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The methane cycle is comprised of the processes of
methane production and oxidation, which are driven by
specialized bacterial groups [1]. The ratio of these pro-
cesses in aquatic ecosystems determines the methane
emission into the atmosphere from the water surface.
Previous studies indicate that methanogens and metha-
notrophs play an important role in the biogeochemical
cycle of carbon and strongly influence the composition
of environmental gases [1–9].

Methanogenesis is the main terminal process during
the anaerobic degradation of organic matter (OM) in
bottom sediments of Lake Baikal, the deepest lake of
our planet [10, 11]. The processes of methane oxidation
in bottom sediments and water column of Lake Baikal
have not been studied. Of particular interest is the activ-
ity of bacteria involved in the methane cycle in those
parts of the lake where sediments are characterized by
peculiar physicochemical conditions. Among such
areas are the hydrothermal vents of Frolikha Bay and
the places of discovery of methane hydrates in southern
Baikal [12, 13].

The aim of our study was to evaluate the rates of
bacterial processes of methane production and oxida-
tion in bottom sediments of different parts of Lake
Baikal.
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MATERIALS AND METHODS

Microbiological studies were carried out during
expeditions on board the 

 

Vereshchagin

 

 research vessel
in August through September 1991, June 1992, Sep-
tember 1997, and March 2000.

Sediment samples were collected using a clamshell,
a geological tube, and a dredger. The pH and redox
potentials were measured potentiometrically with an
SC-82 portable ionometer (Japan). The carbonate con-
tent was determined by liquid chromatography on an
EnviroChrom chromatograph (Japan). Methane was
quantified using a desorption method [14]. Sediment
samples were collected in Balch glass tubes 30 cm

 

3

 

 in
volume containing 5 g of NaCl. The tubes were closed
with gas-impermeable rubber stoppers so that the vol-
ume of the gas phase was 2 cm

 

3

 

. Methane concentration
was determined on a M-3700 gas chromatograph (AO
Khromatograf, Russia) equipped with a flame-ioniza-
tion detector [10, 14].

The rates of bacterial methane production and oxida-
tion were determined by the radioisotope method [4, 14]
in the surface and subsurface layers of sediment and in
core samples (to a depth of 87 cm) from the southern
basin of the lake. Samples (1–2 cm

 

3

 

) were collected in
penicillin vials, incubated with 

 

NaH

 

14

 

CO

 

3

 

 (0.25 MBq,
0.8 GBq/mmol) or 

 

14

 

CH

 

4

 

 (0.08 MBq, 1.2 GBq/mmol)
for 18–24 h at an in situ temperature and fixed with 2 ml
of a 1 N KOH solution. Radioactivity was measured on
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Abstract

 

—The activity of methanogenic and methanotrophic bacteria was evaluated in bottom sediments of
Lake Baikal. Methane concentration in Baikal bottom sediments varied from 0.0053 to 81.7 ml/dm

 

3

 

. Bacterial
methane was produced at rates of 0.0004–534.7 

 

µ

 

l CH

 

4

 

/(dm

 

3

 

 day) and oxidized at rates of 0.005–1180 

 

µ

 

l
CH

 

4

 

/(dm

 

3

 

 day). Peak methane production and oxidation were observed in Frolikha Bay near a methane vent.
Methane was emitted into water at rates of 49.2–4340 

 

µ

 

l CH

 

4

 

/(m

 

2

 

 day). Rates of bacterial methane oxidation
in near-bottom water layers ranged from 0.002 to 1.78 

 

µ

 

l/(l day). Methanogens and methanotrophs were found
to play an important role in the carbon cycle through all layers of sediments, particularly in the areas of methane
vent and gas-hydrate occurrence.
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a RackBeta scintillation counter (LKB, Sweden). The
rates of methane production and oxidation were calcu-
lated by using common equations [4, 14].

The methanotrophic bacteria 

 

Methylosinus tricho-
sporium, Methylobacter capsulatus, Methylosinus
echinoides, Methylomonas methanica

 

, and 

 

Methylo-
bacter bovis

 

 were detected and enumerated by the
immunofluorescence method [6, 14] using species-spe-
cific sera obtained from L.V. Bezrukova.

RESULTS

 

Physicochemical characteristics of bottom sedi-
ments. 

