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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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W Milkov and Sassen (2002) &, 4 AAMWr)E
RLRKINZE DM & > THRESSNA FL— ML
SEFEIA BB IS S T T E 2 Y 2 S5 R,
TAEYPEEIR A A D32 DYy TR T 203 %\ idHE
MEEH2» oW DG SN TTEZBIPN %
B, BLXUOZhooRAMO 3B HHFL
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A=Y 7T, NTAVNVENB X
) EMOME T m OEBIZBVWTHT AN, F
L — bR EN TS (Ginsburg et al., 1993;
Cranston et al., 1994; Ginsburg and Soloviev,
1998)s TN O DM E TIIH A TV — A HAFTE
L, EEMAT AN, FL— N EBERTAFE &
BHEELRMEBRED L D) DR b Gins-
burg et al. (1993) 1%, FMAHR Geolog Piotr An-
tropov 512 & % 1991 4E DM HEIC BV TH
) v EAREh o KEERHA O /KR 620 ~ 1040 m O
HPAT 10 WO AHNBEFRL, 95 1#
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%, Ginsburg 5DFHH L RIAT AN, FL—
P2l d BRI HTAT V=2 THEDaT) &~
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FAAM Akademik Lavrentyev 512 & % LV29 #
AL TR D S R ANA FL— Mkt %
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(M1, wFhot A b THEXFITHOA AN
4 FL—bPMILE 7z (Shoji et al., 2005)
Z D1k CHAOS2 (2005 4:), CHAOS3 (2006
) LREBEL T 7 4 — v FIRAEMPER S I, iz
\ZFHT7 4 B o K (KOPRI - POI - VNI-
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Dungeon) THANA KL — F B RDOHh o> Tw
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OBC » SITHBEW 2 & OMAEW SRR ED 5 v
FESRERBEOVWTNATH L 2 Lhabhrh, &
520D » S I AW SRR O 5 5 CO, &I
BB VIIFERIEED &5 5 ORI E L 5 72Dh,
23702 % (Whiticar et al., 1986; Whiticar, 1999;
Milkov, 2005), BiIETIE, 2 ¥ v HREDF A b
AT BN A N L— bR O R AR5 B2
E I B S A 12 3 1t (Hachikubo et al.,
2007), ™A FL— MEgEET A & BIBUKEF T A
& DRENAR D S 1% 5 58 LW iIEHs
FINTwsd, 72—hTR, ALTANAEF
L— MESEIZERNS E Lz, BERHT X 2859
#r (Handa, 1986a,b) 7~ Y 7GR EICL S
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56550 (Sum et al., 1997; Uchida et al., 1999)
Bl bT& e TNHDOFHEICOVTIEN
H - %4 (2001) % Sloan and Koh (2007) (2
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FL— oK L) F—7— FTHEEIZD
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Location of seepage structures off NE Sakhalin in the Sea of Okhotsk.
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S) ZIWTY ) vyI A4 v V22 ¥aryT2.5mL
R L72, M LTRSS LA TS~ 7
WIZOWTIE, EHREANY T AT R 25 mL 277
A A DT Y ITNA TIVIICHT BAA T,
FlEmDOFAZRML 720 BB, 25, COs fi
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BARFIE W2 H ANA KL — hOBGH TIX
U TNVOEE - WERRDO LD (B 21,
Nakagawa et al., 2008). L2 L 77435, FZ

—210—



HENZDWTIIRR K E B E ke e > 7 s
VETHY, a7 IHIC—EIMELTLE
I RKIRY > TN DB A KD B DI D TR BT
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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 iR 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 COy RICHHIS (—69 ~—64%00%°C,
—199 ~—186%0D) IZHEH L TWAH I L &R L
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7% (Milkov and Sassen, 2002) & %45 7 B #
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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
(Brooks et al., 1991) AW X & » & 2y
T Y Y ORGTHE I L ERL, FHR—
ZEHNY Y EBWNOFE D T RTH CHEIBICT
Oy PENDBZI VDIl 7272, TF ¥
OBCIE—41.7% 75 —28.T% LWEAHV, F1
Mo, LI, Y VIEEHIE 10 ppm FEE
ORFTIET Y Y oBCIEBBLRAMIV, 20
ZEND, TF VRO T I A ke s
Iy YBR=ATHY, TNICHKNERE
(~%0100 ppm) DESHERIFT & ¥ DR A L2
EARBND, BIREIT - BUEMRIERF O 5
vid, ENEFNMHISOBREOAY V2L b %9
EFTNIE, COBITREEOMAYRIE X & V12
BWADOBOEIE X ¥ VR ALTIBC =
—65% FEED X ¥ VIRFFMARILZED LT
HLEZOLND,

