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Abstract

New hydrate-bearing seepage structures off Sakhalin in the Sea of Okhotsk were investigat-
ed from 2003 to 2006 within the framework of the CHAOS project. We obtained samples of natu-
ral gas hydrate and measured the molecular and isotopic compositions of hydrate-bound gas.
Methane 0'3C and 0D were in the range of —67 to —63% and —207 to —193%o, respectively.
These results indicate a microbial origin produced by CO; reduction according to Whiticar's dia-
gram. Because ethane 0'3C showed a thermogenic origin, hydrate-bound gas contains a small
amount of thermogenic gas. The hydration numbers of the samples were estimated as 6.19 %=
0.02 using the Raman spectra of the C-H stretching mode and a thermodynamic calculation.
Heat flow calorimetry revealed that the values for dissociation heat of the samples were 18.1 +
0.3 kJ mol ! (from hydrate phase to gas and ice phases) and 55.4 = 0.4 kJ mol ! (from hydrate
phase to gas and water phases), which agree well with the values in of literature.

Key words : gas hydrate, stable isotope, dissociation heat, Raman spectroscopy, hydration
number
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IS - EHERE M R R Ak A B 2 EEAR IR <
TS D RRTANA FL— F PR RO v
F—FRE LTHEASNDE T, RERTZAOERK
DTHDEAY VIZMEBNRAATEDHD I L
5, MWERBEEL Y AT 2B B FORE DM
s Twa, AN, FL— MEREREICS
W Milkov and Sassen (2002) &, 4 AAMWr)E
RLRKINZE DM & - THRESSNA FL— ML
EFEIA BB IS S T T E 2 2 AT,
WA A DS E DY THRIET 50D 5 i3
MEEH2» oW < NG SN TTEZBIP N %
B, BLXUOZhooRARO 3B HHFL
720 JEICHTE TR 5 & EASHIET R A A
TN — 2B LI UIEBIEE S, ERERE NI
ANA U= FEERT L, Wb b EER T A
N FL—MIHYET L, KFiTIE, ZoFREHl
HANA FL— MIGEEND T F—Y 7T
VY BMORIKTANA FL— MR EDH T
5o

A=Y 7T, XTAVNVENB X
) EMOME TR m OEBIZBVWTHT AN, F
L — bR EN TS (Ginsburg et al., 1993;
Cranston et al., 1994; Ginsburg and Soloviev,
1998). TN HOWE T A XTIV — & DHFFE
L, BEMAT AN, FL— e BER A AHERE
BEELZEBREDHDH DD AR D, Gins-
burg et al. (1993) 1%, FMAHR Geolog Piotr An-
tropov 512 & % 1991 4E D FAMHEIZ BV TH
) v AL o KR O KR 620 ~ 1040 m @
HPAT 10 WO AHINBERRL, 95 1#
BCIIMEwRB O X 5 ¥ 2 TR LT 5 RRY
ZNA FL— F2SEIRT 0.3 ~ 1.95 m I[ZAFA4E L
Tz, ZO®%IZT Y7 - B A v E o EEI
7871 Y =2 b, KOMEX (Kurile-Okhotsk Ma-
rine EXperiment) OFEflA D TF, 1998 ~ 2004
DT TH B =Y 7O T AFE RO~ v ¥~

FhEfihbhTnwbd, KOMEX 70 ¥ 2 b T
%, Ginsburg 5DFH L RIAT AN, FL—
P2l d BRI HTAT V=2 THEDaTY) &~
FFEREE N, Z ORI Obzhirov Flare & @y
2 & N7z, Matveeva et al. (2003) 1 2002 4D
P Akademik Lavrentyev 512 & % 1V29 #
AL TR D SRR ANA FL— Mkt &
FRILL, B2 0 S 7 KIS 2 4 4~
R R L E RN AR L O W E Z 1T > T b,
AR TERFRAMHA AV F 5L > ¥ —
X, g7 - EE - KAy - X -0 KHTERE
B & o EEILFENE7e Y 2 7 b THSH CHAOS
(hydro-Carbon Hydrate Accumulations in the
Okhotsk Sea) #3.%H FiF, CHAOS1 (2003 %)
TREAATNV—L% LD %D 3 7 O G
(CHAOS - Hieroglyph * Kitami) % #7225 R
(H1), wFhot A b THEXFITHOA AN
A4 FL—bPNILE 7z (Shoji et al., 2005)
Z D1k CHAOS2 (2005 4:), CHAOS3 (2006
) LREBELTT7 4 — v FIRAMPER S I, iz
\ZFHT7 4 B o K (KOPRI - POI - VNI-
IOkeangeologia * Soloviev * Giselle + KIT -
Dungeon) THANA KL — FBRDOHh o> Tw
5o