 

Sediment samples were collected from depths
of 4 to 1530 m in the northern, central, and southern
basins of Lake Baikal. Deep-water sediments were rep-
resented by silts; in gas-hydrate areas of the southern
basin, gray clay and pebbles also occurred [12]. In shal-
low waters of Bugul’dei neck, Selenga River, Frolikha
Bay, Khakusy Bay, Sosnovka Bay, and near Baikal’sk
and Bol’shie Koty, sediments were represented by fine-
grained sand and black and brown silts.

The values of the redox potential in bottom sedi-
ments ranged from +225 to –140 mV, pH values were
6.3–7.2, and temperature varied from 3.2 to 

 

8.0°ë

 

(Table 1).

 

Methane content in bottom sediments.

 

 Methane
concentration in bottom sediments of the lake ranged
from 0.0053 to 81.7 ml/dm

 

3

 

 of wet silt (Table 2). The
peak concentration of 81.7 ml/dm

 

3

 

 was observed in
Frolikha Bay at a depth of 415 m (station 2-97). A high
methane concentration (45 ml/dm

 

3

 

) was observed in the
sediments of Frolikha Bay at a depth of 405 m
(station 3-97). Minimal methane concentrations rang-
ing from 0.0053 to 0.0065 ml/dm

 

3

 

 were recorded in the
northern basin at a depth of 820 m and in Frolikha Bay
at a depth of 105 m. Methane concentration in the near-
bottom water of the gas-hydrate area was 0.0059 ml/l
(G.V. Kalmychkov, personal communication).

 

Bacterial methane production in bottom sedi-
ments.

 

 The process of methanogenesis was studied in
the bottom sediments of the southern basin in areas of
gas hydrates and Ivanovskii Cape (Table 3). Methane
production rates ranged from 4.4 to 341.6 

 

µ

 

l/dm

 

3

 

 of
bottom sediments. The maximum rate of methane for-
mation was registered in samples from the surface hori-
zon of the sediments from station 5-00 (Novyi Crater).
A high methanogenesis rate (up to 301.2 

 

µ

 

l) was regis-
tered in sediment samples obtained from a depth of 25–
30 cm at station 3-00. The rate of methanogenesis in
sediments collected near Ivanovskii Cape ranged from
4.43 to 18.9 

 

µ

 

l/(dm

 

3

 

 day) and increased down the pro-
file to the depth of 87 cm. The same pattern was
observed at station 1-00, whereas at stations 3-00, 4-00,
5-00 and 6-00 the highest rates of methanogenesis were
observed in surface horizons. The consumption of
organic matter for the production of methane by the
microbial community was evaluated as 9.6–734.7 

 

µ

 

g C

per day in 1 dm

 

3

 

 of wet silt. The rates of bacterial meth-
ane production and the results of methanogen enumer-
ation in bottom sediments of Frolikha Bay, Khakusy
Bay, Selenga River shoal, Bugul’dei neck, the southern
and central basins, Akademicheskii Ridge, and littoral
areas near Baikal’sk and Bol’shie Koty were reported
earlier [10, 11].

 

Bacterial methane oxidation in bottom sedi-
ments.

 

 The rate of bacterial methane oxidation was
evaluated in shallow-water and deep-water sediments,
in bay waters, and in shallow waters of the Selenga
River (Table 3). In Frolikha Bay, where a great number
of measurements were taken, the highest rate of meth-
ane oxidation (up to 1180.4 

 

µ

 

l 

 

ëç

 

4

 

 per dm

 

3

 

 of wet silt
per day) was registered in the area of a methane vent at
station 3-97. High rates of methane oxidation (438.4–
1083 

 

µ

 

l CH

 

4

 

/(dm

 

3

 

 day)) were registered in Frolikha
Bay at depths of 400–415 m. In sediments near gas
hydrates, the rate of methane oxidation ranged from 35
to 273.2 

 

µ

 

l CH

 

4

 

/(dm

 

3

 

 day). The minimal methane oxi-
dation rate (0.004 

 

µ

 

l/(dm

 

3

 

 day)) was recorded in sedi-
ments of the northern basin at a depth of 820 m.

In the process of methane oxidation in Lake Baikal,
the bulk of carbon is converted to CO

 

2

 

 (up to 100% in
some samples). However, in gas-hydrate areas, a con-
siderable proportion of carbon is found in bacterial
exometabolites and biomass (17–95% in sediments and
29–82% in water).

