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Introduction

Many phenomena related to sedimentary basins and
adjoining mountainous areas of the Baikal rift zone have
not been adequately interpreted� as yet� These are
widespread occurrence of continental sands in rifting
basins of the Baikal region� �their formation was tradi�
tionally associated with the maximum glaciation in the
middle Pleistocene� but now it is considered as a strati�
graphic element encompassing the whole Pleistocene
and including deposits of various genetic types and var�
ious climatic phases �Bazarov et al�� ��	
� Logachev et

al�� ���� Mats� ��	�� Olyunin� ������� moraines that
occur at depths of ������ m below the water level the
Lake Baikal on its Barguzin slope� which may imply a
lower lake level existing at that time �Galkin� ������ ter�
races on the Ushkan�i Islands� much more numerous as
compared with four terraces on the lake bank �Lamakin�

���	� �the origin of the �super�uous� ones need be ex�
plained� but the number of shore terraces may also ex�
ceed ten� in which case they should be correlated with
the terrace levels of the Bol�shoi Ushkanii Island �Eskin
et al�� ������� and the unexplained presence of exotic
boulders on the Olkhon and Ushkan�i Islands �Bukharov
and Fialkov� ������ as well as in certain eastern coastal
areas of North Baikal� Also surprising are abnormally
high velocities of recent vertical movements �RVM� of
the Earth�s surface in areas of a Pleistocene ice �eld �Lo�
gachev et al�� ����� tectonic fractures in glacier struc�
tures� and other phenomena� On the whole� these phe�
nomena suggest that the North Baikal region may have
experienced glacioisostatic movements similar to those
presently observed in Fennoscandia and on the Cana�
dian shield� We will discuss recent geological constraints
on the Baikal glaciations and neotectonic deformations
consistent with glacioisostatic movements and present
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a numerical model of the lithosphere at the postglacial
stage of its evolution in the Baikal region�

Pleistocene Glaciation

The problem of glaciation in the Baikal region has
been debated beginning from the works by V� D� Cher�
skii� P� N� Kropotkin� and others� Obruchev ������
noted the presence of glacier structures in the Baikal
region� Afterwards the presence of glaciers in the past
was proven� and their dimensions and stages of their
development have been established� More detailed data
on these natural phenomena are reported in a number
of works �Baikal Atlas� ����� Bazarov� ��	�� Bazarov et
al�� ��	
� Kulchitskii� ����� Lamakin� ���	� Logachev
et al�� ���� Salop� ����� Geological and geomorpho�
logical studies revealed the existence of four glaciations�
the most intense and oldest of which is the Samarovo
Glaciation �Kulchitskii� ������

The maximum glaciation �����
�� ka� covered a vast
territory in the Baikal region �Logachev et al�� �����
but a more or less monolithic ice cap that covered the
northern Baikal basin and adjacent ranges �Figures �
and 
� is most pertinent to the purposes of our paper�
The ice �eld was not continuous�

The underlying surface was comparatively smooth�
Fragments of the end moraine belt indicate the glacier
to cover an area of more than ��� ��� km�� Ice tongues
descended from mountains outward� toward the areas
surrounding the Baikal rift zone� and inward the North
Baikal depression�

Maximum glaciation moraines existed on the western
and eastern �anks of the North Baikal basin �Figure ���
and their radiocarbon ages are presented in Table ��

On the western North Baikal coast� a buried ���m
thick moraine was drilled through at depths of �� to ���
m below the present level of Lake Baikal �Kulchitskii�
������ To the east� the Samarovo moraines� extending
into the lake water area for more than � km� have been
traced to depths of ������ m� They are supposed to
have formed under subaerial conditions �Galkin� ������
because morphologically expressed moraines of recent

��
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Figure �� Map showing the rates of recent vertical movements of the Earth�s surface and the
reconstructed �eld of maximum glaciation in the Baikal region�

glaciation� developed under subaqueous conditions� are
unknown� Then� the lake level considerably dropped
some ��� ka�

Younger glacier structures include those of the late
mid�Pleistocene �Taz stage� and early Late Pleistocene
�early Ermakov stage� 	� ka and later� and have similar
relationships with Baikal terraces� At greater distances
from the shore zone� they form surfaces that preserve
speci�c features of the glacier relief� In the near�shore
zone� their surfaces experienced abrasion and show the
plane relief of Baikal terraces� The latter are devel�
oped at levels of ���� 	�� and ����� m� As is observed
in the Tyya Promontory� in bank blu�s from the Kurla
Head to Tyya River mouth� at both heads of the Frolikh

Cove� in the left�hand divide area of the Biramya River
near its mouth� and at several other places� intricate fa�
cial relationships characterize deposits that compose the
terraces� lacustrine� glacial�lacustrine� and glacial boul�
der loams are overlain by lacustrine deposits and cov�
ering loam with relict lake pebble� Overall� this group
of glacial deposits is characterized by close association
with lake deposits� The latter include widespread frost
involutions and clastic material with clasts as large as
gigantic blocks �bearing obvious traces of glacial abra�
sion��

Thus� general synchronism has been established be�
tween glacial structures and Lake Baikal deposits �oc�
casionally including endemic diatoms�� and the moraine
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Figure �� Schematic map showing pre�Baikal sand deposits and reconstructed lake depressions
�with the use of the scheme constructed by G� S� Goldyrev in ��	
�� � � outline of the contem�
porary Lake Baikal basin� 
 � paleobasin outline� � � sand deposits comparable with the Middle
Pleistocene Krivoi Yar sands �a� within and �b� outside the paleobasin contour�  � delta deposits
of the Selenga River�

relief in the shore contact zone of Lake Baikal has been
reworked as a result of abrasion� The penetration of lake
Baikal facies into glacial ones appears to re�ect speci�c
relationships between the lake water and glacier tongues
during the deglaciation period� The age of these for�
mations is determined from geological and geomorpho�
logical evidence� �ndings of remnants of large mammal
species speci�c to the middle Pleistocene in the section
of a 	��m terrace �Bazarov� ��	��� and radiocarbon dat�
ings �� �� ka� of ��m terrace deposits� Tyya Promon�
tory �Table ���

Younger moraines are widely developed on the shores
of North Baikal �Figure ��� Their characteristic fea�
ture is a well�preserved ensemble of bottom� side� and
end moraines and �uvioglacial boulder�pebble and lake

plains behind and ahead of the front of end moraines�
They are evidently younger than the glacial structures
associated with ������m terraces� river and Baikal ter�
races as high as 
��
� m are leaned against or occa�
sionally inset in the latter� The above glacial features
may include two age groups� late Markov� as old as
�� ka �moraines of the Tampuda� Shegnanda� Kichera�
and other rivers� a few dates are presented in Figure �
and Table �� and Sartan� younger than 
��		 � ���� ka�
The Sartan structures are mainly represented by cirque
glaciers that only occasionally advanced into the Baikal
shore zone�

As seen from the above data� the most important
characteristic of glacial structures of the maximumglacia�
tion is its discontinuous occurrence� weak �by far weaker
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Figure �� Schematic map showing glacier features of northern Baikal and related ages determined
during the �eld works of ���� and �����
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Table �� Radiocarbon datings of glacial and postglacial formations

Nos� Ages Locations and references
� ������
� Paleofan of the Molokon River� northern Baikal �BA 
���� NA�� �this work�

 ��	���� Rel�Slyudyanskoe constructional �eld� northern Baikal �turf overlying an ice lens�

BA ����	 SL�� �this work�
� ��	����� Frolikh Bay� northern Baikal �BA Fr�
� �this work�
 
�		����� A rhinoceros bone from a submoraine surface� Rel River �SOAN�
	�� �Mats� ��	��
� ������� Moraine in the Kichera River valley� northern Baikal �BA Ki�
� �this work�
� ��
����	� Tompinskaya moraine� Omogachan Promontory� Baikal �SOAN���
��

�Popova et al�� ��	��
�BA � Beta Analitic Inc� Germany
�SOAN Analytical laboratory OIGGiM Siberian Division of the Russian Academy of Sciences�

than at the postglacial stage� di�erentiation of the un�
derlying surface� and occurrence of the Baikal basin
moraines below the present level of the lake� The lat�
ter is di�cult to explain without the assumption on a
lower position of the lake water level at the Samarovo
time� However� the drilling results from deep sea holes
on the submarine Akademicheskii Ridge �Kuz�min et al��

����� show that this drop in the lake level may have
been insu�cient in order that the ridge area including
the BDP��� drillhole site at sea depths of ������� m
emerged above sea level� The level drop was accompa�
nied by tectonic subsidence of the lake bottom and up�
lift of its shores �Dem�yanovich et al�� ��		� Logachev et

al�� ���� Obruchev� ����� Salop� ����� Post�maximum
glacial features in upland cis�Baikal areas occur in deep
�to ����m� valleys cutting the exaration surface of max�
imum glaciation� which implies a considerable tectonic
uplift postdating the maximum� Study of the whole
complex of glacial and lake deposits yields evidence of
considerable post�glacial reworking of the relief�

Deformations of Late Pleistocene and

Holocene Deposits

Morphological variability of active faults and their
spatial relationship with sedimentary sequences and re�
lief forms� varying in age and including those of the
glacial and postglacial origin� suggest their classi�cation
into three age groups �Dem�yanovich et al�� ��		��

