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Complex biostratigraphical methods and radiocarbon dates were used to reconstruct the Middle (late
Middle Pleistocene) and Late Neopleistocene (Late Pleistocene) palaeoenvironments covering the
Palaeolithic period in the western foreland of the Urals. The Gornovo Palaeolithic settlement is located on
the lowest terrace of the Belaya River. From the base to the top, this terrace consists of fluvial and
lacustrine deposits of the Belaya horizon (Middle Neopleistocene; 427e364 ka), alluvial and lacustrine
deposits of the Larevka horizon (Middle Neopleistocene; 364e334 ka), fluvial and lacustrine deposits of
the Tabulda horizon (Late Neopleistocene; 57e24 ka), water-slope deposits of the Kudashevo horizon
(Late Neopleistocene; 24e11 ka) and chernozem soil of the Holocene. The small and large mammals,
insects, molluscs, and ostracods discovered in the deposits complete the palaeoecological characteristics
of these periods. A diverse herbaceous steppe vegetation dominated during the Belaya Interglacial (a
mixed coniferous forests with broad-leaved trees occurred in wet areas). The ostracoda species clearly
indicate a cooling at the end of this time span. Molluscs inhabited the rivers and shores of freshwater
ponds. The large mammals belong to the Middle Pleistocene fauna complex. During Larevka time span
vegetation and fauna indicate cold climate conditions. The cold steppe communities typical of the
beginning of this period changed gradually into communities that show an increasing role of the taiga.
The ostracoda species confirm these cold conditions. Forest-steppe landscapes dominated during the
second part of the Tabulda time span. Numerous ostracods as well as molluscs populated the lakes and
floodplain basins. Entomological data show that the palaeoenvironment conditions were somewhat
cooler than modern environment existing in the Southern Ural foreland. The large mammals of the
Gornovo site belong to the Late Palaeolithic complex with the specific presence of Camelus sp. The
Gornovo forest-steppe small mammalian fauna developed in cool continental climate conditions when
coniferous forests grew in the river valleys and when forest-steppe landscapes dominated in the water
interfluves. The artefacts are characteristic of the beginning of the Late Palaeolithic (32e24 ka). The
Kudashevo time is correlated with the late Valdai (late Late Pleistocene; 24e11 ka). The herbage-Arte-
misia-Chenopodiaceae grassland-steppe association covered most of the territory and a Picea forest with
Betula and a small quantity of broad-leaved trees grew in wet depressions. The climate at the end of this
period became colder. Freshwater and terrestrial molluscs were represented by rare widespread species
while the ostracoda species indicate cold conditions.
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1. Introduction

The Palaeolithic settlement of Gornovo is located on the left
bank of the Belaya River, 1 km upstream from the village of
Gornovo (Bashkortostan Republic, Russia) (54�54027.3000N,
55�52048.2600E) (Fig. 1). The studied area is situated at the
eastern border of the Russian platform and of the Fore-Uralian
depression. Nowadays, it represents the southeastern part of
the Eastern European Plain. The settlement and the lower reach
of the river valley are “by means of geomorphology” located in
the Kama-Belaya low plain, surrounded by the Bugulma-Belebei
Highland in the west, the Obzhyi Syrt Highland in the south, the
Southern Uralian mountains in the east and the Ufimian Plateau
at the north and northeastern sides. The lower reaches of the
Belaya River and its tributaries cut across Permian sedimentary
rocks. The relief of the high banks of the Belaya River valley
reaches 160e200 m above the sea level. While the uppermost
third terrace is ascribed to the late Middle Neopleistocene, the
intermediate and lowermost are dated to the Late Neo-
pleistocene and Holocene. Middle and Late Neopleistocene de-
Fig. 1. (A) General scheme of the territory, (B) topographic map with Palaeolithic sites o
location of the Gornovo site. Legend for the map (B): IeIV: I e South-East of the Russian
Bugulma-Belebei Highland, Obshyi Syrt Highland (eastern part); 2 e Ik and Dema (upstre
e Belaya River Basin between Ufa town and the river mouth; 5 e High right bank of
Krasnoufimsk city and the river mouth); 6b ewestern slope of the Ufimian Plateau; 7 e

right and left banks of the river) (55�e53� N); 9 e Sakmara and Ural Rivers Bassin (53�e
upstream of the Belaya River and the Nizhnebikkuzino village); 12 e Interfluves; 13 e

town); 14 e Interfluves. Palaeolithic sites of the Southern Urals region: 1 e Gornovo, 2
cave, 6 e Ignatievskaya cave, 7 e Shulgan-Tash (Kapova) cave, 8 e Smelovskaya 2 cave, 9
2 cave, 13 e Sikiyaz-Tamak 7, 9, 14 e Nikol'skaya cave, 15 e Ust'-Katavskaya cave, 16 e
posits result from fluvial, water slope sedimentations and soil
are widespread in the southern forelands of the Ural mountains.
These deposits can be only well dated if the alluvial terrace
deposits contain plant and animal remains and archaeological
artifacts.

There are more than 15 Palaeolithic sites in the Southern Urals
region, and most of them are located in the mountain area, espe-
cially in karst cavities. In the lowlands, Palaeolithic sites are
extremely rare. The Gornovo settlement is one of the two unique
sites located in the middle part of the first overflood plain (lowest)
terrace.

The Palaeolithic site near the small village of Gornovo was
discovered by A.P. Shokurov who carried out the archaeological
investigations in the valley of the Belaya River in 1959. He found,
below 13 m of “reddish” loams, a horizon of grey loams with
large mammal remains and two stone artefacts exposed along
the river over a length of 100 m. Later in 1959, the locality was
investigated and described by the archaeologist O.N. Bader and
the stratigrapher V.L. Yakchemovich (Shokurov and Bader, 1960).
In 1983e1987 scientists of the Institute of Archaeology (St.
f the Southern Urals and (C, D) Google maps of the investigated area showing the
platform; II e Fore-Uralian; III e Uralian; IV e Trans-Uraltau; 1e11 e regions: 1 e

ams) Rivers Basin; 3 e High left bank of the Belaya River (Syun’ and Baza Rivers); 4
the Belaya River (Bui and Bystryi Tanyp Rivers); 6a e Ufa River Bassin (between
Yuryuzan and Ai Rivers Bassin (56�e55� N); 8 e Belaya River Bassin (including high
52� 300 N); 10 e Interfluves; 11 e Belaya River Bassin with tributaries (between the
Ui, Sakmara, Ural Rivers Bassin (from the upstream of these rivers to Kuvandyk
e Bajslan-Tash cave, 3 e Maksyutovsky grotto, 4 e Balatukay, 5 e Serpievskaya 2
e Zapovednaya cave, 10 e Novobelokatai, 11 e Asha 1 cave, 12 e Muradymovskaya
Prizhim 2 cave, 17 e Syrtinskaya, 18 e Ustinovo, 19 e Kuljurt-Tamak.
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Petersburg; T.I. Sherbakova) and from the Institute of Geology
(Ufa; V.L. Yakchemovich, G.A. Danukalova and A.G. Yakovlev) of
the Russian academy of sciences re-started the investigations of
the Gornovo sections. In 2004, E.M. Osipova additionally
sampled for the malacological study.

Preliminary information on the archaeological and bio-
stratigraphical data were first presented at conferences and pub-
lished in small separate reviews (Yakhemovich, 1965; Sherbakova,
1984; Khabibullina, 1986; Yakhemovich et al., 1987; Popova-
Lvova, 1988; Danukalova et al., 2000, 2002). The detailed results
of the various biostratigraphical investigations of the Gornovo site
which were obtained during the 30 last years will be summarized
in this paper.

2. Materials and methods

The Quaternary deposits of the first overflood plain terrace
(Gornovo I and III sections) of the Belaya River valley and of the
archaeological excavation (Gornovo II section) were described and
sampled during 1983e1987 and 2004 field work. Excavations and
sampling for palaeocarpological, palynological, fauna and radio-
carbon investigations were made according to standard methods
(Grichuk and Zaklinskaya, 1948; Pokrovskaya, 1950, 1955; Gromov,
1955; Arslanov, 1987).

For radiocarbon dating, we used the liquid scintillation method
described in Arslanov et al. (1993). Benzene was synthesized from
organic samples and activity of radiocarbon was measured using
liquid scintillation spectrometer. The collagen was obtained from
bone sample and purified according method described in Arslanov
and Svezhentsev (1993).

A total of 153 samples were palaeomagnetically studied. The
distance between the samples was 15e20 cm. In the Gornovo I
section, the thickness of studied deposits was 16 m. The palae-
omagnetic samples were taken from the Holocene soil and the
Kudashevo loams. A total of 63 stratigraphical levels were inves-
tigated. The samples were examined temporally and by heating up
to 200 �C. In the Gornovo II section, the total thickness of the
studied deposits is 10 m. Pleistocene deposits from Belaya to
Kudashevo Horizon are present in the section. Sixty stratigraphical
levels were investigated. In the Gornovo III section, the total
thickness of deposits was nearly 5.5 m, and 33 stratigraphical
levels of Belaya, Larevka and Kudashevo deposits were
investigated.

The sediment was taken from the excavation profiles in ver-
tical increments of 10e20 cm and each sample was subdivided
into two groups for palynological and faunal investigations. A
total of 205 samples (200 g each) for microfaunistical in-
vestigations were washed using sieves of 0.005 mm (Kaplin,
1987).

