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MINARIKOVA, D. {2004): (uaternary palacogeography of the northemn pant of Mesopotamia. — Sbor. geol. Véd, Antropozoikum, 25,
5-30. Praha.

Absiract: The sedimentological research described in this paper was carmied out during the years 1978 and 1979, About 300 samples
from shallow and deeper boreholes drilled into the sediments of the Adhaim, Diyala, Tigris, and Euphrates rivers, the Zagros Foothill
zone, and the Mahmudia Formation were anzalysed. The analysis of heavy minerals was found 1o be the most functional method for dis-
tinguishing and interpreting the provenance, origin, and age of these sediments. Furthermore, the degree of corrosion of pyroxene and
amphibole grains was studied in the interest of defining cniteria for relative age determination. The area covered by the sedimeats of the
Tigris, Euphrates, and Divala rivers expericnced complicated development accompanied by considerable hydrographical changes. in
deep boreholes (DBH) Nos. 4 and 5, three units of the Tigris River sediments were distinguished: the “young™ Tigris (Holocene 1o Upper
Pleistocene), the “older” Tigris (Middle Pleistocene}, and the “oldest™ Tigris, all of which differ in the degree of corrosion of their pyrox-
enes and amphiboles. During the Pleistocene, the Diyala River deposited its sediments to the east of 1ts cwrrent course. The author sup-
poses that all rivers in the northern part of Mesopotamia migrated west and south-west during the Pleistocene and Holocene. This was

probably caused by the uplift of the Zagros Mountains.
Karlove ndmésti 48, 674 01 Trebic, Czech Republic

Introduction thors investigated HMs particularly in the recent sediments
of the Mesopotarian nivers. More recently, DoMas,
Geological mapping was undertaken during the years  MiNakikovA, and SaBan (1984) presented a “Proposal on
1977 and 1978 in the northern part of the Mesopotamian  the Introduction of the Mahmudia Formanton™ at the Sev-
Plain by the State Organization for Minerals (SOM) in  enth Iragi Geological Congress in 1984, According to
Baghdad. The extent of the area is shown in Figure 1. these studies, a distinct sequence has been recognized in
More than 100 shallow and deeper boreholes were  some boreholes in the northern part of Mesopotamua, which
drilled in this area. With few exceptions, the majority of  differs in heavy mineral content and degree of mineral cor-
the boreholes were situated on profile lines (see Fig-  rosion from the deposits of the Tigris, Euphrates, and
ure 2). Diyala rivers. With respect to its sedimentological and
The sedimentological research was carried out in 1978 stratigraphical position, the name Mahmudia Formation
and 1979, during which we performed grain-stze analysis,  was recommended for this sequence. Some beds of finer
and examined the petrology of the sand, gravel, and heavy  deposits within this sequence are rich in microfossils,
mineral fractions. The composition of the heavy fraction  particulary Ostracods (as determined by Wijdan al Haddad,
(about 300 samples) distinguishes the sediments of differ-  S.0.M.). The main Ostracod genera found in this forma-
ent provenances. The most important clastic constituents  tion are Candona, Cyprideis, Cypronotus, Oyocypris, Dar-
for distngushing the sediments of the Mesopotamian  wmulla, and Lymnocythere.
Plain were found to be the altered minerals, rock frag- Moreover, some Ostracod species typical of Plic-
ments, common and brownish amphibole, monoclinic  cene and Quaternary deposits were recognized. For the
pyroxene (particularly titanaugite), gamet, and, in some  Phocene, these include Candona cf. balatonica (Da-
cases, opaque minerals. Furthermore, the degree of corro-  pay), Darwinulla dadayvi Nemes, Candona cf, elegans
sion of the pyroxene and amphibole grains was smdied. = Nemges; while the Quaternary species include Candona
Due to significant differences in the degree of corrosionof  ¢cf. neglecta Sars, Candona cf. sucki HARTWIG, Candona
these minerals, we were able to define certain criteria for  ¢f. angulata MULLER. It can be concluded from this list
differentiating the Upper Pleistocene, older Quatemnary,  that the Tertiary/Quaternary boundary lies within the
and pre-Quaternary deposits. Mahmudia Formation. The sediments of the Mahmudia
Several authors, especially PuiLie (1968) and ALt Formation were deposited mainly by rivers, and partly
(1977), have studied the heavy minerals of the northern  in lakes whose salinity oscillated from fresh to brackish.
part of Mesopotamia. Both of the above-mentioned au-  The differences in the heavy mineral content within the
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1. Map of the study area.

formation reveal that the influx of desert material was
typical for the western part, whereas the clastic matenial
to the the eastern part was supplied from the Zagros and
younger uplifted structures. The clastic material of the
central part was introduced by rivers from more remote
areas. The proposed Mahmudia Formation overlies the
Pliocene fluvial sediments and underlies the Pleistocene
sediments of the Euphrates and Tigris rivers. Its deposi-
tion began in an arid Pliocene climate and ended during
the first pluvial oscillations of the Pleistocene. Bound-
aries with the underlying and overlying beds are con-
formable, and are marked by the specific composition of

the heavy mineral fraction and by the profound corro-
sion of pyroxenes, amphiboles, and garnets.

Heavy minerals (HM)

For separating the heavy mineral fraction, bromoform
and magnetic separation techniques were used. The
quantitative composition of the heavy fraction was de-
termined by the study of samples mounted in Canadian
Balsam. The total content of the heavy fraction (in
weight %) was found to be important for distinguishing
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2. Location of boreholes according to coordinates.

between the sediments of the Diyala and Tigris rivers.  shallow boreholes — SBH, and in Table 8 is a deeper
Low heavy mineral contents were observed in the  borehole - DBH; MinakikovA 1978, 1979).

Zagros foothill sediments and in the Diyala and Adhaim The magneitic fraction is compnised mainly of mag-
river deposits. The results of these analyses are pre-  netite, with rare pyrrhotine and titanomagnetite. Rela-
sented in Tables 1-8 on pages 22-30 (in Tables1-7 are  tively higher magnetic fraction contents were found in
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3. Relative frequency of opaque minerals. 1 — Tigris River depos-
its; 2 — Euphrates River deposits; 3 — Diyala River deposits; 4 —
Faothill zone deposits.

clouded minerals

50%

40%

30% 4———--

20%

10% +

0% -

4, Relative frequency of clouded minerals. For explanations see
Figure 3.

rock fragments

S0% -

40% 4+ - —- -

30% 4——

20% 4

10% -

0%

5. Relative frequency of rock fragments. For explanations see
Figure 3,

the Diyala River sediments and the foothill deposits.
Opaque minerals are represented mainly by limonite
and ilmenite. Limonite usually predominates over 1l-
menite, while the opposite relation is rather exceptional.
In many samples some of the ilmenite grains are covered
with leucoxene and limonite. Hematite and pyrite are
rare. Opaque minerals are abundant, especially in the
foothill sediments, but most of them are authigenic.
Figure 3 shows the distribution of opaque minerals in
the sediments of the Tigris, Euphrates, and Diyala rivers
and the foothill zone.

All minerals that were not amenable to reliable deter-
mination are included under clouded minerals. They
seem 0 be strongly weathered minerals of the zosite-
epidote group, with a minor proportion of amphiboles.
Their content is important for distinguishing between
the sediments of the Tigris and Euphrates rivers (see
Figure 4}.

Most of the rock fragments found in the heavy frac-
tion contain minerals of the zoisite-epidote group, green
schist, amphibolite, and basic igneous rocks. They are
usually altered and weathered. Such rock fragments are
present mainly in sediments of the Adhaim and the
Diyala, less in the Tigrs and Foothill zone deposits. The
Euphrates River sediments contain a smaller proportion
of rock fragments (see Figure 5).

Minerals of the zoisite-epidote group include epidote,
clinozoisite, and zoisite; piemontite is rare. They are of-
ten partly altered. These minerals are plentiful in the
Adhaim River sediments (see Table 1), but occur less
frequently in deposits of the other rivers and the Foothilk
zone (see Figure 6).

Commeon amphibole includes several varieties that
differ in colour and intensity of pleochroism. A grey-
ish-green variety with mild pleochroism is the most
common. Varieties of an intense green colour are rare,
Amphibole is more abundant in the Tigris sediments
than in those of Euphrates and Diyala (see Figure 7},
and is rare in the Adhaim and Foothill deposits (see
Tables 1-8). The brownish amphibole is mostly ba-
saltic amphibole, but sometimes common amphibole.
Tremolite-actinolite is not rare but it is a minor acces-
sory mineral.

Orthopyroxenes include an isomorphous series of en-
statite, bronzite, and hypersthene. Their total content is
low, but they show significant differences among the
different provinces. The highest proportion of ortho-
pyroxenes was found in the Diyala deposits, and some-
what less in the Tigris and Euvphrates deposits. The
foothill sediments, and especially the Adhaim River se-
diments, contain a very minor orthopyroxene fraction
(see Tables 1-8). Monoclinic pyroxenes found in these
sediments include nonpleochroic, light green diopside
augite, and smaller proportions of a greener, pleochroic
augite. Titanaugite was found particularly in the Diyala
River deposits, while in the Tigris and Euphrates sedi-
ments it is a common but minor mineral. The Foothill
zone and Adhaim River deposits contain very miner



fractions of this mineral(see Tables 1-8). Titanaugite is
typically brown-violet and pleochroic. The relative fre-
quency diagram in Figure 8 shows the distribution of
augite and titanaugite together. Whitish pyroxenes pres-
ent in these sediments are grains of diopside.

The gamet found in these sediments is commonly
light pink, sometimes colourless, rarely yellow or
brown. Most of the grains have uiregular shapes, but
some idiomorphic crystals do occur. The relative
frequency of garnet in the studied sediments i1s shown in
Figure 9.

Rare minerals include rutile, zircon, tourmaline, ti-
tanite, andalusite, sillimanite, kyanite, staurolite, and
chromite, Titanite, chromite, and tourmaline were found
mainly in the Divala River sediments. The Tigris River
deposits contain the same rare minerals, with the addi-
tion of chromite. The Euphrates River sediments have a
slightly higher content of metamorphic minerals than
those of the Tigris. The Foothill zone and the Adhaim
River deposits contain more rutile, zircon, and chromite,
and less sillimanite and staurolite (see Tables 1-8).

The mica minerals of these sediments are mainly
chlorite, with less biotite. The quantity of chlorite was
found to depend on grain-size distribution, as it is more
common in very fine-grained deposits. Minerals of the
barite-celestite isomorphous mixture are of authigenic
origin, and were found particularly in the Foothill and
the Adhaim River sediments, 1n which they are rela-
tvely commeon (see Tables 1--8). Very rare minerals in
these sediments include spinel, monazite, xenotime, co-
rundum, and topaz.

From this review it is clear that the quantity of
clouded minerals, rock fragments, common amphibole,
monoclinic pyroxenes (including titanaugite) and garnet
are very important for distinguishing the sediments of
different rivers and formations. To illustrate these dif-
ferences, a triangle diagram representing clouded min-
erals, rock fragments, and conunon amphibole has been
constructed (see Figure 10). This diagram shows the rel-
atively poor separation of the fields of the Tigris and Eu-
phrates rivers sediments 1n contrast to the distinct fields
of the Diyala River and Foothill deposits.

In addition, the degree of corrosion of mineral grains
was used for distinguishing sediments of different ages.
Corrosion is apparent mainly in pyroxenes, less in am-
phiboles and garnet. In the Holocene and Upper Pleisto-
cene sediments, only the pyroxene grains are weakly
corroded. Stronger pyroxene corrosion, and partial cor-
rosion of amphiboles, was found in the Middle Pleisto-
cene deposits of the Diyala and Tigns rivers. Pyroxenes
are strongly corroded in the sediments of the Mahmudia
Formation, in which corrosion features on amphibole
(common and brownish) and garnet grains is also clearly
seen. Mineral corrosion was found to be more extensive
in the pre-Quatermary sediments.
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10. Triangle diagram showing the contents of clouded minerals,
rock fragments and common amphibele. 1 - Tigris River depos-
its; 2 — Euphrates River deposits; 3 — Diyala River deposits; 4 -
Foothill zone deposits.

Description of the sediments
from the deeper boreholes (DBH)

In the year 1978, five deeper boreholes were drilled into

the Mesopotamian Plain. These boreholes were arrang-

ed in a SW-NE trending profile between Mahmudia and

Mandali (see Figure 2). The main goals of investigating

the DBH sediments were:

1. to locate a boundary between Quatemary and pre-
Quaternary deposits;

2. to distinguish between the sediments of individual
rivers; and,

3. to determine relative age of the Quaternary deposits.
DBH 1 was situated due south of Mahmudia (see

Figure 2). The HM composition of these sediments is

shown in Table 8 and Figure 11.

