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Abstract

Results of research into recent sediments and their distribution in Lake Baikal are presented. Five areas with different mechanisms of
sedimentation have been recognized: (1) deep-water plains with pelagic mud and turbidites; (2) littoral zones without turbidites; (3) underwater
ridges (rises) with hemipelagic mud accumulated under calm sedimentation conditions; (4) delta (fan) areas near the mouths of large rivers,
where sediments consist mainly of terrigenous material; and (5) shallow-water Maloe More with poorly sorted terrigenous material and abundant
sand. The rate of sedimentation differs considerably in various Baikal areas. The highest rates appear near the mouths of large rivers, lower
ones occur in the deep lake basins, and the minimum rates are developed on underwater ridges. A map of the distribution of Holocene
sediments in Lake Baikal has been compiled for the first time. The obtained results show that the lake bottom morphology significantly
determines the type of sediments in the lake.
© 2009, IGM, Siberian Branch of the RAS. Published by Elsevier B.V. All rights reserved.
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Introduction

Lake Baikal is situated in the central part of the Baikal Rift
Zone (BRZ), which began to form at about 70 Ma, during the
Late Cretaceous (Mats et al., 2001). At the initial stages of
the BRZ development, shallow- and deep-water lakes formed,
with terrigenous-chemogenic and terrigenous sedimentation
(Mats et al., 2001). Lake Baikal formed at about 25 Ma
(Atlas..., 1993). Today it is framed by a system of active SW
and NE striking fault lines, which cause high seismicity in the
region. Earthquakes detected there every year number up to
2000, while the edges of the Baikal Rift move apart at a rate
of up to 2 cm a year (Atlas..., 1993). The morphology of Lake
Baikal can be divided into three deep-water basins (South,
Central, and North) and a shallow-water basin (Maloe More).
The deep basins are separated from each other by underwater
ridges (Bugul’deika isthmus and Akademicheskii Ridge,
Fig. 1, a). The Central basin is the deepest, 1637 m, whereas
the South and North basins are 1423 m and 890 m deep,
respectively (Atlas..., 1993). The basins are of asymmetric
structure. The northern and northwestern slopes of the South

basin and the northwestern slopes of the Central and North
basins are narrow and steep, whereas the southern and
southeastern ones are more gentle (Fig. 1, b).

Recent studies have shown that the Baikal bottom sedi-
ments can be used to reconstruct the climatic changes of the
last epochs. Since 1989, five long-core boreholes have been
drilled in Baikal (Kuz’min et al., 2001). These drilling
activities permitted the vertical sections of the Baikal sedi-
ments (Miocene–Holocene) to be studied down to a depth of
600 m (BDP-98 (Kuz’min et al., 2001)). However, the
uppermost parts of the cores were lost during drilling.
Likewise, sampling by long corers (up to 11 m long cores)
(Goldyrev, 1982) also disturbed the upper part of the sedimen-
tary unit because of technical drawbacks of the used equip-
ment. Therefore, the data so far obtained on Holocene
lacustrine sediments are to be refined and supplemented.

In recent years, we have sampled and comprehensively
studied more than 200 undisturbed sediment cores (up to 1.5 m
long) of different morphological regions of Lake Baikal. The
studies were carried out as part of international and Russian
projects (Sturm et al., 1998; Vologina et al., 2003, 2007a,b).
In this paper we summarize the published data and consider
the spatial distribution of the modern Baikal sediments.
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Materials and methods

The Baikal sediments were sampled with the corers
EAWAG-63/S and UWITEC-CORER from ice in winter and
from the R/V Vereshchagin during other seasons. These corers
with PVC liners 63 mm across permit the undisturbed
sampling of sediments. After recovery, the cores were cut
lengthwise, photographed, and lithologically described from
smear slides. Complex studies of the sediments included
measurement of magnetic susceptibility and water content;
determination of concentrations of biogenic silica (SiO2biog),
total organic carbon (TOC), and total organic nitrogen (TON);
diatom, granulometric, and mineralogical analyses; and X-ray
diffraction analysis. Also, dating of the sediments was made.
The used methods and analytical results were described in
more detail in previous papers (Vologina et al., 2003,
2007a,b).

We studied mainly Holocene deposits; Late Pleistocene
clays were sampled only from cores of underwater ridges. The
age of sediments was determined by 210Pb and diatom
analyses with regard to their lithology. On the underwater
ridges, the boundary between the Holocene and Late Pleisto-
cene deposits runs along the boundary between the surface
mud and the underlying clays (Bezrukova et al., 1991;
Grachev et al., 1997; Khursevich et al., 2001; Kuz’min et al.,
2001; Vologina et al., 2007a).

Results and discussion

Based on the results of our study of the composition and
distribution of Holocene sediments and on the literature data
(Goldyrev, 1975), we have recognized five areas with different
sedimentation conditions in Lake Baikal (Fig. 2): (1) deep-
water plains; (2) littoral zones; (3) underwater ridges (rises);
(4) delta (fan) areas near the mouths of large rivers; (5) Maloe
More basin.