2) TYANRY MUIZEBKIBOHETE

T VNG X BUMERRO—FI% M 512
RL7ze SREK 1B oFZAFERBEO—>TH
% KOPRI @ 1LV36-39H &EHERW 2 7 2> H IR
ENTHBBTH S, RIAHT AN FL— b O
i L, BIEHBHLTWAbOTIEZFDIZLEAY
AHEE TR Z2 W LHE I CTH ) (BI21E, PH -
r 4%, 2001; Sloan and Koh, 2007), 4 A #l W&

F =7 POHHEEENL I F— 7 OO
Wiigd, ERECTHRSNLHMBR AT VN, F
L—bhEeMUBEIREALNS, HETIRIIXS
B 127 6 A 2 HKOKTr—T 61, BLU 54
12 MR D/ — 2 2l CHAL R 2 REK 9 % 3
MTHY, XF - TF - COy 7 EDHEME TR
LD, THITHL, HEETAIINE U T
L5121 6 4 4 HKROKT —T 81, BLY
5 i 12 A D /N — 2 16 8 CHALK 2 HE 0k L,
RIF—=VIIBEIMOZN L YRR KE W, Flz
3, TanNrRA Ty PRI RO KR
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2015 ecm MfFEICH bR TWE, ThbDE—
JREDN S ENEND S — VD A N AL
MBhh b, Mk IAIZBIT KN — Yot
23:1ThHarw, Ivrv¥—rimE (k)
HINERMUICHR D Z RSN ED, FEB
W22 r — I r =V IS T D720
12, IFEBITREL R D, SNICBIEET IV
EEHTAZET, RKANENENOr—JIZHT

—214—



a) |
—_~ I —~
3 ( 3
s . 8
> H >
= =
(2] (2]
C C
[0 T [0
-— | -—
s . k=
.18
& {1
RN
T T T T T T T
2800 2850 2900 2950 3000

Raman Shift (cm)

P AN L St St 1

1
r

-

'Ii"r
L

T
2450

T T T T T

i i T i T
2550 2600 2650 2700 2750

Raman Shift (cm-)

T
2500

X 5 LV36-39H XEHEREW 27 90 ~ 10T ecm IRDRIKHT ANAL FL—=bhDFTV AXRY bV, a)
NA FL—=PFHORX & ¥ C-H(vy) W Bfffi €— F(2903cm ™1 - 2015em ™). b) N A FL—

M OBEALAKE S-H (vy) HFMifEE— F (2595em ™! - 2605 cm ™ 1).
A o2y EMRHE— FIZLZE—7.

7272L, 2570 cm !
a.u. I¥ Arbitrary Unit O .

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).
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BT eWbhsb (72771, 2570ecm 1 id A ¥ ¥
DTIRRNTLE—=7TH D), THEIEFTFA Vo
) 7 TRIE N AN FL— FTHIAREIC
ALKFZED T < v ¥— 7 B & (Chazallon
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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 L7274k
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N7zt E2oNb, AN, FL—F+2&E
LV32-13GC £ @ e fk iy = 7 (4 A5 i © Hi-
eroglyph) TIXiIKIH 25 bHF 2> 0.40 m LIET
WEEA 4 VIRENIZIZTXa Lo TBY (HIEh,
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ADREEN L MoHEREY 27 T SMI (Sul-
fate-Methane Interface: fiiligfi- x ¥ 3R %
FENZ A ANA FL— bDAFAET 55010 em ~
miEEBBhA—HTsb0LEbhb, SMI
R TR FIRED R < (Jgrgensen et
al., 2004), HANA FL— FERBFICHEER S
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P A Nz 2 e Bl DAV S S N R
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4) RERHANA KL — b DEH

S VaNNEE TR o B L L, LV36-
39H XJgHif a7 (7 A i : KOPRI) H
DR ANA FL— b OBENE Z 4T 7% - 724
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FIHEETW 5 < 0 INEL S 72 RHI RS IS
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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 AMH SN TS (Handa et al.
’ IvV. ¥ & ®

1984), 2T, FHx—Y 7Y Y EMDOR
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HrikAhbE, 554 = 04 (kImol™h) & %oz,
ZDI3%, Kangetal (2001) 13#EiEH2 T
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MK 7 — % » & Clausius-Clapeyron 3\ % i\ C
56.9 (kJ mol™!) %Rk 7z, 7B, Kang et al
(2001) DD 7RI 6.38 L ILIKA K & ©
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