10

Sample No. 1 (22.05-22.20 m) is a fine-grained sand,
relatively well sorted and containing only about 5 % of
siit and clay particles. Quartz predominates in the
< (.354 mm fraction; rock fragments comprise about
20 %. The coarser fractions are comprised mainly of
rock fragments, mostly of chert, with smaller propor-
tions of sandstone, siltstone, carbonates and quartzite.
The quartz grains range from being rounded to well
rounded in the > 0.5 mm fraction, whereas they are
subangular and subrounded in finer fractions, The HM
composition shows that the sand is a mixture of Tigns
and Euphrates deposits, Sample No. 2 (30.9-31.0 m)
contains a significant admixture of silt and clay parti-
cles. The composition and degree of roundness of its
sandy fraction is similar to that of sample No. 1. The
HM fraction of sample No. 2 has a very low pyroxene
content, and is of a similar composition to that of the
Mahmudia Formation deposits. The author supposes
that sample No. 2 represents redeposited sediments of the
Mahmudia Formation. In sample No. 3 (33.95-34.05 m)
the > 0.354 mm fraction contains mostly mica minerals.
Finer fractions are composed of quartz and rock frag-
ments, with minor feldspar. The composition of the
heavy mineral fraction shows that it is mixture of the
Tigris and Euphrates River deposits. Sample No. 4 is a
mixture of sand, silt, and clay, with a small admixture of
pebbles, and contains the same rock types as in the over-
lying beds. It can be concluded that sample No. 4 also
represents redeposited sediment from the Mahmudia
Formation. The HM composition of sample No. 5
(49.6—49.8 m) indicates that it is a mixture of the Tignis
and Euphrates deposits. The heavy mineral fraction of
sample No. 6 (52.8-53.0 m) is characterized by a high
content of clouded minerals, indicative of the Euphrates
River provenance. The heavy mineral fraction of sample
No. 7 (55.7-55.8 m) shows that this sediment was de-
posited by the Euphrates River. However, there are sig-
nificant differences in the degree of corrosion of some
minerals in comparison with those in the overlying beds.
The pyroxene grains of sample No. 7 are more strongly
corroded, while corrosion textures are also present on
amphibole grains. Based on the relative degree of corro-
sion, it is suggested that these sediments represent an
“older Euphrates™.

Samples No. 8 (65.9-66.1 m) and No. 52 (78.75-78.85 m)
have the same composition as the sediments of the
Mahmudia Formation in this area. Their HMs are
weathered, their amphibole and gamet are corroded, and
their pyroxene is strongly corroded. All of these features
place these sediments in the Mahmudia Formation.

Samples 1-6 correspond to Upper Pleistocene, while
sample No. 7 could be of Middle Pleistocene age.

DBH 2 was situated on the right bank of the Tigns
River (see Figure 2). Its heavy fraction composition is
shown in Table 8, for histograms of the main minerals see
Figure 12. The upper part of the sequence is comprised of
Tigris River sediments, with local admixtures of Euphra-
tes River deposits (sample No. 6 — 28.1-28.3 m). Euphra-
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tes River deposits were found at a depth of more than
30 m (sample No. 9), which correspond to those evinced
in DBH 1 at a depth of 53 m. In the next two samples
(No. 10 - 62.2-62.4 m, and No. 11 - 75.0-75.3 m) the
HM composition and the degree of corrosion are similar
to those of the Mahmudia Formation deposits. Corroded
grains of garmet and amphibole and strongly corroded py-
roxenes were found in the last three samples (Nos. 18, 32

and 49). The author supposes that these sediments are
pre-Quaternary.

DBH 4 was sitnated in the NW margin of map sheet
2C16 (see Figure 2). The HM composition of this sam-
ple is shown in Table 8 and in the histograms in Fig-
ure 13, Sample No. 16 {4.5-4.6 m) represents the typical
sediment of the Diyala River. Sample No. 17 (12.9-13.0m)
is a mixture of deposits from the Tigris and the Diyala

11
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rivers. Samples 18, 19, and 20 (from a depth range of
1 8=32 m) have the same composition as the Tigris River
sediments, although the degree of corrosion on pyro-
xene and amphibole grains is a little higher than in the
Upper Pleistocene deposits. These sediments must there-
fore be older, and are thus referred to as “older” Tigris
River sediments. Samples 21, 22, and 23 (from a depth
range of 3748 m) are characterized by pyroxene and am-
phibole with an even higher degree of corrosion. Their
HM composition is similar to that of the Tigris River sed-
iments. It 1s therefore concluded that these sediments
were also deposited by the Tigris River. However, they
are clearly older than the overlying beds at depths be-
tween 18-32 m, and thus we use the term “oldest Tigris
River sediments™ with reference to them. The next three
samples, Nos. 24, 44, and 46 (in the depth of 52-66 m),
represent sediments of the Mahmudia Formation. The
last two samples, Nos. 54 and 55 (from a depth range of
6Y—74 m), correspond to the pre-Quaternary sediments
with respect to their composition and degree of corro-
s101.

DBH 5 was situated near the centre of map sheet 2G3
{see Figure 2}. This sample contained the same sedi-
ments as in DBH 4 (see Table 8 and Figure 14); 1. e, the
Upper Pleistocene ,,young Tigris”, the ,,older Tigris" (ata
depth of 19-32 m), and the ,,oldest Tigris* (at 3346 m).
The age of the last two units of this sample cannot be ex-
actly determined due to the absence of palaeontological
evidence. The lower part of the borehole, below 68 m in
depth, probably passed through the Mahmudia Fortna-
tion.

DBH 6 was situated SW of Mandali (see Figure 2). Its
HM compeosition is shown in Table 8. The first three
samples (Nos. 8 9, and 69, from depths between
21.4-49.2 m) represent Zagros Foothill zone deposits.
High contents of opaque minerals and low contents of
amphibole and pyroxene are typical of these sediments.
Authigenic minerals of the barite-celestite group are
present in all samples. The HM compositions of the re-
maining nine samples, from depths of 56.5 to 202.4 m,
are very similar to those of the foothill deposits, but their
pyroxene and amphibole grains are strongly corroded.
We therefore suppose that these sediments are pre-Qua-
termary in age.

The investigation of sediments from deeper bore-
holes confirm that the Tigris and Euphrates rivers mi-
grated westward during the Pleistocene and Holocene,
The most intense accumulations probably occurred in
successive phases during the Upper Pleistocene and the
Holocene, within the area between Mahmudia and Sal-
man Pak (DBH Nos. 1 and 2). This massive accumula-
tion could have been caused by subsidence, or by in-
tense denudation in the source areas. The presence of
older Tigris River sediments at the same depth and not
very far to the east {in the DBH Nos. 4 and 5), supports
the latter possibility.

Characteristics and extent of the sediments

The sediments of the Adhaim River were studied by
means of shallow boreholes (SBH} along the river’s left
bank {see Figure 15). These sediments are characterized
by a very high content of minerals from the zoisite-
epidote group, relatively high rock fragment contents,
very low amphibole contents, and an extremely low
pyroxene contents (see Table 1), The composition is
vertically and horizontally constant, which confirms
that the source of the clastic material must be sought for
1n the older sedimentary formations to the north.

The young (proebably Holocene) Diyala River sedi-
ments border this river’s present course up to its conflu-
ence with the Tigris River. To the § and SE they are of-
ten enriched with material from the Tigris River, rese-
posited from underlymng beds (see Figure 15). Rock
fragmenits prevail over clouded minerals in these sedi-
ments. The quantities of minerals from the zoisite-epi-
dote, amphibole, and pyroxene groups are similar to
those of the Tigris and the Euphrates sediments; the
Diyala deposits, however, contain more orthopyroxene
and significantly more titanaugite. The garnet content is
very low. Metamorphic minerals are almost completely
absent (see Tables 1, 2, and 4). The Upper Pleistocene
deposits of the Diyala seem to occur only on the lefi
bank (southward of Baquba) of the present Divala River
(see Figure 16). Older Diyala River sediments were
found below the depth of 12-14 m. They differ from the
younger deposits by being sigmficantly higher in
titanaugite, and by higher degrees of pyroxene and am-
phibole corrosion. These sediments occur on the left
bank of the Diyala River to the south of Mugdadiva (see
Figure 17), and are possibly of Middie Pleistocene age.
The HM fraction of the Diyala River deposits indicate
that the source of the clastics is to be sought in the basic
igneous rocks of the Walash Series, along the border be-
tween Iraq and Iran.

The Holocene sediments of the Tigris River border its
present course. To the north of Baghdad the boundary
between the sediments of the Tigris and Diyala rivers is
sharp; while the mixing of their deposits appears in the
vicinity of their confluence (see Figure 15). The Tigris
River sediments that constitute a wide belt reaching
many kilometres to the east of the river's present course
(see Figure 16) are probably of Upper Pleistocene age.
In the westemn part, they are covered by Holocene sedi-
ments from the Diyala River (compare Figures 15 and
16}. The medium content of clouded minerals and rock
fragments, and the presence of titanaugite downstream
from the mouth of the Diyala River, are typical character-
istics of the HM fraction. The Tigris River deposits con-
tain much more garnet than those of the Diyala River (see
Tables 2-8). Sediments that must be older than Upper
Pleistocene were found in DBHs Nos. 4 and 5, and in
several SBHs in the NE margin of the Plain (between
Baladruz and Kut; see Figure 17). The composition of
their heavy fraction does not differ significantly, though
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amphibole grains are corroded and the pyroxene cotro-
sion a little stronger than in the Upper Pleistocene depos-
1ts. These sediments lie below a depth of 18 m, and are
about 15 m in thickness. Unfortunately, there is no paleon-
tological evidence for determining their age. They appear
to be of Middle Pleistocene age, and thus the term “older™
Tigris River sediments is used for them. Another older
unit of the Tigris River deposits was found in the same
DBHs (Nos. 4 and 5). This unit occupies a depth range
from 33 m to about 50 m, and contains less pyroxene,
though the quantity of other heavy minerals is similar (see
Table 8). The corrosion of pyroxene and amphibole
grains is evidently stronger than in the Upper Pleistocene
and the “older Tigris* sediments. The “oldest Tigris
River sediments" is the provisional term for this unit.

The Holocene sediments of the Euphrates River bor-
der its present course (see Figure 15), This river’s older
sediments have been located in the area between the
present courses of the Euphrates and Tigris rivers (see
Figure 16). The HM assemblage of the Euphrates depos-
its 15 very similar to that of the Tigris River sediments.
Significant differences were found only in the contents of
pyroxene, clouded minerals, and rock fragments. The Eu-
phrates River sediments contain a slightly larger amount
of metamorphic minerals (see Tables 1-8). The surface of
the area between Hilla and Diwaniya is covered by recent
deposits from artificial canals (see Figure 15). The com-
position of their heavy fraction differs from the typical
Euphrates River sediments in that the former contain
great amount of amphibole and very minor gamet,
Chlorite and biotite are commonly present (see Tables 5
and 7). These canal deposits are usually fine-grained. it is
supposed that the differences in HM content are mostly
caused by the differences in grain-size distribution. In
DBH No. 1 and SBH Nos. 53, 54, 34, and 35 (see Fig-
ure 2) the mixed sediments of the Euphrates and Tigris
rivers are present to a depth of about 50 m, These depos-
its do not show a higher degree of amphibole and pyro-
xene corrosion, and must therefore be young, probably
of Upper Pleistocene age. The oldest sediments of the
Euphrates River were hitherto found close to Mahmudia
in DBH No. 1, at a depth of more than 50 m. Considering
the corrosion of amphibole and pyroxene, these deposits
seem to correspond to sediments of the “older Tigris,"
and could therefore be of Middle Pleistocene age.

The NE part of the Mesopotamian Plain is covered by
large alluvial fans preserved in the foothill zone of the
Zagros Mountains, The HM contents of these sediments
consist mainly of opaque minerals (partly of authigenic
origin}), minerals of the zoisite-epidote group, and authi-
genic minerals of the barite-celestite group (see Ta-
bles 1, 5, 6, and 8). This HM composition indicates that
the Zagros Foothill zone deposits were derived from the
neighbouring mountains, which were built-up from the
Bakhtiari and Fars sedimentary formations. In the area
between Mandali and Badra, the Foothill zone deposits
overlap sediments of the “older Tigris” (compare Fig-
ures 16 and 17).

