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Multidisciplinary field investigations were carried out in Okhotsk Sea by R/V Akademik M.A. Lavrentyev 
(LV) of the Russian Academy of Sciences (RAS) in May 2006, supported by funding agencies from Ko-
rea, Russia, Japan and China. Geophysical data including echo-sounder, bottom profile, side-scan- 
sonar, and gravity core sample were obtained aimed to understand the characteristics and formation 
mechanism of shallow gas hydrates. Based on the geophysical data, we found that the methane flare 
detected by echo-sounder was the evidence of free gas in the sediment, while the dome structure de-
tected by side-scan sonar and bottom profile was the root of gas venting. Gas hydrate retrieved from 
core on top of the dome structure which was interbedded as thin lamination or lenses with thickness 
varying from a few millimeters to 3 cm. Gas hydrate content in hydrate-bearing intervals visually 
amounted to 5%―30% of the sediment volume. This paper argued that gases in the sediment core were 
not all from gas hydrate decomposition during the gravity core lifting process, free gases must existed 
in the gas hydrate stability zone, and tectonic structure like dome structure in this paper was free gas 
central, gas hydrate formed only when gases over-saturated in this gas central, away from these struc-
tures, gas hydrate could not form due to low gas concentration. 

Okhotsk Sea, shallow gas hydrates, free gas, dome structure 

The Okhotsk Sea is the second large marginal sea along 
the West Pacific Ocean next to the South China Sea 
(Figure 1). Mountain ranges surrounded the Okhotsk 
Sea supply abundance sedimentary source forming wide 
continental shelves in the north and east. Sediment col-
umn on these shelves extending over 10 km were mainly 
Cenozoic in age[1―3], in which the average concentration 
of total organic carbon was over 1.0%[4―6]. Tectonically, 
the Okhotsk Sea is a platelet that squeezed between four 
plates namely the Pacific Plate to the southeast, the 
North America Plate to the north, Amur Plate to the west, 
and the Eurasian Plate to the southwest[7]. Due to joint 
compression from surrounding plates, a series of mud 
volcano, mud diaper developed on the northeast Sakha-
lin Slope[8―11]. The favorable tectonic setting hosted 
promising gas source in the Sakhalin Slope that has be-
come a main target area of gas hydrates exploration[12].  

Since the 1990s, a series of geological and geophysi-
cal cruises were carried out in the Sakhalin Slope for 
understanding gas hydrates distribution and forma-
tion[13,14]. Among them, KOMEX[10,15] cruise and 
CHAOS[16] cruise were both successfully retrieved gas 
hydrates samples. The cruise on R/V “Akademik 
Lavrentiev” in May 2006 was the third one of the 
CHAOS project that coordinated and supported by Rus-
sian, Korean, Japan and Chinese governments[17]. Using 
the data from this cruise, the main feature of gas hydrate 
recovered is discussed in this paper. 
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Figure 1  Map of Okhotsk Sea and the study area. 

1  Methane flare 

Hydroacoustic observations were carried out using a 
hydroacoustic complex created on the basis of several 
echo-sounders and multichannel digital registration sys-
tem of hydroacoustic signals. The hydroacoustic com-
plex provided a possibility of simultaneous registration 
of sonar echoes from four independent channels with 
frequencies of 12, 20, and 135 kHz. At the same time, 
echo signals were visualized on computer screen. 
Anomaly signals caused by internal waves, fish, zoo-
planktons can be easily distinguished due to its higher 
signal intensity. Signals from cold seepage methane 
bubbles can also be easily distinguished by its signal 
intensity and pattern. Usually, methane bubbles forms a 
flare shape anomaly on the echo signal screen. 

Thirty sites of methane flare were detected in the 
cruise (diamonds in Figure 2). Figure 3 gives a typical 
example of methane flare found on Line LV39-01SS, at 
840 m deep. This methane flare was about 400 m in 
height, and 150 m in width with high signal intensity 
and a flare shape. Methane concentration of the water 
column was also measured. The measured results show 
that the methane concentration within the flare is much 
higher than that of the background water.  