The population densities of five species of methane-
oxidizing bacteria were evaluated in bottom sediments
of Frolikha Bay (station 2-97) and Sosnovka Bay (sta-
tion 21-97). The highest rate of methane oxidation was
registered in sediments of Frolikha Bay. It was almost
10 000 times lower in sediments of Sosnovka Bay
(Table 4). In the area of a methane vent in Frolikha Bay,
the total number of methanotrophs was 17360 cells per
1 cm

 

3

 

, almost two times higher than in Sosnovka Bay
(8470 cells per 1 cm

 

3

 

). However, in Sosnovka Bay, all
five methanotrophic species were found, whereas in
Frolikha Bay only three species were revealed. The
maximal number of cells of the same species was regis-
tered in a surface layer of sediments at station 2-97 (up
to 13200 cells per 1 cm

 

3

 

), whereas the minimal value
was recorded at station 21-97 (220 cells per 1 cm

 

3

 

).

 

Bacterial methane oxidation in water.

 

 From the
calculations of methane production and oxidation, it
was deduced that 49.2–4340 

 

µ

 

l 

 

ëç

 

4

 

/m

 

2

 

 of methane
was emitted into the water column per day (Table 5).
The methane arriving from the bottom sediments was
oxidized by bacteria in water. The rates of methane oxi-
dation in the near-bottom water of Frolikha Bay ranged
from 0.15 to 0.83 

 

µ

 

l 

 

CH

 

4

 

/(l day) (Table 6).

At station 1-97 (Zavorotnyi Cape), methane oxida-
tion was not registered in the near-bottom and surface
water layers and was minor in horizons at depths of 50–
775 m (to 0.014 

 

µ

 

l 

 

ëç

 

4

 

/(l day)). A considerable portion
of methane (up to 98%) was oxidized to organic matter.
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Table 1. 

 

 Physicochemical characteristics of bottom sediments of Lake Baikal

Sampling site Station Depth, m Horizon, cm Type of sediment

 

t

 

, 

 

°

 

C pH Eh, mV

Frolikha Bay 2-97 415 0–3 Dark gray silt 6.1 7.0 +10
3-97 405 0–0.5 Gray silt 4.8 7.3 –35

1–5 Dark gray silt
6-97 400 0–1 Gray silt 5.0 6.9 +33
7-97 215 0–1 Dark gray silt 6.2 6.9 +5
8-97 105 0–1 Dark gray silt 6.0 7.3 +6
9-97 685 0–1 Dark gray fluid silt 5.9 7.0 –

11-97 22.5 0–5 Dark brown silt, plant debris 8.0 7.2 –
12-97 42 0–3 Dark brown silt, plant debris 7.6 7.2 –
13-97 31.8 0–1 Gray fine-grained sand 7.8 6.7 –
16-97 690 0–1 Brown silt 5.3 7.1 –
20-97 690 0–1 Brown silt 5.4 6.3 –

Zavorotnyi Cape 1-97 825 0–1 Brown silt 5.8 7.5 +78
1–5 Diatomaceous silt – – –
5–12 Diatomaceous silt – – –

13–20 Yellowish brown clay – – –
Sosnovka Bay 21-97 300 0–0.5 Brown silt 5.5 7.1 –
Southern basin
Bol’shoi Crater 1-00 1400 0–1 Gray diatomaceous silt 5.6 7.2 +185

1–7

 

"

 

5.6 – –
15–18

 

"

 

5.6 7.1 –140
23–28

 

"

 

5.5 – –
32–36

 

"

 

5.9 – –
38–40

 

"

 

4.5 7.0 –50
Malen’kii Crater 2-00 1380 0–1 Silty pebbles – 7.2 –55

1–3.5 Brownish black clay 4.0 – –
3.5–13 Gray clay 3.8 6.9 –80
13–25 Black clay 3.5 – –
30–36 Gray clay 3.4 6.9 +70

Malen’kii Crater 3-00 1400 0–24 Pebbles with sand 4.4 6.1 +225
25–30 Water-bearing clay 4.2 – –
30–35 Dense gray clay 4.1 – –
35–45

 

"

 

3.6 – –
52–57

 

"

 

3.2 6.2 +5
Malen’kii Crater 4-00 1380 0–2 Aleurite silt 3.4 – –

21–23 Aleurite silt, gassing 3.0 6.8 +150
Novyi Crater 5-00 1080 0–1 Gray diatomaceous silt 2.9 7.2 –

7–10

 

"

 

3.2 – –
29–31

 

"

 

3.2 – –
49–50

 

"

 

3.2 6.7 +15
Malen’kii Crater 6-00 1400 0–5 Oxidized layer 4.2 7.1 +80

5–11 Gray silt 3.9 – –
14–17 Sand band 3.8 – –
20–24 Dark gray silt 3.8 – –
45–50 Dark gray silt 3.8 6.8 +60

