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Fig.1 3D image of the North-Eastern Sakhalin
slope. An area with white arrows represents

the suggested extent of old landslide which
includes the dense area of methane seeps.
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Abstract

Methane hydrates exist beneath the sea bottom near cold seeps NE off the Sakhalin in the
Sea of Okhotsk. Multidisciplinary field operations were performed at a study area (approxi-
mately 16 X 20 km?) to investigate seepage characteristics and understand gas hydrate forma-
tion mechanisms. A continuous profiling survey was conducted to obtain a distribution map of
seepage structures on the floor by using a deep-tow, side-scan-sonar equipment. The distribution
map reveals that the dense area of seepage structures coincides with a sea-floor area of deformed
sediments caused possibly by repeated sediment slumping and debris flows in the past. We spec-
ulate that this deformation may have created shallow faults that are suitable to conduits for the
migration and discharge of gas and fluid.

Three seepage structures were selected to study about their fluid-seep conditions around the
sea floor level. Hieroglyph seepage structure is located at the northern end of the dense area of
the structures. Kitami and Chaos structures are located about 2 and 7 km respectively apart
from the Hieroglyph structure within the dense area. Large plumes on echograms and higher
methane contents in the water column confirm gas seepage activities at the three structures.
There observed at least two and four plumes at the Hieroglyph and Chaos structures, respective-
ly. Each gas chimney image in seismic reflection profiles was traced to connect each BSR and
seepage structure. Both pull-up and disturbed structures of BSR around the gas chimney imag-
es were interpreted as to be indications of significant heat flows caused by ascending fluid at
both Kitami and Chaos structures. On the other hand, almost no pull-up/disturbance of BSR
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was observed at the Hieroglyph structure, suggesting little water seepage.

The seep activity may vary with time off the Sakhalin. The Hieroglyph structure is located
at the edge of a dense area of the seepage structures. It might serve as an indicator for the long-
term activity of the fluid seepage system off the Sakhalin.

Key words : methane hydrate, methane seep, seepage structure, gas chimney, plume
F—T—K: AL FL—b, X5y =7, BHA NI Fv—, FAFL=—, T—2L

L 23U ®IC

1) K=V BDHANA KL — MR

HANA FL—ME, KoF2HEaGLTTE
I/ U= IREORIIHT AT R EAET AW
HARMPOFEMTH b0 WH I NI A NrFH
AFVDOPFEZIAT N, FL— b eI, K
i - RS % 72 3 AR AT AT 2R TS AT
ETHIEMSEN TS (Ginsburg and Solo-
viev, 1998; Sloan, 1998)

AR=Y THIBITHEERAY YN, FL—
FOWZEE, Ta—7 A RICHNAEERR XY
TNV —LOBMICHEE B 19824128 T A
VEILVEMC, 1988 AEITIZARZEAM R L LT
WELHNY Y BILEINT, ZRENRMDR Y ¥
TN =B S hiz, K1iciE, BfEE T
ALY TN — KA E T B HIAS, 20D
WA REE) TRENTWD, #IKa 7 RIS X
HFEREERX Y N FL—NORIUL, T4
VESIITIE 1986 412, HY) ¥ BTl 1991
EIZHEI LTS (Ginsburg et al., 1993), %
DB N Y EWNTIE, 1995 FE,hbida s T e
FAYOEB_R 7027 b [axy 7 X
KOMEX (Kurile Okhotsk Marine Experi-
ment) | DHEFETAEO—EBICNS FL— Mt %
17> (Biebow and Hutten, 1999; Biebow et al.,
2000, 2003; Dullo et al., 2004), % 7z 2003 47>
DIXHA, vy 7, WHEESELES S EEILRE
oY xZ b [Hh4 A:CHAOS (hydro-Carbon
Hydrate Accumulations in the Okhotsk Sea) ]
B L 1" [SSGH (Sakhalin Slope Gas Hydrate) |
NA L — Migex Fil e L THRAEEZIT->Tw

