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1. Introduction

Lake Baikal is located in the Central segment of 
the Baikal rift system. It is a zone of junction of the East 
Siberian platform and the Sayan-Baikal mobile belt. 
The Baikal basin is the oldest and largest element of 
the rift system. The age of the basin has been broadly 
debated and suggested to be 25-30 Ma (Hutchinson et 
al., 1993; Zonenshain et al., 1995; etc.) or 60-70 Ma 
(Logachev, 1974; 2003; Nikolaev, 1998; Mats et al., 
2001; etc.). The long development of the Baikal rift 
involved the change of sources and stress vectors (Mats, 
2015) leading to a complex system of tectonic faults.

The tectonic studies of South Eastern Siberia and 
adjacent territories date back to the 60s and numerous 
alternative maps have been proposed (Solonenko, 
1965; Sherman, 1977; Levi, 1997; 2002; etc.). The 
first tectonic schemes of the Baikal subsurface were 
proposed after structural-geological and seismic studies 
completed during 1989-1994 (Levi, 1995). Later, 
they were reviewed and updated, based on the same 
geophysical data and using additional seismic data 
(Levi, 1997; Seminskiy et al., 2001; Logachev, 2003; 
Lukhnev et al., 2013; Lunina et al., 2014; Lunina, 2016) 
(Fig. 1).

The results of international expeditions of the 
Class@Baikal project in 2014-2019 allowed to advance 
in the detailed mapping of tectonic faults.

Between 2014-2019, the Class@Baikal 
international program acquired ~2000 km of seismic 
profiles from the Central basin of the Lake Baikal 
(Akhmanov, 2018). This major achievement doubles 
the data volume of all previous surveys (Fig. 2b) and 
allowed to detect and map a large system of modern 
faults in the South-Western part of the Central Baikal 
basin. Our new data led to a review and significant 
improvement of existing schemes of tectonic features.

2. Morphology of the bottom relief

The research area occupies the South-Western 
deep-water part of the Central Baikal basin (Fig. 2a). The 
bathymetric map of the area shows a large escarpment 
in the bottom relief: This feature extends from Cape 
Uhan on the Olkhon Island towards the South-West for 
almost 30 km (Fig. 2b, Fig. 2d). Its height gradually 
decreases towards the South-West declining from 100 
to 0 meters. The structure was described by Kuz’min in 
2004 based on echo sounder measurements, although 
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Fig. 1. Tectonic schemes of the Central Baikal basin: (a) by (Levi, 1997); (b) by (Logachev, 2003); (c) by (Lunina, 2016)

its geometry and characteristics were obtained in 
2002 during a side-scan sonar and a multibeam echo 
sounder survey completed in the framework of the 
INTAS international project (De Batist et al., 2002). In 
2009, multibeam bathymetric studies were conducted 
in the framework of the LIN SB RAS (Russia) and RCMG 
(Belgium) international project (Bathymetry data…, 
2009). These data allowed improving the detail of the 
digital model of the bottom relief and more accurately 
to determine the position and the morphology of the 
scarp.

Numerous structures of focused hydrocarbon gas 
discharge and near-surface gas hydrates accumulations 
are associated with this tectonic scarp. For this reason 
in 2018 was proposed to name this structure Gydratny 
fault, i.e. Gydratny as «gas hydrates bearing» (Khlystov, 
2018).

The bottom relief defining the Gydratny fault is 
irregular and is represented by curved segments that 
bend towards the North-West. The North-Western 
raised block (block 1) is characterized by an uneven 
distribution of slope directions. Its South-Eastern flank 
is raised relative to the Central part of this block (Fig. 
2c). Therefore the azimuths of the slope directions 
take a predominantly Northern and North-Western 
direction. This block is adjacent to the Olkhon and 
Near-Olkhon tectonic blocks, which are sitting at lower 
bathymetry relative to the uplifted Primorsky Ridge 
along listric normal faults (Levi, 1995). Their South-
Eastern block flanks are also being elevated relative to 
the North-Western ones (Fig. 2c). Listric faults are quite 
typical for the tectonic structure of the Olkhon Island 
and its adjacent areas (Levi, 1995). In agreement with 
the general tectonic setting and the similarity with the 
neighbouring tectonic blocks and faults, the Gydratny 
fault can also be considered as a listric normal fault. 
The lowered block is characterized by the presence of 
secondary multiple small faults on the hanging wall 
(synthetic and antithetic), which were mapped during 
Class@Baikal expeditions (Fig. 3a, Fig. 3c).

