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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 0C and 0D were in the range of —67 to —63% and —207 to —193%., respectively.
These results indicate a microbial origin produced by CO; reduction according to Whiticar's dia-
gram. Because ethane 0°C 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.
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4 FL— FAEILE N7 (Shoji et al., 2005),
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) LML T 4 — v FRADERS N, iz
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O0BC ST HEY 2 5 OMAEW S IHEED 5 \»
BRHGHRFEOVWIT NN TH LI b, &
520D 2 5 I AW S HERD ) H CO EIT
HDHVIEIEEREHO LD LORKE L o 720p,
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Fig. 1 Location of seepage structures off NE Sakhalin in the Sea of Okhotsk.
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WABDIFTIERL, PIIBRZOr — VP HET S
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ERE ) L L CHEREM A VAL R TH B, 2
7T =L OHEREY I T HLY H LRRSRIRA AN
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L7, 0.15 (C min™!) OFEHEETHIELE T
KIA»TCTRBZ®- DML e BEL
BIUVWERBZORIIEENTH 5720, MHHES
DOIREE - EREE D S IREE R & v Cak
H AR (mol) VFETESL, L2, B&E
oV —F L VIS S BGREERD, T AN
A FL— T OEECHYS T 5 ¥ — 7 H5 % IR T
552 & TR (Jmol™h) 2RO BN D,

. AEHERSLUER

1) HAMERK - LA L S HETXMTAD
HRIE

FUITH AME B X OCFEAARIE O 2k R %
FeO, £, FABHMEE T &I AL
(X7 ViRELATY VRE+ TN VRETHRL
72bo) EXFOBCETuY VLTI TR
215K L7ze A AR 2SE B W) O o3kt
DYE, Ty - TunyPE EENR, T2
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Fig.3 Relationship between 0*C and dD of methane in hydrate-bound gases.

L, deksiEmo 7L —21) v Y (Lorenson
and Collett, 2000), 7 7 & KEEHERVEFE D A
AR (Charlou et al., 2004), dtKPaHE=O 4 L
T v (Milkov et al., 2005), i (Blinova et
al.,2003) 72 &DF ANA KL — bRE o FRAAE
HAs il 722 CO, BITHIL (—69 ~—64%0"C,
—199 ~—186%0D) IZHEF L TWBH I xR L
720 TNOHOHEIE, WENZFT AN, FL—}
#£5% (Milkov and Sassen, 2002) & %57 B

D H % high gas flux (HGF) REIZHEINT
w5 (Milkov, 2005)0 4 F— 7 {EDOHFH 2
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Ay v - ZFENETROIPCE Ty L
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72 (Taylor et al., 2000; Milkov et al., 2005; Sas-
sen and Curiale, 2006) . Milkov (2005) 1%, Hi
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R+ LT, Bz des ) 7+ v=7
(Brooks et al., 1991) 7StAMREIE X 7 > & By
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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 2015cm ™ !). 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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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 |3 meter below sea level, cmbsf i cm below sea floor O .

mbsl = meter below sea level, cmbsf = cm below sea floor.
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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) (cmbst) (kJ mol-Y)
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 & meter below sea level, cmbsf (& cm below sea floor O B,
mbsl = meter below sea level, cmbsf = cm below sea floor.
3342 (Jg™Y) 2MEH I N TS (Handa et al.
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