The �rst group includes deformations of relief ele�
ments related to faults� activation of these faults is
dated at the beginning of the Late Pleistocene�Holocene
stage� They are most clearly expressed as o�sets in end
moraine fronts marking a maximum advance of glaciers
into the Baikal shore zone �Tyya Promontory� and in
glacial deposits of the 	��m terrace �Dem�yanovich et

al�� ��		�� Because of limited occurrence of mid�Quater�
nary forms in the contemporaneous relief� recognition of
such faults encounters considerable di�culties� Faults
active since the late Pleistocene have been discovered

in the delta area of the Verkhnyaya Angara River� near
the Verkhnyaya Zaimka settlement� and within the Rel�
Slyudyanskaya constructional plain� Moreover� echo�
sounding survey showed that end�moraine amphithe�
aters occur at considerable depths all along the Bar�
guzin shore and extend into the lake water area for more
than � km� implying high activity of tectonic move�
ments in the late Pleistocene �Sizikov and Levi� ��	���
Repeated reworking of existing benches by later move�
ments explains the fact that relief forms associated with
the faults of �rst group have been poorly preserved�

The second age group includes faults that deform
terraces of the �rst Late Pleistocene glaciation� these
terraces are widespread along the Baikal shore� Defor�
mations of this group are observed in mouths of the
Muzhinai and Molokon Rivers� in the mid�course of the
Kichera River� in the Tompuda River mouth� along
the southeastern boundaries of the Bolsherechensko�
Davshinskaya and Sosnovsko�Tarkulikskayadepressions�
in the Snezhnaya River mouth� and so on� The acti�
vation of fault motions in the Baikal shore zone was
accompanied by recon�guration of the shoreline and
lake transgression that has left signatures in the sec�
ond ���	 m� Baikal terrace� Along shores of the Tyya�
Goremykskoe plateau and Barguzinskii Range� the back
suture of the terrace obliquely cuts the end�moraine am�
phitheaters and higher levels of �uvioglacial� alluvial�
and lacustrine aggradation� At the foot of the Pri�
morskii and Baikalskii Ranges� fault scarps of this age
are overlain by piedmont alluvial fans� This age group
may also include movements that o�set deposits of the
Karginsky�Sartan age �����
 ka�� including those dated
by the radiocarbon method�

The third age group of discontinuous deformations in�
cludes �fresh� ruptures on the northwestern lake shore
�Kurla Head�� associated with the epoch of the late
Zyryanka �Sartan� 
��
 ka� glaciation dated from ar�
chaeological evidence �Endrikhinskii� ��	
�� Existence
of these movements is debatable in the topography of
eastern shore zones� but they did take place in the Se�
lenga River mouth� where a fault�line scarp bounding
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the contemporaneous river delta on the south began to
form at that time� On the whole� the shoreline con�g�
uration changed insigni�cantly� and transgression fea�
tures of the �rst �
� m� Baikal terrace formed in the
Holocene are less pronounced than in terraces of higher
levels� An exception is lowland aggradation banks in
large river mouths� where active permafrost degrada�
tion was in progress at the Pleistocene�Holocene bound�
ary time and large areas of Sartan �
��
 ka� terraces
may have been completely reworked by thermal abra�
sion processes� Probably� some of the thermal abrasion
and thermal erosion benches trace fault zones that are
thermal water sources� Such a formation mechanism of
benches that bound boggy basins may be responsible
for the topography features observed at large piedmont
promontories of the Baikal Range� in some delta areas of
the Verkhnyaya Angara River between the Lake Baikal
and Verkhnyaya Zaimka settlement� and on the isthmus
of the Svyatoi Nos Peninsula�

The faults that were active in the Late Pleistocene�
Holocene have signi�cantly a�ected the lake shoreline
con�guration� The latter appears to be controlled by
the relative orientation of fault zones and along�shore
drift movement� particularly at places where loose Pleis�
tocene deposits are involved in the shore formation pro�
cess� Thus� Baikal and delta terraces in the Tyya and
Slyudyanka mouths and in the Selenga delta are trun�
cated by linear� NE trending benches of tectonic and
abrasion origin� All this is evidence of rather intense
tectonic processes at the Baikal deglaciation stage of
the middle and late Pleistocene� and we cannot exclude
the possibility that vertical tectonic movements were af�
fected by the glaciation�

Estimation of the Barguzin Glacier
Parameters

In the light of the aforesaid� the thickness of the Bar�
guzin half�covering glacier� which existed in the north�
ern part of the Lake Baikal� is of particular interest� The
knowledge of contemporary glaciers provides means for
estimating this thickness� As shown below� it is con�
venient to consider ice as a viscous solid body which
�ows under the action of gravity �Landau and Lifshits�

����� but rather strictly preserves the relation between
its area dimensions and thickness� under this approx�
imation� contemporary glaciers are described by equa�
tions of the type

Hg � ����S����
g ���

where Sg is the glacier area �in km�� and Hg is the ice
shield thickness �in km�� with the correlation coe�cient
being r� � ���
� at the sample size n � ��� Substi�
tuting an approximate value of the glacier area �in our

case� determined from the end moraine belt of maximum
glaciation� into equation ���� we obtain an approximate
ice sheet thickness of about ��� m� This value is not
much divergent from a geological�geomorphological esti�
mate of about �� m� obtained from the height of trough
valleys �Logachev et al�� �����

For comparison� we present the estimated sizes of
present continental ice covers of Antarctic and Green�
land �Dolgushin and Osipova� ��	��� The general area
Sg of the Antarctic ice sheet is �� �	� ��� km�� and its
average thickness Hg is � 
�� m� with a maximum of
��� m� For the Greenland ice sheet� the respective val�
ues are � �
� �� km�� ���� m� and ��� m� Note that
if these ice caps were removed from the Earth�s surface�
the internal sea at the place of Antarctic would have a
depth of about ���� m� and in the case of Greenland
the depth would be about 	�� m� Although the North
Baikal glacier is not so large� it could igni�cantly a�ect
the underlying surface�

In our case there is enough evidence to suppose that�
during the maximum glaciation period� the Lake Baikal
level was lower by ������ m� This hypothesis is il�
lustrated in Figure �a� As seen from the �gure� the
Lake Baikal consisted of three connected or even isolated
reservoirs at a time of ������ ka� Then� the water cir�
culation in these reservoirs and therefore landscape en�
vironment essentially di�ered from those presently ob�
served� A lower lake water level in the glaciation epoch
is additionally supported by the fact that certain ar�
chaeological monuments �e�g� Ulan�Khada� have been
destroyed as a result of their slow submersion below the
lake level�

Large dimensions and total mass of the ice cover sug�
gest the existence of glacioisostatic movements in the
Baikal region� However� in order to verify the post�
glacial Baikal rift uplift� one should exclude the possi�
ble in�uence of gravity e�ects on the RVM rates of the
Earth�s surface� Below� we brie�y consider the spatial
pattern of both gravity and RVM velocity anomalies�
based on geodetic data�

RVM Velocity Anomalies as
Constrained by Geodetic Data

The RVM in situ measurements performed in the
early ����s provided a basis for constructing an RVM
scheme on the territory of the Baikal rift zone� A rather
complicated pattern of RVM anomalies is observed in
the area where the ice half�sheet lay� However� to a
�rst approximation� two NE�trending bands of anoma�
lies are recognizable� the anomalous RVM are positive
in one of the bands and negative in the other� The
�rst extends from the Svyatoi Nos Peninsula to the
Verkhnyaya Angara basin� and the second extends from
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the Olkhon Island to northern slopes of the Verkhnean�
garskii Range and bounds the �rst band to the west�
The �rst� positive�anomaly band is separated into sev�
eral anomalies� Of those� three anomalies are most pro�
nounced� the northwestern� most intense one is observed
above the Verkhneangarskii basin and adjacent moun�
tains of the Delyun�Uranskii and Severo�Muiskii Ranges
�maximum rates are �
�� mm�yr in the Verkhnyaya
Angara head area and ����� mm�yr at the Yanchuya
River source�� central anomaly above the Kichera basin
��	�� mm�yr in the Kichera River head area�� and
southwestern anomaly above the Barguzin Range� Svy�
atoi Nos Peninsula� and southern Baikal Range �rates
range from ���
 to �	�	 mm�yr�� Interestingly� the
above maximums are con�ned to the most conspicu�
ous traces of glaciation� The second band of negative
anomalies is divided into at least four anomalies the
largest of which trends northeast and is contiguous to
the largest positive anomaly� This negative anomaly is
observed above the eastern Verkhne�Angarskii Range�
and its downward velocities reach ��� mm�yr in the
Konkudera River head area� The rest of the anomalies�
bending round the group of positive anomalies on the
west� extends southwest through the Synnyr and Yng�
dar Ranges� crosses the axis of the Predbaikalskii basin�
and ends at the Olkhon Island� Here� mean velocities
of downward movements amount to �
 mm�yr� Obvi�
ously� these anomalies cannot be attributed to glacioiso�
static movements� but they imply the presence of a com�
plex mechanism in which both gravity�density inhomo�
geneities of the lithosphere and tectonic di�erences be�
tween various morphostructural elements may be main
disturbing factors�

Many of the gravity anomalies spatially correlate with
the anomalies of RVM velocities� and this correlation is
either positive or negative� Undoubtedly some of the
anomalies coincide with areas of isostatic adjustment� so
that postglacial vertical movements are likely to occur
in the Baikal region� but their intensity is by far smaller
as compared with Fennoscandia and other regions with
a similar Pleistocene history of development�

Deep Structure of the Crust and Upper
Mantle Under the Baikal Rift

In order to estimate physical properties of the mate�
rial on which the ice shield lay and which was involved
�probably is still involved� in glacioisostatic movements�
one should roughly assess the depth at which the ice
load removal was accommodated� The accommodation
depths of the crust and upper mantle are likely to have
been associated with lower strength characteristics and
higher ductility� Seismic soundings of the crust and up�
per mantle in the Baikal region yield evidence of at least

three lower�strength layers that change seismic veloci�
ties �Artyushkov� ������ The shallowest inhomogeneity
occurs at depths of �
 to 
� km and nearly coincides
with the concentration area of seismic sources in the
Baikal region� the next one is observed at depths of �� to
�� km� and the deepest is the asthenosphere� whose roof
occurs� according to various estimates� at depths rang�
ing from �� to �� km� Another important fact is that
earthquake sources in the Barguzinskii Range area are
recorded down to depths of �� km� whereas their usual
depths in Baikal rift crust are as large as �� km� Which
of the inhomogeneities could have accommodated the
ice load 

The answer to this question is not trivial� because
the linear dimensions and mass of the Barguzin glacier
are too small� The presence of abnormally deep �to ��
km� earthquake sources in the area where the ice thick�
ness was highest and where abnormally high RVM rates
are presently observed indicates that the subcrustal in�
homogeneity was undoubtedly involved in the ice load
adjustment process� because otherwise relatively ductile
rocks at these depths would have inhibited the growth
of seismogenic faults� However� from the standpoint of
formal logic� the involvement of the intracrustal inho�
mogeneity in accommodation of the ice load also raises
no doubts�

Thus� in our opinion� the available information is ad�
equate for estimating the following important charac�
teristics�

� minimum linear dimensions and mass of a glacier
which can give rise to noticeable glacioisostatic
movements�

� possible limiting dimensions of ice sheets of the
Earth at given mean values of its physical param�
eters�

� possible amplitude of postglacial movements in
the Baikal region�

� and viscous properties of those zones of the Baikal
crust and mantle that are responsible for the glaci�
oisostatic adjustment�

Model Estimates of Physical Parameters

In order to construct models of the postglacial uplift�
one should estimate its characteristic linear dimensions
L and height H� For this purpose� we represent the
model postglacial uplift as a rectangular parallelepiped
whose base area Sg�L

� and heightH are such that L�
H� According to empirical relation ���� this inequality
is valid for all of the presently existing glaciers to a large
degree of reliability�
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To construct such a model� we consider the litho�
sphere as a very viscous �uid� and the process itself
of the postglacial uplift� as a hydrodynamic attenua�
tion of a strongly elongated disturbance of the length L
on a plane boundary of an incompressible �uid of high
viscosity �� Then� we obtain the equation

� �
�gL


�
�� �
�

where � is the mean crustal density within the uplift
area� g is gravity� and � is the postglacial uplift time
in the area considered� In our case we have � � ����
g�cm�� L � �
� km � ��
 � ��� cm� and � � �����
years � ���� ���� s� The substitution of these values
into �
� gives � � ���� ���� poise� which is somewhat
smaller than the estimates for Fennoscandia and Cana�
dian shield �Artyushkov� ������ but consistent with pre�
vious estimates for the Baikal region �Levi and Sherman�

������
However� formula �
� is not advantageous for estimat�

ing the dimensions of the postglacial uplift area L� since
it relates two poorly de�ned quantities which are L and
�� Therefore� we try to derive an equation relating L
to easily estimated physical characteristics of the litho�
sphere� for this purpose� the latter will be considered as
a high�viscosity solid �Landau and Lifshits� ������ Then�
the stress tensor of such a body is de�ned by a general
formula

� � GUik � �
dUik

dt
� ���

where G is the elastic modulus of the lithosphere� and
Uik � dL	L are strain components� For our estimates�
it is su�cient to consider the simplest case of a homo�
geneous isotropic lithosphere and to replace the hydro�
dynamic derivative in ��� by the estimate

dUik

dt
��

U

t
�

U

L	

� ��

where we have � � L	
 for the �hydrodynamic� time
and 
 is the characteristic rate of uplift� Then� equation
��� for an isotropic stress assumes an essentially simpler
form�

� � �G�



�
�U� ���

In order that the viscosity and elasticity of the body in
question might be values of the same order� the following
condition must be satis�ed�

� � G� ���

Returning to the model adopted for the uplift area�
the main condition L� H gives

dL

L
�


H

L
���

and hence the stress tensor can be written as

� �
weight

base area
�

�
�gHL�

L�
� �gH � G

dL

L
� G


H

L
�

�	�

Then� the required dimensions of the uplift area can be
estimated from the formula

L �

G

�g
���

Equation ��� is self�consistent� because formula �
�
can be readily obtained through eliminating G from ���
and ���� Adopting G � 
�	 � ���� dyne�cm� and � �
���� g�cm� for rocks composing the lithosphere in the
Baikal region� we obtain L � 

� 

� km� which agrees
with observations� The same equations give an estimate
of the characteristic minimumsize of a glacier capable of
producing glacioisostatic movements� Its characteristic
size cannot be smaller than 
� km� On the other hand�
the thickness of a very large glacier cannot exceed� on
average� ��� km� because otherwise it would crush its
own base�

To estimate the possible postglacial uplift amplitude�
one should know the ice density �g� density of the un�
derlying substrate �� and thickness of the ice shield Hg�
which we assume� for simplicity� to be ���� m� This is
a reasonable estimate� because equation ��� gives only
an average value of Hg� Then� the equation

H �
�g

�
Hg � ��
�Hg� ����

gives an uplift height of 
������m� which agrees reason�
ably well with the amplitude estimates of Late Quater�
nary tectonic movements from North Baikal morphome�
tric data based on the river system incision depth and
sedimentation rates �Levi et al�� ��	��� The uplift rate
may be estimated from the equation

V � H	�� ����

Deglaciation Rates of the Sartan Ice
Sheets and Some Problems of Human

Paleogeoecology

Presently� the deglaciation history of the Baikal region
cannot be determined due to poor preservation of end
moraine ramparts of maximum glaciation� which pre�
vents the delineation of glaciation geographical bound�
aries� Based on the available geological and geophys�
ical evidence� the time variation of deglaciation over
the past � thousand of years can be� to an extent� re�
constructed� Below� we shortly discuss this problem�
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Figure �� End moraine series in the Kichera River valley� northernmost Lake Baikal �after
�Osadchii� ��	���� � � reliable �a� and tentative �b� boundaries of the maximum glaciation� 
 �
stadial moraines preserved in the contemporary relief� � � alluvial�lacustrine plains in ��ooded�
�a� and eroded �b� areas of stadial moraines� � � � glacial�lacustrine plains� dry �� and swampy
���� � � lakes�
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Figure �� Degradation intensity of the Kichera glacier� northern Baikal�

Presently� the Kichera River valley �northernmost Lake
Baikal area� is the only place where some ten ramparts
of end moraines are well preserved� These ramparts
are geomorphologically well expressed� and relative age
determinations date them at the early to latest Pleis�
tocene �Bazarov� ��	��� In ��	�� S� S� Osadchii mapped
the entire system of the end moraine ramparts in the
Kichera River valley and established their number to
be ������ he assumed that the lowermost moraine �xes
the spatial position of the maximum glaciation bound�
ary� the glaciation age being about ��� ka as mentioned
above� In ��� and ����� P� G� Kirillov and S� Bak
determined an age of ���� � �� years from the Cha�
lauta moraine �Table ��� which dramatically diverges
from the relative geochronology data reported by previ�
ous researchers� The scheme of Figure  �constructed af�
ter Osadchii ���	��� clearly shows considerable variation
in the spacing between the moraine ramparts� imply�
ing that the glacier retreat rate correlated with climatic
variations in the air temperature� In order to estimate
the relative age of each moraine rampart� one should
admit that the temperature rose uniformly� Given the
validity of this assumption� each moraine may be dated
from spacings between moraine ramparts� These simple
considerations showed that the deglaciation rate varied
with time �Figure ��� indirectly re�ecting the climatic
variations in the air temperature�

Now we brie�y consider the intensity of soil forma�
tion in East Siberia during the past �� k�y� The plot
shown in Figure � was constructed using a collection
of ��! datings �Appendix� Table 
�� Furthermore� we

assumed that� in the case of global development of a
phenomenon� the number of datings that fall into a
given �time window� is maximum� whereas it is min�
imum if the process is depressed� The time window was
taken to be wider than the standard deviation of the
��! determinations� and the windows overlapped� with
a time step being ���� Simple calculations yielded a
frequency curve� indirectly re�ecting the climatic tem�
perature variations in East Siberia� on the whole� this
curve is consistent with the current geological notions
�Figure ���

Archaeological site datings in East Siberia �Appen�
dix� Table �� were processed in a similar way� and we
obtained the site recurrence plot �which may show how
often ancient peoples visited the Baikal region� illus�
trated in Figure ��

Comparison between Figures � and � reveals an ab�
normally high recurrence of archaeological site datings
during the Sartan glaciation in the Baikal region� The
Holocene extremums may be explained by the general
rise in temperature favorable for developing new lands
by men� On the other hand� it is di�cult to explain the
frequent site occurrence during the Sartan time� when
a rather cold climate dominated the Baikal region� and
the ancient manwas strongly dependent on environmen�
tal conditions� However� comparison of Figures � and
� seems to resolve this contradiction� High deglacia�
tion rates of the Sartan glaciers were characteristic of
the time interval during which the Sartan archaeologi�
cal sites were widespread� Thus� these facts� albeit in�
direct and somewhat insu�ciently substantiated� yield
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evidence of anomalous climatic conditions that existed
in the Baikal region over the past �� k�y� We hope that
joint geological and geophysical studies that have been
conducted since ���� will provide �nal veri�cation of
these climatic features�

Future Development of the Postglacial

Uplift Problem

The next stage in the elaboration of the problem of
postglacial uplift in the Baikal rift zone consists in the
intensity estimation of postglacial tectonic events as a
function of the distance to the local center of the North
Baikal glaciation� Deglaciation features in the region
should correlate with stages of the Lake Baikal water
level variation� thereby our knowledge of the mecha�
nism responsible for the lake water discharge through
the Angara River will be improved and many questions
concerning the Pleistocene evolution of the region and
regional climatic changes will be answered� Supposedly�
the interpretation of terrace�like benches and terraces of
the Ushkun�i Islands �Lamakin� ���
link��� can be ben�
e�cial to the solution of these and many other problems
of the postglacial Baikal history�

Conclusion

Numerous traces of neotectonic movements and post�
glacial active tectonics have been reliably established
in the Baikal rift zone� Substantial relief transforma�
tions postdating the maximumglaciation epoch are evi�
dence of considerable tectonic uplift events with a highly
probable postglacial component� which is additionally
supported by relationships of the Bikal terraces of in�
termediate ������ and 	� m� and high ���� m� lev�
els with glacial features� Subsynchronism of lake and
glacial deposits and abrasion planation of the glacial re�
lief at various levels can be most reasonably explained
in terms of the glacier slide into the lake shore zone and�
at the initial stage of deglaciation� abrasion truncation
of the glacial relief which did not experience signi�cant
glacioisostatic uplift at that time� The glacioisostatic
hypothesis is consistent with theoretical estimates ob�
tained in this work�
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Appendix�

Table �� The Holocene�Late Pleistocene age sequence of geological events in central Siberia

No� Stage Dating Location and references
� Sub� 
������ �Andreev� ���
�

 Atlantic ����� Fernau stage moraines� Altai �SOAN��
�� �Endrikhinskii� ��	
�
� ���� Fernau stage moraines� Altai �SOAN����	� �Endrikhinskii� ��	
�
 ����� Fernau stage moraines� Altai �SOAN������ �Endrikhinskii� ��	
�
� ����� Fernau stage moraines� Altai �SOAN��
�� �Endrikhinskii� ��	
�
� �
����� Kargapolovo village� Ob River �SOAN���� �Endrikhinskii� ��	
�
� ���
� Peat bog� Dzhasator River� Altai �SOAN������ �Ivanovskii et al�� ��	
�
	 ������ Yana River� below Ust��Kuiga �GIN����� �Kolpakov et al�� ��	��
� ������� Megin�Kangalas district� Yakutia �Im�
��� �Kostyukevich� ��	��
�� ������ Fernau stage moraines� Altai �SOAN������ �Endrikhinskii� ��	
�
�� ������ Khara�Bugulunnyakh �Im�
	� �Kostyukevich� ��	��
�
 	����� Peat bog� Dzhasator River� Altai �SOAN������ �Ivanovskii et al�� ��	
�
�� 	����� Kirenga River �Vib��� �Endrikhinskii� ��	
�
� �����
� �Andreev et al�� ���
�
�� �������� Kargopolovo settlement� Ob River �SOAN��
� �Endrikhinskii� ��	
�
�� ������ Peat bog� Dzhasator River� Altai �SOAN����	� �Ivanovskii et al�� ��	
�
�� �

���� Tuva Upland �Beta������
� �Arzhannikov� this work�
�	 �
����� Pashino site �GIN���
� �Laukhin et al�� ��	��
�� �������� Ust��Aldan district� Yakutia �Im����� �Kostyukevich� ��	��

� ������� Megin�Kangalas district� Yakutia �Im���� �Kostyukevich� ��	��

� ������� Kargopolovo settlement� Ob River �SOAN���� �Endrikhinskii� ��	
�


 ������� �Andreev et al�� ���
�

� ������� Suzun River� Ob River tributary �SOAN�	�� �Endrikhinskii� ��	
�

 
����	� �Andreev et al�� ���
�

� 
������ �Andreev et al�� ���
�

� 
������ Suzun River� Ob River tributary �SOAN�
	� �Endrikhinskii� ��	
�

� 
������ �Andreev et al�� ���
�

	 
�	����� �Andreev et al�� ���
�

� 

������ Chadobets site� soil �KRIL�
��� �Laukhin et al�� ��	��
�� 

���	� Pashino site �GIN����� �Laukhin et al�� ��	��
�� 
������ Vitim River �Im���	� �Endrikhinskii� ��	
�
�
 
������ Selenga River delta� Dubrovino village �LG��
� �Endrikhinskii� ��	
�
�� Subbo� 
�
��	� �Andreev et al�� ���
�
� real 
������� �Andreev et al�� ���
�
�� 
�	���� Northern Middle Siberian Upland �GIN��	� �Bardeeva et al�� ��	��
�� 
�	���� Bytantai River �GIN����� �Kolpakov et al�� ��	��
�� 
����
�� Ust��Aldan district� Yakutia �Im����� �Kostyukevich� ��	��
�	 
����� Tumara� Kele� Tukulan� and Khandyga rivers �GIN��
�� �Kolpakov et al�� ��	��
�� 
�����
� Chadobets site� �KRIL�
�
� �Laukhin et al�� ��	��
� ������� �Andreev et al�� ���
�
� ������� Bytantai River �GIN����� �Kolpakov et al�� ��	��

 �������� �Andreev et al�� ���
�
� �
���� Northern Middle Siberian Upland �GIN���� �Bardeeva et al�� ��	��
 �
������ Molodo River �GIN��
� �Shofman� ��	��
� �
���� Peat bog� Dzhasator River� Altai �SOAN�����g� �Ivanovskii et al�� ��	
�
� �
���
� Peat bog� Dzhasator River� Altai �SOAN������ �Ivanovskii et al�� ��	
�
� �
����� �Andreev et al�� ���
�
	 �
	����� Severnaya Zemlya Archipelago� �LU���
�� �Bolshiyanov et al�������
� ��
����� Markha River �GIN����� �Shofman� ��	��
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No� Stage Dating Location and references
�� ������ Bytantai River �GIN����� �Kolpakov et al�� ��	��
�� �����
�� Tumara River �GIN���
� �Kolpakov et al�� ��	��
�
 ������� Peat bog� Dzhasator River� Altai �SOAN�����g� �Ivanovskii et al�� ��	
�
�� ������ Severnaya Zemlya Archipelago �LU���
���Bolshiyanov et al�������
� �������� Markha River �GIN���
� �Shofman� ��	��
�� �����
�� Markha River �GIN����� �Shofman� ��	��
�� �����	� Omoloi River� �GIN�	�� �Kolpakov et al�� ��	��
�� �������� �Andreev et al�� ���
�
�	 ������� Taimyr Peninsula �GIN����� �Nikolskaya et al�� ��	��
�� �	
����� �Andreev et al�� ���
�
�� �		���
� Zakharova Rassokha River� Khatanga River tributary �GIN����� �Andreeva� ��	��
�� �������� Northern Middle Siberian Upland �GIN���	
� �Bardeeva et al�� ��	��
�
 �������� Ust��Aldan district� Yakutia �Im���
� �Kostyukevich� ��	��
�� ������� �Andreev et al�� ���
�
� �	����� Kazyra River� Yenisei River head area� �MGU�
��� �Endrikhinskii� ��	
�
�� 
	��
� Ynakhsyt River �GIN�	��� �Kolpakov et al�� ��	��
�� ���
�� Chadobets site� �KRIL�
��� �Laukhin et al�� ��	��
�� 
���� Taimyr Peninsula �GIN��	�� �Nikolskaya et al�� ��	��
�	 ����� �Andreev et al�� ���
�
�� ���
�� Megin�Kangalas district� Yakutia �Im�
��� �Kostyukevich� ��	��
�� Atla� ����� Yana River �GIN����� �Kolpakov et al�� ��	��
�� ntic ������ Molodo River �GIN���
b� �Shofman� ��	��
�
 ������� Megin�Kangalas district� Yakutia �Im����� �Kostyukevich� ��	��
�� �
���� �Andreev et al�� ���
�
� �
����� Ust��Aldan district� Yakutia �Im����� �Kostyukevich� ��	��
�� ������ Northern Middle Siberian Upland �GIN���� �Bardeeva et al�� ��	��
�� 	���	� Molodo River �GIN��
	� �Shofman� ��	��
�� 	����� Dulgalakh River �GIN�	�� �Kolpakov et al�� ��	��
�	 	���	� Omoloi River� �GIN����� �Kolpakov et al�� ��	��
�� 	����� Yana River �GIN���� �Kolpakov et al�� ��	��
	� �
����� Dulgalakh River �GIN����� �Kolpakov et al�� ��	��
	� ������ Molodo River �GIN���
a� �Shofman� ��	��
	