The traditional methods of dispersal of sediments in water,
using sieves with a mesh size of 0.5e1.0 mm were used to
recover the molluscan and small-mammal remains (Gromov,
1948; Zhadyn, 1952; Steklov, 1966; Guslitcer, 1979; Sinitskikh,
1982; Kaplin, 1987). At the beginning, small mammalian bones
were collected from the upper part of the Tabulda Horizon
(Gornovo II, layer 3). During later excavations, a layer of greyish-
brown silt was separated from the grey clay additionally (Gor-
novo IIa, layer 2) and these two layers were sampled separately.
Preservation of bone remains and species composition of these
two faunas are practically similar. In total, 225 L of sediment
from the Belaya Horizon (Gornovo III, layer 5), 3360 L of
sediment from the Tabulda Horizon (Gornovo II and IIa, layers 2
and 3), 970 L of sediment from the Tabulda Horizon (Gornovo II,
layer 3), and 620 L of sediment from the Tabulda Horizon
(Gornovo IIa, layer 2) were seived. Additionally, separate
molluscan samples were taken from the Belaya Horizon deposits
(Gornovo III, layer 4; Gornovo II, layer 6), Tabulda Horizon
(Gornovo II, layers 2 and 3; Gornovo I, layer 7), Kudashevo Ho-
rizon (Gornovo I, layers 2, 5, 6; Gornovo II, layer 10). The volume
of each sample was 10 L. Large mammalian material was
collected during the archaeological work from the cultural layer
of the Gornovo II excavation and on the surface of the Belaya
Horizon deposits after spring and autumn flooding.

For each sample, the quantity of pollen and spores is given in the
pollen diagrams as: “Total sum of SP grains in sample”. The base of
the calculation of the percentages for the various taxa is the sum of
all the grains of pollen and spores (100%) found in the sample.
Spore and pollen analysis was made for deposits of different
genesis.

Species determination was done following Gromov and
Baranova (1981), Gromov and Erbaeva (1995), Zhadyn (1952),
Logvinenko and Starobogatov (1968), Likharev and Rammelmeier
(1952), Shileyko (1978, 1984), Shileyko and Likharev (1986),
Kerney and Cameron (1999), Nederlandse Fauna 2 (1998), Gl€oer
(2002), Sysoev and Shileyko (2009), Khokhutkin et al. (2009),
Birshtein et al. (1968), Gladkova et al. (1950), Andreeva et al.
(1966a,b), Grichuk and Monoszon (1971), Kupriyanova and
Aleshina (1972, 1978), and Bobrov et al. (1983), as well as a refer-
ence collection of spores and pollen of the Institute of Geology
Ufimian scientific centre Russian academy of sciences (Ufa). For the
malacological taxonomical nomenclature, we used Falkner et al.
(2002). For the determination of subfossil insect remains, we
used collections of modern insects from Institute of Plant and An-
imal Ecology of the Uralian Branch of RAS (Ekaterinburg); data of
modern insect distribution were given according to Kryzhanovskij
et al. (1995).

The large mammal remains have been identified by B.S. Koz-
hamkulova (Alma-Ata), E.A. Vangengeim (Moscow); the small
mammals by A.G. Yakovlev (Ufa), the molluscs by G.A. Danukalova
and E.M. Osipova (Ufa); the insects by E.V. Zinovyev (Ekaterinburg);
the ostracods byM.G. Popova-Lvova (Ufa), pollen and spores by V.K.
Nemkova, L.I. Alimbekova and summarized by R.G. Kurmanov (Ufa)
and carpological remains by P.I. Dorofeev (St. Petersburg). Palae-
omagnetic investigations were obtained by F.I. Suleimanova and I.V.
Gleizer (Ufa). Radiocarbon dates were obtained by the Institute of
Geology USC RAS, Heidelberg Geochronological laboratory, and
Laboratory of Geochronology of St. Petersburg University. The
palaeontological collections are kept at the Institute of Geology USC
RAS (Ufa) and at the Institute of Ecology of Plants and Animals UB
RAS (Ekaterinburg). The shells of molluscs were photographed at
the laboratory of Arch�eosciences of the University of Rennes 1
(Rennes) on a stereomicroscope Leica M205С with a camera Leica
DFC295 and at the Institute of Molecules and Crystals Physics USC
RAS (Ufa) at the Stereomicroscope Stemi 2000C with camera Axi-
oCam HRc.

The authors use the general stratigraphic divisions of
the Russian stratigraphic scale (Zhamoida et al., 2006). Local
stratigraphic subdivisions for the Southern Urals region are
given according to Danukalova (2007, 2010) as well as the
stratigraphic scheme of the MiddleeUpper Neopleistocene of
the Southern Fore-Urals and correlation with other regions
(Table 1).



Ta
b
le

1
St
ra
ti
gr
ap

h
ic
al

p
os
it
io
n
of

th
e
st
u
d
ie
d
d
ep

os
it
s
of

G
or
n
ov

o
(R
u
ss
ia
)
an

d
co

rr
el
at
io
n
be

tw
ee

n
th
e
M
id
d
le

an
d
U
p
p
er

Pl
ei
st
oc

en
e
su

bd
iv
is
io
n
s
of

th
e
Fo

re
-U

ra
ls
,W

es
te
rn

Eu
ro
p
e
an

d
th
e
C
en

tr
al

Eu
ro
p
ea

n
p
ar
t
of

R
us

si
a.

G
lo
ba

l
Q
u
at
er
n
ar
y
sc
h
em

e
(G

ib
ba

rd
an

d
C
oh

en
,2

00
8)

M
ar
in
e
Is
ot
op

e
st
ag

es
Li
si
ec
ki

an
d
R
ay

m
o
(2
00

5)

G
en

er
al

st
ra
ti
gr
ap

h
ic

sc
h
em

e
of

R
u
ss
ia

(Z
h
am

oi
d
a
et

al
.,
20

06
)

So
u
th
er
n
Fo

re
-U

ra
ls

(D
an

u
ka

lo
va

,
20

10
)

Eu
ro
p
ea

n
p
ar
t
of

R
u
ss
ia

Sh
ik

(2
01

4)
W

es
t
Eu

ro
p
ea

n
st
ra
ti
gr
ap

h
ic

d
iv
is
io
n
s
(T
h
e
N
et
h
er
la
n
d
s)
/M

a
(Z
ag

w
ij
n
,1

99
6;

Tu
rn

er
,1

99
8)

Sy
st
em

Se
ri
es

Su
bs

er
ie
s,
st
ag

es
Li
n
k

Su
p
er
h
or
iz
on

H
or
iz
on

Su
bh

or
iz
on

Su
p
er
h
or
iz
on

H
or
iz
on

Su
bh

or
iz
on

Q
u
at
er
n
ar
y

H
ol
oc

en
e

U
p
p
er

1
H
ol
oc

en
e

U
p
p
er

A
gi
d
el

U
p
p
er

Sh
u
va

lo
vo

U
p
p
er

H
ol
oc

en
e

U
p
p
er

M
id
d
le

M
id
d
le

M
id
d
le

M
id
d
le

M
id
d
le

Lo
w
er

Lo
w
er

Lo
w
er

Lo
w
er

0.
01

Lo
w
er

Pl
ei
st
oc

en
e

U
p
p
er

2
N
eo

p
le
is
to
ce
n
e

U
p
p
er

V
al
d
ai

K
u
d
as
h
ev

o
V
al
d
ai

O
st
as
h
ko

vo
W

ei
ch

se
lia

n
U
p
p
er

3
Ta

bu
ld
a

Le
n
in
gr
ad

M
id
d
le

4
Sa

ig
at
ka

K
al
in
in

Lo
w
er

5a
-d

K
u
sh

n
ar
en

ko
vo

C
h
er
m
en

in
o

5e
M
ik
u
lin

o
0.
12

7
Ee

m
ia
n

M
id
d
le

6
M
id
d
le

M
id
d
le

R
u
ss
ia
n

El
ov

ka
M
id
d
le

R
u
ss
ia
n

M
os
co

w
Sa

al
ia
n

D
re
n
th
e
gl
ac
ia
ti
on

C
ol
d
In
te
rv
al

w
it
h
p
er
m
af
ro
st

7
K
lim

ov
ka

G
or
ky

B
an

te
ga

in
te
rs
ta
d
ia
l

8
V
ol
og

d
a

C
ol
d
In
te
rv
al

9
C
h
ek

al
in

H
oo

ge
ve

en
In
te
rs
ta
d
ia
l

10
La
re
vk

a
K
al
u
ga

C
ol
d
in
te
rv
al

w
it
h
p
er
m
af
ro
st

11
B
el
ay

a
Li
kh

vi
n

0.
43

H
ol
st
ei
n
ia
n
In
te
rg
la
ci
al

12
Lo

w
er

C
h
u
so
vs
ko

i
O
ka

El
st
er
ia
n

Sa
m
p
le
d
in
te
rv
al

in
G
or
n
ov

o
si
te
s
is

in
d
ic
at
ed

by
co

lo
r
in

th
is

ta
bl
e.

G. Danukalova et al. / Quaternary International 420 (2016) 24e46 27
3. Stratigraphy

The top of the terrace is approximately at 94.3 m above sea level
and its base is at 78.9 m. The total thickness of terrace deposits is
15.4 m (Fig. 2). The stratigraphic description of the full section of
the Gornovo IeIII is given in Danukalova et al. (2002). In-
vestigations are based on the stratigraphical principals given by
Danukalova (2010). The description of the Middle and Late Neo-
pleistocene deposits is briefly given below.
3.1. Gornovo I section (Fig. 3)

The following layers occur starting with lowermost layer of the
terrace; they are shown in the excavation 1.

Upper Neopleistocene
Tabulda Horizon is represented by floodplain facies of the alluvial

deposits which consist of 7) dark grey clay with organic remains and
numerous mollusc shells. The excavated thickness is 0.6 m.

