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History of study of sedimentary cover in the Lake 
Baikal includes several key points related to consider-
able achievement in investigation of the structure and 
geological development of the Baikal depression. It 
resulted in the changes of conceptions about the age, 
stages of development and processes in sediments. Dis-
covery of gas hydrates in subsurface bottom sediments, 
substantiation of particular Baikal type of mud volca-
noes activity as well as creation of high-resolution digi-
tal model of bottom topography (DMT) can be referred 
as turning-point in the Lake Baikal study. DMT was cre-
ated based on new high-resolution survey of the lake 
bottom by multi-beam echo-sounders Seabeam 1050 
in 2009 (Cuylaerts et al., 2012) and Kongsberg 710S 
(2015-2017) (Khlystov et al., 2016a; 2016b; 2017). 
Due to DMT, up to 90% of hydrate-bearing structures 
were discovered, the bottom topography was defined 
more exactly, and the history of Baikal depression and 
underwater elevations in the past was reconstructed. 

Phenomenon of formation of gas hydrates with differ-
ent composition in the unique freshwater basin has a 
fundamental scientific significance. Results of hydrates 
investigations are also used for reconstruction of bio-
geochemical methane cycle in the bottom sediments 
and water column, as well as for understanding of geo-
logical reasons for occurrence of the hydrate-bearing 
structures in different bottom areas of Baikal. 
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ABSTRACT. Subsurface gas hydrates over all the area of their potential occurrence under the floor of 
Lake Baikal, the only freshwater body where they occur, have been sought and studied since 2000. 
Two of three known gas hydrates cubic structures (structure 1 biogenic methane hydrates and structure 
2 biogenic methane and thermogenic ethane hydrates) have been found in the lake sediments. Large 
autogenic carbonaceous formations atypical for the lake have been discovered in the areas of gas hy-
drates occurrence. A new so-called “Baikal” mud volcanoes formation mechanism with shallow roots 
previously unknown in the seas is described. This mechanism is related to destruction of gas hydrates 
under their stability zone due to a tectonic activity and warm fluid income. The focus and source of the 
gas-saturated fluid are determined to be buried depositions of delta fronts, depocenters in the middle 
of the basins and subsurface ancient sedimentation masses at the eastern flank. The 2018 integrated 
geological and geophysical survey allowed to discover 54 hydrate-bearing structures represented by 26 
mud volcanoes, 18 hydrate mounds, 9 seeps and 1 pockmark. Not only sedimentation masses of various 
age and many kilometers thick, but also the tectonic dislocation grid determine the distribution of these 
structures on the floor of Lake Baikal. The fluid pathways are formed through impaired vertical and 
gently inclined zones of the main rift faults and secondary faults as well as along permeable lithological 
sedimentation boundaries when the layers rise from the depocenters in the center of the basin to its 
flanks.
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Gas hydrates in Lake Baikal

1. Introduction
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2. Results

54 structures containing gas hydrates in subsur-
face sediments have been discovered since 2000 up to 
the present time (Fig. 1, Table 1). It has become possi-
ble not only due to the new DMT, but also due to results 
of other type of geophysical investigations, as well as 
visual observation from the MIR submersible. General-
ly, mud volcanoes represent gas hydrate-bearing struc-
tures (26 objects). Some of them (18 objects) are, prob-
ably buried (Fig. 1). In the sections of the latter, the 
mud breccias were not observed, whereas upper layer 
contained contemporary diatom ooze. However, based 
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Fig. 1. Geographical distribution of the gas hydrate-bearing structures discovered in the South and Central Basins of Lake 
Baikal. Different types of the gas hydrate-bearing structures according to Table 1 are marked with the numerals. The structure 
distribution areas depending on the focus of the fluid are semitransparent. The picture shows different types and textures of gas 
hydrates: A – granules; B – massive; C – veins and streaks of different occurrence.

on morphological (positive topography) and geophys-
ical data, they were similar to other mud volcanoes. 
This structure can be referred to gas hydrate mound of 
type “A” described by Matsumoto at Joetsu Basin (Mat-
sumoto et al., 2011).

Mud volcanoes and gas hydrate mounds were 
mostly represented by single structures with a diam-
eter from several hundreds meters to 1.5 km, but at 
the three areas they form groups and can merge into 
the large ridge or group of elevations (Cuylaerts et al., 
2012; Khlystov et al., 2013; Akhmanov et al., 2018). 
Nine structures were represented by seeps, i.e. zones 
of focused gas or oil and gas discharge at the lake bot-
tom without transformation of topography. Only one 
gas hydrate-bearing structure are associated with pock-
mark. Gas hydrates in the lake extend to the Southern 
and Central Basins, as well as over the underwater Ak-
ademicheskiy Ridge. This phenomenon influences con-
siderably biodiversity and the processes of relief forma-
tion in various bottom areas. 

Gas hydrates are usually observed in bottom 
sediments in the form of layers, veins and strings with 
different orientation, but sometimes they consist of 
“clinker” granules (see Fig.1). The latter are hydrates 
of crystallographic structure 2 and consist of the mix-

ture between microbial methane and thermogenic eth-
ane. The content of ethane in the hydrate-bound gas 
exceeds 13% (Kida et al., 2006). Other hydrates have 
structure 1 and include mainly microbial methane. Gas 
hydrates containing the thermogenic methane and eth-
ane were obtained from the area of oil and gas seep 
“Gorevoy Utes”, gas seep “PosolBank”, and mud vol-
canoes “Kukuy” and “Kedr” (Kalmychkov et al., 2006; 
Hachikubo et al., 2010; 2017). 