% (Shoji et al., 2005; Matveeva et al., 2005; Jin
et al., 2006, 2007; Shoji et al., 2008; Jin et al.,
2008), AWFETIE, KBEX S oA FL—1
DERA N Z AL ZIHS 272D OHEE I L
b, WHERBEMNED A Y Y — T OHWRE
BIZOWTHET b, A7 Vv —TEL DRKT
EIER ISR IR 2SI S 2, 2 23R
KNP Ry 7<—=2 Tldhrolze AFETIE,
FA XX ¥ vy F—#%E (Bal) THSNE
WSy 7PV EBHA N 7 F % — (Seepage
Structure) EMAZ &I129 5,

2) AR—VViE

FAR—v i (K1) &, #dL#H 1,500 km,
HFEHK 1,000 km T, DUJ5 % R & T B51 B2 P
FNHFHEEOWETH Do KFHEHEARDPE &
LTHISNT VSRS, it 50 4E I BT 5 i
LB I N THEH &N Twb (Nakanowatari
et al., 2007), K, F¥H 800m TH % 75,
=i OB & KEEM 2 TP db o 7)) 2 —
FUWAETH1L,00m &R, SHICHEEBOT
BE#Eg (7 V) Vi) T3k 3,000m %5 (X
Do SRS AHEREE L CTIIIR TR b IKMHEEIC
ELTBY, ZWITHRKT 85% DA KT
% b h % (Hays and Morley, 2004) 212,
2005 4E 5 2N v BEMo KR (i
48.0 ~ 54.6 £ T, K& 286 ~ 1,317 m O #ipH)
THlE L7-AEF 25 S oKiR7T e 7 7 4 V&R
¥ (Jin et al., 2006) . e iz, X1 I1C@H
BLOKHITRENT VS, K20HEEFEDOK
WMTRENL T 7 74 )ViE, & H12100m F
L CIREMEE R L72d L, B RDIZONT
BERBUZIZIZHFCHE T 525, FRBO KR

— 176 —



60° N

X
SO

52° N~

W
s
Kamchatka

s
S

‘%f

48° N

M°N\\“

5
1 7
[ A
P
00m
-\/ = .
™~ Kurile Basin
- Pacific Ocean

142° E

Water depth (m)

1200 —

1600

800 —

K1 FFx=v27#@FNY) MPENT AT NMBO
KB ALY A FL— MK G
DOMWFH). RO TARIE, oy v
DEFIIRICEINS. @B L Uk,
H2lcmEnsKiETa 77 4 VoHlEY
B, 72, XEHIEZW a7 o RS (%
1E7, 2009) THdH 5.

Fig.1 Methane hydrate areas around the sea
bottom off the Sakhalin and off Paramushir
in the Sea of Okhotsk (red rectangle areas).
The survey area of this study is within the
methane hydrate area off the Sakhalin. Solid
circles and a star indicate survey sites for
water temperature measurements. A star
also shows the coring site of a reference core
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25 CTD temperature curves obtain in May, 2005
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Fig.2 Twenty-five CTD temperature profiles
obtained offshore NE Sakhalin in May thru
June, 2005 during the CHAOS-II cruise (Jin
et al., 2006). The thick black (water depth
of 960 m) and red (water depth of 383 m)
lines were obtained within the methane
hydrate area (red rectangle area) off the
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Fig.3 Plate boundaries around the Okhotsk Sea
and location of the study area (black arrow).
Lines with triangles indicate subduction
zones, lines with triangles mark strike-slip
zones; dashed line marks suggested plate
boundary. Plates: Am = Amur, Eu = Eurasian,
NA = North America, Okh = Okhotsk, and
Pa = Pacific. The Sakhalin Shear Zone (SSZ)
represented by complex fault systems can be
traced over the whole of Sakhalin Island.
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Fig.4 Bathymetry of the North-Eastern Sakhalin slope and
°  Southern location of the study area (grey rectangle). Solid red
1 sogment lines show faults. Lavrentiev Fault Zone represents
E - D;ray:igin - the boundary between northern and southern slope
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i Earthquake magnitudes || morphology. Distribution of the earthquakes (open
O o 29t05 4 circles) is from NEIC catalog (1973-2008). Grey
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Bathymetric map of the study area (Dullo e al., 2004). Grey rectangular area marks the location of the
map shown in Fig.6. The square shows the location of Fig. 9. Open circles mark seepage structures accord-
ing to side-scan-sonar mapping. Named filled circles indicate the seepage structures under investigation. A
solid line (F) indicates a fault, and a dashed line (F') indicates a fault covered by sediments. The letter
p in blue represents a pockmark. Numbered thick lines (SS04 and SES14) indicate survey lines for Fig. 7