Deep-water plains. In most cores sampled on the deep-
water plains of the lake bottom, turbidites alternate with
pelagic mud (Figs. 2 and 3). Abundant turbidites were also
found in the sediments cored by BDP-97 on drilling in the
South basin within the framework of the Baikal Drilling
International Project (BDP) (Kuzmin et al., 2000; Kuz’min
et al., 2001). The alternation of pelagic mud and turbidutes
evidences that the calm sedimentation conditions were peri-
odically interrupted by turbidite sedimentation, which might
have been provoked by shore slides, rock creep along the
underwater slopes, and mud flows in the catchment area. One
of the important factors favoring the turbidite formation in
Baikal is the regional seismicity (Goldyrev et al., 1979). The
turbidites show some specific features differing them from
pelagic sediments (Vologina et al., 2003, 2007a): upward
grading, coarser grain sizes, high content of heavy minerals,
dark color, high magnetic susceptibility, low content of

Fig. 1. a, Lake Baikal, longitudinal profile; b, South basin, transverse profile (de Batist et al., 2002); c, schematic position of the profiles.
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Fig. 2. Map of the distribution of Holocene sediments and type sections of deposits in different areas of Lake Baikal. Map: 1, deep-water plains; 2, littoral zones; 3,
underwater ridges; 4, delta (fan) areas near the mouths of large rivers; 5, Maloe More basin. Numbers mark the rate of modern sedimentation in mm/year: (*Bangs
et al., 2000; **Coleman et al., 1993; ***Kuz’min et al., 2001; ****Tulokhonov et al., 2006). Lithology: 6, 7, Holocene deposits (6, pelagic mud, 7, turbidite); 8, Late
Pleistocene clay; 9–11, types of sediments: 9, pelite; 10, silt; 11, sand; 12, diatoms; 13, land plant remains; 14, 15, boundaries between layers (14, distinct,
15, indistinct); 16, core numbers.
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plankton diatoms, and high amounts of benthic and ancient
diatom species.

In most cores, the total thickness of pelagic mud is greater
than the total thickness of turbidites. This, along with the fact
that the sedimentation rate of turbidites is much higher than
the rate of mud accumulation, suggests that the deposits of
deep-water plains formed mainly under calm sedimentation
conditions (Sturm and Vologina, 2001). Table 1 lists up the
rates of modern sedimentation, the total amount of terrigenous
material supplied with inflow waters as a result of the shore
abrasion and wind transport (Potemkina, 2000), and the
production of diatoms (Domysheva et al., 1998) in different

Baikal basins. The maximum rates of sedimentation are
observed in the South basin (1 mm/year), and the minimum
ones, in the North basin (0.705 mm/year) (Table 1, Fig. 2).
The difference in the sedimentation rates in the basins is due
to the different biologic productivities and different amounts
of terrigenous material supplied into the lake (Table 1).

Littoral zones. The sediments cored along the eastern
shore in the North basin and along the southern shore of the
South basin do not show any turbidites (Fig. 2) but biogenic-
terrigenous mud formed under mainly calm sedimentation
conditions. The rate of sedimentation is 0.61 mm/year in the
littoral zone along the eastern shore of the North basin (Bangs
et al., 2000) and 0.75 mm/year along the southern shore of
the South Basin is (Fig. 2).

Underwater ridges. The calm sedimentation conditions are
best developed at the top of the Akademicheskii Ridge, which
separates the North Basin from the Central Basin (Figs. 1, a
and 2). The sediments represent Holocene mud underlain by
Late Pleistocene clays (Figs. 2 and 3). The Holocene mud is
composed of autochthonous biogenic (frustules and, less often,
sponge spicules) and allochthonous terrigenous material and
lacks turbidites. The deposition of material transported by ice
and wind causes the occasional formation of lenses and
dispersed grains of silty and, less frequently, sandy material.
The Late Pleistocene clays are formed mainly by terrigenous
material with sand and silt emplacements. In general, they are
olive-gray sticky ductile clays.

The surface biogenic-terrigenous mud contains a variety of
Holocene diatoms: Aulacoseira baicalensis, A. skvortzowii,
Cyclotella minuta, C. baicalensis, Synedraacus var. radians,
Stephanodiscus meyerii, Crateriportula inconspicuus, and Cy-
clostephanos dubius (Bradbury et al., 1994; Grachev et al.,
2002; Mackay et al., 1998; Vologina et al., 2003). In the upper
part of the clay horizon the Late Pleistocene species Stephano-
discus flabellatus was found (Bradbury et al., 1994; Grachev
et al., 2002). The total content of diatoms in the Late
Pleistocene clays is very low and increases considerably when
the clays merge into the Holocene mud. This is related to the
change to warmer climate at the Pleistocene–Holocene bound-
ary (Bezrukova et al., 1991; Grachev et al., 1997; Khursevich
et al., 2001). The total thickness of Holocene deposits at the
top of the Akademicheskii Ridge varies from 6 to 70 cm.
Based on the age of the earliest Holocene of 10.5 to 11.5 ka
(Neustadt, 1982; Petit et al., 1999; Roberts, 1998), the rate of
the Holocene sedimentation on the ridge is estimated at

Fig. 3. Lithology and photographs of cores sampled on Akademicheskii Ridge
(core 96-64) and in the South basin of Lake Baikal (cores 97-7 and 97-8).
Lithology of deposits (left column): 1, Fe-Mn concretions; other labels follow
Fig. 2. Right column: 2, oxidized sediment; 3, reduced sediment.