The other methane flares were almost the same. All of 

them had high signal intensity and flare pattern. Due to 
difference in ship velocity, the width of the methane 
flare varied. Usually, the higher the ship velocity, the 
narrower the flare width, and vise the versa. The height 
of the methane flare usually depends on the initial ve-
locity of methane bubble.  

 
Figure 2  The track lines, sites of methane flare (diamonds) and sites of 
gravity coring (black circles). 

 
Figure 3  Methane flare on the monitor screen. 

2  The dome structure 

A deep water sonar system was used during the cruise, 
which composed of a 30 kHz side-scan sonar and a 8 
kHz subbottom profiler. Both were towed and worked 
near to the sea bottom. A pressure sensor and a fish track 
underwater navigation system were also combined to 
indicate the working depth and the position. The objec-
tives of the deep water sonar system survey were to 
search for the structures that related to discharge of flu-
ids or gas on the seafloor and mapping the seafloor to-
pography (Figure 4). 
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Figure 4  Slope topography of the study area. 

 

Dome structures were found by the sonar system 
alongslope (Figure 4). Figure 5 shows a dome structure 
on Line LV39-01SS about 600 m in diameters, and 40 m 
in height. As formed alongslope, the dome structure is 
often unsymmetry, having a slightly longer lower wing 
than that of the upper wing (Figure 5). A mini crater of  

several meters in deep and about 10 m in diameter on 
top of dome structure is also shown on Figure 4, which 
was not found on other dome structures. Gravity coring 
in this cruise focused on these slope dome structures, of 
which two retrieved gas hydrate samples. It is believed 
that the mini crater on top of the dome structure indi-
cates the outlet of the gas venting. 

 

Figure 5  Dome structure on the subbottom profile. 

The side-scan sonar results show that the dome struc-
tures on slope did not join each other forming a pattern 
like sand ridge, but occurred in isolation. On side-scan 
image, those dome structures highlighted in bright dots 
in diameter of about 700 m. After the methane flares 
were located on the side-scan image, we found that al-
most all the methane flares matched the bright dots in-
dicating the slope dome structures (Figure 6).  

3  Characteristics of shallow gas hydrates 

Gas hydrate samples were retrieved at Stations 
LV39-25H and LV39-40H (Figure 2). Station LV39-25H 
is on a lower slope dome structure in the north part of 
target area, in 880 m deep (Figure 4), and the Station 
LV39-40H is on a middle slope dome structure in the  

 
Figure 6  Bright dots on the side-scan image. 1, Sample LV39-02SS; 2, Sample LV39-03SS; 3, Sample LV39-01SS. 
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middle part of target area, in 670 m deep. Methane flares 
(Figure 3) and bright dots are all discovered on the two 
coring stations (Figure 6). 

When gravity corer in Stations LV39-25H and 
LV39-40H was lifted to the sea surface, intensive gas 
bubbling was observed from the head of gravity corer. 
After the sediment core was transferred from deck to 
laboratory, noise of bubble cracking releasing from the 
sediment could still be heard and with very strong H2S 
odor. The sediment is composed mainly of diatomic 
clayey silt, with fragments of bivalve shells, authigenic 
carbonate crusts and nodules, and some pebbles. 

The gravity core at Station LV39-25H covered 270 
cm of sedimentary section. Between 20 and 110 cm 
from the top appeared smooth and flat, below 110 cm, it 
became rough and showing a gas related structure. Gas 
hydrates occurred in the rough section, mainly between 
150―210 cm, and 230―270 cm from the top. It took 
the form of melting ice, discontinuously and vertically 
embedded in the sediment, forming a pattern of rising 
vapour (Figure 7(a)). The gas hydrate was crystal flakes 
and white in color, about 1―2 cm in thickness, and 2―
5 cm in width (Figure 7(b)). Close-up observation would 
see many tiny bubbles surrounding gas hydrate crystals, 
forming a “bubble skin” for the hydrate flake. The gas 
hydrate content in hydrate-bearing intervals was esti-
mated 5% of sediment volume. 