Kudashevo Horizon is presented by periglacial deposits which
consist of 6) Bluish-brown claywith iron-staining and the erosional
lower boundary of the layer (thickness is 0.3 m); 5) Brown dense
loam with interbeds of bluish-grey clay, with pebbles and yellow
sandy interbeds in the lower part of the layer (thickness is 3.1 m); 4)
Light brown massive loamwith numerous interbeds of bluish-grey
clay (thickness 8 m); 3) Brown loess-like unconsolidated loamwith
columnar jointing (thickness 3.4 m); 2) Light brown dense loam
with humus in the upper part, with burrows (thickness 0.6 m).

Holocene
Agidel Horizon is presented by 1) Soil (chernozem) fine blocky,

perforated by plant roots and burrows (thickness 0.8 m).
3.2. Gornovo II section (Fig. 3)

The following layers occur starting from the lowermost layer of
the archaeological excavation up to the lowermost layer of the
excavation 1 (Gornovo I section).

Middle Neopleistocene
Belaya Horizon is presented by alluvial deposits, which consist

of 6) Brownish-grey fine sand with pebbles, plant remains and rare
molluscs (thickness 2.5 m).

Larevka Horizon is presented by alluvial, lacustrine periglacial
deposits, which consist of 5) Brown dark grey silty clay with pebbles
andsandy interbedsand tracesof frost penetration (thickness 2.2m);
4) Alternation of light brown loamswith thin interbeds (thickness is
1e3 cm) of reddish-brown andbluish-brown clays and light greyish-
brown fine grained thin, cross and horizontally bedded sands. The
upper boundaryof the sandy interbeds is undulating (thickness 1m).

Erosional base/Sedimentary break.
Upper Neopleistocene
Tabulda Horizon is presented by floodplain facies of the alluvial

deposits which consist of 3) Dark bluish-grey lacustrine silty loam
with molluscs shells and mammals remains (thickness 2 m); 2)
Bluish-grey thin-bedded silty loam with stumps and roots of Picea
sp. The lower boundary of the layer is erosional (thickness 0.65 m).
Greyish-brown clayey silt occur in erosional pockets between
layers 2 and 3 (Gornovo IIa). Eight stone Upper Palaeolithic im-
plements and bone remains of large and the small mammals were
collected from these sediments.

Kudashevo Horizon is presented by lacustrine and alluvial per-
iglacial deposits which consist of 1) Brown dense loam with a lens
of gravels and sand and with interbeds of bluish-grey clay and with
mollusc shells (thickness 0.85 m).



Fig. 2. Field excavations in theBelaya river valley (PhotoT.I. Sherbakova):A) locationof the studied sections; B) excavationof the layerwithbones andartifacts; C) Loamwith stumps and
roots of Picea sp.; D) Gornovo II site e view of the archaeological excavation; E) Gornovo II site e layer with mammalian bone remains. Black arrow shows the drainage direction.
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3.3. Gornovo III section (Fig. 3)

This site is located upstream of the river Belaya 700 m from the
Gornovo I section. The following layers are covered by brown loams
in the upper part of the terrace sequence.

Middle Neopleistocene
Belaya Horizon is presented by lacustrine and alluvial deposits,

which consist of 5) Series of cross-bedded sands and gravels (fluvial
facies) with iron-staining. Exposed thickness is 1.65 m; 4) Alter-
nation of greyish-blue clays and fine grey sands with pebbles and
mollusc detritus (thickness is 1.5 m).

Larevka Horizon is presented by lacustrine periglacial deposits,
which consist of 3) Alternation of brownish-grey clays and grey fine
sands with pebbles and molluscs (thickness is 1.4 m).

Erosional base/Sedimentary break.
Upper Neopleistocene
Kudashevo Horizon is presented by lacustrine and slope peri-

glacial deposits which consist of 2) Brown loam with interbeds of
fine sand and iron-staining at the lower part of the layer (thickness
is 0.8 m); 1) Greyish-brown dense loam with traces of manganese
oxides and frost penetration. Observed thickness is 0.8 m.
The stratigraphical position of the studied deposits of Gornovo
and the correlation between the Middle and Upper Neopleistocene
deposits of the Gornovo I-III sections is shown on Fig. 3.
4. Dating of the stratigraphical intervals and artifacts

4.1. Radiocarbon dating

The first radiocarbon data were obtained in the 1960s from the
layerwith fossil tree fragments. These data permitted identification of
the intervals of the Upper Neopleistocene (Tabulda and Kudashevo
Horizons) (Yakhemovich et al., 1987; Latypova and Yakhemovich,
1993). In 1996, radiocarbon data were obtained from the same layer
with the stumps to adjust the age of the deposits (Gornovo II, layer 2).
The age (not calibrated dates) of the upper part of the layer is
26,950 ± 560 BP (LUe3711), of the lower part e 26,990 ± 150 BP
(LUe3712). The teeth of Bison sp. from the underlying layer with ar-
tifacts and fossil animal bones (Gornovo II, layer 3) have a radiocarbon
date of �33,670 (LUe4153, 1998). Thus, the layer with archaeological
finds and bones dates to the middle part of the Tabulda period (Late
Neopleistocene). Two dates indicate Kudashevo age for the layer 6
(Gornovo I section). Results of the radiocarbon dating (including



Fig. 3. Correlation between Gornovo sections IeIII.
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calibrated dates) of some stratigraphical intervals of the section are
presented below (Table 2).

4.2. Archaeological investigations

Archaeological artefacts came from bluish-grey loams (Gor-
novo II site, layer 3) and bedded clayey silts (Gornovo IIa site,
layer 2) (Fig. 4). Flint cores and flakes were found in sediments
between these layers. Two stone artefacts (a flint flake and a
fragment of jasper) are from the bedded clayey silt; bones with
marks were found in the upper part of the bluish-grey loam.
Most of the bones are cracked and badly preserved. The thick-
ness of the bed with the bones is nearly 1 m (Gornovo II site,
layer 3).



Table 2
Radicarbon dating results.

Section Layer 14C date (yr BP)/Calibrated data (cal BP) Reference of specimen Material

Tabulda Horizon
Gornovo II Layer 3, middle part �33,670/39420 LU-4153 Teeth of Bison sp.

Layer 2 29,700 ± 1250/34,040 ± 1200 H 1856/1287 Wood (stump)
Layer 2 28,800 ± 125/33,320 ± 335 BashGI-36 Wood (stump of Abies sp.)
Layer 2, lower part 26,990 ± 150/31,760 ± 140 LU-3712 Wood (Picea sp.)
Layer 2, upper part 26,950 ± 560/31,550 ± 550 LU-3711 Wood (Picea sp.)

Tabulda e Kudashevo Horizon
Gornovo I Layer 6 22,660 ± 125/27,370 ± 390 BashGI-35 Wood

Layer 6 21,280 ± 550/25,570 ± 790 LE-145 Wood

Notes: 1) means of the calibrated (calendar) age are given according to Program “CalPal 2007 HULU” of the K€oln University, 2007 (Weninger, B., Joris, O., Danzeglocke, U. www.
calpal.de). 2) LUe index of the laboratory of the Saint Petersburg state university; LEe index of the laboratory of the Institute of thematerial culture of the Russian academy of
sciences, Saint Petersburg; BashGI e index of the laboratory of the Institute of Geology of the Bashkirian branch of the academy of sciences of the USSR (nowadays e Ufimian
scientific centre Russian academy of sciences); H e index of the laboratory of the Heidelberg university, Germany.

Table 3
Carpological study of the remains from the Gornovo sections.

N� Species Horizon Belaya Tabulda

Section III II

Layer 4 2

1. Chara sp. Numerous e

2. Larix sp. Numerous e

3. Picea sp. Numerous Numerous
4. Sparganium simplex Hudson Numerous e

5. Potamogeton pectinatus Linnaeus Numerous e

6. P. filiformis Persoon Numerous e

7. P. perfoliatus Linnaeus Numerous e

8. P. vaginatus Turczaninov Numerous e

9. P. luceus Linnaeus Numerous e

10. P. friesii Ruprecht Numerous e

11. Stratiotis aloides Linnaeus Numerous e

12. Butomus umbellatus Linnaeus Numerous e

13. Eleocharis palustris (Linnaeus) R. Brown 1 nut 2 nuts
14. Carex sp. Numerous 1 nut
15. Salix sp. Numerous e

16. Scirpus lacustris Linnaeus Numerous e

17. Chenopodium album Linnaeus Numerous e

18. C. rubrum Linnaeus Numerous e

19. C. hybridum Linnaeus Numerous e

20. Atriplex sp. Numerous e

21. A. hastata Linnaeus Numerous e

22. Corispermum sp. Numerous e

23. C. intermedium Schweigger Numerous e

24. Stellaria sp. Numerous e

25. Cerastium sp. Numerous e

26. Silene sp. Numerous e

27. Polygonum ex gr. aviculare Linnaeus Numerous e
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Eight artefacts are known from the locality: three were discov-
ered on the surface of the terrace slope, five were found in the
deposits of the bedwith bones. The artefacts arewell preserved and
are not rounded. They are made of the light-grey flint with brown
disseminations, dark-grey flint or dark greyish-green jasper. Bones
and artefacts are from the same complex. The artefacts are char-
acteristic for localities that date to the beginning of the Upper
Palaeolithic, a period that correlates to the last optimum of the
Middle Valdai (32e24 ka) (Velichko and Ivanova, 1969; Rogachev
and Anikovich, 1984; Sherbakova, 1984; Yakhemovich et al., 1987).