3. Material and methods

The existing database of geophysical data 
collected during 1992-2002 was complemented with 
new seismic profiles collected during the 2014-2019 
Class@Baikal expeditions (Fig. 2b).These geophysical 

surveys were carried out using the method of continuous 
seismic-acoustic profiling using an electric spark source 
(«sparker») with a central frequency of 300 Hz and a 
chirp profiler with linear modulation of frequencies 
from 1 to 10 kHz. This methodology of two-frequency 
surveys allowed us to study near-surface deposits 
(upper 30 meters) with a high resolution and also to 
obtain data of the sedimentary section to a depth of 
about 300 m below the lake floor.

The analysis of the wave pattern on the seismic 
sections allowed to investigate sediment structures 
and to trace faults locations. Faults were detected by 
characteristic kinematic and dynamic features, such 
as: discontinuity and displacement of the reflectors, a 
sharp lateral change in the wave pattern, the formation 
of diffracted waves, and a decrease in the amplitude 
and frequency of the reflected signal.

Each one of the identified faults was scrutinized 
for the following criteria: a) the location of the hanging 
wall and footwall relative to fault, b) the vertical 
amplitude of the sediment displacement and c) the 
depth at which the displacement is observed (i.e. the 
thickness of undisturbed sediments covering each fault) 
(Fig. 3). Neighbouring faults with similar characteristics 
were traced in the seismic profiles. This approach 
allowed to compile a detailed scheme of tectonic faults 
in the upper part of the sediment section.

4. Results and discussion

The newly detected and mapped tectonic 
faults are interpreted as branching off from the main 
Gydratny fault. The map catalogue is summarized 
in Fig. 4. The study area can be divided in two main 
blocks (hanging wall and footwall, separated by the 
Gydratny fault), which can be partitioned into 6 zones 
with fundamentally different geological structure.

The first block (footwall, block 1) is bounded on 
the North-West by the Obruchev (Olkhon) fault and 
on the South-East by the Gydratny fault (Fig. 2c). It 
is a large tectonic block, is essentially undisturbed by 
tectonic faults and is raised relative to the block 2. Block 
1 can be divided into two zones. The whole North-
East part (zone 1A) is a tectonically undisturbed block 
where no faults can be observed in the upper 300 m of 
sediments. Bordering this zone, the portion of Gydratny 
fault forms a well-expressed scarp in bottom relief. This 
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Fig. 2. Overview scheme of the relief in the study area near the Gydratny fault. (a) Lake Baikal with the location of the 
research area (black polygon); (b) A scheme of seismic data obtained in the Class@Baikal project expeditions in 2014-2019 
(yellow lines) and previous surveys in 1992-2002 (blue lines). White frames show the location of fragments of seismic profiles 
shown in Fig. 3. Green line shows the location of the profile I-II of the bottom relief schematized in panel c. The black polygon 
frames the area with detailed bathymetry (panel d), where the Gydratny fault is well expressed in the bottom relief. Bathymetry 
data: LIN SB RAS and RCMG-RAS Program 17.8 (2009) and FWO Flanders Project (1.5.198.09).
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zone is characterized by North-West azimuth of the 
slope directions.

The neighbouring zone of the first tectonic block 
(zone 1B) is located in the South-Western part of the 
study area and is also bounded by the Olkhon and 
Gydratny faults. A system of five deep faults covered by 
thick layers of sediments (up to 150 m) can be traced 
here. These form a graben-like structure elongated in 
North-East direction. The amplitude of the sediment 
displacement reached up to 40 meters.