The sediments of the Mahmudia Formation (DoMmas
et al. 1984) in the western part of the study area were in-
vestigated in shallow and deeper boreholes (see and
compare Figures 15, 16, and 17). The HM content of
these sediments differs from those of the Euphrates and
Tigris by baving a higher brownish amphibole content
and a lower pyroxene content (see Tables 2, 3, and 8§).
Grains of pyroxene, amphibole, and garnet show strong
corrosion. There was a marked change in the
paleoclimate during the deposition of the Mahmudia
Formation, which began in an arid Pliocene climate and
ended during the first (oldest) pluvial oscillations of the
Pleistocene.

Palasogeographical conclusions

The N and NE parts of the territory under consideration
are covered by sediments from the Adhaim River and by
Zagros Foothill zone deposits. It seems that no substan-
tial changes took place in this area during the Upper
Pleistocene and Holocene. Only in the area between
Mandali and Badra, where the foothill deposits overlie
the sediments of the “older” Tigris. These covering sedi-
ments reach far to the west during this period of time
{compare Figures 17 and 15, 16).

The remaining part of the area, covered by sediments
from the Tigris, Euphrates, and Diyala rivers, experi-
enced complex development accompanied by substan-
tial hydrographical changes.

The Tigris River deposited its sediments more than
100 km to the east of its present course during the Upper,
Middle, and perhaps even the Lower Pleistocene. At that
time, the Tigris River sediments extended as far as the
NE part of the Mesopotamian Plain, where they came
into contact with Foothill zone deposits. To the north of
Baghdad, the course of the Tigris River turned to the
east, toward Baquba, to the area of the contemporary
course of the Diyala River (compare Figures 15 and 16).
During Upper Pleistocene, the Tigris River gradually
shifted its course increasingly to the W and SW, During
the Holocene, the Tigris River accumulated sediments
along its present course {see Figure 15).

Pleistocene accumulations of the Diyala River were
deposited to the E of its present course. During the Holo-
cene, or perhaps even towards the end of the Upper
Pleistocene, when the Tigris River migrated westward,
the course of the Diyala River must have undergone
large scale changes. The whole NE part of the
Mesopotamian Plain is built up by sediments of the
Diyala River, which overlie Upper Pleistocene and
older sediments of the Tigris River. The confluence of
the Diyala with the Tigris River shifted downstream
from the Baquba area toward Baghdad, and the course
of the Diyala River gradually migrated to the W{(com-
pare Figures 15 and 16).

The older sediments of the Euphrates River, possibly
of Middle Pleistocene age, and its Upper Pleistocene
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equivalents, also occur eastward of its present course.
During the Upper Pleistocene, mixing of the Euphrates
and Tigris rivers sediments took place in the Falluja and
Mahmudia areas. The Euphrates River seems to have
migrated westward by the end of Upper Pleistocene and
during the Holocene. SW of Mahmudia, for example,
the Holocene sediments of the Euphrates River rest im-
mediately upon the Mahmudia Formation (compare
Figures 15, 16, and 7).

The courses of all rivers in the N part of the Me-
sopotamian Plain migrated due W and SW duning the
Pleistocene and Holocene. Among the controlling fac-
tors of this migration, tectonics and climate changes
were of major importance. The author concludes that the
main cause was the gradual uplift of the Zagros Moun-
tains. The progress of the Foothill zone sediments into
the Mesopotamian Plain during the Upper Pleistocene
and Holocene further supports this view.

The most intense accumulation from what seems to
be a younger phase of the Upper Pleistocene and Holo-
cene occurs in the area between Mahmudia and Salman
Pak, where younger sediments of great thickness occur.
This massive accumulation could have been controlled
either by subsidence or by strong erosion and denuda-
tion at the source area. The presence of older sediments
from the Tigris River at the same depth, and not far to
the E (in DBH Nos. 4 and 5), favours the second possi-
bility.

Acknowledgements
I wish to express my thanks to the Directorate of The

State Organization for Minerals (5.0.M.) in Baghdad
for permission to publish the resuits of the petrographi-
cal research that I carried out during my stay there. At
the same time, I would like to thank my Iraqi colleagues

Hisham Al-Hashimi, Wissam Al-Hashimi, Nuri Hamza,
and Nazaar Hassani, and my Czech colleagues Jarosiav
Tyr4&ek and Jaroslav Domas for cooperation, fruitful
discussions, and valuable comments.

Translaied by the author
Recommended for print by J. Petrdnek

References

A1, 1. A. (1977); Heavy mineral provinces of the recent
sediments of the Euphrates-Tigris basin. — J. Geol.
Soc. Iraq, 10., 33-46, Baghdad.

Domas, J. — Minagikovi, D. — Sasan, Y. Y. (1984):
Proposal on the introduction of the Mahmuda For-
mation. — Lecture on the 7" Iragi Geological Con-
gress in Baghdad. Baghdad.

Minakikova, D. (1978): Preliminary study of the heavy
minerals of the Quaternary sediments and Upper Fars
Formation in northern part of Mesopotamia. Sketch
of paleogeographical development. —~ MS, S.0.M.
Baghdad.

~ (1979): Heavy minerals of Quaternary and pre-Qua-
ternary sediments in the deep boreholes between
Mahmudia and Mandali (Mesopotamian Plain). -
MS, S$.0.M. Baghdad.

— (1979): The results of the Quaternary sediments in-
vestigation in the northern part of the Mesopotamian
Plain. — MS, S.0.M. Baghdad.

Pup, G. (1968): Mineralogy of recent sediments of
Tigris and Euphrates rivers and some older detrital
deposits. — J. sed. Petrology, 38, 35—44. Tulsa.

Paleogeografie kvartéru severni ¢ésti Mezopotamie

(Résumé anglického textu)
DAGMAR MINARIKOVA

PiedloZeno 24, ledna 2003

V letech 1978 a 1979 pracovala autorka pro State Organization for Minerals (S.0.M.) v Bagdadu na vyzkumu
kvartéru severni &4sti Mezopotdmie. Tamn{ kvartérni sedimenty jsou reprezentovany pfevdZné jemnozrnnymi pisky,
silty a jily. Bylo zjisténo, Ze analyzy téZkych minerdld jsou jedinou vhodnou metodou pro rozliSen{ riznych typl
sedimentii. Proto bylo prostudovéno vice neZ 300 vzorki z mélkych i hlubsich vrti (jejich lokalizace je uvedena na
obr. 2) ze sedimenti fek Adhaimu, Diyaly, Tigridu a Eufratu, ddle z pfidpatnich uloZenin pohofi Zagrosu, z¢
sedimentt formace Mahmudia a z piedkvartémich sedimenti (vysledky analyz jsou uvedeny v tabulkdch 1-8 a na
obr. 13 a 14).

Viidéimi minerdly pro rozliSeni rizngch typil sedimentii jsou zakalené minerdly, horninové dlomky, obecny a
gedifovy amfibol, augit, titanaugit a grandt. Vedle sloZeni byla velka pozornost vénovidna i stupni koroze Zrm
pyroxend a amfibold, pfipadn& grandtu. Pozorovatelné rozdily v korozi zr téchto minerdld zdvisi na stafi sedimentu.
Pomoci koroze byly v hlub3ich vriech rozliSeny tfi rlizn® staré jednotky sedimentl Tigridu — svrchnopleistocenni,
star¥i, pravdépodobné stiedopleistocenni (,,older Tigris“) a nejstarsi(,oldest Tigris*), které nelze zatim pfesnéji
stratigraficky zafadit.
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Vysledky studia t82ké frakce poskytly zdkladni data potfebnd pro tvahy o paleogeografickém v¥voji izemi. Na
obrdzcich 15-17 je schematicky zndzornéno roziifeni studovanych sedimentl v holocénu a ve svrchnim a stfednim
pleistocénu. Severni &dst vizemi, které je pokryto sedimenty feky Adhaimu, neprodéiala b&hem holocénu a svrchniho
pleistocénu Zidné podstatné zmény. Roz8ifeni pfifipatnich sedimentd v dzem{ mezi Mandali 2 Badrou se vyrazng
ménilo: nejmensi rozsah mélo béhem stfedniho pleistocénu, zatimco v pritb&hu svrchniho pleistocénu a holocénu se
ndpadné roziifuji smérem k jihozdpadu a jihu, takZe pfekryvaji stfedopleistocenni sedimenty Tigridu. Ty zasahovaly
ve stfednim pleistocénu vice neZz 100 km od dneSniho tcku smérem k vychodu a severovychodu. Sledujeme-li
roziifeni sedimentd Tigridu, vidime, Ze se od stiedntho pleistocénu posunuji setrvale k zdpadu a jihozdpadu. Reka
Diyala ukiddala své sedimenty ve svrchnim pleistocénu a pravdépodobné i difve vychodné od dneiniho toku a jeji
dsti do Tigridu leZelo jv. od Baquby. V holocénu se Diyala posunula smérem k zdpadu, jeji dsti do Tigridu le#i na jih
od Bagdddu a jeji sedimenty tvofi povrch velké &dsti severni Mezopotdmie, kde pfekryvaji svrchnopleistocenni
sedimenty Tigridu. RovnéZ sedimenty Eufratu se posunuji od v¥chodu k zdpadu. Svrchnopleistocenni uloZeniny
Eufratu pokryvaji izemi na vychod od dnedniho toku. V oblasti Mahmudie doslo k pfemistén{ toku Eufratu k zdpadu
aZ v historick€ dobé. ,

Z tohoto piehledu je patmé, Ze viechny feky v severni &dsti Mezopotdmie pfesouvaly své toky v pritbéhu pleistocénu
a holocénu smérem k zdpadu a jihozdpadu. Pfi¢inou tohoto stéhovini je pravdépodobné postupné zdvihdni pohofi
Zagros na hranicich mezi Irdkem a Irdnem. Pro tento pfedpoklad sv&dES i roz8ifovéni pridpatnich sedimentt.

K nejintenzivné)si akumulaci dochdzi v miadsi fazi svrchntho pleistocénu a v holocénu v ablasti Mahmudie, kde
byly zjiftény smi¥ené sedimenty Tigridu a Eufratu tohoto stdfi aZ do hloubky kolem 50 m. Tato mohutnd akurmulace
mohla byt podminéna bud subsidenci, nebo zvy¥enou dotaci klastického materidlu, vyvolanou silnou erozi a

denudaci ve zdrojové oblasti.

Vysvétlivky k obrazkim
I. Vymezenf studovaného dzemi. I3. Histogramy hlavnich TM v sedimentech DBH 4. Vysvétlivky
2. Lokalizace studovanjch mélkgch (SBH) a hlubgich (DBH) viz obr. 11.
vrtii. [4. Histograimy hlavnich TM v sedimentech DBH 5. Vysvétliv-
ky viz obr. 11.

3. Relativni ¢etnost opaknich minerdld. 1 — sedimenty Tigridu:
2 - sedimenty Eufratu; 3 - sedimenty Diyaly; 4 — sedimenty 15. Rozéffeni holocennich sedimenti Tigridu, Eufratu, Adhaimu,
pfidpatni zdny, Diyaly, sedimentl pfidpatn{ zony a uloZenin formace Mah-

mud:a. 1 —sedimenty Tigridu; 2 - sedimenty Eufratu; 3 — se-

4. Relati ych minerdld. Vysvédivky vizobr. 3. . . - . . ”
Relativni Setnost zakalenych minerdlad. Vysvédivky viz obr dimenty Adhaimu; 4 — sedimenty Diyaly: 5 — sedimenty pfii-

3. Relativnd Cetnost horminovych dlomki. Vysvélivky viz obr., 3. patni zony, 6 — sedimenty formace Mahmudia; 7 - sedimenty
6. Relativni Zetnost minerdti: zoisit-epidotové skupiny. Vysvét- umélych kandlu.
livky viz obr. 3. 16. Roziiteni svrchnopleistocennich sedimenti. VysvEtlivky viz
7. Relativnf Zetnost obecného amfibolu, Vysvétlivky viz obr. 3. obr. 13,
8. Relativnf Cetnost augitu a titanaugitu, Vysvétlivky viz obr. 3. 7. Erﬂlfge ni stfedopleistocennich sedimenti. Vysvédivky viz
9. Relativni Zetnost grandtu, Vysvetlivky viz obr. 3.
10. Trojdhelnikovy diagram ukazujici zastoupeni zakalenych
minerélil, horninovych ilomkd a obecnéhoe amfibolu. 1 - se-
dimenty Tigridu; 2 — sedimenty Eufratu; 3 - sedimenty Diya-
ly; 4 — sedimenty pitdpatni zny. .
¢ ¢ Vysveétlivky k tabulkam

11. Histogramy hlavnich téZkych minerdld (TM) v sedimentech

DBH 1.1 - minerﬁ]}r zotsit-cprdotove skupiny; Z - skupina al. edimentech oblasti Muqdadi .
amfibold (spodnf Cdst sloupce hnddy amfibol, svrchnf cidsi Eﬁﬁiﬁ: é g ¢ sedimentech oblast Eﬂg?iﬂdilzgﬂa?qaﬁunbiu_
sloupce  zeleny obecny amfibol); 3 ~ skupina pyroxenli  pup s 3 TV v sedimentech oblasti Mahmudie.