Ivanovskii Cape 7-00 1400 0–5 Pelitic diatomaceous silt 5.1 – –
20–25

 

"

 

4.6 – –
40–45

 

"

 

4.0 – –
60–65

 

"

 

4.0 – –
82–87

 

"

 

4.5 – –

 

Note: “–” stands for “not determined.”
        * In this and the other tables, in the column “station,” the figures after the hyphen signify the year of sampling.
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The rates of methane oxidation in the near-bottom
water of gas-hydrate areas were higher than in Frol-
ikha Bay and ranged from 0.59 to 1.78 

 

µ

 

l 

 

CH

 

4

 

/(l day).
The highest rate was registered in the near–bottom
water at station 1-00; the lowest rate was recorded at
station 5-00. At a depth of 1380 m (station 2-00),
methane oxidation was registered along the entire
water column. The rate of oxidation ranged from 0.88
to 0.53 

 

µ

 

l 

 

CH

 

4

 

/(l day), decreasing insignificantly
toward the surface. From 29 to 82% of methane was
oxidized to organic matter.

DISCUSSION

Methane is the basic terminal product of anaerobic
decomposition of organic matter in bottom sediments
of the oligotrophic Lake Baikal [10, 11]. The highest
methane concentration (81.7 ml/dm

 

3

 

) was registered in
sediments of the thermal area of Frolikha Bay. This
could be due to the arrival of methane with hydrother-
mal emanations and to active metabolism of methano-
gens. The methane concentrations in sediments of
southern Baikal and near the Baikal’sk pulp and paper
mill were evaluated earlier; they amounted to 1.8 [15]
and 1.46 ml/kg of wet silt [16], respectively. The meth-
ane content in gas hydrates was 98–99% [17]. Accord-
ing to isotopic data, methane in bottom sediments of the
lake, including gas hydrates, was of biogenic origin
[10, 18].

The rate of bacterial methane production in bottom
sediments ranged from 0.01 to 534.70 

 

µ

 

l 

 

ëç

 

4

 

/(dm

 

3

 

day) [10, 11]. This process was registered in all hori-
zons of bottom sediments studied, including oxidized

layers, which suggests active metabolism of methano-
gens inhabiting anaerobic microzones of the upper lay-
ers of sediments.

High rates of methanogenesis were recorded in
areas of gas-hydrate occurrence in the southern basin
(to 341.6 

 

µ

 

l/dm

 

3

 

 per day). Up to 734.7 

 

µ

 

g of organic
carbon was used for methane synthesis in these sedi-
ments.

Bacterial methane oxidation was registered in both
bottom sediments and water. In the areas studied, the
rate of methane oxidation in water was 3–4 orders of
magnitude lower than in sediments. Methane oxidation
was most intense in surface layers of sediments, which
confirms the regularities revealed for deep oligotrophic
lakes [19].

In bottom sediments of Lake Baikal, methan-
otrophic bacteria oxidize from 0.004 to 1180.4 

 

µl
ëç4/dm3 per day. High rates of bacterial methane oxi-
dation were observed in sediments of littoral regions
and bays, where high rates of bacterial methane pro-
duction were registered. The highest methanotrophic
activity was observed in sediments of Frolikha Bay
near methane vents, characterized by a high methane
content. This is in agreement with the positive correla-
tion between the concentration of methane and the rate
of its oxidation (r = 0.96; n = 18). Bacterial methane
oxidation was also observed through the full length of
cores studied, which indicates that anaerobic bacteria
may contribute to methane consumption.

Thus, in the areas of fluxes of thermal waters and
gases in Baikal, the rate of methane oxidation reached
1180.4 µl CH4/(dm3 day), whereas in background areas
the maximal rate registered was 180.2 µl CH4/(dm3 day).