4.3. Palaeomagnetic investigations

Gornovo I section (Yakchemovich et al., 1987; Suleimanova,
1992; Danukalova et al., 2002). The Normal remnant magnetiza-
tion in the section changed in the interval (5e40)$10-6 Gs; in the
soil it was higher than in the Kudashevo deposits. The sediments
were sufficiently susceptible. The susceptibilility component in the
soil formed up to 80% In, and in the Kudashevo deposits up to 50%
In. The entire section shows normal polarity and is correlated to the
Brunhes Epoch. I.V. Gleizer marked an interval (8 stratigraphical
levels) of reverse polarity in the periglacial deposits of the terrace;
the interval might be the Gotheburg Event of the Brunhes Epoch.

Gornovo II section (Yakchemovich et al., 1987; Suleimanova,
1992; Danukalova et al., 2002). Values of In changed in the wide
interval (2e40)$10-6 Gs, because of changes in the lithological
composition in the sequence. The section shows normal polarity
and is correlated with the Brunhes Epoch.

Gornovo III section (Yakchemovich et al., 1987; Suleimanova,
1992; Danukalova et al., 2002). The Normal remnant magnetization
in the section was uniform and changed in the interval (3e10)$10-6
Gs. The palaeomagnetic section is correlated to the Brunhes Epoch.
F.I. Suleimanova gave part of the palaeomagnetic section with the
magnetic anomalies of declination (D�) and inclination (I�) the name
“Tukach”. The age of Belaya deposits is 0.3e0.4 Ma and the “Tukach”
magnetic anomaly might be the equivalent of the Biwa III Event.

5. Results of the biostratigraphical investigations

5.1. Palynology and carpology

The 181 pollen spectra were subdivided into four pollen com-
plexes (Figs. 5e8). Belaya Horizon pollen spectra include pollen
grains of 74 taxa (Gornovo II, layer 6; Gornovo III, layers 4 and 5).

The Larevka Horizon palynological complex has less rich floristic
composition due to fewer grass species and includes pollen grains
of 68 taxa (Gornovo II, layers 4, 5; Gornovo III, layer 3).

The Tabulda Horizon palynological complex is significantly
different from the above two, and is characterized by depleted species
composition, with the variety of grass-shrub vegetation greatly
reduced. Tabulda Horizon pollen spectra include pollen grains of 48
taxa (Gornovo I, layer 7; Gornovo II, layers 2, 3; Gornovo IIa, layers
1e3).

The Kudashevo Horizon palynological complex has a much more
rich floristic composition compared with the Tabulda complex.
Kudashevo Horizon pollen spectra include pollen grains of 96 taxa
(Gornovo I, layers 2e6; Gornovo II, layer 1; Gornovo III, layers 1, 2).
Diversity of grass-shrub and tree vegetation increased. This phe-
nomenon is interesting because this timespan is correlatedwith a cold
period, and a possible explanation is that areawas a kind of refugium
during glaciations.

Palynological studies indicate that a diverse herbaceous steppe
vegetation dominated during the Belaya Interglacial. Coniferous-
broad-leaf forests are rare; they occurred in moist areas. The amount
of forest related taxa increased towards the end of the Belaya Inter-
glacial. Theupperpartof theBelayadeposits (near thecontactwith the
Larevka lacustrine-glacial deposits) yielded carpological remains
(Table 3). The flora is similar to the Eastern European glacial floras; a
small quantity of glacial forms existed. The flora from the Gornovo
sections is of pre-Saalian, Khazar age. The cold steppes associations
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Table 3 (continued )

N� Species Horizon Belaya Tabulda

Section III II

Layer 4 2

28. P. ex sect. aviculare Numerous e

29. Rumex hydrolapathum Linnaeus Numerous e

30. R. acetosella Linnaeus Numerous e

31. Rorippa sp. Numerous 2 seeds
32. Urtica dioica Linnaeus Numerous e

33. Bunias cochlearioides Murray Numerous e

34. Brassicaceae gen. Numerous e

35. Crambe tatarica Linnaeus Numerous e

36. Ranunculus sceleratus Linnaeus Numerous e

37. R. cf. flammula Linnaeus Numerous e

38. R. ex gr. nemorosus Dl. Numerous e

39. Botrychium sp. Numerous e

40. Thalictrum minus Linnaeus Numerous e

41. Potentilla anserina Linnaeus Numerous e

42. Potentilla ex gr. nivea Linnaeus Numerous 4 fruits
43. P. supina Linnaeus Numerous e

44. Myriophyllum spicatum Linnaeus Numerous e

45. M. verticillatum Linnaeus Numerous e

46. Hippuris vulgaris Linnaeus Numerous e

47. Stachys cf. recta Linnaeus Numerous e

48. Linaria vulgaris Linnaeus Numerous e

49. Valeriana officinalis Linnaeus Numerous e

Table 4
Stratigraphical distribution of the ostracods in Gornovo sections.

N� Species HorizonSection Belaya

II III

1. Caspiocypris sp.
2. Ilyocypris bradyi Sars, 1890 55 91
3. I. gibba (Ramdohr, 1808)
4. I. decipiens Masi, 1905 2 3
5. I. cf. decipiens Masi, 1905 3
6. I. bella Scharapova, 1961
7. I. biplicata (Koch, 1839) 1 3
8. I. inermis Kaufmann, 1900
9. I. aff. getica Masi, 1905 2
10. I. lichvinensis M. Popova, 1988 2 10
11. Cyclocypris laevis (O. Müller, 1776) 7 7
12. C. ovum (Jurine, 1820) 1 1
13. C. serena (Koch, 1838)
14. C. triangula Negadaev, 1965
15. Cypria curvifurcata Klie, 1923 1 10
16. C. tambovensis Mandelstam, 1958 1 2
17. C. longa Negadaev, 1965 1
18. C. aff. ophtalmica (Jurine, 1820) 2
19. Candona candina (O. Müller, 1776) 1 1
20. C. rawsoni Tressler, 1957 1 5
21. C. neglecta Sars, 1887 8 12
22. C. rostrata Brady et Norman, 1889 1 3
23. C. hartwigi G. Müller, 1900
24. C. rectangulata Alm, 1914
25. C. weltneri Hartwig, 1899 1
26. C. fabaeformis (Fischer, 1947)
27. C. balatonica Daday, 1894 2
28. Candona juv. 61 276
29. Eucypris dulcifons Diebel et Pietrzeniuk, 1969
30. E. horridus Sars, 1926 1
31. E. pigra (Fischer, 1851)
32. Sclerocypris? clavata (Baird, 1859) 2
33. Cyprinotus? sp.
34. Potamocypris sp. 2 7
35. Denticulocythere dorsotuberculata (Negadaev, 1957) 20 25
36. D. caspiensis (Negadaev, 1957) 3 3
37. Limnocythere postconcava (Negadaev, 1955) 13 12
38. L. manjtschensis Negadaev, 1955 3
39. L. falcata Diebel, 1968
40. L. sanctipatricii Brady et Robertson, 1869 1
41. L. aff. habarovensis M. Popova, 1965 2
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from the beginning of the Larevka time span changed gradually to
associations with an increased role of the Picea taiga forest.

Forest-steppe landscapes dominated during the Tabulda Inter-
stadial. A Chenopodiaceae-Artemisia-herbage steppe association
coveredwater interfluves.ThePicea forestsbiocoenosisoccupiedriver
valleys.

A herbage-Artemisia-Chenopodiaceae grassland-steppe associ-
ation covered most part of the territory during the Kudashevo time.
A Picea forest with Betula and a small quantity of broad-leaved trees
grew in moist depressions. The climate at the end of the period
became colder and hence, the broad-leaved forms disappeared and
the percentage of Betula decreased.

5.2. Ostracods

A total of 1957 ostracod shells were found and identified
from deposits of the Gornovo locality, including 705 shells from
the deposits of Belaya Horizon, 471 shells from the deposits of
Larevka Horizon, 209 shells from the deposits of Tabulda Hori-
Larevka Tabulda Kudashevo
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Table 4 (continued )

N� Species HorizonSection Belaya Larevka Tabulda Kudashevo

II III II III II a II I II III

42. Limnocythere sp. 5
43. Cytherissa lacustris (Sars, 1863) 1 7 1 1 2 12 1
44. Cyprideis torosa (Jones, 1850) 19 11 5 4 1 1 4 2
45. Paracyprideis naphtatscholana (Livental, 1929) 2 1 24 109 15

Total number of remnants 206 499 418 53 49 160 167 16 389
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zon and 572 from the deposits of Kudashevo Horizon
(Table 4).

The following Pleistocene ostracod-complexes from the Gor-
novo sections have been investigated (Popova-Lvova, 1988;
Danukalova et al., 2002).

The Belaya complex (Gornovo II and III); numerous is: Ilyocypris;
rare are: Cyclocypris, Cypria, Candona neglecta Sars, С. rawsoni Tres.,
С. rostrata Br. et Norm., С. candida (O. Müll.), С. weltneri Hartw.,
Eucypris horridus Sars, Sclerocypris (?) clavata (Baird), Cytherissa
lacustris Sars, Denticulocythere dorsotuberculata (Neg.), D. caspiensis
(Neg.), Limnocythere postconcava Neg, L. manjtschensis (Neg.) etc.

Limnocythere postconcava, L. manjtschensis, Denticulocythere
dorsotuberculata, D. caspiensis are characteristic for Middle Pleisto-
cenedeposits in the Eastern Europe andWestern Siberia (Negadaev-
Nikonov,1974). Numerous species tolerant towards cold climate are
Candona candida, С. neglecta, С. rawsoni, Eucypris horridus and
Ilyocypris bradyi occurred during the end of Likhvin Interglacial.

The Larevka complex is characterized by adapted to cold climate
ostracods (Gornovo II and III): Ilyocypris, Cyclocypris, Cypria, Ilyo-
cypris inermis Kauf., Cyclocypris serena (Kosh), С. triangula Neg.,
Candona fabaeformis (Fisch), Eucypris pigra (Fisch.), Limnocythere
falcata Dieb. Candona candida (О. Müll.), С. neglecta Sars and С.
rawsoni Tres. are numerous. Denticulocythere dorsotuberculata
(Neg.), D. caspiensis (Neg.), Limnocythere postconcava (Neg.),
L. manjtschensis Neg. and others represent the transitional forms
from the Belaya Interglacial.