(spodnl édst sloupce onopyroxeny, stfedni &dst sloupce ti- Tabulka 4. TM v sedimentech mezi Mahmudif a Mandali.
tanaugt, spodnf &dst sloupce augit a diops. augit): 4 — homi- Tabulka 5. TM v sedimentech mezi Hilloa a Mandali.

nové dlormky; 5 - zakalené minerdly; 6 ~ opaknf minerdly; Tabulka 6. TM v sedimentech oblasti Kutu a Badry.

7 - granét. Tabulka 7. TM v sedimentech oblasti Hashimie a Badry.
12. Histogramy hlavnich TM v sedimentech DBH 2. Vysvétliv- Tabulka & TM v sedimentech hlubgich vrill mezi Mahmudif
ky viz obr. 11. a Mandali.
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Palaeolithic occupation in the Angara region, East Central Siberia,
in the context of Pleistocene climate change

Pleistocenni klima a paleolit v tidoli Angary ve vychodni ¢asti stredni Sibire

Jikf CRLACHULA ' — GERMAN I. MEDVEDEV® — GALINA A. VOROBYOVA?

Received January 24, 2003
Kev words: Pleistocene, Angara Basin, geoarchacology, palaeoenvironments

CHLACHULA, J. - MEDVEDEV, G. L. - VOROBYOVA, G. A. (2004): Palaeolithic occupation in the Angara region, East Central Siberia. in
the context of Pleistocene climate change. — Sbor. geol. V&d, Antropozoikum, 25, 31-49. Praha.

Abstract: Systemalic geoarchaeological investigations at palaeolithic sites in the upper Angara River basin have provided evidence of
several stages of early human occupation, with the earliest dating to the late Middle Pleistocene. Besides the cultural and historical impli-
cations, the multidisciplinary Quatemary studies have produced information on the past climate variations, the dominant geomorphic
processes, the landscape development, and palaeoenvironmental conditions during the Pleistocene of Central Siberia. Palynological and
palacontological records, combined with early cultural data, bear witness to strongly fluctuating Late Pleistocene climatic changes, con-
trolling the territory's habitation potential for early human populations. Reconstruction of the evolutionary pathways and dominant pro-
cesses in the natural environments, knowledge of the specific material and technological conditions and production levels of the Middle
and Late Palaeolithic communities, as well as documentation of climatic events stored in the geological record, are the principal objec-
tives of the current studies.

'Labaratary for Palaeoecology, University Zifn, 762 02 Zlin, Czech Republic
‘Department of Archaeclogy, Irkutsk State University, 664 000 Irkuisk, Siberia, Russia

Introduction ronments and dynamics, taphonomic analyses of the as-
sociated palaeontological remains, and palaeochmatic
The history of the palaeolithic occupation of Siberia is  and palaeoenvironmental reconstruction. Detailed stud-
emerging as one of the main issues in the study of hu-  ies are the most feasible at the more geologically recent
man prehistory. The upper Angara, Lena, and Yenisei  sites, including sections dated to the second half of the
River basins are the principal areas of palaeolithic site late Pleistocene and Holocene, whereas the earlier re-
distribution, and the related Pleistocene-age geoarchaco-  cords are more fragmentary because of their poorer pres-
logical records (e. g., VOrRoBYOVA and MEDVEDEV 1985,  ervation and/or insufficiently dated geological context.,
Drozoov et al. 1990, 1999, Meovepev et al. 1990, DE- Long-term geoarchaeological research objecuves at
REVIANKO et al. 1992, Gar and ANTOsCHENKO-OLENEV  key palaeolithic sites in this region include the establish-
1993, CurLacHuLA 2001a, b, CHLACHULA et al, 1994,  ment of a uniform methodological framework, and a de-
2003). The higher density of documented archaeologi-  tailed database recording the Quaternary history of the
cal finds, and the enhanced site visibility along the upper  geological and geomorphological processes and their
Angara and Yenisei rivers, is due to the large scale ero-  corresponding sedimentary environments.
sion of Quaternary sections exposed along the valley The main priorities of the ongoing investigations are
slopes of these dammed rivers. Because of the continu-  focused on reconstructing the past ¢limate changes and
ity of the erosional processes, the amount of new con-  the related Quaternary environments, and on the early
textual and chronological data is steadily increasing. adaptation and coltural history of the palaeolithic people
The current geoarchaeological studies in the broader  of north-central Asia. These priorities particularly con-
Angara area are aimed at the chronological refinement  cern the following:
and the micro-stratigraphical documentation of each of
the palaeolithic sites, and the reconstruction of Quater- (1) The present imbalance of documented geoarchaeo-

nary environments during particular stages of early hu- logical sites located near densely populated indus-
man occupation. Multidisciplinary investigations at spe- trial centres, along railway corridors, and around
cific localities include detailed mapping of the local large River dams (all of which are areas where the
geomorphology, ascertaining the stratigraphical context surface cover has been intensely disturbed and sur-
of archeological records, the spatial-temporal correla- veyed), as opposed to the less documented sites in
tion of the deposits, documentation of sedimentary envi- MOore remote areas.
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(2) The disproportion between well- and poorly-dated
sites. The majority of the latter belong to the final
stages of the Late Pleistocene. This must be com-
pensated for by searching for new sites, especially
those representing the insufficiently known Middle
Pleistocene occupations. The cultural complexes of
the early-mid glacial period (Middle and early Late
Palaeolithic) also need further investigation,

(3) The differential preservation of cultural finds within
particular, mostly disturbed, geological contexts,
and orenling studies toward multi-stratified
open-air sites and cave sites.

The aim of this contribution is to summanze the cur-
rent status and perspectives of the geoarchaeological re-
search at palaeolithic sites in the upper Angara region
and the adjacent part of the northern Baikal area, east
Central Siberia.

Natural setting*

The study area, located in the eastern part of Central Si-
beria, is characterized by a combination of major tec-
tonic structures: the Siberian Platform and the adjacent
mountain massifs. The southern part of the platform is
formed by the Irkutsk Depression, which is geographi-
cally confined by the Eastern Sayan Mountains to the

Krasnoyarsk

ST\

south-southwest, and by the Pribaikal Range (with max-
imum elevations of 2500-3000 m above sea level) to the
east. The central area of the depression contains the
Angara-Lena Platean, with altitudes of 800-1200 m
above sea level rising northward toward the Lena River
basin {(Figure 1).

The base of the Irkutsk Depression consists of igne-
ous and metamorphic rocks overlain by partly lithified
sedimentary deposits. Lower Cambrian dolomites and
the Upper Cambrian limestones and siltstones are lo-
cally exposed along the most active denudation zones.
The most distinct pre-Quatemnary geological formations
are relics of the Palacogene relief preserved in the form
of elevated plateaus, 300-500 m asl, raised by a subse-
quent orogenic event to about 200 m asi. Apart of these
high denudation surfaces, thick Tertiary deposits are
buried in old fluvial basins.

Neotectonic activity during the Oligocene and Mio-
cene along the marginal regions of the Irkutsk Basin cre-
ated a system of depressions that subsequently became
filled by palacolakes (REzanov 1988, 1994). Renewed
tectonic movements in the Pribaikal and West Trans-
baikal area around the time of the Pliocene/Pleistocene
boundary opened the Baikal rift zone (the Baikal Oro-
genic Phase, lasting from 3 Ma to the present}). Deepe-
ning of the basin promoted the formation of new
drainage systems for the major east Siberian rivers
(Angara, Lena, Selenga). This tectonic activity contrib-

1. Geographical location of
Ceniral Siberia. Distribution of
the principal palaeclithic site
areas {polygons) in the Angara
Basin, the adjacent part of Lake
Baikal, and the Yenisei Basn.
| — Kanskiy, 2 — Kovinskiy,
3 — llimskiy, 4 — Balyshovskiy,
5 — Zajarskiy, 6 - Angaro-
Okinskiy, 7 - Tulunskiy, & -
Sredneokinskiy, 9 — Angaro-
Okinskiy, 10 — Kachurgskiy, 11
~ Severo-baykalskiy, 12 -
Mishelevskiy, 13 - Angaro-
Idinskiy, 14 — Mal'tinsko-Bu-
ret'skiy, 15 - Olkhenskiy, 16 -
Zangisanskiy, 17 - Irkutskiy,
18 — Nizhne-selengiyskiy.

* Editorial note: Because this anicle refers to Russian territory, the original Russian terms ‘Early’, "Middle’, and 'Late’ Pleistocene were left
without change, even though ‘Lower’, *Middle’, and "Upper’ Pleistocene would be used in accordance with the Czechoslovak Stratigraphical
Commission. Czech archasology employs the term ‘Upper’ Palaeolithic instead of the Russian ‘Late’, as well as the ‘Late’ Palaeolithic instead

of the Russian *‘Final.’

37}




uted to complex geomorphic processes, which resulied
in solifluction and massive alluvial, eohan, and other
clastic deposition (MaTs et al. 1982). Quaternary depos-
its fill the broad river basins and valleys, with alluvial,
colluvial, and sub-aerial formations being the most ex-
tensive (Bazarov 1986).

The progressive tectonic uplift of the East Siberian
mountain massifs, providing lateral support to Lake Bai-
kal's water masses, triggered several catastrophic dis-
charge events. During the Early and Middle Pleistocene,
lake water discharge followed a passage through the Irkut
River valley, empting into the Yenisei basin. Reactiva-
tion of the orogenic activity during the late Middle Pleis-
tocene resulted in a major Lake Baikal transgression into
the Angara River watersheds (Rezanov 1994),

A system of 40-50 m-high river and lake terraces, and
adjacent alluvial fans, formed during the Toboisk (OIS 9)
interglacial period, and continued in the following
Samarovo (OIS 8) glacial period. The present conditions
were established during the Late Pleistocene, as a result
of neotectonic movement, which opened an outlet mto
the Angara River drainage system (Kononov and MATs
1986).

Tectonics has been a major factor during the entire
Quaternary, which, in conjunction with the mountain
glaciations, has shaped the geomorphic relief of the
broader area. The earliest Pleistocene glaciation in the
adjacent area is believed to have occurred in the Middle
Pleistocene, correlated with the Samarovo Glacial Pe-
riod (OIS 8), and evinced by the relics of moraines in the
Northem Baikal Range (DuMiTrRAasHKO 1956, Popova et
al. 1982, Rezanov and Kaimixov 1969, The most ex-
tensive glaciation occurred during the early Last Glacial
period (OIS 4), when both the Baikal Mountains and the
Eastern Sayan Mountains, bordering the Irkutsk Basin
from the east and south, respectively, were covered by
glaciers that expanded far into the extra-glacial zone
(NEMcHINOV et al. 1999),

The region’s present climate is strongly continental,
reflecting its geographical location in central Asia and
the geomorphic configuration of high mountain ranges
that form an orographic, atmospheric barrier, which
strengthens the influence of the Siberian Anticyclone.
The maximum precipitation falls on the northern
stopes of the surrounding mountains (700-800 mm per
year), which are covered by dark coniferous (mostly
pine) taiga forests. A relatively humid climate prevails
along the margins of the Irkutsk Depression, particu-
larly due to the warming effects of the Lake Baikal,
with 350450 mm precipitation per year, and with
mixed southern taiga forests largely comprised of
spruce, larch, and birch. The interior River valleys are
more arid (250-300 mm per year), with open steppes
and parkland communities. The average July tempera-
ture for the region is +14/+17 °C, while that for January
is —20/-26 °C; the mean annual temperature fluctuates
around -2 °C.