Table 2.  Methane concentration in bottom sediments of Lake Baikal

Sampling region, 
station Horizon, cm CH4 concentration, 

ml/l
Sampling region,

station Horizon, cm CH4 concentration, 
ml/l

Frolikha Bay Zavorotnyi Cape

2-97 0–1 81.7 1-97 0–1 1.0

3-97 0–1 45.0 1–5 0.01

1–5 27.0 5–12 0.008

6-97 0–1 0.4 Northern basin

7-97 0–1 0.01 20-97 0–1 0.005

5–10 0.2 Sosnovka Bay

8-97 0–1 0.006 21-97 0–1 0.005

10–15 0.22

9-97 0–1 0.027

11-97 0–1 0.013

12-97 0–1 0.014

13-97 0–1 0.042

16-97 0–1 0.024
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Table 3.  Rates of bacterial methane production and oxidation in bottom sediments of Lake Baikal

Sampling site Station Depth, m Horizon, cm CH4 production,
µl/(dm3 day)

CH4 oxidation, 
µl/(dm3 day)

Label transition
into CO2, %

Southern basin 1-91 1503 0–1 2.78 180.2 80
Ol’khon Island 2-91 1530 0–1 7.6 31.0 46
Bugul’dei neck 3-91 390 0–1 0.43 144.9 58
Frolikha Bay 4-91 430 0–1 26.28 355.9 62

5-91 430 0–1 95.65 707.6 64
2–4 534.6 124.0 75

8-91 430 0–0.2 241.23 235.8 66
Khakusy Bay 7-91 420 0–1 73.97 121.3 40
Baikal’sk 1-92 15 0–1 0.39 1.8 –
Area of BPPM* 2-92 18 0–1 0.36 22.36 –
Bol’shie Koty 4-92 5 0–1 0.20 7.33 –
Shallow water of
the Selenga River

7-92 30 0–1 0.34 16.38 –

8-92 189 0–1.5 0.44 57.94 –
Akademicheskii Ridge 9-92 267 0–1 2.53 9.36 –

10-92 922 0–1 0.34 9.9 –
Frolikha Bay 2-97 415 0–3 140.5 1083.0 42

3-97 405 0–0.5 120.0 1180.4 56
1–5 450.0 438.4 55

6-97 400 0–0.1 24.2 7.2 50
7-97 215 0–1 – 0.07 51

1–5 – 0.13 100
8-97 105 0–1 – 0.005 96

5–10 – 0.12 100
9-97 685 0–1 – 0.045 70

11-97 22.5 0–5 – 0.37 64
12-97 42 0–3 – 0.43 71
13-97 31.8 0–1 0.28 13.0 74
16-97 690 0–1 – 0.33 47

Zavorotnyi Cape 1-97 825 0–1 0.36 3.4 77
1–5 1.5 0.007 81
5–12 – 0 0

Northern basin 20-97 820 0–1 – 0.004 100
Sosnovka Bay 21-97 310 0–0.5 65.8 0.46 66
Bol’shoi Crater 1-00 1400 0–1 5.00 141.78 5

1–7 – 118.89 31
15–18 9.77 105.54 26
23–28 – 148.59 41
32–36 13.49 166.21 55
38–40 17.74 97.64 25

Malen’kii Crater 2-00 1380 0–1 79.74 121.85 59
1–3.5 57.08 76.40 29

3.5–13 138.59 130.70 71
13–25 24.78 124.24 9
30–36 40.47 125.70 39
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A similar pattern is characteristic of sediments near
hydrothermal vents in the ocean rift zones, where the
intensity of microbial processes is 2–4 times higher
than in background areas [2]. A considerable increase
in the rate of methane oxidation was registered in the
regions of hydrothermal vents in the Pacific Ocean
compared to other parts of the ocean [3]. In the regions of
methane seeps in the Atlantic Ocean, the rate of methane
oxidation in sediments reached 1570 µl CH4/(l day) [5].

In such ecosystems, organic matter is synthesized
by chemosynthesizing and/or methane-oxidizing bac-
teria, which act as primary producers for the benthic
communities developing around the hydrothermal
vents [2, 3, 5]. In the zone of a methane vent in Frolikha
Bay, the biomass of benthic animals (sponges and pla-
narians) is characterized by a light isotopic composi-
tion (the values of δ13C reach –66.0‰) [10, 12].

The measurements of methane production and oxi-
dation allowed us to evaluate the methane flow into
the Lake Baikal water column (Table 5). In different
types of sediments of the lake, from 2.45 to 8200 µl of
methane was produced and from 4.6 to 11804 µl of

methane was oxidized under 1 m2 per day. The pro-
cesses of bacterial methane production and oxidation
were most intense in the areas of methane vent and gas
hydrate occurrence. Methane oxidation prevailed over
methane production in most of the samples studied.

Table 3.  (Contd.)