FTANA B L — b OYBELAFENTIZIEINE T
Z OFEPWMA SN TE Tz FRIREET 2 DM
Wt & OVRALK TR D RAARE IS A AR B3
SIEMERMET 5, B2, RILKETZD
OBC ST HBEW 2 & OMAEW S HRED 5 v
FESRERBEOVTN,ATH L Z Lhabhrh, &
520D » S I MAM SRR O 5 5 CO, &I
BB VIIFERIEED &5 5 ORI E L 5 72Dh,
237025 (Whiticar et al., 1986; Whiticar, 1999;
Milkov, 2005), BIETIE, 2 ¥ v HREDT A b
AT BN A N L— b AR O R AR5 B2
E B S A 12 3 1t (Hachikubo et al.,
2007), ™A FL— MEEET A & BIBUKER T A
& DRENAR D S 1% 528 LW IiEHs
FINTws, 72—h7TR, ALTANAEF
L— M EIZERN S E Lz, BERTHT X 28509
#r (Handa, 1986a,b) * 7~ Y 7ILEEIZL S
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Fig. 1 Location of seepage structures off NE Sakhalin in the Sea of Okhotsk.

GIAHF (Sum et al., 1997; Uchida et al., 1999)
MBI ebNTE, TNLDOFEICOVTIEN
H - %74 (2001) % Sloan and Koh (2007) (2
FELLAMEEINTVD, 29 LMo ik
WENZRIRT ANA FL— M@ ENE L 91
%), Handa (1988) X777~ FiB L U4
¥ 3 2%, Hachikubo et al. (2006) (/514 &V
W TENZFNERI S N7z 0 BT % il A,
Matsumoto et al. (2000) (LKA HER N7 L —
21 v UC, Chazallon et al. (2007) &7 14 =
) 7T, Kumar et al. (2008) &4 » FH A
TENZTNFRNENZHBHICOWT T VT %
T oTWbh, TNHDOT =1L [RRF ANA
FL—TFoKME] v F—7— FTHEIID
Lo TWb, KAEEIZT A A A 1 mol 12k
T ARG TFDOmol L THY, Fz XKL x5
YA FL— F23E BHE7E TR E IR 2 45 5

T BT PG METH S, LI L, KFTT
R END D TOFTRTBTA M FREHELT
WBEDIFTIERL, TICREDr — VBT S
72, HANA FL— bOKFEIE 575 X0k
SV, Lad, HREICE 2 AKMBOMREMEITE

E A AWM R A SUEOR VST N

FoTniwv, LbnL, —EREOF AN F
L= bM05 ENZTOTAHIE SN L0, 1ZKF
BITHRIELTWD, 2D XSS, KHBARRY
INA FL—= 1 EHREORKD V2 LEHT 5B
Mod, FAMN - BRI bR )RR
B - WIAH & DAL RREL D B &
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S FEISHDEEREREREL T EE
AbNhb,

AiF7ETIZ, CHAOS 7u¥y =7 b THLNT:
NA KU — MEEET AR, B X OIS RIREE
THRAESN TV DN, FL— MEBIZOWT, 7
ALK - ARG, B X OB - T= V5
WM AT 7% o Tk BT T 5o

II. RRE#SLVBERE

1) HFHAEOHE

FAR=Y 7N YEEMTHANAL N
L — b2 BRI L 72 3 45 ML il 1X CHAOST Leg.2
(2003 4 10 A), CHAOS2 (200545~ 6 H),
CHAOSS (2006 46 1) ®Ft3EH<THY, Vi
NE W AFHEEIBHEL TV L HIRTHEES