and Fig. 8. Map location is shown in Fig. 4.
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Fig. 6 Detailed bathymetric map with locations of seepage structures. Solid and open circles
show seepage structures as shown in Fig. 5. A line (F11) shows the survey line for
SSS and SBP measurements shown in Fig. 11. Location of the map is shown in Fig. 5.
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Fig. 7 Bathymetric profile showing small-scale reliefs of the slope. OS and CS show the loca-
tions of Obzhirov and Chaos seepage structures, respectively. The length of the profile
is 19.8 km. The location of this profile is shown by a line (SS04) in Fig. 5.

8 KEEFIME D ATy 7RILE L EET U

D2 (Biebow et al., 2003). #lEHiTix, X5
IR &N 5 FEHM (SES14).

Fig. 8 Subsurface deformations below the relief of

the sea floor (Biebow et al., 2003). Location is
shown by a line (SES14) in Fig. 5.
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Detailed bathymetric map of the Kitami seepage
structure (an oval at the central part) and a
smaller one. Two white ovals indicate structure
boundaries according to side-scan-sonar image.
Solid squares mark locations of gas plumes with
an accuracy of several hundred meters. Contour
interval is 5 meters. Location of this map is
shown in Fig. 5.
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Fig. 10 Hieroglyph seepage structure by SSS survey.
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Fig. 11 Kitami seepage structure revealed by SSS survey (upper photo) and SBP survey (lower photo).
High reflection zone around sea bottom and gas supply path below are clearly shown. A smaller
structure is to be seen at southwest of Kitami structure. Location of this map is shown in Fig. 6.
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Fig. 12 Chaos seepage structure revealed by SSS survey.
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Fig. 13 Methane plume sites (red squares) plotted on a SSS mosaic map. Arrows indicate locations of seep-
age structures other than Hieroglyph (HS), Kitami (KS) and Chaos (CS) structures shown in Fig. 6.
Note that plume locations might be shifted up to several hundred meters.

Depth from sea surface, km

1 1 -
14 vxuzYy7 (HS), 4R (KS), #+ 2 (CS) HMA NI 7 Fy—THEHMIh
A Y TN — A,

Fig. 14 Mathane plumes observed at Hieroglyph (HS), Kitami (KS) and Chaos (CS) seepage
structures.
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Table 1 Summary of characteristic features of Hieroglyph,
Kitami, and Chaos structures.

Seepage Water BSR BSR Chimney Disturbance

Structure Depth Depth  Shift Width of
(m) (ms) (ms) (m) BSR
Hieroglyph 830 220  within  about clear
10 800 BSR
Kitami 855 200 about about disturbed
40 1000 BSR
Chaos 960 200 over over disturbed
40 1000 BSR
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Fig. 15 Seismic profiles for Hieroglyph (HS), Kitami (KS) and Chaos (CS) seepage structures (upper) and in-
terpretation (lower). Locations are shown as a red solid line (HS) and a broken line (KS and CS) in Fig. 5.
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Fig. 16 Seismic profile along north (N) to south (S) direction. Hieroglyph seepage structure is marked by
HS. Location is shown by a red dotted line in Fig. 5.
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Table 2 Results of sediment core analysis.

Seepage Methane SMI*** Pore Pore Seepage
Structure Origin* Water Wate Type**
(em)**  Cont. (%) ** 0D (%) **

Hieroglyph Microbial 40 50 ~ 80 —-3~—-16 gas
(CO; reduction) (incr. w/depth) only

Kitami Microbial 160 60 ~ 70 —13~+3 gas &
(CO; reduction) (constant) (incr. w/depth)  water

Chaos Microbial 200 70 —8~+9 gas &
(CO; reduction) (constant) (incr. w/depth)  water

*Hachikubo et al. (2009)
***SMI (Sulfate Methane Interface)
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Fig. 17 Methane content in water column at Hieroglyph
seepage structure.
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Fig. 18 Methane content in water column at Kitami
seepage structure.
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Fig.19 Methane content in water column at Chaos
seepage structure.