Quaternary climate change
and landscape development

The Pleistocene climate history in the Pribaikal area is a
continuation of the palacoclimatic development that be-
gan in the late Tertiary, when intensified early Pliocene
orogenic movements initiated the formation of the Bai-
kal rift zone and the progressive uplift of the Eastern
Sayan Mountains and the Baikal Range. The interval of
the Pliocene/Pleistocene transition was a time of ma-
jor cooling, as evidenced by the appearance of the
first cryogenic features,

The Early and Middle Pleistocene climatic variations
are evinced by a wide range of palacosols (kashtano-
zems, chernozems, luvisols, brunisols, gleysols), indi-
cating a mosaic vegetation pattern. Interglacial periods
were fairly warm and humid, allowing the expansion of
mixed taiga parkland forests, However, the progressive
climatic deterioration is recorded by the presence of
weakly developed initial soils, the solifluction of sedi-
ments in areas of increased topographic gradient, cryo-
genic deformation structures, and relic periglacial and
glacial landforms in the surrounding mountains.

The Late Pleistocene climate variations caused major
restructuring of the regional landscape, with deep frost
bedrock weathering, sediment deposition, solifluction,
and cryogenesis during cold stages, and pedogenic de-
velopment during warm interstadial periods. Renewed
tectonic activity contributed to intense river incision,
leading to the formation of the present river valleys

The last { Kazantsevo) interglacial period in the upper
Angara region is represented by the Igetei Pedo-
complex, which includes two chernozemic soils. In
comparison with the present-day soils found in the area,
the lower palaeosol (correlated with the OIS 5e sub-
stage) is distinguished by a much thicker (1-1 2 m)
humic (Ah) horizon, suggesting warmer and more hu-
mid conditions with a higher input of biomass into the
soil structure (MepVEDEY et al. 1990, CHLACHULA et al.
2004). The upper chernozemic palaeosol (correlated
with OIS 5c) is characterized by a thinner (0.5 m) humic
layer with an increased degree of lessivage in compari-
son to the lower soil (see Plate II/I, 2). A broad vanety
of landscape settings is indicated by a wide range of fos-
sil soils, including saline soils and grey forest soils. The
pollen records, which include warm deciduous species
such as oak and lime trees, show a fairly warm and hu-
mid climate, much less continental than today (BELOvA
1985).

The onset of the early-last glacial stage (the Mu-
ruktinsk Horizon), correlated with OIS 4, is associated
with the intense erosion of exposed land surfaces, lead-
ing to the transfer of large amounts of sediments, partic-
ularly fine sands from the major denudation areas along
the margin of the Irkutsk Depression. Distinct deflation
surfaces, in the form of heavily corroded gravely beds
{e.g., 3" terrace of the Belaya River, the Sosnovyy Bor
Site), or truncated interglacial pedocomplexes (the Ma-
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karovo IV Site), have been identified in the upper An-
gara and Lena rivers and their tributary valleys (MeD-
veEDEV et al. 1990). During the following time interval,
some loess and loess-like sediments were deposited as
the result of moderate warming, followed by soli-
fluction. Accumulation of massive colluvia (up to 20 m
thick) towards the end of the early last glacial stage was
apparently triggered by the re-activated regional neo-
tectonic movements.

A major climatic amelioration occurred during the
mid-last glacial (Karginsk) interval (OIS 3), with sev-
eral stages of surface stabilization and soil development.
The first half of the interpleniglacial interval (55-40 ka
BP) was characterized by a cold and arid climate, as evi-
denced by deposition of loess and loess-like silty sedi-
ments intercalated by initial gleyed soil horizons. The
later warm and humid phase (40-24 ka BP) is repre-
sented by the Osinsk Pedocomplex, which comprises
two chernozemic soils, the lower of which approaches
the degree of pedogenic development of the present-day
chemozems.

The late-last glacial stage (the Sartan Horizon), chro-
nostratigraphically divided into four phases, is the most
well-known Pleistocene time interval in eastern Siberia
due to the numerous associated Late Palaeolithic cul-
tural records. The first phase (radiocarbon dated to
24-17 ka BP) is linked to marked climatic oscillations
indicated by solifluction and cryoturbation of the latest
Karginsk (OIS 3) soils, followed by loess deposition due
to a2 major climatic cooling with the approach of the final
glacial maximum. Climatic warming during the follow-
ing phase {(17-16 ka BP) is demonstrated by intensified
gleying processes and the degradation of permafrost in
the southernmost part of the territory. The initial rego-
sols at the palaeolithic sites of Sosnovyy Bor (Horizon
5) and Krasnyy Yar Ill (Horizon 2) show evidence of en-
vironmental amelioration. A shift towards a cold arid
climate during the following phase (16-14 ka BP) is
linked with the accumulation of eolian sands and the ap-
pearance of cold-climate fauna characteristic of peri-
glacial steppes. The deposition of loess with the forma-
tion of humic soil horizons in the upper part of the eohan
deposit defines the final Pleistocene warm phase
(14-10 ka BP).

The cold Late Pleistocene climatic intervals are indi-
cated by several generations of cryogenic surface defor-
mation, the most prominent of which are located at the
contact of the Pleistocene/Holocene formations (corre-
lated with Younger Dryas), and include up to 5 m deep
ice-wedge casts filled by early postglacial sediments.
Major polygons (5-7 m on average), with up to 3-4 m
deep frost wedges, are found on top of the last intergla-
cial palaeosols (particularly the OIS 5e chemozem]). Re-
duced cryoturbation features are documented in earlier
deposits, Apart of the frost-fice-wedge casts, the most
intense cryoturbation activity is associated with massive
solifluction during the early-last glacial interval (MED-
VEDEY et al. 1990).

Palaeontological evidence

Aside from the geological data, biotic (palynological
and palaeontological) records provide the main source
of information on the Late Quatemary climatic varia-
tions as manifested by the particular vegetation and fos-
sil fauna species distribution.

The Late Pleistocene fauna assemblages from the
Angara Basin show specific environmental adaptation
to changing natural habitats. The typical and, in East Si-
beria, broadly distributed fossil fauna, including woolly
rhinoceros (Coelodonta antiguitatis), mammoths (Mam-
muthus primigenius), bison { Bison priscus), horses
(Equus caballus), kulans (Equus /Hemionus/ hemio-
nus), giant deer (Megaloceros giganteus) and argalis
(Ovis ammon), indicate a cold periglacial parkland-step-
pe habitat (VERESHAGIN and BARYSHNIKOV 1984, KALMI-
xkov 1990, MepveDEY et al. 1990).

The small mammalian (rodent) spectra at the Late
Palaeolithic localities, with non-analogous communities
of co-existing tundra-steppe and taiga species, indicate
mosaic type of landscape (KHENZYKHENOVA 1995,1999).
The taxonomic composition of the palacontological re-
cord from the multistratified archaeological complex at
Igetei, where abundant rodent remains (Spermophilus
sp., Cricetulus sp., Dicrostonyx cf. simplicior FEIFAR
and Lagurus cf. lagurus, eic.) have been found with 1s0-
lated stone artifacts in a sandy layer below solifluction
sediments dated at 24,400 + 390 yr BP (GIN-5327), at-
test to a cold and arid tundra-steppe environment.

Specimens of Mammuthus primigenius, Coelodonta
antiquitatis, Equus sp. Cervus elaphus, Alces alces, and
other large periglacial fauna species have been recov-
ered from the Late Palaeolithic sites at Buret’ (with *C
date of 21,190 = 100, SOAN 1680) and Krasnyy Yar
(19,100 £ 100, GIN 5530). This palaeontological evi-
dence is characteristic of a cold periglacial habitat (MED-
vepEY et al, 1990). The poilen record from the Buret’
locality, which includes Pinus cembra (14 %) P.
sibirica (10 %), P. diploxylon (10 %), Betula sp. (3 %),
Betula nana (6 %), Artemisia (14 %), and green sphag-
num mosses, indicates a tundra-parkiand setting.

Five distinct micro-faunal horizons associated with
cultural finds have been recorded in the last glacial loess
and colluvial deposits at the Malta site in the Belaya
River valley, which is known for the Late Palaeolithic
art discovered there (OgLaDNIKOY 1975, TserrLiv 1979).
The lower horizons (I-1I), with '#C dates of
20,700-21,000 yr BP, yielded remains of Lagurus
lagurus cf. henseli HINT, (70,4 % of the total assem-
blage), Ochotona cf. pusilla PaLL., Spermophilus undu-
latus PaLL., Microtus gregalis PaLL., M. oeconomus
Paii., and M. cf. hyperboreus VIN. (KHENZYKHENOVA
1999), all of which indicate a cold tundra-steppe habitat.
This conclusion is corroborated by other palaeoenviron-
menital (palacontological and palynological) data as well
(LoGacHEV et al. 1964). The Pleistocene fauna (Mam-
muthus primigenius BLuM., Coelodonta antiquitatus




Table 1. Chronology of the principal palacolithic sites in the Angara-upper Lena area, East Central Sibena
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Samarove Glacial

Oxygen Stage Stratigraphy Site 1*C age (yr BP) Cultural record
Of8 2 Sartan Oshurkovo 10,400 £ 500 Early Mesolithic
Glacial Makarovo 11 11,400 £ 500 (GIN 480) Irkutsk, Kachuga, Baday
11.860 + 280 (GIN 480) cultural complexes
11,850 = 50 (GIN 481) (13,000-11,000 BP)
Ust'-Belaya XIV 11,93G £ 230
Sosnovyy Bor 12,060 £ 120
Verkholenskaya 12,750 £ 180
Gora 12,540 = 180 (MO 441) Final Palaeolithic
Malta Verhkolenskaya Gora,
Shishkino 11 13,93G = 220 Shishkino, Kurla, Baday,
Kurla 1 14,150 % 960 Maina, Northern Angara
Kurla 111 13,160 £ 350 cultural complexes
13,200 + 1,200 (16,000-13,000 BP)
Sosnovyy Bor I11
Malta 14,720 = 130
Ust'-Kova 14,750 = 240
Krasayy Yar [-111
Sosnovyy Bor 1V-V
Malta 21,000 = “Classical” Late
21.700 = Palaeolithic complexes
Krasayy Yarl 19,100 £ 100 (GIN 5530) {21,000-16,000 BP)
Buret’ 21,190 = 100 (SOAN 1680G)
lgetei  Hor. 4 21,260 = 240 (LE 1590} Late Palaeolithic
23,508 = 250 (LE 1592) (30,000-21,000 BF)
23,760 = 1100 (SOAN 405)
23,780 + 600 (SOAN 1681)
Hor. & 24 400 + 100 (GIN 4327)
24 400 + 400 (GIN 5327)
oS 3 Karginsk Voennyy Gospital 29,700 + 500 (GIN 4440)
Interstadial Ust’-Kova 28,050 = 670 partly in situ
Interval 30,100+ 150 in the late Karginsk soil
32,865 £ horizons
Igetei Log 111 > 335,000
Ust’-Orda early Late Palaeolithic
Mamony = 36,000 (40,000-30,000 BF)
Afontova Gora VI = 36,000
Malta 43,100 = 2400 non-stratified loess
Gora [getei deposits without distinct
Manzyrka cultural herizons
Lokomotiv
Georgievskoye
OIS 4 Muruktinsk Makarovo [V > 50,000 Middle Palaeolithic
Glacial Gora [getei (150,000-40,000 BP)
Georgievskoye corroded artefacts
Sosnovyy Bor in slope deposits
OIS 5 Kazantsev Gora Igetei artefacts in the last
Interglacial Georgievskoye interglacial pedocomplex
Maita
S 6 Tazov - Early Palaeolithic
Glacial (ca. > 150,000 BF)
W S Shirta - Igetei artefacts in colluviated
[nterglacial slope deposits and alluvia




3LuMm., Equus caballus L., Rangifer tarrandus L.,
ervus priscus L., Bison priscus Boi., Ovis nivicola
CH., Ovis sp., Felis spelaea Govp., Canis lupus L.,
ulpes vulpes L., Alopes lagopus L., Gulo gulo L. and
f/rsus arctos L.) documents periglacial forest-tundra
and forest-steppe landscapes around the Pleistocene lo-
ality (ErmoLova 1978, MepveDEV et al. 1990). The in-
reased representation of forest species (27 %) in the ro-
Hent fauna assemblages (Ochotona hyperborea PALL.,
lethrionomys rutilus PALL., Myopus schisticolor Liss.)
n the overlying horizons suggests climatic amelioration
and a shift towards a parkland-forest setting following
he last glacial maximum (KHENZYKHENOVA 1999). The
wresent Holocene rodent fauna is marked by the absence
of taxa that are typical of steppe (Ochotona pusilla and
agurus lagurus) and tundra (Lemmues sibiricis, Dicro-
tonyx and M. ex gr. hyporboreus-middendorfjii} envi-
ronments. The trend of environmental change, revealed
in the faunal records from about 21,0000 to 10,000 yr
3P, shows a gradual transition from tundra-steppe and
meadow-steppe to forest-steppe, corresponding to a
change from a cool and dry climate to milder and more
humid conditions in the upper Angara-Lena region.
Finally, apart of the Pleistocene macro- and micro-
fauna, fish and bird taxa found at the archeological sites
attest to a wide range of biotic variety in the Late and F1-
nal Palaeolithic habitats. The best example is from the
sediment infillings of frost wedge casts, dated
to 12.540 = 180 (MO 441), from Verkholenskaya Gora,
which include several species of fish (LoGaCHEV et al.
1982).