— 209 —



7o (K1), WERERERY 2 7THRIUCIE 77
TA4—a77— (EEH9m, HE010m) B
EONAFRASY T4y 27aT7 55— (BEH
5m, BE£0.10m)D 254 FHRMHLE. &5,
BHEZAT T — EEICKRAREDOREEDSH ), 75
JRIGIZ M) =25 s 2 8T, FHM & oKIEE
wBREY ) & U CHERE 2 A N TH S, T
77— b U 2 T HLY LIRS RIA AT AN
4 FU— MERDHER S N20E, HiRKEAET
T CIfflE (O0ff) MR 5720, 7L
T AT ¥ L AR SR 0 R B R AR
WM L7z0 7B, CHAOS3 TIiARZERAEN
WA CE L DolzZ 00, FAEMEIZTN, R
L—bMERETIAF 70 Y VIZAR, VY
VIVNTHIREED L TREEN ARG, 20
LE, Y)Y IRHEEMNLTSmL N, TIVIK
WZHEE L, N4 T IVIKIN O 225 % iR 7 A T
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W7z L7z 29 LTHRME NIRRT ANA T
L— MBI OS2 2 EBRB IR B, TR
FRE - FRLARIE AT % S0 L 720

2) N1 NL— MEBEH X - RERGLIEDA

NAFL— FBHE, X1 o7 25 O 95
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R T CRB 2 RDRICHE S, Shaed 7Y
YUE (BN 1.2mL) ISEEO TS RIRE
o FFEET A VIHEREL, BABIHAE
EEMNT v TEHALTMEALZ, 29 LTHLR
7oA KL — MEBEST 2 OMBIL 2 KD 5720,
HAzu= 777 (i GC-14B - Sunpak-
S) ZIWTY ) vyIA4 v V22 varyT2.5mL
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e LT, T ARMBIo ek, w7
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ODBLULY v o¥C w3 kDI, HARWIZIE, W
YINHATRDOHKAT AREEIE LT HuL ~
25mLEZHTAZA MYV ITEALL, HE
OATFTRTILELEEE DO GC 7 T A TH ARG T
AL 721k, OPCHlE o A XL
(850C), ODMEDHAETES AN (1450T)
TENZENCO, BLUH IZEM L, Hmuohrat
FRARITEA L 720 RALKFEDOBC & 0D Dffik 2
r—VIZZFZ1 VPDB (Vienna Pee Dee Belem-
nite) B L 8 VSMOW (Vienna Standard Mean
Ocean Water) THEb L, HIEZKEITZNLEN
0.1% B £ U5 0.6%Tdh b,

3) I ARMR

HANA FL— DI tmhrig, r—
HOFA T ABEONE, BLXUOAY v &L
T AHHANA FL— bOKMEHEZITHN O N,
EIZIEIECHMEZ ETEXLDOH A1) v M TH
bhoe FRVANRY MVIRT < VAIERE (HA
463 RMP-210) Cilll % X 117z (Hachikubo et
al., 2008), AEETIEL —F—NiHIZTY — >
L—H%— (P 532nm) 2SH VS, SFELE
X7 Ve 70 A =%, 1800 gr mm ! D[H|
PRF2RHEH I N TV S, ¥, BhARICH:W
B2 BEMEEHGS HIMBAA 7 — 2 (VX 28u0n A
7 v 7 #10002L) 2t b L, K&ETF CTHEEE
LZawvd ) I2iiE® —150C IS, KEZ2<
7O R FER AT —V 22y MR L 72
FOLIFRH 60 F X 10 MORFEEZFH—H > T Vo
BEE T2 ) 2L TIR VY ANRY MV R
720 B, AXRZ PNVIERA Y 0 C-H W B
RICEB2E—BAONL T 7 b 2900
em MR A YLOICEER S N, 1 Mo REHIE S
EIZRY) TaE L SEERE D 1460 cm ™ ¥ —
7% BIRT 5T & THRBIIER TR - 72,

4) B

BARFIE W2 H ANA KL — hOBGH TIX
U TNVOEE - WERRDO LD (B 21,
Nakagawa et al., 2008). L2 L7435, FZ
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VETHY, a7 IHIC—EIMELTLE
I RKIRY > TN DB A KD B DI D TR BT
%% (Handa, 1988), & Z TAWFETIIKARY
ANA KU — N ORI 2 O AR EAL -
720 WsESE T 1213 Tian-Calvet R 5 (Setaram
118 BT2.15) % M\ 72 (NARRIE A, 2005; Ha-
chikubo et al., 2008), Z @ Eiw 5T D FE AR NG
i% Handa (1986a,b) 25fEiH L7zd o & W L,
=N VBT IR HBEELTH
D, HANA FL— |k OfF#EE - e EGHE I
SNTELERD DD, N4 FL— b OBEGHT
&b %) HORAFR A (Handa, 1986a) % B
L7280, FREHIMARERIRE T B ERIC L7,
2%, BN 1gxHF® 3 TmL DY) — K54
THEHEHHEERICHEAL »5200
—180C F THH L 2 BEFI ALY L,
TEEB L ORI ORERZFCER L 72 RNE A
L7:f%, 0.15 (C min™!) OFIEREETHIEE T
K1IHMT TR 205 < DML 72, LR
B L UM ERSORR I TH 5720, 1R
DOIREE - EITE A S IREE % v TR
A Am (mol) DEHHTE S, L7zh-T, #H=m
ROV — L V0 S BGRE F RS, H AN
A4 FL— L OfFEECHYS 3 5 ¥ — 7 585 & RERIFR
555 2 L TR (Jmol™) ATRD SN D,