The Tabulda complex (Gornovo IIa and II) is represented by rare
species: Ilyocypris bradyi Sars, I. gibba (Ramdohr), I. biplicata (Koch),
Table 5
Stratigraphical distribution of the molluscs in the Gornovo sections.

N� Species horizon section Layer Belaya

II

6

1. Succinella oblonga (Draparnaud, 1801) 1
2. Oxyloma elegans (Risso, 1826)
3. Vallonia tenuilabris (Al. Braun, 1842) 5
4. Pupilla muscorum (Linnaeus, 1778)
5. Discus ruderatus (Ferussac, 1821)
6. Pseudotrichia rubiginosa (Rossm€assler, 1838)
7. Lymnaea palustris (Müller, 1774)
8. Anisus spirorbis (Linnaeus, 1758)
9. Planorbis planorbis (Linnaeus, 1758)
10. Gyraulus laevis (Alder, 1838) 1
11. Bathyomphalus contortus (Linnaeus, 1758)
12. Valvata pulchella Studer, 1820
13. Valvata antiqua Sowerby, 1852
14. Bithynia sp.
15. operculum Bithynia cf. troschelii Paasch, 1842
16. operculum Bithynia cf. tentaculata (Linnaeus, 1758)
17. Viviparus sp.
18. Sphaerium rivicola (Lamark, 1818)
19. S. corneum (Linnaeus, 1758)
20. Pisidium amnicum (Müller, 1774) 2
21. P. supinum Schmidt, 1861
22. Pyrgohydrobia cf. eichwaldiana Golikov et Starobogatov, 1966
23. Pyrgula conus (Eichwald, 1838)
24. Dreissena polymorpha (Pallas, 1771)

Total number of remnants 9
I. aff. getica Kaufmann, Cyclocypris serena (Koch), Cypria curvifurcata
Klie, C. tambovensis Mandelstam, Candona neglecta Sars, C. rostrata
Brady et Norman, Potamocypris sp., Denticulocythere dorsotubercu-
lata (Negadaev), Cytherissa lacustris Sars, Cyprideis torosa (Jones),
Paracyprideis naphtatscholana (Livental).

The Kudashevo complex (Gornovo I, II, and III) consists of
numerous species: Ilyocypris bella Scharap., I. inermis Kauf., Can-
dona neglecta Sars, С. rawsoni Tres., С. rectangulata Alm, Candona
juv., Eucypris dulcifons Dieb. et Pietr., Denticulocythere dorsotu-
berculata (Neg.), Limnocythere postconcava Neg., L. manjtschensis
Neg., L. falcata Dieb., and others.

Limnocythere and Denticulocythere are relatively rare due to the
cold climatic conditions. Candona neglecta, С. rawsoni, С. rec-
tangulata, Eucypris dulcifons, Ilyocypris inermis are adapted to cold
climate ostracods.

5.3. Molluscs

A total of 2911 molluscan shells were found and identified from
deposits of the Gornovo locality. Molluscan shells are most
numerous in the deposits of the Tabulda horizon.

In the Belaya complex (Gornovo II, layer 6 and Gornovo III, layer
4), 94 shells belonging to 13 species and 11 genera were investi-
gated (Table 5, Fig. 9). The Belaya Horizon malacocomplex consists
of terrestrial species Succinella oblonga, Vallonia tenuilabris and
Pupilla muscorum, which preferred wet biotopes and often inhabit
banks of the rivers and lakes. Freshwater molluscs preferred rivers
with slow current (Sphaerium, Pisidium) and lived on water plants
Tabulda Kudashevo
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Fig. 4. Artifacts from the Gornovo sections. Legend: 1 e dark-grey flint core; 2 e fragment of bone with marks; 3 e jasper fragment; 4 e secondary light-grey flint core; 5 e

fragment of the light-grey flint; 6 e scraper on the distal end of the large light-grey flint flake; 7 e fragment of dark-grey flint flake: 8 e middle light-grey flint knife; 9 e spine on
the jasper flake (Yakchemovich et al., 1987; Danukalova et al., 2002).

G. Danukalova et al. / Quaternary International 420 (2016) 24e46 33
in the shallowwater near the shoreline (Gyraulus, Viviparus, Anisus,
Planorbis, Valvata, Lymnaea).

A river existed during the accumulation of those deposits.
Meadows covered banks of the stream. The landscape of the in-
terfluves corresponded with a herbaceous-steppe environment.

In the Tabulda complex (Gornovo I, layer 7 and Gornovo II, layers
2e3), 2557 shells belonging to 16 species and 15 genera of molluscs
were investigated (Table 5, Figs. 10 and 11). The Tabulda mala-
cocomplex is represented by terrestrial and freshwater species.
Terrestrial species are typical species of wet habitats. Molluscs lived
close to the water, or on the nearshore plants, or on the surface of
wet soil: Oxyloma, Succinella, Vallonia, Pupilla, Discus, Pseudotrichia.
Freshwater molluscs lived in the coastal zone of the reservoir with
stagnant or slightly flowing water regime, with a muddy bottom
and dense aquatic vegetation: Gyraulus, Anisus, Lymnaea, Planorbis,
Bithynia, Bathyomphalus, Valvata, Pisidium, and Sphaerium.

The high quantity of terrestrial and freshwater molluscs in-
dicates a warm, humid climate. An oxbow lake with periodical
connection with the river during floodings existed during accu-
mulation of those deposits. Forests grew on the banks of the river.
Open landscapes covered interfluves.

In the Kudashevo complex (Gornovo I, layers 2, 5, 6 and
Gornovo II, layer 1), 159 shells belonging to 7 species and 7
genera of mainly terrestrial and some freshwater molluscs were
investigated (Table 5, Fig. 12). Rare terrestrial Succinella, Vallonia,
Pupilla represent the Kudashevo malacocomplex, Pseudotrichia
preferred wet places and freshwater mollusc Anisus that lived on
the water plants in shallow water. Species Pyrgohydrobia cf.



Fig. 5. Gornovo section I and the pollen diagram (by G.A. Danukalova, A.G. Yakovlev, V.K. Nemkova and L.I. Alimbekova). Legend: Stratigraphy: Holoc. e Holocene, Q4 e Holocene, Q3
4

e Kudashevo Horizon, Q3
3 e Tabulda Horizon, Q2

2 e Larevka Horizon, Q2
1 e Belaya Horizon, 1 e Trees and shrubs; 2 e Herbs; 3 e Sporophytes; Acer e Acer sp.; A.f.-f. e Athyrium filix-

femina (L.) Roth.; Al. e Alisma sp.; Abies e Abies sp.; B.l. e Botrychium lunaria (L.) Sw.; Car. e Caryophyllaceae; Carp. e Carpinus sp.; Ch.al. e Chenopodium album L.; Ch.r. e Che-
nopodium rubrum; Cr. e Brassicaceae; Con. e Convolvulus sp.; Cor. e Corylus L.; Cal.s, Cal.sep. e Calestegia sepium R. Br.; E.c. e Eurotia ceratoides (L.) C.A.M.; Ech.r. e Echinops ritro L.;
Eph. e Ephedra sp.; Eup. e Euphorbiaceae; Frax. e Fraxinus sp.; H. e Hydrochoris; K.l. e Kochia laniflora Gmel. Borb.; K.s. e Kochia scoparia (L.) Schrad.; Kn. e Knautia sp.; Lab. e
Lamiaceae; L. e Lycopodium sp.; L.c. e Lycopodium clavatum L.; M. e Myriophyllum sp.; Mal. e Malvaceae; Onag. e Onagraceae; Oph., O. e Ophioglossaceae; Os.c. e Osmunda
cinnamomea L.; Pl. e Plumbaginaceae; Q. e Quercus sp.; Rub. e Rubiaceae; Sal. r. e Salsola ruthenica Iljin; Salic h. e Salicornia herbaceae; SalixeSalix sp.; Sph. e Sphagnum sp.; S.s. e
Selaginella selaginoides (L.); Tilia e Tilia sp.; Tsuga e Tsuga sp.; T. e Typha sp.; T.a. e Typha angustifolia L.; Ulmus e Ulmus sp.; Val. e Valeriana sp. Lithology: 1 e loam; 2 e clay; 3 e

sandy loam; 4 e gravel; 5 e sand; 6 e sandlens; 7 e soil; 8 e ancient soil; 9 e fragments of limestone; 10 e plant remains; 11 e erosional base/sedimentary break; 12 e beds
boundaries; 13 e erosion; 14 e molluscs; 15 e mammals remains; 16 e calcification; 17 e iron-staining.

Table 6
The stratigraphical distribution of the insects in the Gornovo II section (layer 2).