Geoarchaeological evidence
Geographical distribution

There are more than two hundred Pleistocene-age (pa-
lacolithic) sites in the Pribaikal (upper Angara and Le-
na) region. All main occurrences are found near the
confluences of the Angara River with its main tributar-
ies (the Irkut, Kitoy, Belaya, Ungi, Ida, Oka and Idim
River) and some smaller rivers (Ushakovka, Kuda, Ida,
Osa). These sites have been identified particularly in
places where large-scale erosion has increased exposure
along the Angara River following the constructien of the
Bratsk dam (Figure 1). The river valley is 1-8 km wide
in the upper reaches, broadening to 9-15 km farther
north. The preserved river terraces, which extend 35-45
m (V) and 50-60 m (VI) above the river, date to the
Early and Middle Pleistocene, while the more recent ter-
races (Late Pleistocene) are currently flooded by the
Bratsk Lake (Tserruiv 1975, 1979).

The area of the principal archaeological investigation
is the southern Angara River basin, which extends ca.
300 km northward along the Angara River from its out-
let at Lake Baikal to its confluence with the Uda River.
Lacustrine erosion caused a lateral slope retreat of
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200-300 m along the original valley side, with the pres-
ent river level raised by 28-30 m above the former
floodplain. The thickn®ss of the Quaternary sequence
varies with degree of preservation and geomorphic dis-
position from 2 to 20 m. The most complete, 5-20 m
high sections, which comprise a complex series of Qua-
ternary deposits, have been mapped at Igetei near the
opening of the Osa River valley (known for its high den-
sity of palaeolithic sites) — Igetei, Tara Khay, Kha-
dekhau, Krasnyy Yar, Mel’khytuy, etc. (Figure 2).

The palaeolithic sites in the upper Lena region are
concentrated in the northern part of the Baikal Depres-
sion and on the adjacent Upper Lena Plateau. The Ma-
karovo IV Site is one of the earliest and most prolific in
East-Central Siberia; it is buried in lateral alluvial fan fa-
cies (about 3 m thick), on top of colluvial loess deposits
(AkseNov 1981, Vorosyova 1987). Other cultural sites
occur along the smaller tributary river valleys of the
broader Angara Basin.

Geological setting

The palaeolithic sites can be classed into two categories
based on their geological settings: exposed and strati-
fied. Among the more than 180 stratified sites, the loca-
tions that allow close spatial and chronological correla-
tion are of major significance. The first group includes
sections of sub-aerial deposits overlying former river
terraces and adjacent slopes. The most representative
geoarchaeological complexes occur at Igetei and Kras-
nyy Yar in the Angara River valley, Malta in the Belaya
River valley, Makarovo I1I-V and Shishkino VIII in the
Lena River valley, and Mezensk and Strizhovaya Gora
in the Kana River valley (MEDveDEv et al. 1990; Figure 1).
The cultural records found at these sites are from similar
stratigraphic positions, which reflects the similarities in
the overall stratigraphy of the Quaternary deposits over
a broader area. It is expected that a number of other early
sites that would allow close chronostratigraphic correla-
tion may be buried at analogous levels in the loessic and
sandy sediments.

The second group includes sections of well-stratified,
though diverse, geological deposits, displaying rhyth-
mic intervals of sedimentation. The archaeological sites
of this group are found in alluvial deposits (e.g., Ust’-
Belaya, Gorelyy Les, Kazachka), stratified slope deposit
facies (e.g., Sagan-Nuge, Ulan Khada, Tyshkine, Ma-
karovo II), and eolian deposits (e.g., Sosnovyy Bor,
Baday V). The cyclic reactivation of sedimentary pro-
cesses is evinced by an increased number of archeologi-
cal strata intercalated between sterile layers. The more
complex geological structure of this group of sites, as
compared to those of the exposed group, suggests unsta-
ble, fluctuating, and locally diverse environmental con-
ditions. The effects of regional palaeoclimatic factors
are also present, such as the distinct but widely distrib-
uted stratigraphic markers of cryogenesis, solifluction,
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and other permafrost deformation features, and of (in-
cipient) pedogenic and loess sedimentation horizons.

Aside from the two groups described above, a third
group can be defined as representing cave sites. Despite
the relatively high number of caves in the investigated
territory, however, none of them can presently be con-
sidered as representative sites or type sections because
of the absence of long, well-stratified, and dated geolog-
ical records containing archeological remains analogous
to those of the open-air localities.

Chronology

The recorded archeological finds can be classified into
the following six chronclogical stages based on their
geological position, specific surface texture, stone tool
flaking characteristics, and radiocarbon age assessment;
1) the Early/(early) Middle Palaeolithic, associated with
the pre-Kazantsevo (> 130 ka BP) deposits; 2) the Mid-

dle Palaeolithic (Mousterian?) from the early-last gla-
cial eolian layers; 3) the early Late Palaeolithic
(42/40-30 ka BP) from the mid-last glacial so1l horizons
(more than 50 sites); 4) the Late Palaeolithic from the
late mid- and early-last glacial sub-aenal formation, par-
ticularly the intercalated gleyed soil horizons (30-17/16
ka BP); 5) the final Palaeolithic (17/16-12 ka BP) with
>10 occupation sites; and 6) the Mesolithic (12-8 ka
BP) with > 60 pre-Ceramic Final Pleistocene and early
Holocene localities.

Based on degree of corrosion, the highly wind-abrad-
ed antifacts are associated with the early-last glacial
(Muruktinsk) sandy deposits, the slightly corroded arti-
facts with the mid-last glacial (Karginsk) loess umts,
while those with no sings of eolian abrasion are from the
late-last glacial {Sartan) colluvial deposits. In the loess
region of the upper Angara and Lena River basins and
their tributary valleys, about 11 cultural honzons have
been recorded within the Late Quaternary formations.

According to the present data, the earliest definite
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. Igetei Site I-11. Retouched quanzite flakes (the Middle Pleisto-
Ene Series).

Pleistocene cultural sites are associated with old alluvial
formations of buried river divide surfaces, exposed lo-
ally during recent surface disturbances (mostly caused
y the construction of the large river dams). The cultural
2cord chronostratigraphically assigned to the Middle
Pleistocene (Igetel, Gora Dolgaya, Gora Glinianaya,
ora Olonskaya, Krivolukskhove) is represented by sim-
ple stone artifacts. These have been fashioned from
uartz or quartzite cobbles, by a direct striking (clacton-
an, levalloisian) technique, into a variety of rudimen-
ary forms typical of the Early and Middle Palaeolithic
omplexes (i.e., choppers, bifaces, scrapers on flakes,
prepared cores, etc.; Plate 1/2, Figure 3). The flaked sur-
aces of many of these artifacts have become strongly
aibraded by subsequent eolian activity, Outside the pri-
ary palaeorelief areas in the active geomorphic zones,
anatogous artifacts often become re-deposited in various
ate Pleistocene sediments by subsequent gravity-flow
ind sobifluction processes. Such artifacts may thus be-
ome dislocated > 2 km from their original locations.
The earliest archeological records found in situ have
peen docurmnented in the late Quaternary (early Late
Pleistocene) formations from the upper part of the last
nterglacial (OIS 5) pedocomplex in the upper Angara
River basin (Gora Igetey, Georgievskoye, Malta; Plate

B8

1171, 2). The stone artifacts, partly affected by eolian ac-
tivity, were crafted exclusively from local quartzite cob-
bles from the Middle Pleistocene terraces. Unifacial
flaking on flat, partly prepared cobble cores was the pri-
mary technique; some of the flakes generated from this
process were subsequently retouched into a varnety of
scrapers, including déjetés forms.

The more recent Middle Palaeolithic finds dated to
the early-last glacial stage (OIS 4) are chronologically
heterogeneous, being located in less distinct strati-
graphic contexts and geological complexes {(Gora Ige-
tey, Tarakhay, Georgievskoye, Mel'khetyy, etc.). The
assemblages from the well-defined Makarovo Complex
(Makarovo IV, Sosnoyy Bor, VI, Gora Igetei) are, how-
ever, notable exceptions. The associated palaeolithic ar-
tifacts have been produced from quartz, quartzite, ra-
diolarite, and argillite. They are further characterized by
uniformly flaked blades, including the progressive early
Late Palaeolithic forms that were subsequently bilater-
ally retouched or otherwise modified into end scrapers,
burins, and notched/denticulate tools (Figures 4 and 5).
All artifacts display eolian abrasion.

At the present time, geoarchaeological finds of the
middle last glacial (Karginsk) stage (OIS 3) are inade-
quately known due to the poor preservation of the geo-
logical deposits of this ime interval. This poor preserva-
tion is the result of intense cryogenetic and solifiuction
processes, which persisted unti! the beginning of the
late-last glacial (Sartan) stage (OIS 2). Geoarcheological
records from the early part of the interstadial (inter-
pleniglacial} interval are rare (Gora Igetei, Georgievs-
koye), whereas the more recent deposits (dated to ca.
40-25 ka BP) are relatively numerous and well docu-
mented. The principal sites of the latter type include the
famous Ust’-Kova Site in the lower Angara region, the
Mezinsk Site in the Kana River valley, the Mamony Site
in the Irkutsk Depression, the Voennyy Gospital Site 1n
the upper Angara River valley (AksEnov and MEDVEDEV
1968, VoroByova and MEDVEDEV 1985, MEDVEDEY et al.
1990; Figures 6 and 7).

The cultural evidence from the late-last glacial (Sar-
tan) stage (OIS 2) is more representative than that of the
previous stages, due to the appearance of typical Late
Palaeolithic artifact assemblages in colluvial last glacial
slope or loess sediments. The highest density of finds
occurs in the initial (early Sartan) interval, associated
with horizons of intense solifluction, Apart of these
findings, 1solated and strongly weathered artifacts, de-
rived secondarily from the Middle Pleistocene terraces
and subsequently cryogenically mixed with more recent
archaeological assemblages, are also present (Gora Ige-
te1, Igeteiskiy Log I and III, Malta 7, Krasnyy Yar III,
Shishkino).

The “classic™ Late Palaeohithic is associated with
loess deposits and their facial derivates, which accumu-
lated around the last glacial maximum (21-18 ka BP).
The most well studied and representative sites with rich
cultural inventones are those at Malta, Buret’, Krasnyy
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4. Makarovo V. The Middle Palacolithic stone industry from the early-last glacial sandy deposits. 1-3 cores, 4-8 blades.

Yar I and Ust’-Kova in the Angara region (OKLADNIKOV
19735, MEeDVEDEY et al. 1990). This geoarchaeological
complex represents a climax in Siberian palaeolithic de-
velopment, with advanced blade-oriented reduction
techniques, by which a variety of lithic raw materials of
a superier quality were processed (quartzite, silex, ra-
diolarite, argillite, diorite, etc.). Aesthetic and religious
developments are documented by the appearance of
sculptures and other forms of palaeolithic artwork,
made from mammoth ivory and bones.

The palaeolithic complexes of the late Sartan stage
(18-10 ka BP) contain the highest number of the Pleisto-
cene occupation sites. The comresponding cultural re-
mains are uniformly defined by the appearance of mi-
cro-blade stone processing, and related bone-working
techniques. These cultural records of the Angara region
were previously referred to as “early Mesolithic,” and
were morphologically classified to the Badayskaya and
Verkholenskaya cultures {(Aksenov and MEDVEDEV
1968). Nevertheless, the apparent differences in the re-
gional stone industries would seem to reflect a mis-
balance of data over the large territory, rather than a lo-
cal stylistic development (Figures 8 and 9}. These Cen-
tral and East Siberian micro-lithic assemblages have
close analogues in the Russian Far East, Korea, Japan,
and in NW North America.