The gravity core in LV39-40H was 265 cm long. Gas 
hydrate occurred between 165 and 265 cm top down. 
Unlike rising-vapour distribution in Station LV39-25H, 
the gas hydrates were interbedded in thin horizontal 
lamination, or lenses from a few millimeters to 3 cm in 
thickness. Two neighboring hydrate layers were often 

connected by a third inclined tilted band in thickness of 
a few millimeters to 3 cm. Gas hydrate content in hy-
drate-bearing intervals estimated visually 5%－30% of 
sediment volume (Figure 8). 

The temperature of sedimentary core was measured 
immediately when it was transferred to the laboratory in 
the vessel. The hydrate-bearing sediments were cooler 
than that of blank sediment. For example, the tempera-
ture of hydrate-bearing interval in core LV39-40H was 
about 0.8℃, while that of blank sediment was 2.5―4.0
℃, indicating endothermic reaction in hydrate decom-
position.  

4  Discussion 

Gas bubbling observed when the gravity corer was lifted 
to the sea surface, Noise of bubbling releasing from the 
sediment in the laboratory all indicated the existence of 
gas content in the sediment. 

Gas hydrates in both cores LV39-25H and LV39-40H 
did not discomposed completely and remained during 
the time of observation in the ship laboratory or even 30 
min later (Figures 7 and 8). Therefore, the process of gas 
hydrate decomposition is slow. 

Figure 9 shows a typical temperature profile of the 
water column from CTD measurement in the study area. 
The bottom temperature of Sakhalin Slope area was 1―
2℃ in May. The temperature decreased slightly when 
the CTD was lifted up from the bottom. There was usu-
ally a lower temperature cap between 80－120 m from 
the surface, at about 0℃, above which the temperature 
would increases quickly to 5―8℃ as the CTD reaches 
to the surface. 

 
Figure 7  Gas hydrate in Station LV39-25H. 
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Figure 8  Gas hydrate in Station LV39-40H. 

 
Figure 9  A typical temperature profile of the water column from CTD 
measurement in the study area. 

 
Take the temperature/pressure of core station 

LV39-40H as example. The gas hydrate phase diagram 
(Figure 10)[18,19] tells that gas hydrate was in the gas hy-
drate stability zone as it was lifted from sea floor A until 
to B (see Figure 10), and it would remain undecomposed 
during this stage. However, when the core was lifted 
above B, the gas hydrate would begin to decompose due 
to higher temperature and lower pressure. It took only 5 
minutes for the gravity corer from B (330 m, see Figure 
10) to the sea surface in normal winch speed. Judging 
with our observation, the gas hydrate decomposition 
under the ship laboratory condition would not decom-
pose out completely. 

Therefore, it is believed that if gas hydrates have al-
ready formed in the sediment under the sea floor, it can 
be still seen in the gravity core on the ship. In fact, we  

 
Figure 10  Temperature and pressure changes during the corer lifting 
(based on refs. [18, 19]). 

 
retrieved gas hydrate samples in only two gravity cores, 
in most of other ones, we evidenced gases other than gas 
hydrate. So we supposed that not all of the gases we saw 
on the sea surface and in the laboratory were from gas 
hydrate decomposition during being taken from the gas 
hydrate stability zone, free gases must have been origi-
nally in the sediment layer under the sea floor. 

Laboratory examinations show that the main factors 
affecting gas hydrates formation are temperature, pres-
sure, space and source of gas[20,21]. Near to the sea floor, 
spaces and water are enough in loose and shallow sedi-
ment for the formation of gas hydrate. In the study area, 
the water depth was over than 500 m, and the tempera-
ture near the sea floor was cold enough for the formation 
(Figure 10). So in the area of Sakhalin Slope, the avail-
ability of gases became the key factor in the gas hydrate 
formation. 