 ������� �Andreev et al�� ���
�
	� �����	� �Andreev et al�� ���
�
	 ��	� Taimyr Peninsula �IMSOAN��	�� �Nikolskaya et al�� ��	��
	� �
����� Molodo River �GIN��
�� �Shofman� ��	��
	� �����
�� Northern Middle Siberian Upland �GIN���	� �Bardeeva et al�� ��	��
	� ��
����� Dulgalakh River �GIN����� �Kolpakov et al�� ��	��
		 ������� Bytantai River �GIN���� �Kolpakov et al�� ��	��
	� �	���� �Andreev et al�� ���
�
�� ������� Bytantai River �GIN��	� �Kolpakov et al�� ��	��
�� �������� Taimyr Peninsula �GIN����� �Nikolskaya et al�� ��	��
�
 ������� �Andreev et al�� ���
�
�� ������� �Andreev et al�� ���
�
� �����	� �Andreev et al�� ���
�
�� ������� Bytantai River �GIN���
� �Kolpakov et al�� ��	��
�� �����
�� Ishi River� Katun� River tributary �LG��
��Endrikhinskii� ��	
�
�� ������� Taimyr Peninsula �GIN����� �Nikolskaya et al�� ��	��
�	 ��
���� Taimyr Peninsula �GIN��	
� �Nikolskaya et al�� ��	��
�� ������� Taimyr Peninsula �GIN���� �Nikolskaya et al�� ��	��
��� �
����� Undyulong� Begidzhyan� and Sobopol rivers �GIN�


� �Kolpakov et al�� ��	��
��� �
������ Irtysh River� town of Semipalatinsk �LG��� �Endrikhinskii� ��	
�
��
 �����	� �Andreev et al�� ���
�
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No� Stage Dating Location and references
��� ����
�� Northern Middle Siberian Upland �GIN���	�� �Bardeeva et al�� ��	��
�� ������ Tumara River �GIN����� �Kolpakov et al�� ��	��
��� �������� Gorelyi Les site� Belaya River �Ri���� �Endrikhinskii� ��	
�
��� �������� �Andreev et al�� ���
�
��� �
��� Severnaya Zemlya Archipelago �Bolshiyanov et al�������
��	 �
������ Bytantai River �GIN���� �Kolpakov et al�� ��	��
��� �
���� Bytantai River �GIN���� �Kolpakov et al�� ��	��
��� ����
�� Shsihskino archaeological monument� Lena River �Endrikhinskii� ��	
�
��� ���� Taimyr Peninsula �GIN����� �Nikolskaya et al�� ��	��
��
 ������ �Andreev et al�� ���
�
��� ��	����� �Andreev et al�� ���
�
�� �	������ Northern Middle Siberian Upland �GIN����� �Bardeeva et al�� ��	��
��� �		���
� �Andreev et al�� ���
�
��� ������� �Andreev et al�� ���
�
��� Boreal 	������� Shsihskino archaeological monument� Lena River �Endrikhinskii� ��	
�
��	 	��� Taimyr Peninsula �Nikolskaya et al�� ��	��
��� 	��� Taimyr Peninsula �Nikolskaya et al�� ��	��
�
� 	����
� Molodo River �GIN����� �Shofman� ��	��
�
� 	
���	� Bukhuruk River �GIN����� �Kolpakov et al�� ��	��
�

 	

���
� Taimyr Peninsula �GIN����	� �Nikolskaya et al�� ��	��
�
� 	
������ Shsihskino archaeological monument� Lena River �Endrikhinskii� ��	
�
�
 	������ Taimyr Peninsula �GIN���� �Nikolskaya et al�� ��	��
�
� 	������ Northern Middle Siberian Upland �GIN���	�� �Bardeeva et al�� ��	��
�
� 	���	� Dulgalakh River �GIN�	��� �Kolpakov et al�� ��	��
�
� 	������ �Andreev et al�� ���
�
�
	 	����� Molodo River �GIN��
�� �Shofman� ��	��
�
� 	������ Northern Middle Siberian Upland �GIN��

� �Bardeeva et al�� ��	��
��� 	��
 Gorelyi Les site� Belaya River �Ri���� �Endrikhinskii� ��	
�
��� 	����� Molodo River �GIN����� �Shofman� ��	��
��
 	�	���� Bukhuruk River �GIN���	� �Kolpakov et al�� ��	��
��� 	������ Taimyr Peninsula �GIN����� �Nikolskaya et al�� ��	��
�� 	������ Molodo River �GIN����� �Shofman� ��	��
��� 	������� Bytantai River �GIN����� �Kolpakov et al�� ��	��
��� 	����
�� Khara�Bulugunnyakh �Im�
�
� �Kostyukevich� ��	��
��� 	����
�� Chik River� Altai �SOAN��� �Endrikhinskii� ��	
�
��	 	������ Dulgalakh River �GIN����� �Kolpakov et al�� ��	��
��� 		������ Taimyr Peninsula �GIN�	
�� �Nikolskaya et al�� ��	��
�� 	���� Ust��Belaya� Angara River �GIN���� �Endrikhinskii� ��	
�
�� �������� Taimyr Peninsula �GIN��	�� �Nikolskaya et al�� ��	��
�
 �������� Northern Middle Siberian Upland �GIN���	�� �Bardeeva et al�� ��	��
�� ��
��
�� Khara�Bulugunnyakh �Im�
��� �Kostyukevich� ��	��
� ������� �Andreev et al�� ���
�
�� Prebo� ��	����� B� Balakhnya River� Taimyr Peninsula �GIN����� �Nikolskaya et al�� ��	��
�� real �
���� Taimyr Peninsula �GIN����� �Nikolskaya et al�� ��	��
�� �
������ Tumara� Kele� Tukulan� and Khandyga rivers �GIN��
	� �Kolpakov et al�� ��	��
�	 �
����� Tumara� Kele� Tukulan� and Khandyga rivers �GIN��
	� �Kolpakov et al�� ��	��
�� �������� B� Rassokha River� Taimyr Peninsula �GIN���

� �Nikolskaya et al�� ��	��
��� ������ Dulgalakh River �GIN�	�� �Kolpakov et al�� ��	��
��� �������� Tabrata River� Yenisei River head area �MGU����� �Endrikhinskii� ��	
�
��
 ������� �Andreev et al�� ���
�
��� �	������ Bukhuruk River �GIN����� �Kolpakov et al�� ��	��
�� �	������ Ust��Belaya� Angara River �GIN�	�� �Endrikhinskii� ��	
�
��� �������� �Andreev et al�� ���
�
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No� Stage Dating Location and references
��� �������� Torskaya depression� Irkut River �GIN��
� �Endrikhinskii� ��	
�
��� �������� Ulakhan�Sakkyryk River �GIN����� �Kolpakov et al�� ��	��
��	 Late �������� �Andreev et al�� ���
�
��� Dryas �����
�� Markha River �GIN���
� �Shofman� ��	��
��� ��	��
�� B� Balakhnya River� Taimyr Peninsula �GIN���
��Nikolskaya et al�� ��	��
��� ��������� Lena River� below the Linda River mouth �GIN�	�
� �Kolpakov et al�� ��	��
��
 ���
���
� Northern Middle Siberian Upland �GIN��
�� �Bardeeva et al�� ��	��
��� ��	���
�� Tumara� Kele� Tukulan� and Khandyga rivers �GIN��
�� �Kolpakov et al�� ��	��
�� Alle� ��	���	� Boyarka River mouth� Taimyr Peninsula �GIN���� �Nikolskaya et al�� ��	��
��� r	d ��������� Oshurkovo site� Selenga River �Tseitlin� �����
��� �������� Koira and Vitim interstream area �IM���� �Endrikhinskii� ��	
�
��� ��
����	� Khamsara River� Yenisei River head �Endrikhinskii� ��	
�
��	 �������� Makarovo�
 archaeological monument� Lena River �GIN�	�b�

�Endrikhinskii� ��	
�
��� ������� Markha River �GIN�	��� �Shofman� ��	��
��� ��	����� Bukhuruk River �GIN����� �Kolpakov et al�� ��	��
��� ��	���
	� Shsihskino archaeological monument� Lena River �GIN�	�a�

�Endrikhinskii� ��	
�
��
 �������� Makarovo�
 archaeological monument� Lena River �GIN�	��

�Endrikhinskii� ��	
�
��� �
������� Berelekhskii occurrence site of mammoth bones �LU����

�Arslanov et al�� ��	��
�� �
�	���
� Kokorevo�
 site� Yenisei River �LE�����

�Endrikhinskii� ��	
�
��� �

����� Berelekhskii occurrence site of mammoth bones �LU����

�Arslanov et al�� ��	��
��� �
������� Anui River� Altai �LG���� �Endrikhinskii� ��	
�
��� �
������� Markha River �GIN�	��� �Shofman� ��	��
��	 �
�����
� Eltsovka River� Altai �SOAN����� �Endrikhinskii� ��	
�
��� �
�����
� Vitim River �GIN���

� �Endrikhinskii� ��	
�
�	� �
������� Oshurkovo site� Selenga River

�Endrikhinskii� ��	
�
�	� �
���
�� Kokorevo�
 site� Yenisei River �LE��
��

�Endrikhinskii� ��	
�
�	
 �������� Kokorevo�� site� Yenisei River �GIN����

�Endrikhinskii� ��	
�
�	� ������ Kokorevo�
 site� Yenisei River �GIN����

�Endrikhinskii� ��	
�
�	 �������
� Anui River� Altai �SOAN���� �Endrikhinskii� ��	
�
�	� �������	� North Siberian Lowland �GIN���
� �Isaeva et al�� ��	��
�	� �������� Berelekhskii occurrence site of mammoth bones �LU����

�Arslanov et al�� ��	��
�	� �������� Lebed� River� Turochak village� Altai �SOAN�����

�Endrikhinskii� ��	
�
�		 ��	���
�� Aya village� Katun� River �LG��
� �Endrikhinskii� ��	
�
�	� �������� North Siberian Lowland �GIN���
�

�Isaeva et al�� ��	��
��� �
������ Yana River� Ust��Kuiga �GIN����� �Kolpakov et al�� ��	��
��� ��
����� Kokorevo� site� Yenisei River �LE����

�Endrikhinskii� ��	
�
��
 �����
�� Linda River� below the Ynakhstakh River mouth �GIN�	���

�Kolpakov et al�� ��	��
��� ������� Anui River� Altai �SOAN���� �Endrikhinskii� ��	
�
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No� Stage Dating Location and references
�� �������� Kokorevo�
 site� Yenisei River �GIN�
�
�

�Endrikhinskii� ��	
�
��� ������
� Malta site� Angara River �GIN����

�Endrikhinskii� ��	
�
��� ��������� North Siberian Lowland �GIN��
�� �Isaeva et al�� ��	��
��� ��
������ Vitim River �IM�
��� �Endrikhinskii� ��	
�
��	 ������
� Kokorevo� site� Yenisei River �LE����

�Endrikhinskii� ��	
�
��� �������� Yana River� Mus�Khaya �GIN���� �Kolpakov et al�� ��	��

�� ������	� North Siberian Lowland �GIN���	� �Isaeva et al�� ��	��

�� ��	����� Undyulong� Begidzhyan� and Sobopol rivers �GIN�����

�Kolpakov et al�� ��	��

�
 ��	����	� Isha River� Altai �LG��� �Endrikhinskii� ��	
�

�� ��������� Isha River� Altai �SOAN���� �Endrikhinskii� ��	
�

� ��������� Shcherbakovo village� Ob River �SOAN��� �Endrikhinskii� ��	
�

�� �	����
�� Tumara River �GIN����� �Kolpakov et al�� ��	��

�� ��������� Ust��Aldan district� Yakutia �Kostyukevich� ��	��

�� 
�
���� Isha River� Altai �LG���� �Endrikhinskii� ��	
�

�	 
��������� Vilyui River �GIN���� �Shofman� ��	��

�� 
��	��
�� Ikonnikovo village� Katun� River �SOAN��� �Endrikhinskii� ��	
�

�� 
�����
�� Severnaya Zemlya Archipelago �LU������ �Bolshiyanov et al�������

�� 
�������� Afontova Gora�
 site� Krasnoyarsk area �GIN�����

�Endrikhinskii� ��	
�

�
 
�������� North Siberian Lowland �GIN���
�

�Andreeva� ��	��

�� 
�
������ Molodo River �LU��	�� �Shofman� ��	��

� 
�
����	�� Oshurkovo site� Selenga River

�Endrikhinskii� ��	
� ionium dating


�� 
������	� Shadrintsevo village� Ob River tributary �SOAN���� �Endrikhinskii� ��	
�

�� 
�	������ B� Rechka River� Ob River tributary �SOAN���� �Endrikhinskii� ��	
�

�� 
������� Yuskeevo village� Yenisei River �GIN���	� �Endrikhinskii� ��	
�

�	 
�
����� Irkineeva River �SOAN��
�� �Laukhin et al�� ��	��

�� 

��
��� Kytmanovo village� Chumysh River� Ob River tributary �SOAN����

�Endrikhinskii� ��	
�


� 
����

� Ulkan River �Vib��� �Endrikhinskii� ��	
�


� 
���	�� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������



 
�����
� Staroglinushka village� Ob River tributary �SOAN���� �Endrikhinskii� ��	
�


� 
�������� Altai moraines �MGU�IOAN���� �Endrikhinskii� ��	
�


 
�	����� Pavlovshchina village� Yenisei River �GIN����� �Endrikhinskii� ��	
�


� 
������� Biya River �SOAN��
� �Endrikhinskii� ��	
�


� 
������	� B� Rechka River� Ob River tributary �SOAN��
��� �Endrikhinskii� ��	
�


� 
�����	�� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������


	 
������� Severnaya Zemlya Archipelago �LU���
� �Bolshiyanov et al�������


� 
�
����
� Biya River �SOAN���� �Endrikhinskii� ��	
�

�� 
�������� Novonazimovo village� Yenisei River �LG���� �Endrikhinskii� ��	
�

�� 
��������� B� Balakhnya River� North Siberian Lowland �GIN�����

�Andreeva� ��	��

�
 
�����
�� Shadrintsevo village� Ob River tributary �SOAN��� �Endrikhinskii� ��	
�

�� 
�������� B� Balakhnya River� North Siberian Lowland �GIN�����

�Andreeva� ��	��

� 
�������� Zakharova Rassokha River� Khatanga River tributary �GIN����

�Andreeva� ��	��

�� 
�����
�� Molodo River �GIN����� �Shofman� ��	��
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No� Stage Dating Location and references

�� 
�
������ North Siberian Lowland �GIN���� �Andreeva� ��	��

�� 
	������� Tumara� Kele� Tukulan� and Khandyga rivers �GIN�����

�Kolpakov et al�� ��	��

�	 
	������� Pogorelka village� Ob River tributary �SOAN��
��� �Endrikhinskii� ��	
�

�� 
	
���� Vatutina Promontory Severnaya Zemlya Archipelago �LU�����

�Bolshiyanov et al�� �����

� 
�����
�� Undyulong� Begidzhyan� and Sobopol rivers �GIN����

�Kolpakov et al�� ��	��

� 
�����
�� Irkineeva River �SOAN��
	� �Laukhin et al�� ��	��


 
��������� North Siberian Lowland �GIN����� �Andreeva� ��	��

� ��������� Ust��Kova� Angara River tributary �GIN����� �Laukhin et al�� ��	��

 �������� Undyulong� Begidzhyan� and Sobopol rivers �GIN�

� �Kolpakov et al�� ��	��

� ��������� Varvarina Gora site �SO AN�	��� �Kind� ����

� ��������� North Siberian Lowland �GIN���
b� �Isaeva et al�� ��	��

� ������ Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������

	 ��������� North Siberian Lowland �MGU�	�� �Isaeva et al�� ��	��

� ��	����� B� Balakhnya River� North Siberian Lowland �MGU�	��

�Andreeva� ��	��

�� �
����
��� North Siberian Lowland �GIN������ �Andreeva� ��	��

�� �
	���
��� B� Balakhnya River� North Siberian Lowland �GIN������

�Andreeva� ��	��

�
 �������� North Siberian Lowland �GIN���
b� �Isaeva et al�� ��	��

�� ������	� Irkineeva River �SOAN��
���Laukhin et al�� ��	��

� �������� Kargopolovo village� Ob River �SOAN��� �Endrikhinskii� ��	
�

�� ��������� Undyulong� Begidzhyan� and Sobopol rivers �GIN����� �Kolpakov et al�� ��	��

�� �������� Bobkovo village� Alei River� Ob River tributary �SOAN���

�Endrikhinskii� ��	
�

�� ��������� Severnaya Zemlya Archipelago �Upsala��
	�� �Bolshiyanov et al�������

�	 �����
��� B� Yeniseiskoe village �SOAN����� �Endrikhinskii� ��	
�

�� �	���
��� Tolbaga village� Khilok River �SOAN���

� �Endrikhinskii� ��	
�

�� ���������� Balakhnya River� North Siberian Lowland �GIN���	�

�Andreeva� ��	��

�� �������	� Severnaya Zemlya Archipelago �LU������ �Bolshiyanov et al�������

�
 �������� Malyshevo village� Ob River �SOAN������ �Endrikhinskii� ��	
�

�� �������� Novosurtaevka village� Katun� River �SOAN���� �Endrikhinskii� ��	
�

� �����
��� Beloyarskoe village� Kan River �MGU�IOAN���	� �Endrikhinskii� ��	
�

�� ������
��� Severnaya Zemlya Archipelago �Upsala������ �Bolshiyanov et al�������

�� ��	������� Northern Middle Siberian Upland �GIN���� �Bardeeva et al�� ��	��

�� ��	������ Terekhtyakh mammoth� Indigirka River basin �LU���� �Arslanov et al�� ��	��

�	 ����� Vilyui River �GIN�	��� �Shofman� ��	��

�� ������
�� Molodo River �GIN��
�� �Shofman� ��	��

�� ��
������� North Siberian Lowland �MGU��
� �Isaeva et al�� ��	��

�� ��
����� North Siberian Lowland �SOAN������ �Andreeva� ��	��

�
 ���������� Severnaya Zemlya Archipelago �Upsala���	�� �Bolshiyanov et al�������

�� �������� B� Rechka River� Ob River tributary �SOAN��
�	� �Endrikhinskii� ��	
�

� ���������� North Siberian Lowland �SOAN�	�� �Andreeva� ��	��

�� ������	�� Vilyui River �GIN������ �Shofman� ��	��

�� ��������� Undyulong� Begidzhyan� and Sobopol rivers �GIN���� �Kolpakov et al�� ��	��

�� ���������� Irkineeva River �KSM���� �Laukhin et al�� ��	��

�	 �	���� Severnaya Zemlya Archipelago �Bolshiyanov et al�������

�� �	
���
��� Beloyarskoe village� Kan River �MGU�IOAN����� �Endrikhinskii� ��	
�

	� �	���	�� Vilyui River �GIN����� �Shofman� ��	��

	� �	���	�� Lena River� below the Aldan River mouth �GIN���� �Kolpakov et al�� ��	��
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 �	�������� Vilyui River �GIN������ �Shofman� ��	��

	� �	������
� Selirikan horse� Balakhan River� Indigirka River basin �LU�����

�Arslanov et al�� ��	��

	 �	������� Magadan young mammoth �LU���	V� �Arslanov et al�� ��	��

	� �		��� Kargopolovo village� Ob River �SOAN�
�� �Endrikhinskii� ��	
�

	� �		������� Yana River� Mus�Khaya �GIN����� �Kolpakov et al�� ��	��

	� �		���

�� Irkineeva River �SOAN����� �Laukhin et al�� ��	��

		 ���������� Baty�Sala River� North Siberian Lowland �GIN����

�Andreeva� ��	��

	� ������
��� Molodo River �GIN����� �Shofman� ��	��

�� ��������� Shcherbakovo village� Ob River �SOAN����Endrikhinskii� ��	
�

�� ��
���� Severnaya Zemlya Archipelago �LU���	� �Bolshiyanov et al�� �����

�
 ������
��� Lake Taimyr� North Siberian Lowland �GIN����

�Andreeva� ��	��

�� ��������� Markha River �GIN����� �Shofman� ��	��

� ������	�� Magadan young mammoth �LU���	A� �Arslanov et al�� ��	��

�� �������
�� Novosurtaevka village� Katun� River �SOAN��	� �Endrikhinskii� ��	
�

�� ��������� North Siberian Lowland �GIN����� �Isaeva et al�� ��	��

�� ���������� North Siberian Lowland �GIN��	� �Andreeva� ��	��

�	 ������
�� Glacier�dammed features� Allakh�Yun� River�

Priverkhoyan�e area �LU���
� �Zamoruev� �����

�� �����		� Mammoth� Shandrin River� Yakutia �LU����� �Arslanov et al�� ��	��
��� �������� Malyshevo village� Ob River �SOAN����
� �Endrikhinskii� ��	
�
��� �����	�� North Siberian Lowland �GIN������ �Isaeva et al�� ��	��
��
 ��������� Molodo River �GIN��
�� �Shofman� ��	��
��� ��������� Vilyui River �GIN������ �Shofman� ��	��
�� �
������� B� Yeniseiskoe village �SOAN����� �Endrikhinskii� ��	
�
��� �
���
��� North Siberian Lowland �GIN����� �Isaeva et al�� ��	��
��� �
�� Severnaya Zemlya Archipelago �LU���
�� �Bolshiyanov et al�������
��� ��������� Yana River� Mus�Khaya �GIN���	� �Kolpakov et al�� ��	��
��	 ��������� Irkineeva River �KSM���� �Laukhin et al�� ��	��
��� ������
�� Mammoth� Shandrin River� Yakutia �LU����� �Arslanov et al�� ��	��
��� 
�������� Vilyui River �GIN�	��� �Shofman� ��	��
��� 
�������� Vilyui River �GIN������ �Shofman� ��	��
��
 
�������� Boyarka River North Siberian Lowland �GIN����� �Andreeva� ��	��
��� 
	������� Malaya River� North Siberian Lowland �GIN������ �Andreeva� ��	��
�� 
�
���
� Severnaya Zemlya Archipelago �LU����
� �Bolshiyanov et al�������
��� ��������� Severnaya Zemlya Archipelago �LU���
� �Bolshiyanov et al�������
��� ������
�� B� Romanikha River� North Siberian Lowland �GIN������

�Andreeva� ��	��
��� ������	�� Markha River �GIN�	��� �Shofman� ��	��
��	 ������	�� Vacha River �SOAN���� �Tishchenko� ��	
�
��� �
������� Tumara� Kele� Tukulan� and Khandyga rivers �GIN��
��

�Kolpakov et al�� ��	��
�
� ��������� Yana River� above Ust��Kuiga �GIN��
� �Kolpakov et al�� ��	��
�
� �������� Vilyui River �GIN������ �Shofman� ��	��
�

 �������� Ulakhan�Sakkyryk River �GIN���� �Kolpakov et al�� ��	��
�
� Karga �������� Balakhnya River� North Siberian Lowland �GIN�����

�Andreeva� ��	��
�
 ��������� Tumara� Kele� Tukulan� and Khandyga rivers �Kolpakov et al�� ��	��
�
� ������	�� Severnaya Zemlya Archipelago �LU��
�	� �Bolshiyanov et al�������
�
� ��������� Severnaya Zemlya Archipelago �LU���
�� �Bolshiyanov et al�������
�
� ����� Severnaya Zemlya Archipelago �LU������ �Bolshiyanov et al�������
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�
	 �
���
��� Bata�Sala River� North Siberian Lowland �GIN����
�

�Andreeva� ��	��
�
� ��������� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������
��� ������
�� Lake Taimyr� North Siberian Lowland �GIN���
�

�Andreeva� ��	��
��� ��������� Irkineeva River �KSM��� �Laukhin et al�� ��	��
��
 ��������� Aldan River �GIN�	�� �Kolpakov et al�� ��	��
��� 	�������� Vacha River �SOAN���� �Tishchenko� ��	
�
�� 	��� Vilyui River �GIN����
� �Shofman� ��	��
��� 		���
��� Ulakhan�Sakkyryk River �GIN����� �Kolpakov et al�� ��	��
��� ������
��� Markha River �GIN�	��� �Shofman� ��	��
��� ����� Vilyui River �GIN�	�
� �Shofman� ��	��
��	 ����� Severnaya Zemlya Archipelago �LU���	�� �Bolshiyanov et al�������
��� ��������� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������
�� �

���	�� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������
�� ���� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������
�
 ����� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������
�� ��
�� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������
� ������

�� Severnaya Zemlya Archipelago �LU����� �Bolshiyanov et al�������

Table �� Occurrence calendar of ancient people sites in southern Siberia
No� Pleistocene Historical Dating Location and references

stages epochs
� Late 
������ Berloga site� Priolkhon�e Island

Holocene �Goryunova et al�� �����

 Iron 

������ Chadobets site� soil �KRIL�
���

Age �Laukhin et al�� ��	��
� ��

� 
�����
� Chadobets site� soil �KRIL�
�
�

�Laukhin et al�� ��	��
 ���
� Tyshkino site� Priolkhon�e Island

Bronze �SOAN�
���� �Goryunova et al�� �����
� Age ��
��
� Tyshkino site� Priolkhon�e Island

��

���

 �SOAN�
��
� �Goryunova et al�� �����
� ��
���� Ulan�Khada archaeological monument� Priolkhon�e

Island �GIN�	��� �Goryunova et al�� �����
� ������� Ulan�Khada archaeological monument� Priolkhon�e

Island �LE�		�� �Goryunova et al�� �����
	 �����
� �"�
���� Tyshkino site� Priolkhon�e Island

�SOAN�
�����Goryunova et al�� �����
� �������� Ulan�Khada archaeological monument� Priolkhon�e

Island �LE��
��� �Goryunova et al�� �����
�� ��	��� Tyshkino site� Priolkhon�e Island �GIN�		��

�Goryunova et al�� �����
�� �	������ Neolithic and Mesolithic paleosol cultural layer�

Olkhon and Priolkhon�e Islands �LE��
��� �Mats� ��	��
�
 ������ Ulan�Khada archaeological monument� Priolkhon�e

Island �GIN�	��� �Goryunova et al�� �����
�� ������� Ulan�Khada archaeological monument� Priolkhon�e

Island �SOAN������ �Goryunova et al�� �����
� ����	� Ulan�Khada archaeological monument� Priolkhon�e

Island �GIN�	��� �Goryunova et al�� �����
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No� Pleistocene Historical Dating Location and references
stages epochs

origin of cattle�breeding �


 years ago

�� ����	� Ulan�Khada archaeological monument� Priolkhon�e
Late �LE��
	�� �Goryunova et al�� �����

�� Middle 

���
� Neolithic and Mesolithic paleosol cultural layer�
Holocene Olkhon and Priolkhon�e Islands �LE��
�	� �Mats� ��	��

�� ���
�� Chadobets site� soil �KRIL�
���
�Laukhin et al�� ��	��

�	 ����� Ityrkhei�V� VI� archaeological monument�
Priolkhon�e Island �Vorob�eva et al�� ���
�

�� ����� Neolithic culture on the surface of the �st terrace�
conclusion of the �st terrace formation�
Boguchanskaya Bay �SOAN�	��� �Mats� ��	��


� 	��� Ityrkhei site� Priolkhon�e Island �SOAN���	��
�Goryunova et al�� �����


� ������� Ulan�Khada archaeological monument� Priolkhon�e
Island �Vorob�eva et al�� ���
�



 ������� Neolithic and Mesolithic paleosol cultural layer�
Olkhon and Priolkhon�e Islands �LE��
	
� �Mats� ��	��


� ������ Kazachka IV site
�Vorob�eva et al�� ���
�


 ������ Ityrkhei site� Priolkhon�e Island �SOAN���
�
�Goryunova et al�� �����


� Eneolithic �����
� Gorelyi Les site
�Copper� �Vorob�eva et al�� ���
�


� Late Stone Age� �����
� Ulan�Khada archaeological monument� Priolkhon�e
Middle ��������� Island �SOAN������ �Goryunova et al�� �����


� Holocene Neolithic ��	���� Ityrkhei site� Priolkhon�e Island �SOAN�����
in the Baikal �Goryunova et al�� �����


	 region �����
�� Ityrkhei site� Priolkhon�e Island �GIN�		��
��������� �Goryunova et al�� �����


� ��
����� Berloga site� Priolkhon�e Island �SOAN������
�Goryunova et al�� �����

�� �����
�� Kazachka VI archaeological monument
�Vorob�eva et al�� ���
�

�� �������� Gorelyi Les VI site
�Vorob�eva et al�� ���
�

�
 Early �	���
�� Kazachka VIII archaeological monument
Middle �Vorob�eva et al�� ���
�
Holocene

�� �������� Gorelyi Les VI archaeological monument
�Vorob�eva et al�� ���
�

� �����
�� Neolithic and Mesolithic paleosol cultural layer� Olkhon
and Priolkhon�e Islands �IMSOAN��
� �Mats� ��	��

�� ����
�� Shishkino archaeological monument�
Lena River �Endrikhinskii� ��	
�

�� ��
����� Sagan�Nuge site� Priolkhon�e Island
�SOAN������ �Goryunova et al�� �����

�� 	������� Kazachka XII archaeological monument
�Vorob�eva et al�� ���
�

�	 	������� Shishkino site� Lena River� �st above��oodplain
terrace �Kind et al�� cited in
Aksenov et al�� �����
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No� Pleistocene Historical Dating Location and references
stages epochs

�� 	������� Ityrkhei site� Priolkhon�e Island
�GIN�		
� �Goryunova et al�� �����

� 	������� Kazachka XI archaeological monument
�Vorob�eva et al�� ���
�

� 	
������ Shishkino archaeological monument�
Lena River �GIN����� �Endrikhinskii� ��	
�


 	
������ Berloga site� Priolkhon�e Island
�SOAN����� �Goryunova et al�� �����

� 	����
�� Kazachka XI archaeological monument
�Aksenov et al�� ���
�

 	��
 Mesolithic Gorelyi Les site� southern
Angara area� elevated �oodplain
�Medvedev et al�� �����

� Early Neolithic 	�
��
�� Ityrkhei site� Priolkhon�e Island
Holocene �



� �SOAN������ �Goryunova et al�� �����

� ��


 		������ Mesolithic Gorelyi Les site� southern Angara area�
elevated �oodplain �KRIL�
��
�Medvedev et al�� �����

� 	������ �st above��oodplain terrace alluvium of the Angara River�
Belaya River mouth area �GIN���� �Tseitlin� �����

	 ������� Berloga site� Priolkhon�e Island
�SOAN������ �Goryunova et al�� �����

� ������� Sagan�Nuge site� Priolkhon�e Island
�SOAN������ �Goryunova et al�� �����

�� �	���	� Sagan�Nuge site� Priolkhon�e Island
�SOAN����	� �Goryunova et al�� �����

�� �	������ �st above��oodplain terrace alluvium of the Angara River�
Belaya River mouth area �GIN�	�� �Tseitlin� �����

�
 �����
�� Berloga site� Priolkhon�e Island
�SOAN������ �Goryunova et al�� �����

�� ��
���� Sagan�Nuge site� Priolkhon�e Island
�SOAN������ �Goryunova et al�� �����

� ��������� Oshurkovo site� Selenga River
�Endrikhinskii� ��	
�

�� Oldest Mesolithic �������� Makarovo II archaeological monument� Lena River
Holocene head area �GIN�	�b� �Kind et al�� ���
�

cited in Aksenov et al�� �����
�� ��


� ��	���
�� Makarovo II archaeological monument� Lena River

��



 head area �GIN�	�a� �Kind et al�� ���
�
cited in Aksenov et al�� �����

�� ������
�� Ust��Belaya XIV archaeological monument
�Aksenov et al�� ���
�

�	 �������� Makarovo II archaeological monument� Lena River
head area �GIN�	�� �Kind et al�� ���
�
cited in Aksenov et al�� �����

�� �
�	���
� Kokorevo�
 site �LE������ Yenisei River
�Endrikhinskii� ��	
�

�� �
�����	� Mesolithic Verkholenskaya Gora site� alluvium
of the �rd above��oodplain terrace �MO���
�Medvedev et al�� �����

�� �
������� Oshurkovo site� Selenga River
�Endrikhinskii� ��	
�
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No� Pleistocene Historical Dating Location and references
stages epochs

�
 �
���
�� Kokorevo�
 site� Yenisei River
�LE��
�� �Endrikhinskii� ��	
�

�� �������� Kokorevo�� site� Yenisei River
�GIN���� �Endrikhinskii� ��	
�

� ������ Kokorevo�
 site� Yenisei River �GIN����
�Endrikhinskii� ��	
�

�� ��
����� Kokorevo� site� Yenisei River �LE����
�Endrikhinskii� ��	
�

�� �������� Kokorevo�
 site� Yenisei River �GIN�
�
�
�Endrikhinskii� ��	
�

�� ��
����� Malta archaeological monument �GIN�	���
�Medvedev et al�� �����

�	 ������
� Malta archaeological monument �GIN����
�Medvedev et al�� �����

�� ��
����
�� Kurla archaeological monument �SOAN������
�Medvedev et al�� �����

�� ������
� Kokorevo� site� Yenisei River �LE����
�Medvedev et al�� �����

�� Late ��������� Krasnyi Yar archaeological monument
Pleistocene �GIN������ �Medvedev et al�� �����

�
 Samarovo ������	�� Malta archaeological monument
Glaciation �GIN������ �Medvedev et al�� �����

�� 
�����
� Malta archaeological monument
�OkhA����
� �Medvedev et al�� �����

� 
�������� Malta archaeological monument
�GIN������ �Medvedev et al�� �����

�� 
�	����� Malta archaeological monument
�GIN������ �Medvedev et al�� �����

�� 
�	���
�� Malta archaeological monument
�GIN����� �Medvedev et al�� �����

�� 
�������� Afontova Gora�
 archaeological
monument� Krasnoyarsk area �GIN�����
�Endrikhinskii� ��	
�

�	 
�����
�� Malta archaeological monument �GIN�����
�Medvedev et al�� �����

�� 
������� Malta archaeological monument �GIN������
�Medvedev et al�� �����

	� 
�������� Malta archaeological monument �GIN������
�Medvedev et al�� �����

	� 
�������� Buret� archaeological monument� Angara
River �Medvedev et al�� �����

	
 
�
���
� Itegeiskii Log archaeological monument
�LE�������Medvedev et al�� �����

	� 
�������� Malta archaeological monument �GIN�����
�Medvedev et al�� �����

	 
�������� Malta archaeological monument �GIN����
�
�Medvedev et al�� �����

	� 
������ Malta archaeological monument �OkhA������
�Medvedev et al�� �����

	� 
�������� Malta archaeological monument �GIN�	���
�Medvedev et al�� �����
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	� 
�����
�� Malta archaeological monument �GIN����	�
�Medvedev et al�� �����

		 
�������� Malta archaeological monument �OkhA������
�Medvedev et al�� �����

	� Upper 
��������� Malta archaeological monument� alluvium of the
Paleolithic �rd above��oodplain terrace� Belaya River�
��


� ionium dating �Cherdyntsev� ����� cited in
��



 �Tseitlin� ����� Medvedev et al�� ������

�� 
�
����	�� Oshurkovo site� Selenga River
�Endrikhinskii� ��	
�

�� 
���	�
�� Igeteiskii Log archaeological monument
�LE����
� �Medvedev et al�� �����

�
 Late 
�������� Igetei archaeological monument �IM SOAN����
Pleistocene �Medvedev et al�� �����

�� Karginsky 
��������� Upper Paleolithic Igeteiskii Log archaeological
Inter� monument �IM SOAN���� �Medvedev et al�� �����

� glacial 
��	����� Igetei archaeological monument �SOAN���	��
�Medvedev et al�� �����

�� 
������� Kurla archaeological monument� northern
Baikal �SOAN������ Medvedev et al�� �����

�� 
����� Itegeiskii Log archaeological monument
�GIN���
�� �Medvedev et al�� �����

�� 
�����
�� Malta archaeological monument
�OkhA������ �Medvedev et al�� �����

�	 
�������� Voennyi Gospital archaeological monument�
spit between the Angara and Ushakovka
Rivers �GIN��� �Medvedev et al�� �����

�� ��������� Malta archaeological monument �GIN������
�Medvedev et al�� �����

��� �����
�� Malta archaeological monument �OkhA���	��
�Medvedev et al�� �����

����� ka� Kazantsevo time� ���
 ka� early Karginsky time�

��� ka� Malokhetsky time� ���
 ka� late Karginsky time�
����� ka� Sartan time
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