III. AE#RBLUEE

1) HRAMERK - Bkt h 5 HEFZXNHZAD
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T LT AHBEB X ORI o 2 4 51 %
T, £F, TAHHME D & AR
(AF ViR LY VIR + T U8 VRETERL
72b?) Xy voBCHRTuYy NI TR
B2 128 L7ze A AR DS A B 0 B 55 ke 5t
Oy, TV - TanNUPELEENR, TR
7 VOBC I KR E W DIZT T TAH T
fid Do THUIHTL, MEWRED X5 VI3
FALARZDHAC X 0 BC BRI LB b T
B, OBCAVNEL ) 75 7k G5 ()
Z 1%, Whiticar et al., 1986; Schoell, 1988), 3

1

bbb, RM2RRRITAREEZRDLT IS 7 &
LTHRE LS VLN T WS, k= i
PN VEMORRT AN, L= DT A MY
A0E, WO OGRS A Pk o H IS
HHZENbh D, T, 0BC H—67 ~—63%
DINHEPICH L DI L, =% ViR 16 ~
701 ppm, 7O/ VREEIE 2 ~ 46 ppm & KX %
VE25H % Z & h b, Helho 7 ARKIEH 1400
~ 54000 O JE Wi P12 B 72 5 T W %, Hiero-
glyph THI X L7z LV32-13GC 2 7 D RFHI A
bNBEHIC, F—#EYa 7o N, FL—}T
DLy VIBEOF - —BRLDGENH D (K
Do MUNAL FL—FHTH o TOHALKER
FEASH —Tld Wil (Schicks et al., 2008) <,
RSO R 5N FL— FASRAEL TV A5
(Kida et al., 2006) 25 sThh, AER
2B B A AREOEMNAE R, YA MY
ARFOMY AEFNRTEDOHEVITERT S D

EHlbND, BRI, ATV - ALK ERRA Y
VLY YRGB EORMBRE N AFKTIE, N
FL— MEERIZA 7 > X0 b ifbkERTy &~
DOFBNA FL—MHIEEs D (B 215,
Sloan and Koh, 2007), EDRED X — T
29 LA —UAH b b, (ZBERE S
D—DTHY, FHORRIE, EETAL P O% >
7)) v ZEICAN T REHMER 0.8 mL & v 9
A X CRE O T R REE ORGP T & 72
TLEERELTWVA,

Whiticar (1999) &, EHDO % 2 KA X
DX % 0BC, 2% 0D DBREHICE LD
72 THICHBORMARILE Tay b L7zOHH
3THbH, WThOHTDORE D CO, EICHE R
R BEWRIE D RIRT A THBZ L #R LT
W%, Ginsburg et al. (1993) 28 Lo THEFL
Ted R = 7Ny Y EBIMORBR A ANAL K
L — b (¥ 1 F1® Obzhirov Flare #5) Ti3dC
A —64.3%, 0D H—207%THV, FrDOE
FERLIE T2 LD BET/INEVEOD, 1TE
A EE VTV, Milkov (2005) (&, SCHKCTHr
HEIN TV B HRA (F 21 #Hg) DORKAT AN
4 FL—bOFTAMBEE L O ARLEZ L E 2 —
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Fig. 2 Relationship between 0'*C of methane and C; /(C2+Cs)
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Fig. 3 Relationship between 0'*C and 0D of methane in hydrate-bound gases.