Commonly, 1 unit volume of gas hydrate can trap as 
much as 164 unit volumes of methane gas[22]. In other 
words, for the formation of gas hydrate, the amount of 
gas must be large enough[21,23]. If there is no enough 
available gas, gas hydrate may not form even tempera-
ture and pressure conditions permit. 

The methane flare detected with hydroacoustic com-
plex in this cruise was the evidence of free gas in shal-
low sediment layer[24,25]. The dome structure may indi-
cate mud volcano or mud diapir on the slope imaged by  
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side-scan sonar and bottom profiler was the root of gas 
venting[26―29]. The side-scan image shows that the size 
of dome structure was several hundreds meters in di-
ameter (Figure 5), while the free gas outlet (the crater on 
Figure 5?) on top of the dome structure was several me-
ters in diameter. Most the gravity cores were deployed 
on the dome structures, but only two of them retrieved 
gas hydrate. Therefore, free gases had filled indeed 
within the dome structures, and gas hydrate formed very 
limited within the central of dome structures where 
enough free gas was trapped. Figure 11 is an explanatory 
carton showing gas hydrate formation in shallow area 
base on our understanding. Tectonically formed struc-
tures on sea floor such as dome structures in this region 
are the free gas centers. The saturated gas was trapped in 
the center of these structures when they migrated from 
deep places to the shallow parts and formed gas hydrate 
under suitable temperature and pressure within the 
structure. Beyond the structures, due to fewer amount of 
free gas, gas hydrate could not formed. In shallow area, 
gas hydrate formation is controlled under the sul-
fide-methane interface[30,31]. Above this interface, micro- 
organism would consume most of the methane, so gas 
hydrate could not be formed. As there was no dynamic 
positioning system equipped on R/V “Akademik Lavr- 

 
Figure 11  Carton of shallow gas hydrate formation. 

entiev”, it was hard to sample core precisely at the cli-
max of a dome structure in size of only several hundreds 
meters in diameter in 1000 m depth. By chance, only 
cores of LV39-25H and LV39-40H were placed ideally 
to the center of dome structure, while others missed. The 
sulfide-methane interface became deeper away from the 
climax of dome structure, and would be more difficult to 
have gas hydrate sampled in this circumstance. 

5  Conclusions 

The methane flares detected by hydroacoustic complex 
in this cruise in Okhotsk Sea were the evidence of free 
gas in sediment layer. The dome structures on slope im-
aged by side-scan sonar and bottom profiler were the 
root of gas venting. The mini crater developed on top of 
the dome structure was the outlet of gas venting. 

Gas bubbling observed when the gravity corer was 
lifted to the sea surface, Noise of bubbling releasing 
from the sediment in the laboratory all indicated the ex-
istence of gas content in the sediment. 

Two of the gravity cores retrieved gas hydrate sample 
which was interbedded as thin lamination or lenses with 
thickness varying from a few millimeters to 3 cm. Gas 
hydrate content in hydrate-bearing intervals estimated 
visually 5%―30% of sediment volume. 

Gas hydrates in cores of LV39-25H and LV39-40H 
did not discomposed completely and remained during 
the time of observation in the ship laboratory or even 30 
min later. Therefore, the process of gas hydrate decom-
position is slow.  

Not all gases in the sediment cores were from gas hy-
drate decomposition during the gravity core lifting. Free 
gases may be exit in the gas hydrate stability zone. Tec-
tonic structures like dome structures in this paper were 
the central places of free gases. Gas hydrate can form 
unless gases are over-saturated in these special struc-
tures under certain conditions of temperature and pres-
sure. Away from the center of the dome structure, the 
gas concentration is low, and the gas hydrate might not 
be formed.
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