The second block (hang wall, block 2) occupies 
a broad area in the deep-water part of the lake. It 
adjoins to the Gydratny fault at the North-West and 
bounded on the South-East by the foot of the slope of 
the Central Baikal basin. This area is characterized by 
extensive faulting. These faults are mostly parallel to 
the Gydratny fault and accordingly also extend from 
the South-West to the North-East forming a single wide 
fault zone (zones 2A, 2B and 2C) that extended for 65 
km. This heavily faulted region extends from the foot 
of the Kukuy canyon on the avandelta of the Selenga 
River to Cape Ukhan on Olkhon Island. We named 
this zone the Gydratny Fault zone and its width varies 
from 5 to 11 km. The faults inside this zone form a 

series of synthetic and antithetic discharges with the 
lowered South-East and North-West wing respectively. 
They form several local small grabens in the Central 
part of this fault zone. All faults are sub-vertical in the 
upper part of the sediment section and characterized by 
a distinctly expressed vertical component of movement. 
Due to the low penetration of the acoustic dataset, the 
faults roots are not imaged. The amplitude of sediments 
displacements increases with depth. Most faults 
are characterized by small amplitudes of sediments 
displacements in the upper part of the section and they 
are often replaced by flexures with deformation of 
layers without their rupture. This may indicate a high 
plasticity of the sediment or slow displacements along 
the faults. 

All the detected faults are characterized by 
different location depth on the fault plane. Some 
structures reached the lake floor, while others are 
covered by undeformed sediments with different 
thickness. Using this parameter, all faults were divided 
into modern active faults (reaching the bottom surface, 
type α) and 3 groups of faults covered by sediments 
with a thickness of 10-40 m (up to 50 msec below the 
lake floor level on seismic sections, type β), 40-85 m 

Fig. 3. Examples of identifying tectonic faults on seismic data with fault typization based on the thickness of overlapping 
sediments. Upper row: seismic sections without interpretation; the lower row: seismic sections with elements of interpretation. 
Yellow lines show faults that reach to the lake floor (type α), while the other coloured lines indicate faults covered by sediments 
with a thickness of about 10-40 m (orange lines, type β), 40-85 m (light brown lines, type γ), over 85 m (dark brown lines, type 
δ). The location of the profiles fragments is shown in Fig. 2b.
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(50-100 msec, type γ) and over 85 m (more than 100 
msec, type δ). Moreover, the most laterally extensive 
faults can reach the lake floor in one portion, and be 
buried under the modern sediments in the other one.

The different types of faults appear to be 
distributed irregularly (Fig. 4). In the North-Eastern 
segment of the Gydratny Fault zone (zone 2A), most of 
the faults reach the lake floor (type α). In the Central 
segment (zone 2B), almost all faults are buried under 
a thick layers of sediments (mostly types γ and δ). 
Ultimately the South-Western segment (zone 2C) is 
characterized by a complex combination of faults of 
different types (α, β, and γ).

This complex pattern can be explained by the 
multidirectional action of tectonic and lithodynamic 
processes. This would imply that in the Central and 
South-West segments (zones 2B and 2C) of the Gydratny 
Fault zone there is a slower displacement along the 
faults or/and that here are present higher sedimentation 
rates. Hence in this area can be deposited undisturbed 
layers of sediments. This scenario is consistent with the 
observed intensive accumulation of terrigenous material 
supplied through the Kukuy canyon by the Selenga River 
(Solovyeva, 2018). Also, slow displacements along the 
faults are confirmed by presence of flexures above some 
of faults. The North-Eastern part of the fault zone (zone 
2A) is characterized by low sedimentation rates due to 
the large distance from major suppliers of terrigenous 
material. This probably explains the presence of faults 
in this area that reach the lake floor. 

The Eastern part of block 2 (zone 2D) is 

characterized by a small spread of faults in the upper 
part of the sedimentary section. All of the tectonic 
structures extend sub-parallel to the axis of the Baikal 
basin and are normal faults with a North-Western 
lowered wing. The largest amount of modern active 
faults is also found in the North-Eastern part of this 
zone.

5. Conclusions

Extensive geophysical investigations conducted 
in the framework of the Class@Baikal project, allowed 
us to build a new tectonic scheme for a portion of the 
Central basin of the Lake Baikal. These newly acquired 
significantly improve our knowledge of the tectonic 
setting of this part of the lake revealing a broad and 
complex system of synthetic and antithetic faults 
distributed sub parallel to the Gydratny fault. We name 
this extensively faulted region the Gydratny Fault 
zone. A detailed classification of the identified faults 
reveals a complex and uneven distribution of modern 
active and older buried faults. This pattern is ascribed 
to the uneven tectonic activity and to the differing 
sedimentary processes ongoing at the various segments 
of the Gydratny Fault zone.
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