The eypical early Holocene Mesolithic sites
(10,000-8,000 yr BP) of eastern Siberia, well docu-
mented along the Lake Baikal coast and in the adjacent
river valleys (OkLaDNIKOV 1975), show minor differ-
ences in technological development from the Final
Pleistocene micro-blade traditions. Their relatively re-

cent age has been determined pnincipally by the identifi-
cation of taxonomically modern fauna, fragments of
pottery, and by corresponding radiocarbon dates. Closer
cultural and chronostratigraphic classification of the ar-
chacological records is only possible with high-resolu-
tion geological sections that underwent 1ncreased sedi-
mentation throughout the time of their formation (Ber-
loga, Ityrkhey, Ust’-Belaya, Strizovaya Gora, Bol'shoy
Yar and some other sites). Finally, the later (middie and
late Holocene) cultural records are chronostratigraphi-
cally well determined by their narrow time span, and
principally by the stylistic differences within their ar-
cheological assemblages (pottery, bone and metal aru-
facts), rather than by their geological context.

The lgetei locality

The Igetei locality has been investigated since the late
1980s. It contains a rich multi-stratified archaeological
complex with several palacolithic leveis, and has pro-
vided the most important information on early human
occupation, as well as the Pleistocene environments and
climate history in southern East Siberia duning the Late
Quaternary {Vorosyova and MepveDev 1985, MEDVE-
DEV et al. 1990, Gal and ANTOSCHENKO-OLENEV 1993).

Site geology

The Igetei locality is the key Late Pleistocene chrono-
stratigraphic site in the upper Angara region. It lies at the
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oot of an elevated platform, which is a relic of an old
eogene weathering surface (150-170m asl.; Figure 2).
ulti-stratified reddish-brown clays at the base of the
exposed sections (Plate 1/1) represent re-deposited, un-
onsolidated Lower Cambrian deposits derived from the
pper relief elevations, and characterized by a high
punt of hematite pigment bound to the clay fraction.
e uppermost dark brown layers may be geologically
ore recent (Pliocene). Large cryogenic polygons,
L0—-25 m in diameter and up to 2 m deep, found on the el-
evated Tertiary platform attest to dramatic drops in tem-
perature during the Pleistocene, and the approaching
igh Arctic conditions.
The Quaternary deposits are 5-12 m thick on aver-
age, They are comprised of eolian and solifluction sedi-
ents, inter-bedded by fossil soils that were partly re-
deposited as pedosediments, and cover the Neogene

10

3. Makarovo 1IV. The Middlefearly Upper
Palaeolithic stone industry from the early-
last glacial sandy deposits,

1 — side-scraper; 2, 3, 5-12, 15 - end-scra-
pers; 4, 16, 17 — retouched blades; 14, 15 —

points.

formation. The more recent (last glacial) sub-aerial de-
posits are partly destroyed by slope erosion and former
solifluction processes. The buried palaeosols are charac-
terized by a high fine sand fraction, suggesting intense
wind activity, and clastic sediments derived from the lo-
cal Lower Cambrian sandstones. The mineralogical
composition of the silty-sandy eolian sediments is domi-
nated by quartz (55-75 %) and feldspar (10-20 %), with
some gneiss fragments (2—-8 %) and other minerals. The
humus content in the palaeosols is 0.7-2.4 %, and
0.3-0.5 % in the loess.

Four main stratigraphic boundaries in the Pleistocene
sections have been recognized and delimited by: 1) the
contact between the Final Pleistocene and Holocene de-
posits marked by major cryoturbation; 2) the early-last
glacial (Sartan) solifluction horizon associated with the
Late Palaeolithic records, radiocarbon dated to 23,700 £
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&. Principal Late Pleistocene geoarchaeo-
logical sites in the Irkutsk area.

1 — Voennyy Gospital®, 2 — Arembovskogo
Site, 3 — Verkholenskaya Gora I-il, 4 -
Ushkanka, 5 - Pereselencheskiy Punkt, & —
Lokomody, 7 — Tsar'-Devitsa, 8, 9 - Li-
sikha.

¥

1100 (SOAN 403) and 23,780 + 600 BP (SOAN 1681)
in the upper part, and to 24,400 + 400 BP (GIN 5327) in
the lower part; 3) the Karginsk (mid-last glacial) cryo-
turbated chernozem, "*C dated to around 30 ka BP;
and 4) the Kazantsevo (last interglacial) pedocomplex,
buried 53-8 m below the present surface. The site chro-
nology has been fixed by several '“C dates (MEDVEDEV et
al. 1990, OrLova 1995), the associated Late Pleistocene
fossil fauna records (e.g., Equus sp., Cervis elaphus,
Coelodonta antiguitaris, Mamurhus primigenius, Lagu-
rus lagurus), and the diagnostic Middle and Late Pa-
laeolithic stone industrnies.

Pleistocene environments

The geological record of the Igetel sections attests to
complex environmental variations during the Late Pleis-
tocene. The cyclicity of the pre-Late Quaternary climate
change is shown by five levels of buried, but poorly pre-
served and largely colluviated Early/Middle Pleistocene
palaeosols (steppe chernozems or brown forest soils).

Climatic conditions warmer than those during the Late
Pleistocene are indicated by a reduced amount of sands
in the clay-rich sediment composition, as well as by less
developed cryogenic features, and the associated ther-
mophylous malacofauna (Valionia puichella). Warm
and relatively humid natural conditions prevailed during
the last interglacial period. This warmer period is repre-
sented by the 2-2.5 m thick Igetei Pedocomplex, which
includes two chernozemic palaeosols, the lower of
which correlates to the climatic optimum (OIS 5e), and
is distinguished by a humic horizon up to 1.2 m thick,
The thickness of the pedocomplex has been partly re-
duced due to the subsequent intense solifluction pro-
cesses of the early-last glacial interval (Plate II/1).

The early-last glacial (OIS 4) climatic variations are
indicated by the rhythmic accumulation of up to 8 m of
eolian sands, inter-bedded with colluviated silty sedi-
ments. Pollen records indicate a cold and dry climate
within a periglacial forest-tundra with a high proportion
(90 %) of arboreal taxa, dominated by pine (Pinus sp.
40-80 %, Pinus sibirica 10-30 %, Pinus cembra 9-18 %)
and some birch (Betula nana 2-8 %). A warming phase
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in the second half of the glacial stage, during which
loess deposition and subsequent pedogenic alteration in
the form of embryonic soils occurred, was eventually
succeeded by a final phase of a climate deterioration.
Slope gravilation processes were thus reactivated,
which led to the accumulation of up to 3 m of colluvia in
conjunction with renewed tectonic activity.

During the mid-last glacial interval, the Karginsk
interstadial (OIS 3), an early cold and arid phase of loess
sedimentation (ca. 5540 ka BP), was followed by a
later warm and humid pedogenic phase (40-24 ka BP).
Thas transition caused a major shift in the distribution of
vegetation zones, with the northern expansion of mixed
taiga forests and the establishment of a climate similar
to, and possibly more humid than, that of today. The ter-
mination of the warm climatic conditions is fixed by a
date of 24,400 + 400 yr BP (GIN 5327), from the upper-
most solifluction horizon above the Osinsk Pedo-
complex (MEDVEDEV et al. 1990).

Climatic variations during the early-last glacial (Sar-
tan) stage (OIS 2} in the Igetei sections are demonstrated
by three distinct stratigraphic horizons, characterized
by intense solifluction, reactivated loess deposition
(0.3-0.5 m), and increased sand accumulation (up to 3m
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1. Voennyy Gospital® Site.

I-2 mammoth ivory artifacts, 3-6 - lithic
industry from the mid-last glacial (Late Pa-
laeolithic) cultural horizens (according to
MEDVEDEV et al. 1990).

thick), respectively. The latter unit testifies to the mark-
ed intensity of eolian processes around the last glacial
maximum.

Site archaeology

The Igetei locality has produced several early cultural
assemblages classified as Middle and Late Palaeolithic
(Axsenov and MEDvEDEY 1968, Voroeyova and MEeD-
VEDEYV 1985, MEDVEDEV et al. 1990). The Late Palaco-
lithic records (Igetei I) come from the silty sand layers
below a solifluction horizon which has been radiocar-
bon dated, from charcoal specimens, at 23,760 + 1100 yr
BP (SOAN 403), 21,260 + 240 yr BP (LE 1590), and
23,508 £ 250 yr BP. (LE 1592). Based on a bone sample
from the upper archaeological unit, '*C dated at 24,400
+ 100 BP (GIN 4327), the palacolithic occupation is es-
timated to have existed between 30,000-25,000 yr BP.
The associated lithic industry, which utilized quartzite
and siltstone, represents a specific local tradition with
progressive prismatic cores and archaic “pebble tools”.
The Middle Palaeolithic finds, distinguished by
eolian corrosion, were excavated from the sandy sedi-



8. Verkholenskaya Gora Site {Hori-
zon [II). Final Palaeolithic/Meso-
lithic stone indusitry {(according 1o
MEDVEDEY et al. 1990).

1-3, 6 — microblade cores; 4, 10 -
blades; 7 - end-scraper; 3, 8, 9 -
side-scrapers; 11 — chopper; 12-14
— knives.

ments above the last interglacial pedocomplex {(Igetei
{1I) and the overlying colluviated silty sandy strata. The
earliest cultural artifacts, assigned to the Early/early
Middle Palaeolithic, are referred to Acheulian-Mous-
terian tradition, characterized by bifaces, choppers, re-
touched side scrapers, etc. These have been recovered
from the colluviated Middle Pleistocene layers (Plate
/2, Figure 3). In view of the strong wind abrasion tex-
tures on individual artifacts, presumably induced during
the penultimate (Tazov) glacial period, the age of the
earliest cultural assemblage is estimated to be around

200 ka BP (Mepvepev et al. 1990, Mepvepev and Vo
rOBYOVA 1987,

Pleistocene environments
and palaeolithic population
in the Angara Basin

According to the present evidence, the initial human in-

habitation of the Angara Basin is believed to have oc-
curred during the late Middle Pleistocene interglacial
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intervals {Tobolsk/Shirta). This time estimate is consis-
tent with the palaeolithic records, and is distinguished
by the “pebble tool” industries from other parts of Sibe-
ria (particularly from the Yenisei and Lena regions;
MocHaNov et al. 1988, WaTeRs et al. 1995, CHLACHULA
et al. 1994, Drozpov et al. 1990, 1999, CHLACHULA
2001 b).

Pollen data from the Tobolsk Interglacial interval
(OIS 9) indicates a precipitation increase of up to 50 %
compared to the present time, and an expansion of
broadleaved arboreal species (Quercus, Fagus, Ulmus,
Corylus, Pterocarya, Juglans and Tilia amurensis) and
Tsuga within the prevailing pine-birch forests (REzanov
1988, Rezanov and KaLmikov 1999). Temperate and
drier conditions prevailed during the foliowing late
Middle Pleistocene Shirta Interglacial interval (OIS 7),
characterized by mixed forests dominated by Pinus,
Picea, Alnus, Salix and Betula. Both periods were un-
doubtedly favorable to early human occupation, particu-
larly in more humid River valleys.

Due to low winter temperatures, human survival in
southern Siberia during the late Middle Pleistocene
Samarovo (OIS B) and Tazov (OIS 6) glacial stages
must have depended on the knowledge of fire-making.
Climatic cooling, leading to expansion of mixed steppe
and pine-larch parklands, characterized the onset of the
Samarovo (OIS 8) glacial period. A drop of temperature
and a progressive increase in aridity duning the Tazov
Glacial stage (OIS 6) hastened the successive degrada-
tion of forests and the extension of open periglacial, tun-
dra landscapes in the broader Baikal area (NEMCHINOV et
al. 1999). The marked final Middle Picistocene environ-
mental deterioration is indicated by the records of
cold-adapted fossil fauna from gravely river terrace for-
mations. This fauna includes more progressive forms
typical of open periglacial landscapes, such as Mam-
muthus primigenius, Coelodonta cf. antiguitatis, Cervus
elaphus and Bison priscus, and glacial landscape relics
in the northern Baikal and Eastern Sayan Mountains
(KaLMmixkov 1990, NemcHivov et al, 1999, REzanov and
NEMCHINOV 1999).