Species Horizon Tabulda

Sample No. 1 No. 2

Order Coleoptera
Carabidae
Bembidion (Eupetodromus) sp. 2
Patrobus assimilis Chaudoir, 1844 2
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eichwaldiana Golikov et Starobogatov, 1966, Pyrgula conus
(Eichwald, 1838) and Dreissena polymorpha (Pall.) which were
found in the Kudashevo deposits were redeposited from the
Aktschagylian (Gelasium) (Fig. 12). During the accumulation of
those deposits, a river existed and the landscape of the in-
terfluves corresponded with a cool steppe-like or forest-steppe
environment (Fig. 13).
Patrobus septentrionis Dejean, 1828 3 7
Pterostichus (Phonias) sp. 1
Pterostichus cf. urengaicus Jure�cek, 1924 1 1
Pterostichus nigrita (Paukull, 1790) 1
Pterostichus sp. 1
Agonum duftschmidi J. Schmidt, 1994 6 3
Agonum fuliginosum (Panzer, 1809) 1
Agonum micans (Nicolai, 1822) 3 2
Agonum muelleri Herbst, 1784 6
Agonum versutum Sturm, 1824 13 2
Agonum sp. 1
Platynus livens Gyllenhal, 1810 1 8

Curculionidae
Tournotaris bimaculata (Fabricius, 1787) 2
Callirus sp. 1
Minimum number of individuals 38 30

Total number of fragments 69 72
5.4. Insects

In total, 141 remains of insects of the Coleoptera order have been
investigated from the Tabulda Horizon deposits. Sixteen species
and genera belong mainly to the Carabidae (ground beetles) family
(Table 6); two species belong to Curculionidae (weevils) family.
Most ground beetles are from Agonum, which prefer mainly
shallow water habitats (including floodplain). The difference in the
variety of the species composition between two samples (1 and 2)
should not be overestimated and could be the result of similar
habitats during accumulation of the deposits. All remains show
good preservation and represent fragments, but all have some
traces of convolution and flatness. It is possible that part of the



Fig. 6. Gornovo II and the pollen diagram (by V.L. Yakchemovich, G.A. Danukalova, A.G. Yakovlev, V.K. Nemkova and L.I. Alimbekova). Legend see Fig. 5.

Fig. 7. Gornovo IIa and the pollen diagram (by A.G. Yakovlev, V.K. Nemkova and L.I. Alimbekova). Legend see Fig. 5.
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Fig. 8. Gornovo III and the pollen diagram (by G.A. Danukalova, A.G. Yakovlev, V.K. Nemkova and L.I. Alimbekova). Legend see Fig. 5.
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remnants belong to juvenile insects with soft chitin covers which
were postmortem deformed.

In Gornovo II, sample 1, 69 insect remnants were investigated.
All remnants are represented by elytra of the ground beetles which
are fragments of the 38 individuals (Table 6). Species of four genera
(Patrobus, Pterostichus, Agonum and Platynus) of the Carabidae
prefer nearwater and wet habitats in the forest-steppe and forest
zones (Patrobus septentrionis, Agonum duftschmidi, A. muelleri, Pla-
tynus livens etc.)

Analysis of the biotopical climatic preferrences allows recon-
struction the existence of the nearwater habitats that existed in the
floodplain meadows with developed dense grass vegetation and
soft soils. The absence of species which prefer forest vegetation is
not evidence that the forest biotopes were not developed. Because
all species determined in Tabulda Horizon deposits exist today in
the surroundings of the Gornovo II site, it was possible that intra-
zonal biotopes similar to themodern floodplain forests were spread
in the river valleys.

In Gornovo II, sample 2, 72 insect remnants of the 30 in-
dividuals (Table 6) were investigated. All remnants are repre-
sented mainly by elytra and less by pronota and heads of
Coleoptera. Hygrophilous species of beetles, which belong to
Agonum, Patrobus, Platynus, and Bembidion genera, are dominant
in this sample. Most of these species are ground beetles: Platynus
livens, Agonum duftschmidi, A. versutum, and Patrobus septentrionis.
The weevil Tournotaris bimaculata prefers nearwater habitats and
lives in riparian vegetation (this species eats nearwater Poaceae
and Cyperaceae plants).

Forest beetles were determined in this sample. Weevils of the
genus Callirus inhabit coniferous forests. Representatives of
Pterostichus were determined as Pterostichus urengaicus species,
which inhabits forests within the southern parts of the forest
zone. Analysis of the subfossil insect remains of this sample
suggests that the environment conditions during the accumu-
lation of the deposits of this layer were somewhat cooler
than the modern environment of the Southern Fore-Urals
(this assumption is based on the occurrence of Patrobus
septentrionis).

Beetle species found in these samples could inhabit intrazonal
biotopes with well-developed riparian vegetation, which is dense
and protected species which inhabited the interfluve biotopes. The
presence of the few beetle species that preferred forest biotopes
demonstrates that floodplain forests existed in the river valleys.
Therefore, we can conclude that the palaeoenvironment was
somewhat cooler than modern conditions of the Southern Fore-
Uralian area.

5.5. Large mammals

More than 200 bone remains of large mammals were collected
from the deposits of the Gornovo locality (Table 7). Species
composition, stratigraphic confinement, and condition of the bone



Fig. 9. Molluscs found in Gornovo II and III site, Fore-Urals region, Russia (Belaya horizon, Middle Neopleistocene): 1 e Vallonia tenuilabris (Al. Braun), IG N� 44/453/71; 2 e Pupilla
muscorum (L.), IG N� 44/453/74; 3 e Pupilla muscorum (L.), IG N� 2/453/75; 4 e Succinella oblonga (Drap.), IG N� 44/448/50; 5 e Operculum (Bithynia cf. troschelii Paasch), IG N� 275/
459/78; 6 e Anisus spirorbis (L.), IG N� 275/459/76; 7 e Planorbis planorbis (L.) IG N� 275/459/79; 8 e Sphaerium rivicola (L.), right valve, IG N� 275/459/87; 9 e Pisidium amnicum
(Müll.), right valve, IG N� 44/448/49; a e apertural view; b e abapertural view (view from the opposite aperture's side); c e lateral view (top right); d e umbilical view; e � apical
view; f e outside operculum view; g e internal operculum view; h e outside shell view; i e internal shell view; k e top shell view.

Table 7
The stratigraphical distribution of the large mammals in the Gornovo sections.

N� Species horizon section Belaya Tabulda

II (beach) II, II a (1975) II, II a (1983)

1. Mammuthus chosaricus Dubrovo, 1966 þ
2. Camelus sp. 1
3. Megaloceras giganteus cf. giganteus 2
4. Alces alces (Linnaeus, 1758) 1
5. Bos primigenius Bojanus 1927 21
6. Bison priscus gigas Flerov, 1969 þ 40
7. Bison priscus Bojanus, 1827 2
8. Bison priscus mediator Hilzheimer, 1918 31
9. Bison sp. þ 75 15
10. Ovis cf. ammon (Linnaeus, 1758) 1
11. Equus cf. hemionus (Pallas, 1775) 1
12. Equus caballus fossilis (Linnaeus, 1758) þ 11 5

Total number of remnants þ 184 22



Table 9
Ratio of m1morphotypes of the voles from Tabulda Horizon in the Gornovo sections
(%).

Species Morphotypes

I II III IV

Lagurus lagurus 2.6 30.8 61.4 5.2
Microtus gregalis 14.7 23.5 32.4 29.4
Microtus oeconomus 28.1 59.6 12.3 e
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remains distinguish two stages of the large mammal fauna
development.

The first stage is represented by material collected from the
surface of the Belaya Horizon deposits. These bones were washed
out from the Belaya alluvium and indicate Mammuthus chosaricus
Dubrovo, 1966, Bison priscus gigas Flerov, 1969, Bison sp. and Equus
caballus fossilis (Linnaeus, 1758). Mammuthus chosaricus confirms a
Middle Pleistocene age of this fauna. The other species characterize
the MiddleeLate Pleistocene interval. Large mammalian species
inhabited open steppe landscapes.

The fauna from the upper bone bed dates to the early stage of
the Late Palaeolithic complex (Tabulda Horizon). It contained
ancient elements: numerous remains of Bison priscus gigas and
Camelus sp. The large mammalian fauna collected during later
archaeological excavations was smaller. Only two species, dating to
the Late Palaeolithic complex, could be identified: Bison priscus
Bojanus, 1827 and Equus caballus fossilis. Large mammalian species
of the Tabulga horizon from the archaeological excavations are
characteristic of the Late Pleistocene of the Southern Urals. Bone
remains of Megaloceras, Bison, Equus, and Bos indicate existence of
an open steppe biotope with fragments of semidesert, due to finds
of the Camelus remains. This landscape was widespread on the
surface of the watershed. Alces alces inhabited forests in the de-
pressions and river valley.
5.6. Small mammals

In total, 595 identifiable remains of small mammals were
investigated from the two stratigraphical levels of the Belaya and
Table 8
The stratigraphical distribution of the small mammals in the Gornovo sections.

N� Species horizon section Layer Belaya Tabulda

III II, IIa II IIa

5 3, 2 3 2

1. Sorex sp. 4/2
2. Ochotona pusilla Pallas, 1768 13/5 4/2
3. Spermophilus sp. 1/1 2/1 1/1
4. Ellobius talpinus Pallas, 1770 2/1
5. Allocricetulus eversmanni (Brandt, 1859) 1/1 2/1
6. Clethrionomys rufocanus (Sundevall, 1846) 2/1 1/1 1/1
7. Cl. rutilus (Pallas, 1779) 2/1
8. Cl. ex gr. rutilus-glareolus 1/1a 14/4 4/1
9. Lagurus lagurus (Pallas, 1773) 1/1 154/36 14/3 30/4
10. Eolagurus luteus (Eversmann, 1840) 1/1 2/2 1/1
11. Arvicola terrestris (Linnaeus, 1758) 7/2
12. Microtus gregalis (Pallas, 1776) 28/28 4/4 3/3
13. M. oeconomus (Pallas, 1776) 1/1 47/47 13/13 4/4
14. Microtus sp. 4 141 63 22

Total number of remnants 8 414 104 69

a Quantity of bone remains/quantity of individuals.
Tabulda Horizons. Small mammalian remains from the alluvial
deposits of the Belaya Horizon are rare (Table 8).

The bone collection from the Tabulda Horizon is more signifi-
cant in quantitative and qualitative terms (Table 8). The type and
degree of differentiation of the enamel on the water vole teeth and
m1 morphotype composition of the voles confirm the Tabulda age
of this fauna.