In addition to gas hydrates, relatively large (up 
to 5-6 cm) authigenic carbonates (siderites and rho-
dochrosites) were formed in the sediments of gas hy-
drates-bearing structures. Previously, it has been con-
sidered for a long time that the sediments of Lake Baikal 
are carbonate-free due to low alkalinity of the lake 
water and undersaturation of pore waters with respect 
to Ca by one-two orders relative to values required for 
calcite crystallization (Mizandrontsev, 1975). Soft and 
firm authigenic siderites were considerably enriched 
with heavy 13C isotope and had positive δ13C values 
sometimes exceeding +30‰ VPDB. It indicates the 
close relation between the mechanism of their forma-
tion and processes of methane generation (Krylov et al., 
2008a; 2008b; 2010). Subsurface authigenic carbonates 
enriched with 13C isotope to such degree were not ob-
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served in the other regions. Other process responsible 
for crystallization of the carbonates in hydrate-bearing 
structures of the lake is destruction of the organic mat-
ter. In this case, the rhodochrosites with negative val-
ues of δ13C are formed (Krylov et al., 2018). 

Analysis of geological composition of all types of 
hydrate-bearing structures and adjoining areas of Lake 
Baikal, especially those discovered during the 2014-
2017 expeditions, allow us to confirm that all studied 
structures are related to two principal ways of gas-satu-
rated fluids migration. First, fracture zones of different 
rank, which dissect a part or entire sedimentary body of 
the lake, located directly at the source of gas-containing 

fluid (zones with elevated sedimentation rates, modern 
and buried delta systems, group ridges (remnants), and 
outcrops of the “old” sedimentary layers “Tankhoy 
field”). Second, the permeable inclined sedimentary 
layers ascended from the basin center to its flank at 
the lake slope. Fluid discharge and structure formation 
occurred there either in the secondary fracture zone, or 
in the places, where these layers outcroped at the lake 
bottom.

Now, several mechanisms explaining formation 
of gas hydrate-bearing structures are considered. Mi-
nami et al. reported potential deep-rooted fluid at two 
certain gas hydrate-bearing mud volcanoes in Lake Bai-

№ Name Type Year of 
discovery

Depth, 
m

1 Malenky mv 2000 1306

2 Bolshoy mv 2003 1352

3 K-2 mv 2005 875

4 K-0 gm 2006 419

5 Gorevoy Utes seep 2006 860

6 Malyutka mv 2006 1322

7 K-6 mv 2007 1033

8 Р-2 mv 2007 821

9 Goloustnoe seep 2008 396

10 St. Petersburg (SPb) seep 2009 1410

11 K-10 gm 2009 542

12 K-1 mv 2010 668

13 Novosibirsk (N) mv 2010 1391

14 K-8 gm 2010 432

15 K-9 mv 2010 763

16 PosolBank (PB) seep 2010 514

17 K-4 mv 2011 828

18 K-11 gm 2011 424

19 K-12 seep 2011 502

20 Seep13 seep 2011 1258

21 Krest gm 2011 1288

22 K-3 mv 2012 773

23 KrasniyYar (KrY) seep 2012 740

24 K-P pock-
mark

2012 941

25 Ukhan mv 2012 1392

26 Unshuy gm 2012 1323

27 KrasniyYar-2 (KrY2) seep 2013 759

№ Name Type Year of 
discovery

Depth, 
m

28 KrasniyYar-3 (KrY3) seep 2013 776

29 K-5 mv 2014 895

30 St. Petersburg-2 (SPb2) mv 2014 1412

31 Khoboy mv 2014 451

32 AcademRidge (AR) mv 2014 691

33 Barguzin gm 2014 1278

34 Mamay gm 2015 520

35 Kamenny mv 2015 937

36 Tonky mv 2015 1019

37 Talanka mv 2015 999

38 Novosibirsk-2 (N2) gm 2015 1508

39 Kedr mv 2015 593

40 PosolBank-2 (PB2) mv 2016 732

41 Ostrov gm 2016 953

42 Turka mv 2016 678

43 Kedr-2 gm 2016 565

44 Solzan gm 2016 706

45 Oblom gm 2017 781

46 Turka-2 mv 2017 711

47 P-3 gm 2017 584

48 MSU gm 2018 1380

49 Enkhaluk mv 2018 682

50 Sukhaya mv 2018 890

51 Kitami (KIT) mv 2018 810

52 LIN SB RAS (LIN) gm 2018 422

53 PosolCanyon (PC) gm 2018 416

54 PosolCanyon-2 (PC2) gm 2018 520

Table 1. Gas Hydrate-bearing structures of Lake Baikal (2000-2018)

mv – mud volcano; gm – gas hydrates mound
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In summary, the following factors serve as the 
sources for fluid material and play the dominant role in 
the distribution of the focused fluid discharging struc-
tures at the bottom of Lake Baikal: river deposits of the 
buried delta-fronts, areas with high sedimentation rates 
at the central parts of the depressions, and the shallow 
“old” sedimentary layers located at the eastern slope of 
the lake (“Tankhoy field”). Ways of fluid migration can 
be related to weak vertical and slightly inclined zones 
in the major rift-forming and secondary faults, as well 
as along permeable lithological boundaries, when the 
layers ascend from the centers with high sedimentation 
rates in the central part of the depression to its flanks. 
Destabilization of gas hydrates at the lower boundary 
of their stability is the main reason for the formation 
of mud volcanoes with shallow roots at the lake bot-
tom, in spite of the fact that the Baikal rift system is 
the tension zone without wide areas having abnormally 
high strata pressure inside sedimentary section. Baikal 
model of the formation of mud volcanoes allow re-eval-
uation of the importance of mud volcanoes during the 
prospecting of oil and gas deposits in water basins, as 
well as estimation of the geological risks in the tectoni-
cally active and hydrate-bearing areas of the seas.

3. Conclusion
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