On a
paleomagnetic scale, it corresponds to the base of the
Olduvai subchron. This cooling was replaced by
warming, corresponding to the Tiglian of Western
Europe. As in Western Europe, it was interrupted by
intervals with a decreased heat supply. According to
 Vol. 27  No. 4  2019
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the study of the sections in the basin of Don, there
were at least two of them.

In the interval of 1.8–0.4 Ma, seven interglacial
warmings alternating with cooling periods were distin-
guished. The warmings varied in the composition and
the nature of the fossil f lora. The glacial rank of some
of the colder intervals requires additional investiga-
tion. It is also necessary to study the correlation of sed-
iments from the glacial and periglacial zones.

The most noticeable episodes of fossil f lora deple-
tion, as already noted by previous researchers, were
detected at the beginning of the Early Akchagyl, at the
turn of the Early and Middle Akchagyl, and about
1.8 million years ago. The new materials we received
confirm this conclusion. Changes in vegetation within
the northwestern and central regions of Eastern
Europe indicate that, starting from 2.58 million years
ago, a trend toward global cooling was manifested.
However, both the frequency of climate f luctuations
and their intensity increased.
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