(HS) IZBWTHA Y —FiEBHAERISEZ - T
W5 EIIREETH HA, HAGEEIIMRD TV
AT E B, AWM DSSS~ v 7 (M5) (2
BUIBANI V7 F ¥ —4hik b e, HSIEA b
57 F ¥ —EHEBOIFITIRIME L TWE, A
o7 F ¥ —OFERI, KEFTEICZA T Y 7R

CREDSHN B fHIR & —5 L, 2Rt o %
IR B0 T OETEHIRUITIT IR W IE 535
AL, TO—HHINEKE Lo THA - K
DRI N, HHA NI 7 F v =R I N T»
bEEZONDED, WEHOEHEBILZIELR
Vo U2 ZIEERHE L R HIR OB R
AT L, KRB OETICL > TH
AFRDY =T lhoTWDHEEZLNDLD, £
DA N = A LDFEMIAHTD %,

A Y Y= TIEEORMEB I EZ RS Y
A, IBBAREREERT A LT 2 F v — L EBBUR
WERTADNTZF v —0 QMBI HIFTE R
HIENTEL), dLREFF R, Y Vi
DHEMA T 7 F v —BEBOREN LA T 7
Fr—ThbeEZIONDL, txzur 7%, %
EIROMFBENALE L, BARKEEDEVA T2
Fx—Tdhb, bLESH, ¥ VINIEL D A
7 vy —=TEEHPER LTy — TR A

REEZHELIE, ZOEIBRLTO T
V7D B LCBENDTREDSDH A 9. 15T,
PHHEEHA NS 7 Frx— L Ckzusy
TEREELEME=YY 952 LI2LY, ¥
NY Oy —TEE A BT E W EE%ELS D
%o

A7, »F A7 Y27 I, I, IBLY
SSGH 71 ¥ = 7 b 2007, 2008 DHFIERK D — T
Hbo TNHDWHERPALIZSIMLIZTRTDOR T IN—
WOZT PN Lo SEHT 5 T2, T RX Y
FATRY 27 Mh O W L BLE A 2T 7,
W BILEWP L FiF2, E612, RfgxAH L THY
TR KFORAR RIK, B X OMEEHMNR ST
DOHHBAIITIIRES 275 THREZ HW A, LT
WLHWEEERT 5,

RWFFEBITIZ D 72> T, CEHBH AR TE 2
B4 - 5 FHFE B19740323 (AAMREEL), B L O
H A 22 4 i B 23 Bk 24 F 78 % Al B 4 - 2R EgE (A)
14254003 X O 18206099 (42 H:7 {2), Mg
g (C) 15550060, [F] 17550069 B L U°[F 19550077
(R M mml), 3B X 0% EE g 5
(Korean Ministry of Land, Transport and Maritime
Affairs Grant PM08030 (Y. K. Jin)), B X ‘u v 7
HISWFZEE (Grant RFFI 06-08-96928 B & UF Grant
Goskontract 02.515.11.5017 (A. Obzhirov)) % @ B
W&k ZTT\Wb,

X

A Bl (1994) WERAE L XY NS F
L— . ATIHER, 16, 523-532.

Baranov, B.V,, Jin, Y.K., Shoji, H., Obzhirov, A., Dozo-
rova, KA., Salomatin, A. and Gladysh, V. (2008):
Gas Hydrate System of the Eastern Sakhalin Slope:
Geophysical Approach. Scientific Report of the
Sakhalin Slope Gas Hydrate Project 2007. Korea
Polar Research Institute. 116p.

Biebow, N. and Hutten, E. (1999): Cruise Report KO-
MEX I and II: RV Professor Gagarinsky Cruise 22,
RV Akademik Lavrentiev Cruise 28. GEOMAR Re-
port, 82, GEOMAR, 188p.

Biebow, N., Liidmann, T., Karp, B. and Kulinich, R.
(2000) : Cruise Report KOMEX V and VI: RV Pro-
fessor Gagarinsky Cruise 26, MV Marshal Gelovany
Cruise 1. GEOMAR Report, 88, GEOMAR, 296p.

Biebow, N., Kulinich, R. and Baranov, B. (2003):
Cruise Report: RV Akademik M.A. Lavrentiev

—191—



Cruise 29, Leg I and Leg II. GEOMAR Report, 110,
GEOMAR, 176p.

Cook, D. B., Fujita, K. and McMullen, C. A. (1986):
Present-day plate interactions in northeastern
Asia: North American, Eurasian and Okhotsk
plates. Journal Geodynamics, 6, 33-51.