Sampling site Station Depth, m Horizon, cm CH4 production,
µl/(dm3 day)

CH4 oxidation, 
µl/(dm3 day)

Label transition
into CO2, %

Malen’kii Crater 3-00 1400 0–24 210.27 112.18 54

25–30 301.15 64.95 61

30–35 158.73 35.64 51

35–45 154.38 68.71 39

52–57 77.17 40.02 6

Malen’kii Crater 4-00 1380 0–2 146.44 37.86 16

21–23 74.33 59.02 56

Novyi Crater 5-00 1080 0–1 341.64 273.16 13

7–10 339.25 130.22 60

29–31 78.38 121.40 45

49–50 92.59 243.78 83

Malen’kii Crater 6-00 1400 0–5 24.72 59.69 41

5–11 8.30 – –

14–17 8.91 35.00 25

20–24 18.73 70.81 54

45–50 13.32 45.74 23

Ivanovskii Cape 7-00 1400 0–5 4.43 92.21 49

20–25 7.01 54.03 –

40–45 13.93 – –

60–65 13.70 46.01 19

82–87 18.90 35.58 19

* The Baikal’sk pulp and paper mill.

Table 4.  Density and composition of the methanotrophic
population in bottom sediments of Lake Baikal

Sampling 
site, station

Horizon,
cm Species Density, 

cell/ml

Frolikha 
Bay, 2-97

0–2 Methylosinus trichosporium 13200

Methylomonas methanica 3500

Methylobacter bovis 660

Sosnovka 
Bay, 21-97

0–1 Methylobacter bovis 2400

Methylosinus trichosporium 850

Methylomonas methanica 3500

Methylocystis echinoides 1500

Methylobacter capsulatus 220
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For example, in samples taken at station 3-97 in the
area of the hydrothermal field of Frolikha Bay, meth-
ane was oxidized almost ten times faster than it was
produced. Such an imbalance either means that the
high potential activity of methane-oxidizing bacteria
in the areas studied is not fully realized or that intense
methane production occurs in the sediment lower lay-
ers, which were not investigated in this work. In gas
hydrate areas of Frolikha Bay, seepage of geologically
buried methane is also possible.

In some of the sediments, the rate of methanogene-
sis was higher than the rate of methane oxidation, and a
portion of biogenic methane (49.2–4340 µl/(m2 day))
was emitted into water and oxidized in the near-bottom
water layers.

The quantitative evaluation of the activity of meth-
anogenic and methanotrophic bacteria showed that
these bacteria take an active part in the biogeochemi-
cal filtration of flows of juvenile gases (hydrogen, car-
bon dioxide, methane) to bottom sediments and the
water column and play a crucial role in the cycles of
biogenic elements and in the regulation of the gas
regime of Lake Baikal.
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Table 5.  Balance of the methane cycle in bottom sediments of Lake Baikal

Sampling site Station no. Horizon, cm CH4 production,
µl/(m2 day)

CH4 oxidation,
µl/(m2 day)

Methane emission 
into water column,

µl/(m2 day)

Baikal’sk 1-92 0–6 68 18.8 49.2

2-92 0–10 789 223.6 565.4

Bol’shie Koty 4-92 0–1 2.45 73.3 –70.9

Shallow water of the Selenga River 7-92 0–10 32.7 163.8 –131.1

8-92 0–22 10.24 579.4 –569.16

Akademicheskii Ridge 9-92 0–354 258.24 93.6 164.64

Tatarnikov Waterway 10-92 0–18 14.03 99.13 –85.1

Southern basin 1-91 0–70 44.42 182 –137.58

Ol’khon Island 2-91 0–100 401.4 310 91.4

Bugul’dei neck 3-91 0–205 204.9 1449 –1244.10

Frolikha Bay 4-91 0–23 728.5 3559 –2830.5

5-91 0–14 2500 7076 –4576

Khakusy Bay 7-91 0–16 442.85 1213 –770.15

Frolikha Bay 1-97 0–1 3.6 34 –30.4

3-97 0–1 1200 11804 –10604

6-97 0–1 242 72 170

13-97 0–1 2.8 13 –10.2

Sosnovka Bay 21-97 0–1 658 4.6 653.4

Bol’shoi Crater 1-00 0–40 460 5060 –4600

Malen’kii Crater 2-00 0–36 2260 3970 –1710

Malen’kii Crater 3-00 0–57 8200 3860 4340

Malen’kii Crater 4-00 0–23 2340 1060 1280

Novyi Crater 5-00 0–50 5710 8300 –2590

Malen’kii Crater 6-00 0–50 660 2310 –1650

Ivanovskii Cape 7-00 0–5 890 4630 –3740

† Deceased.
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