Table 1
Average rate of modern sedimentation (υ), production of diatoms (Domysheva
et al., 1998), total amount of terrigenous material supplied with inflow waters
and as a result of the shore abrasion and wind transport (Potemkina, 2000)

Areas υ, mm/year Production of
diatoms, 
g Si/m2

Amount of
terrigenous material,
ths tons/year

South basin 1.000 58.4 1526

Central basin 0.910 53.1 1195

North basin 0.705 36.3 1062
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0.005–0.06 mm/year. These estimates agree with the sedimen-
tation rate measured by the 210Pb and 14C methods: 0.015
(Vologina et al., 2003) and 0.025 mm/year (Colman et al.,
1993), respectively (Fig. 2).

Like the sediments of Akademicheskii Ridge, the surface
mud of the Bugul’deika Ridge lacks turbidites, which is shown
by our results and deep-drilling data (Kuz’min et al., 2001).
The rate of sedimentation here is 0.2–0.86 mm/year (Kuz’min
et al., 2001), which is significantly higher than that on the
Akademicheskii Ridge (Fig. 2). This is due to the intense
supply of terrigenous material from the Selenga River, the
largest inflow of Baikal.

The Holocene and Late Pleistocene deposits recovered on
the Akademicheskii Ridge differ distinctly in lithology, mag-
netic susceptibility, granulometric, mineral, and chemical
compositions, and diatom species and concentrations. This is
due to different climatic conditions during their formation. The
high bioproductivity throughout the Holocene ensured high
concentrations of SiO2biog, TOC, and TON in the biogenic-
terrigenous mud. The concentrations of these components are
drastically lower in the underlying Late Pleistocene clays. The
Holocene sediments are characterized by low magnetic sus-
ceptibility because of the high content of biogenic nonmag-
netic material and low amount of sand and silt. The higher
contents of smectite, hydromica, and kaolinite and contents of
sand and silt inclusions in the Late Pleistocene clays might be
related to the existence of glaciers in the mountainous
surroundings of Baikal at that time (Mats et al., 2001) and,
hence, to the intense supply of terrigenous material with
glacial meltwaters to the lake.

The deltas and delta-fan sites at the bottom near the
mouths of large rivers. Delta sites of large rivers were studied
in more detail at Proval Bay, which is the northern part of the
large Selenga Delta. Here, the sediments contain sands,
silt-pelitic, and pelite-silty mud (Fig. 2). Terrigenous material
is predominant and consists of mineral clastics and land plant
remains (wood fragments, small plant branches). The biogenic
admixture contains diatom bivalves and sponge spicules. The
Selenga River is the main source of allochthonous material
carried into Lake Baikal(Vologina et al., 2007b). The rates of
sedimentation are generally high but differ drastically within
Proval Bay. They vary from 2.32 mm/year (Vologina et al.,
2007b) to 10.7 mm/year (Tulokhomov et al., 2006)), depend-
ing on the proximity to the Selenga River (Fig. 2).

Maloe More. In contrast to the deep-water Baikal areas,
the sediments of Maloe More basin are coarser-grained. The
main types of the Maloe More bottom sediments are sands
and silt-pelitic mud with minor contents of diatoms (Fig. 2).
The terrigenous material is poorly sorted, which seems to be
related to the size and shape of the basin, the high velocity
of bottom flows, and the wave activity (Patrikeeva, 1959).
Northeastward, as the water depth of Maloe More becomes
greater, the sandy sediments are replaced by fine-grained
diatom-enriched mud.

Conclusions

The results of the study of the composition and distribution
of the uppermost Holocene Baikal sediments permit us to draw
the following conclusions.

Five areas with different sedimentation conditions are
recognized in Baikal: (1) deep-water plains with pelagic mud
and turbidites; (2) littoral zones without turbidites; (3) under-
water ridges (rises) with hemipelagic mud accumulated under
calm sedimentation conditions; (4) delta areas and sites of the
bottom near the mouths of large rivers, where sediments
consist mainly of terrigenous material; and (5) shallow-water
Maloe More with poorly sorted terrigenous material and
abundant sands.

The lake bottom morphology significantly determines the
type of sediments.

The sedimentation rates vary considerably in different areas
of Lake Baikal. The highest rates occur near the mouths of
large rivers (2.32–10.7 mm/year); lower ones are developed
within the deep lake basins (0.705–1 mm/year). The minimum
rates have been determined at the top of the underwater ridges
(0.015–0.025 mm/year).
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