Dullo, W.-Chr., Biebow, N. and Georgeleit, K. (2004):
Cruise Report SO178-KOMEX Cruise Report, Mass
Exchange Processes and Balances in the Okhotsk
Sea. IMF-GEOMAR, 125p.

Fournier, M., Jolivet, L., Huchson, P., Sergeyev, K.F.
and Oscorbin, L.S. (1994): Neogene strike-slip
faulting in Sakhalin and Japan Sea, Journal of
Geophysical Research, 99, 2701-2725.

Ginsburg, G. D. and Soloviev, V. A. (1998): The Sub-
marine Gas Hydrates. Russia Research Institute
for Geology and Mineral Resources of the Ocean,
216p.

Ginsburg, G.D., Soloviev, V.A., Cranston, R.E., Loren-
son, T.D. and Kvenvolden, K.A. (1993): Gas hy-
drates from the continental slope, offshore Sakhal-
in Island, Okhotsk Sea. Geo-Marine Letters, 13, 41~
48.

Gnibidenko, H.S. (1990): The rift system of the Ok-
hotsk Sea. Proceedings of the First International
Conference on Asia Marine Geology, Shanghai, Chi-
na Ocean Press, 73-81.

Gnibidenko, H.S. and Khvedchuk, I.I. (1982): Main
features of the Okhotsk Sea tectonics. Geological
Structure of the Okhotsk Sea Region. Sakhalin
Complex Research Institute, 3-25. (in Russian)

NAGREEL - R L5l - W vl - Al - T
{~ - Mateeva, T. - Jin, Y.K. - Obzhirov, A. (2009) :
= ZERIRAT ANA B L — b QRN E
Z ORI HAAHER, 118, 207-221.

Hays, D. J. and Morley, J. J. (2004): The Sea of Ok-
hotsk: A window on the Ice Age Ocean. Deep-Sea
Research I,51,593-618.

Jin, Y.K., Obzhirov, A., Shoji, H. and Mazurenko,
L. (2006): Hydro-Carbon Hydrate Accumulations
in the Okhotsk Sea (CHAOS-II Project). Report of
R/V. Akademik M. A. Lavrentyev Cruise 36, Viadi-
vostok - St.Petersburg. Russia Research Institute
for Geology and Mineral Resources of the Ocean,
127p.

Jin, Y.K., Obzhirov, A., Shoji, H. and Mazurenko,
L. (2007): Hydro-Carbon Hydrate Accumulations
in the Okhotsk Sea (CHAOS-III Project). Report of
R/V Akademik M.A. Lavrentyev Cruise 39. Korea
Polar Research Institute, 133p.

Jin, Y.K., Shoji, H., Boris, B. and Obzhirov, A. (2008):
Sakhalin Slope Gas Hydrate Project 2008. Report of
R/V Akademik M.A. Lavrentyev Cruise 44. Korea
Polar Research Institute, 64p.

Kharakhinov, V.V. (1998): Tectonics of the Okhotsk
Sea Oil and Gas Potential Province. Sakhalin Re-
search and Industrial Institute for Marine Petro-

leum Development, 77p. (in Russian)

Kosminskaya I.P. and Zverev S.M. (1964): Crustal
Structure of the Asian Continent/Pacific Ocean
Transition Zone. Science Publishers, 306p.

Ludmann, T. and Wong, H. K. (2003): Characteristics
of gas hydrate occurrences associated with mud di-
aprism and gas escaping structures in the north-
western Sea of Okhotsk. Marine Geology, 201, 269-
286.

Matveeva, T., Soloviev, V., Wallmann, K., Obzhirov, A.,
Biebow, N., Poort, J., Salomatin, A. and Shoji, H.
(2003) : Geochemistry of gas hydrate accumulation
offshore NE Sakhalin Island (the Sea of Okhotsk):
Results from the KOMEX-2002 cruise. Geo-Marine
Letters, 23, 278-288.

Matveeva, T., Soloviev, V., Shoji, H. and Obzhirov,
A. (2005): Hydro-Carbon Hydrate Accumulations
in the Okhotsk Sea (CHAOS Project Leg I and Leg
II). Report of R/V Akademik M.A.Lavrentyev
Cruise 31 and 32. Russia Research Institute for
Geology and Mineral Resources of the Ocean, 164 p.