Enamel differentiation on the chewing teeth surface of the
water voles of the Gornovo site is the same as among modern
species. The ratio between the enamel thickness of the front and
back walls of the conids of the m1 is equal to 1.53. The morphotype
composition of the m1 of Lagurus lagurus, Microtus gregalis and
Microtus oeconomus is characterized by the predominance of
intricate morphotypes (Table 9, Fig. 14).

The Gornovo small mammal fauna from the upper bone level
can be correlated with the late Pleistocene stage of the small
mammal fauna development of Eastern Europe (Agadjanian, 2009).
Numerous Microtus oeconomus remains and rare Arvicola terrestris
bones indicate the existence of nearwater biotopes. Lagurus lagurus,
Microtus gregalis, and Ochotona pusilla remains and rare bones of
Spermophilus sp., Ellobius talpinus, Allocricetulus eversmanni indi-
cate wide and open landscapes covered by steppe; rare Eolagurus
luteus remains indicate existence of semi-desert biotopes.

The bone remains of the species which prefer steppe biocenosis
make up 53.02%, semidesert biocenosis 1.36%, nearwater 43.78%,
and forest biocenosis 1.84%. The considerable number of species
that prefer open landscapes indicate the existence of the steppe
with semi-desert elements widespread in the water interfluves and
indicates dryness of the climate of the end of the Tabulda.

The other species preferred nearwater biotopes and inhabited
the banks of the river or small lakes. Rare remnants of the forest
species indicate the existence of the trees and small floodplain
forests in the river valleys. Species preferring forest biotopes are
represented by Clethrionomys rufocanus and Cl. rutilus which
nowadays inhabit coniferous forests and indicate cooling during
the second half of the Tabulda.

The Gornovo small mammalian fauna from the Tabulda horizon
is a specific Southern Fore-Urals forest-steppe fauna that indicates
dry and relatively cool climatic conditions. The species composition
of the fauna is unique and does not have a modern equivalent.
6. Discussion

According to the conclusions of B.S. Kozhamkulova
(Yakhemovich et al., 1987) who assumed that the large mammal
fauna of the bone layer (Gornovo II, layer 3) belongs to the early
stage of the Late Palaeolithic complex incorporating Khazar ele-
ments (Bison priscus gigas and Camelus sp.) it was assumed that
these deposits were Middle Neopleistocene (334e186 ka).

This conclusion and the archaeological artifacts were in
contradiction, because O.N. Bader assumed that archaeological
level dates from the early stage of the Late Palaeolithic (Aurigna-
cian) (Shokurov and Bader, 1960) and T.I. Sherbakova assumed a
late Mousterian age for this locality (32e24 ka) (Velichko and
Ivanova, 1969; Rogachev and Anikovich, 1984; Sherbakova, 1984).
Sherbakova (1984) also discussed the discrepancy between the
palaeontological and archaeological data. The archaeological arti-
facts and the bone layer are from the same complex situated under
the soil horizon dated between 21 and 29 ka. Radiocarbon dates
were obtained from the layer with stumps (Gornovo II, layer 2). The
age of the upper part of the layer is 26,950 ± 560 BP (LU-3711) and
that of the lower part 26,990 ± 150 BP (LU-3712) (uncalibrated
dates). Age of the teeth of Bison sp. is �33,670 BP (LU-4153, 1998)
(Table 2). Consequently, the layer, which contains the archaeolog-
ical finds and bones, dates from themiddle part of the Tabulda (Late
Neopleistocene).



Fig. 10. Molluscs found in Gornovo II site, Fore-Urals region, Russia (Tabulda horizon, Upper Neopleistocene): 1 e Vallonia tenuilabris (Al. Br.), IG N� 44/1787/8; 2 e Vallonia
tenuilabris (Al. Br.), IG N� 44/452/60; 3 e Succinella oblonga (Drap.), IG N� 44/610/20; 4 e Succinella oblonga (Drap.), IG N� 44/452/54; 5 e Pupilla muscorum (L.), IG N� 44/454/34; 6 e

Pupilla muscorum (L.), IG N� 44/449/65; 7 e Oxyloma elegans (Risso), IG N� 44/449/62; 8 e Oxyloma elegans (Risso), IG N� 44/1838/47; 9 e Pseudotrichia rubiginosa (Risso), IG N� 44/
1838/105; a e apertural view; b e abapertural view (view from the opposite aperture's side); c e lateral view (top right); d e umbilical view, e � apical view.
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The greyish-brown bedded clayey silt (Gornovo IIa, layer 2) was
previously dated to the Saigatka stage (Yakhemovich et al., 1987).
However, it is now clear that the layers above (Gornovo II, layer 2)
and below (Gornovo II, layer 3) are of Tabulda age. The age of the
deposition of the silt level is the same.

Discussion and comparison of the multiproxidata obtained on
the Gornovo site with the data which are known from the other
Palaeolithic and key sites of the neighboring area are given below.
Comparison of the vegetation cover of the surroundings of the
Gornovo with other parts of the Southern Fore-Urals (Sultanaevo,
Starye Tukmakly, Oryabash sites) during the Belaya period suggests
that herbaceous steppe dominated and was widespread
(Yakchemovich et al., 1981, 1983).

The cold steppe associations from the beginning of Larevka time
changed gradually into associations showing an increasing role of
the Picea taiga forest. Palynological data of the deposits of this in-
terval are rare but are consistent with the other sites (Karmaskaly,
Sultanaevo) (Yakchemovich et al., 1983, 2000).

During the Tabulda Interstadial, forest-steppe landscapes
dominated and Chenopodiaceae-Artemisia-herbaceous steppe as-
sociation covered the water interfluves in the other parts of the
Southern Fore-Urals e Novobelokatai, Sultanaevo, Yulushevo,



Fig. 11. Molluscs found in Gornovo II site, Fore-Urals region, Russia (Tabulda horizon, Upper Neopleistocene): 1 e Gyraulus crista (L.), IG N� 44/1787/9; 2 e Gyraulus laevis (Alder), IG
N� 44/1787/17; 3 e Planorbis planorbis (L.), IG N� 44/610/25; 4 e Anisus spirorbis (L.), IG N� 44/454/36; 5 e Lymnaea palustris (Müll.), juvenile form, IG N� 44/452/57; 6 e Valvata
piscinalis (Müll.), IG N� 44/1787/10; 7 e Operculum (Bithynia cf. tentaculata L.), IG N� 44/1787/16; 8 e Pisidium amnicum (Müll.), left valve, IG N� 44/610/27; a e apertural view; b e

abapertural view (view from the opposite aperture's side); c e lateral view (top right); d e umbilical view; e � apical view; f e outside operculum view; g e internal operculum
view; h e outside shell view; i e internal shell view; k e top shell view.
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Novoaktanyshbash localities (Yakhemovich et al., 1981). Cold per-
iglacial steppe with tundra elements were spread in the mountains
of the Southern Urals (Serpievskaja 2, Smelovskaja 2 sites)
(Danukalova and Yakovlev, 2006; Yakovlev et al., 2013).

Kudashevo time was characterized by a herbaceous-Artemisia-
Chenopodiaceae grasslandesteppe associationwhich coveredmost
of the territory and a Picea forest with Betula and broad-leaved trees
grewing in wet depressions. Such assosiations characterized all the
Southern Fore-Urals (Ufa, Novobelokatai, Sultanaevo, Yulushevo
etc.) (Yakchemovich et al., 1983, 2000). Periglacial steppe domi-
nated in the central part of the Southern Urals (Kuljurt-Tamak,
Shulgan-Tash sites) and steppe was spread in the southern part of
the Southern Urals (Bajslan-Tash site) (Danukalova and Yakovlev,
2006; Yakovlev et al., 2013).

Molluscs from the Belaya Horizon deposits are known from
the Sultanaevo, Klimovka, Voevodskoye and Gurovka localities.
Molluscs were abundant and characterized by terrestrial and
freshwater species (Yakchemovich et al., 1983, 1987; Danukalova
et al., 2002, 2006; Osipova, 2009b; Osipova and Danukalova,
2011). Molluscs from the Urals and Trans-Urals determined by
L. Krylova (Stefanovsky, 2006) yielded 16 freshwater species.
Molluscs of the Russian plain from the same horizon are char-
acterized by 12 terrestrial and 48 freshwater species
(Danilovskyi, 1955; Motuz, 1973; Moskvitin, 1976; Agadjanian



Fig. 12. Molluscs found in Gornovo I site, Fore-Urals region, Russia (Kudashevo horizon, Upper Neopleistocene): 1 e Pyrgohydrobia cf. eichwaldiana Golikov et Starobogatov, 1966, IG
N� 12/450/1; 2 e Pyrgula conus (Eichwald, 1838), IG N� 12/450/1; 3 e Valvata pulchella Studer, IG N� 12/450/4; 4 e Vallonia tenuilabris (Al. Braun), IG N� 12/450/3; 5 e Succinella
oblonga (Drap.), IG N� 12/450/6; a e apertural view; b e abapertural view (view from the opposite aperture's side); c e lateral view (top right); d e umbilical view; e � apical view.
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and Kondrashov, 2011). Climate was warm during this period but
the Southern Urals and location of the studied area inside the
Eurasian continent resulted ince less species variety in compar-
ison with the Russian Plain.