L, dEXRWiEFEMOT L —21) v Y (Lorenson
and Collett, 2000), 7 7V # KB EO 7
AR (Charlou et al., 2004), ALKVGHERD 4 L
T ¥ (Milkov et al., 2005), 2 (Blinova et
al.,,2003) % EDHANA FL— B oL
WA 722 CO, RICHHI (—69 ~—64%00%°C,
—199 ~—186%0D) IZHEH L TWAH I L &R L
720 TNOHOHENE, HEERN R T ANA FL— ]
7% (Milkov and Sassen, 2002) & %45 7z B #

D % high gas flux (HGF) BEIZHHINT
w5 (Milkov, 2005), *H&— 7 iEORK D 2
NoH LR CEAMKLTHE Z s, TR
U5 - ERORROFBEIRIE S NS,

AV Y ENETRDOPCEZ Ty P L
72ONRH4THD, T8 2 0BCIZHT 54D
LR - B IR OB FHUI LU O Sk HHEE L
7z (Taylor et al., 2000; Milkov et al., 2005; Sas-
sen and Curiale, 2006) ., Milkov (2005) (&, ®i
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Fig.4 Relationship between 0'*C of methane and ethane in hydrate-bound gases.

WO LT, BEEIMZALA ) 75 0= 7 i
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Fig. 5 Raman spectra of natural gas hydrate in the sediment core of LV36-39H (90-107 cmbsf).
a) C-H (v,) symmetrical stretching mode of methane molecules in the hydrate phase
(2903 cm ! and 2015em ~1). b) S-H (v,;) symmetrical stretching mode of hydrogen sulfide
molecules in the hydrate phase (2595 cm ™! and 2605 cm ™). The peak of 2570 cm ™! is 2V,
bending mode of methane in the hydrate. (a.u. = Arbitrary Unit).

LHEEENRDO NS (Sum et al., 1997; Uchi-
daetal.,1999). 2T, * &= 7 iFoO AL
109y 7Frizonwtae—LbryYEBETE -2
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Table 2 Hydration number and cage occupancies of natural gas hydrate off Sakhalin in the Sea of Okhotsk.

Project Core name Structure

Water depth  Depth of sample

Cage occupancy of CHy

(mbsl) (cmbsf) Large cage 01, Small cage 05
CHAOS1 LV32-09GC Kitami 860 105-133 6.19 0.98 0.78
CHAOS1 LV32-11HC Kitami 855 0-80 6.19 0.98 0.78
CHAOS1 LV32-13GC Hieroglyph 830 150-170 6.17 0.98 0.79
CHAOS1 LV32-13GC Hieroglyph 830 154-170 6.18 0.98 0.78
CHAOS1 LV32-16GC CHAOS 960 240-260 6.22 0.98 0.76
CHAOS1 LV32-16GC CHAOS 960 480- 6.18 0.98 0.79
CHAOS2 LV36-15H KOPRI 721 90-107 6.17 0.98 0.79
CHAOS2 LV36-39H KOPRI 720 48-90 6.17 0.98 0.79
CHAOS2 LV36-59H VNIIOkeangeologia 720 100-120 6.22 0.98 0.76
CHAOS2 LV36-61H Giselle 390 50-58 6.22 0.98 0.76

mbsl 1 meter below sea level, cmbsf I% cm below sea floor @ .

mbsl = meter below sea level, cmbsf = cm below sea floor.

MENTwa (Hester et al., 2007) . Z 9 L7274
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Fig. 6 Heat flow and pressure are plotted against temperature at the dissocia-
tion of gas hydrate. The sample is natural gas hydrate in the sediment
core of LV36-39H (90-107 cmbsf). The equilibrium pressure of pure

methane hydrate is also plotted.
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Table 3 Dissociation heat of natural gas hydrates off Sakhalin in the Sea of Okhotsk.

Weter Depth Depth of sample Dissociation Heat

Project Core name Structure

(mbsl) (cmbsf) (kJ mol 1)

CHAOS1 LV32-09GC Kitami 860 105-133 17.79 £ 0.17
CHAOS1 LV32-13GC  Hieroglyph 830 103-149 17.89 £ 0.28
CHAOS1 LV32-16GC CHAOS 960 480- 18.26 £ 0.08
CHAOS2 LV36-15H KOPRI 721 90-107 18.39 £ 0.22
CHAOS2 LV36-39H KOPRI 720 48-90 18.23 £ 0.07
mbsl i* meter below sea level, cmbsf iZ cm below sea floor O .

mbsl = meter below sea level, cmbsf = cm below sea floor.

3342 (J g 2SN TS (Handa et al.
’ IvV. ¥ & ®
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