™ M - Krylov, A, - 3 B - AALRELGL - HR
JR= - AR S REEA - SER - B -
Mateeva, T. * Jin, Y.K. - Obzhirov, A. + Poort, J.
(2009): FF—2 2D A YA FL— MEHREIC
BU B HBUKOMERIL. MM, 118, 194-206.

Nakanowatari, T., Ohshima, K. I. and Wakatsuchi,
M. (2007): Warming and oxygen decrease of inter-
mediate water in the northwestern North Pacific,
originationg from the Sea of Okhotsk, 1955-2004.
Geophysical Research Letters, 34, 1L.04602, doi:
10.1029/2006GL.028243.

Rozhdestvenskiy, V.S. (1975): Strike-slips of the
north-eastern Sakhalin Island. Geotectonics, 2, 85—
96. (in Russian)

Savostin, L.A., Zonenshain, L.P. and Baranov, B.
V. (1983): Geology and plate tectonics of the Sea
of Okhotsk. in Geodynamics of the Western Pacific-
Indonesian Region edited by Hilde, TW.C. and Uye-
da, S., Geodynamic Series, AGU, 189-222.

Shakirov, R. B., Obzhirov, A. 1., Salyuk, A. 1., Biebow,
N., Terekhova, V. E., Tsunogai, U. and Shoji, H.
(2005): Calssification of anomalous methane fields
in the Sea of Okhotsk. Polar Meteorology and Gla-
ciology, 19, 50-66.

Shoji, H., Soloviev, V., Matveeva, T., Mazurenko, L.,
Minami, H., Hachikubo, A., Sakagami, H., Hya-
kutake, K., Kaulio, V., Gladysh, V., Logvina, E., Ob-
zhirov, A., Baranov, B., Khlystov, O., Biebow, N.,
Poort, J., Jin, Y.K. and Kim, Y. (2005): Hydrate-
bearing structures in the Sea of Okhotsk. Eos, 86
(2), 13, 18.

Shoji, H., Jin, Y. K. and. Obzhirov, A eds. (2008): Op-
eration Report of Sakhalin Slope Gas Hydrate Proj-
ect 2007, RV “Akademik M. A. Lavrentyev” Cruise
43. Kitami Institute of Technology, 39p.

Sloan, E. D. (1998): Clathrate Hydrates of Natural

—192—



Gases. 2" ed. Marcel Dekker, 705p.

Soloviev, V.A., Ginsburg, G.D., Duglas, V.K., Cranston,
R., Lorenson, T., Alekseev, I.A., Baranova, N.S,,
Ivanova, G.A., Kazazaev, V.P., Lobkov, V.A., Mashi-
rov, Yu.G., Natorkhin, M.I., Obzhirov, A.I. and Ti-
taev, B.F. (1994): Gas hydrates of the Okhotsk Sea.
Otechestvennaya Geologiya, 2, 10-16. (in Russian)

Wong, H.K., Lidmann, T., Baranov, B.V., Karp, B.Y.
and Konerding, P. (2003): Bottom current-con-
trolled sedimentation and mass wasting in the
north-western Sea of Okhotsk. Marine Geology,
201, 287-305.

Worrall, D. M., Kruglyak, V., Kunst, F. and Kuznetsov,
V. (1996): Tertiary techtonics of the Sea of Ok-
hotsk, Russia: Far-field effects of the India-Eurasia
collision. Techtonics, 15, 813-826.

Zhuravlev, A.V. (1984): Comparative characteristic
of the Deryugin and TINRO Basins, Okhotsk Sea.
Pacific Geology. 4,21-27. (in Russian)

Zonenshain, P.L., Kuzmin, M. I. and Natapov, L.
M. (1990): Plate Tectonics of the USSR Territory.
Nedra, 366p. (in Russian)

(2008 4 11 H 4 H52fF, 2009 4 1 A 28 HZ#E)

—193—



	Vol.118 No.1 2009 Journal of Geography
	口絵
	口絵7：オホーツク海サハリン沖のメタンハイドレート

	オホーツク海のメタンハイドレートとプルーム
	I．はじめに
	II．物理探査によるガス湧出とハイドレート情報
	III．議論および結論
	謝辞
	文献