The return to a warmer, temperate climatic system
during the last interglacial interval (OIS 5) promoted the
expansion of a pine-birch forest, which also included
some thermophylous taxa of a broad-leaved flora {Tsu-
ga, Corylus). Chemmozemic palacosols at Malta and Ige-
tei, correlated with OIS 5e and 5c, respectively, and con-
taining Middle Palaeolithic artifacts, attest to warm and
temperate conditions within parkland-steppe settings.

Marked cooling, increased aridity, and strong eolian
activity that contributed to the accumulation of exten-
sive sandy deposits during the early last glacial interval
(OIS 4), are suggested by the intense abrasion of stone
tools. It is presumed that the sources of the sands, which
cover elevations of 80— 100 m, were the drying riverbeds
of the major river valleys (REzanov and NEMCHINOV
1999), The decrease in annual temperatures and the ac-
tion of strong winds stimulated the drifting of sandy sur-
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9. Verkholenskaya Gora Site (Horizon 11I). Mesolithic bone har-
poons (according to MEDVEDEV et al. 1990).

faces and the accumulation of fine, eolian dust on lee
slopes in the Angara Basin, thus forming a loess-like se-
ries. Palynological data indicate an invasion of sparse
pine-birch vegetation dominated by grasses, pointing to
a cold and humid climate. A Mousterian occupation,
dating to this environmentally harsh interval, is re-
corded at the Igetei Site III (MepveDev et al. 1990). The
succeeding climatic fluctuations towards the end of the
early-last glacial stage triggered major solifluction, de-
riving masses of mixed (pre-)Quatemary deposits from
the higher relief platforms, and depositing them in the
river valleys (the Igetei and Tarakhai sections). The sub-
sequent cooling is linked to cryoturbation associated
with the Middle/early Late Palaeolithic occupation sur-
faces (Makarovo IV, Sosnovyy Bor, horizon 6).

Major climatic amelioration during the mid-last gla-
cial (Karginsk) interval is demonstrated by several
stages of surface stabilization and pedogenic develop-
ment. Favorable conditions, though more arid than dur-
ing the last interglacial optimum, led to the expansion of
taiga forests and mixed pine-birch parklands. Thermo-
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philous taxa (Quercus, Fagus, Ulmus, Juglans and Co-
rylus ), distributed throughout more humid river valleys,
testify to a mosaic of occupied habitats, A detailed pol-
len record exists from the principal occupation site,
Voennyy Gospital Site in Irkutsk, which was the first
palaeolithic site discovered in Russia in the late 19
Century. This pollen record shows a more humid and
relatively warm climate, similar to that of the present.
Large fossil fauna (Mammuthus primigenius, Equus ca-
batlus, Rangifer tarandus, Bison priscis and other spe-
cies) were intensely hunted by early people, as shown by
a number of used bone fragments as well as ivory carv-
ings and bone pendants. The climatic warming caused
the (ransgression of Lake Baikal, which triggered the
deposition of alluvial sediments in the nver valleys and
estuarine deltas at the mouths of the lake’s tributaries. A
Late Palaeolithic archaeological layer (ESR 34600 +
3400 yr BP) was found in the middle part of the Kar-
ginsk sandy formation (Rezanov and KaLMikov 1999),

Progressive cooling during the early last glacial stage
(Sartan) is indicated by solifluction followed by loess
sedimentation. The Baikal Highlands experienced the
most extensive glaciation (2018 ka BP), with mountain
glaciers advancing far down into the valleys (Rezanov
and KaLmikov 1999). This time interval, during which
vast tundra-steppe covered most of the termtory occu-
pied by Late Palaeolithic people, is represented by some
of the most well known Siberian palaeolithic sites {Mal-
ta, Buret’: OxLabpNikov 1975, LoGacHEV et al. 1964,
Tsermuin 1979). Severe climatic conditions with sparse
vegetation and progressive loess accumulation around
the last glacial maximum caused a major decline in the
palaeolithic population density in this region. Neverthe-
less, adaptation to extreme periglacial environments has
been documented at the Krasnyy Yar Site (Horizon 6),
where the bones of hunted animals and fossil coal were
used as fuels (MEDVEDEV et al. 1990). A periglacial fauna
(Equus caballus, E. hemionus, Coelodonta antiguitatis,
Bison priscus occidentalis, Cervus elaphus, Mammu-
thus primigenius, Megaloceros giganteus, Saiga tara-
rica, Alces alces and other species) attests to a cold tun-
dra steppe environment, widely dispersed throughout
the Angara Basin and the Lake Baikal region.

Gradual climatic warming, following the last glacial
maximum, facilitated the re-colonization of the eastern
Central Siberian region. This allowed a marked increase
of the local population by the end of the Pleistocene, rep-
resented by early Mesolithic hunters and gatherers.

Summary

The geological, biotic, and early cultural records from
the broader Pribaikal area (the upper Angara and Lena
River basins) provide evidence of strongly fluctuating
Pleistocene climates and the related evolutionary trans-
formations in the local ecosystems. In particular, the
loess-palaeosol sections with multi-stratified archaeo-
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logical complexes produce the key information on early
human occupation, as well as on palacogeography and
climate history in east Central Siberia during the late
Quaternary. Tectonic activity promoted large-scale gra-
vity flow processes, resulting in diverse geomorphic
zones angd geological settings. The associated geo-
archaeological sites bear witness to complex landscape
development and related natural processes.

Analytical studies of the technological, morphologi-
cal, and functional attributes of the palaeolithic stone in-
dustries indicate a certain developmental similarity with
those of European cultures, beginning with the Middie
Pleistocene. The principal study objectives of current
geoarcheological research in the Angara-upper Lena
sector of Sibena include reconstructing the evolutionary
pathways and processes of the natural and social envi-
ronments, assessing the specific material and technolog-
tcal condifions of Pleistocene human communities, and
documenting the climatic events stored in the geological
record.
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Pleistocenni klima a paleolit v idoli Angary ve vychodni éasti stfedni Sibife

(Résumé anglického textu)

JIRf CHLACHULA —~ GERMAN I. MEDVEDEYV — GALINA A. VOROBIOVA

PredloZeno 24. ledna 2003

Systematicky geoarcheologicky vyzkum v oblasti horniho toku Angary doklddd opakované paleolitické osidleni
s nejstarSimi ndlezy datovanymi do pozdni fize stfedniho pleistocénu. Multidisciplindrni kontextovd kvartérni studia
poskytla kromé kulturmé-historickych implikaci také diileZité informace o diouhodobych klimatickych zmé&ndch a
paleoenvironmentdlnim vyvoji na stfedni Sibifi. Klimatické variace mély z4sadni dopad na intenzitu a geografické
roziifeni mistniho paleolitického osidleni s vyraznym dstupem v chladnych obdobich. Rekonstrukce evoluénich
sméri a procesil pfirodniho prostedi a specifické materidlné-technologické podminky rané aZ pozdné paleolitickych

komunit jsou kli¢ovymi oblastmi souéasného geoarcheologického studia.

Vysvétlivky k tabulce a obrazkiim

Tabulka 1. Chronologie nejdileZitéjiich paleolitickych lokalit
oblasti Angary—Homi Leny ve vychodni &4sti stfedni Sibife.

1. Geografickd mapa centrdlni Sibife s polygony nejdileZit®jdich
paleolitickych lokalit v adolf feky Angary, sousednf &dsti jezera
Bajkalu a idoli Jeniseje. 1 - kansky, 2 —kovinsky, 3 - ilimsky, 4 -
balyfovsky, 5 — zajarsky, 6 - angaro-okinsky, 7 — wlunsky, 8 -
centrdlng okinsky, 9 - angaro-okinsky, 10— kafurgsky, 11 - seve-
robajkalsky, 12 — miZelevsky, 13 - angaro-idinsky, 14 -
maltinsko-burefsky, 15 — olchensky, 16— zangisansky, 17 — irkut-
sky, 18 — niZnéselengijsky.

2. Schematickd topografickd mapa Angaro-osinské panve se zkou-
manymi palectitickymi naleziiti podé] bratského jezera. Igetejskij
LogI, 2 = Gora Igetei, 3 - Igetejskij Log 1L, 4 — pldZ Igetei, 5 — Ma-
lyj Tarchataj, 6 — Gora Lysaja, 7 — Krasnyj Jar, 8 — Gora Stepanova.

3. Igetei [-11. RetuZované kvarcitové G3tépy (stfedni pleistocén).
4. Makarovo IV. Stfedn& paleolitickd kamenn4 industrie z eolic-
kych sedimentl rané fize posledni{ doby ledové (OIS 4). 1-3 -
jadra, 4-8 — Cepele.

3. Makarovo TV, Stfedné paleolitickd kamennd industrie z eolic-
kych sedimentil ran fize posledni doby ledové (OIS 4).
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6. Kiifové pozdné pleistocenni geoarcheologické lokality Irkut-
ske oblasti. 1 - Vojennyj Gospital, 2 — Arembovskogo, 3 - Ver-
choelenskaja Gora 1-11, 4 ~ U3kanka, 5 - Pereselenéeskij Punkt, 6
-~ Lokomotiv, 7 — Car-Devica, 8, U — Lisicha,

1. Vojenny) Gospital. 1, 2 - artefakty ze slonoviny, 3-6 - pozdné
paleolitickd kamennd industrie (Karga interstadidl; MEDVEDEVY
et al. 1990},

8. Vercholenskaja Gora (Horizont LI1). Pozdné paleohtickd/me-
zolitickd kamennd industrie (MEDVEDEY et al. 1990).

9. Vercholenskaja Gora (Horizont III). Mezolitické kosténé har-
puny (MEDVEDEY et al. 1990).

10. Schematicky stratigraficky profil profilu Igetei. 1 — intaktni
padni horizont Ah, 2 - svahové splaveny horizont Ah, 3 - fosilni
plidni horizont B, 4 - glejovy horizont, 5 — sprag, 6 — pisky, 7,8 -
Etérko-piskové sedimenty, 9, 10 — St€rky, 11 — podloZi, 12 - ter-
ciérni sedimenty, 13 - soliflukéni deformace, 14 — mrazové
pseudomorfézy, 15 — krotoviny, 16 — uhliky. Kz — pedokomplex
Kazancevo/lgetei (posledni interglacidl, OIS 5e, 5¢), Mr - Mu-
rukta glacidl (OIS 4), spra¥, Kr - Karga imerstadigl (OIS 3), pe-
dokomplex, Sr -~ Sartan glacidl (OIS 2), spra%, Hl — holocenni
(OIS 1) phda (upraveno podle MEDVEDEVA et al. 1990).
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I. General view of the Igetei (Late Quaterary) sections exposed by erosion on the left bank of the Angara River.

2. Tgetei Site 1. Middle Palaeolithic artifacts, with fossil faunal remains eroded from the Pleistocene sections, are abundantly scattered
on the present beach of Bratsk Lake (the dammed Angara River).



I A partly colluviated last interglacial pe-
docompiex at Igeted, with the lower steppe
chernozem {correlated with OIS 5¢)
characterized by a high humus coment,
charcoal. and numerous Kkrotovinas,
overfain by the OIS 53¢ forest-steppe soil.

2. The last imerglacial (OIS 5) pedocom-
plex at the Malta site. the Belaya River
valley, with the OIS 53¢ chernozem al the
base of the section secondarily distorted by
frost-wedge casts. Isolated Middle Pa-
lagolithic stone artifacts were found in the
upper part of the palecsol (excavation by
G. I. Medvedev, 1998),

All photographs by J. Chlachula




Vysvétlivky k prilohdm

Ptiloha 1
|. Celkovy pohled na pozdnd kvartérn{ profily u lokality Igetes,
vytvofené fini erozi na levém bfehu Angary.

2. Lokalita Igetei I. Artefakty stfednfho paleolitu s fosiln{ fau-
nou, exponované erozivni Cinnosti piehrazené feky Angary
(bratské piehradni nadrie).

Pfiloha II
1. Pedokomplex poslednfho interglacidlu (igetejsky profil) se

spodn{ stepni femozemi (korelovanou s OIS 5e) a svrchni
(lesné-stepni) hnédozemni pidou (OIS 3c).

2. Pedokomplex posledniho interglacidlu (OIS 3} u lokality Malta
(ddoli feky Belaja) s femozemi korelujici s klimatickym opti-
mem (OIS 5e), sekunddrné rozruienou mrazovymi pseudomorfo-
zami posledniho (?) glacidlu. Ojedinglé anefakty pochéze)i ze
svrchni &dst pady.

Foto ). Chlachula
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