Molluscs from the Tabulda Horizon deposits are known in the
Novobelokatai, Uteimullino, Basurmanovka, Nizhnebikkuzino,
Karlaman, Kabakovo localities of the Southern Fore-Urals. They are
characterized by 13 terrestrial and 21 freshwater species
(Danukalova et al., 2002, 2007; Osipova, 2009a; Osipova and
Danukalova, 2011). Only Succinella oblonga (Drap.), Gyraulus acro-
nicus F�er., and Anisus sp. are known in the deposits of the same age
from the Urals and Trans-Urals (Stefanovsky, 2006). Danilovskyi
(1955) underlined the existence of 10 freshwater species for the
Russian plain. Malacocomplex which is characterized by 6 terres-
trial molluscs is known from the Karginian interval of the Bolshoj
Naryn site (Baikal area) (Sato et al., 2014; Danukalova et al., 2015).

Molluscs from the Kudashevo Horizon are known in the Utei-
mullino, Basurmanovka, Nizhnebikkuzino, Tanalyk, Akbuta, and
Yabalakovo localities. They are characterized by 16 terrestrial and
25 freshwater species (Danukalova et al., 2002, 2007; Danukalova
and Morozova, 2004; Osipova, 2009a, 2009b; Osipova and
Danukalova, 2011). Four terrestrial and 24 freshwater mollusc
species are known for the Urals and Trans-Uralian area
(Stefanovsky, 2006). Danilovskyi (1955) indicated 7 terrestrial and
7 freshwater species for the Russian plain. The area of the Southern
Fore-Urals and Urals which was not covered by ice during the Late
Glacial show more mollusc species variety than does the Russian
Plain.

The Late Neopleistocene small mammalian faunas of the
Southern Fore-Uralian territory are known from several localities
(Yakovlev, 2009). Krasnyi Bor fauna from the deposits of
Kushnarenkovo horizon consists of forest species: Lepus sp., Sorex
sp., Talpa sp., Cricetus cricetus (Linnaeus, 1758), Myoxidae, Apode-
mus flavicollis (Melchior, 1835), Clethrionomys rufocanus, Cleth-
rionomys glareolus, Arvicola terrestris, Microtus agrestis (Linnaeus,
1761), and M. arvalis (Pallas, 1778). This association represents the
northern forest variant of the first Late Neopleistocene Interglacial
(Yakovlev, 2009).

The Karlaman fauna is represented by Ellobius talpinus, Cleth-
rionomys ex gr. glareolus-rutilus, Lagurus lagurus, Eolagurus luteus,
Arvicola terrestris, Microtus gregalis, and M. oeconomus which were
extracted from the Tabulda horizon deposits (Yakovlev, 2009).

Tabulda deposits of the Uteimullino II locality contain Ochotona
sp., Alactagulus sp., Cricetulus migratorius (Pallas, 1773), Clethrion-
omys ex gr. glareolus-rutilus, Lagurus lagurus, Eolagurus luteus,
Arvicola terrestris, Microtus gregalis, and M. oeconomus (Yakovlev,
2009). Species composition of the Karlaman and Uteimullino II
faunas of the Tabulda is similar to the Gornovo fauna. Small
mammalian finds from the Kudashevo deposits of the Southern
Fore-Urals are very rare (Yakovlev, 2009).

Two late Neopleistocene faunas are known in the mountainous
part of the Southern Urals. The Arat fauna of small mammals
(Tabulda time) is known from the Ignatyevskaya (excavation V,
layer 8) and Idrisovskaya (lower horizons) caves (Spermophilus sp.,
Apodemus uralensis (Pallas, 1811), A. flavicollis, Cricetulus migrator-
ius, Cricetus cricetus, Lagurus lagurus, Dicrostonyx guilielmi Sanford,
1869, Clethrionomys rufocanus, Cl. glareolus, Cl. rutilus, Arvicola ter-
restris, Microtus gregalis, M. oeconomus, and M. agrestis) (Smirnov
et al., 1990).

The Ignatyevskaya fauna of small mammals (Kudashevo time) is
known from the Ignatyevskaya cave (excavation II, layer 2), Prizhim
II Grotto, Serpievskaya 1 cave (layer 2) and Serpievskaya 2 cave



Fig. 13. Insects found in Gornovo II site, Fore-Urals region, Russia (Tabulda horizon, Upper Neopleistocene): 1 e Agonum versutum Sturm, 1824, left elytron, sample 1; 2 e Patrobus
septentrionis Dejean, 1828, left elytron, sample 1; 3 e Platynus livens Gyllenhal, 1810, left elytron, sample 1; 4 e Pterostichus cf. urengaicus Jure�cek, 1924, left elytron, sample 2; 5 e

Agonum muelleri Herbst, 1784, right elytron, sample 2; 6 e Bembidion (Eupetodromus) sp., right elytron, sample 1; 7 e Agonum duftschmidi J. Schmidt, 1994, right elytron, sample 1; 8
e Callirus sp., top of right elytron, sample 2; 9 e Agonum duftschmidi J. Schmidt, 1994, pronotum, sample 1; 10 Pterostichus cf. urengaicus Jure�cek, 1924, pronotum, sample 1; 11 e

Platynus livens Gyllenhal, 1810, pronotum, sample 1; 12 e Patrobus septentrionis Dejean, 1828, pronotum, sample 1.
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(layers 3 and 4). This fauna reflects the existence of cold climatic
conditions and contains Eolagurus luteus and Allactaga major (Kerr,
1792) (Smirnov et al., 1990). The Late Pleistocene steppe faunas of
the Trans-Urals andWestern Siberia closely resembles the Gornova
fauna (Zazhigin, 1980; Maleeva, 1982).
7. Conclusions

Biostratigraphical investigations permitted reconstruction of
themain events which developed during the first half of theMiddle
Neopleistocene (427e334 ka) and the second part of the Late
Neopleistocene (around 34e11 ka) when the Upper Palaeolithic
dwellers occupied this territory.



Fig. 14. Rodent teeth from the Gornovo II, bed 3 and Gornovo IIa, bed 2. Clethrionomys rufocanus e 1e4; Cl. rutilus e 5-5a, 6-6a; Arvicola terrestris e 7, 8; Lagurus lagurus e 9e13,
morphotypes I ¼ drawing e 9, II ¼ 10 and 11, III ¼ 12, IV ¼ 13; Microtus gregalis e 14e17, morphotypes I ¼ drawing e 14, II ¼ 15, III ¼ 16, IV ¼ 17; M. oeconomus e 18e22,
morphotypes I ¼ drawing e 18 and 19, II ¼ 20 and 21, III ¼ 22. 1, 5, 5a, 7, 9e22 e m1; 2 e m1-m2; 3, 4, 6, 6a, 8 e M3. 1e22 e occlusal surface; 5a, 6a e labial view.
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1. At the beginning of the Middle Neopleistocene (427e364 ka),
erosional processes were active and were responsible for a
deepening of the hydrographic network. A diverse herbaceous
steppe vegetation dominated during the Belaya Interglacial of
the Middle Neopleistocene. Coniferous-broad-leaved forests
were rare and were restricted to wet areas. The amount of for-
ests increased towards the end of this time. The ostracoda
species clearly indicate a cooling at the end of the Belaya
Interglacial. Molluscs inhabited the fluvial waters and shores of
the freshwater pounds.The large mammals are typical of the
Middle Pleistocene fauna complex.
2. During the Larevka period (364e334 ka), glaciers were absent.
Erosion processes were not very active. Floodplain sediments
filled the river valleys while the lacustrine-talus sediments were
deposited in freshwater basins. Vegetation and fauna indicate
cold climate conditions. The cold steppe associations from the
beginning of the Larevka time changed gradually into associa-
tions characterized by an increasing role of the Picea taiga forest.
The ostracoda species indicate cold conditions during the same
period.

3. The next phase of the incision of the river valley as well as the
lateral erosion at the beginning of the Tabulda (Late Neo-
pleistocene; 57e24 ka) were responsible for the destruction of
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the third (Klimovka-Elovka) and second (Kushnarenkovo-Sai-
gatka) sediments above the floodplain terraces. The fluvial and
slope sediments of the Tabulda and Kudashevo horizons lie over
flood plain terraces. Forest-steppe landscapes dominated during
the second part of the Tabulda Interstadial. The numerous
freshwater ostracods and terrestrial and freshwater molluscs
populated lakes and floodplain basins. Palaeoentomological
data show that the palaeoenvironment that existed at that time
was characterized by intrazonal biotopes with a well-developed
riparian vegetation and the presence of trees in the river valleys;
these conditions were somewhat cooler than the modern
environment in the Southern Fore-Urals. The large mammals of
the Gornovo locality belong to the Late Pleistocene (Upper
Palaeolithic) fauna complex. Camelus sp. represents the most
specific feature of this mammal fauna. The Gornova small
mammal fauna is a typical Southern Fore-Urals forest-steppe
fauna reflecting cool climatic conditions, and a mixture of
steppe and forest species characterizes it. Forest species are
typical of taiga coniferous forests, and the other species reveal
the existence of landscapes covered by steppe. This mixed
composition formed when coniferous forests grew in the river
valleys andwhen the forest-steppe landscapes dominated in the
water interfluves and plains. The artefacts are characteristic of
the beginning of the Late Palaeolithic, correlated with the last
optimum of the middle Valdai (32e24 ka).

4. The Kudashevo period (24e11 ka) is correlated with the late
Valdai, with deep seasonal frost penetration. The accumulation
of floodplain sediments in the Gornovo locality started at the
same time as the flooding of the Belaya River valley. Slope
processes were responsible for the accumulation of talus sedi-
ments (loess-like loam) which covered valley slopes. All these
deposits now form the upper part of the first terrace above the
flood plain. A grassland-steppe association covered most of the
territory and a Picea forest with Betula and a small quantity of
broad-leaved trees grew in wet depressions. At the end of this
period, the climate became colder. The ostracoda species indi-
cate cold conditions while the assemblage of freshwater and
terrestrial molluscs is represented by rare but widespread
species.
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