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Abstract

Sulfate, halogen, and radioactive **I concentrations were determined in pore waters associ-
ated with massive gas hydrate deposits in shallow sediments along the boundary between the
Amurian and Okhotsk plates in the Okhotsk Sea and Japan Sea. Because of the strong biophilic
behavior of iodine and weaker behavior of bromine, in contrast to conservative chlorine, in the
marine system and the presence of a long-lived radioisotope of iodine (**I), these analyses are
useful for determining the age and nature of source organic materials responsible for hydrocar-
bons, mostly methane, in gas hydrates. Rapid sulfate decreases with depth reflect active meth-
ane migration toward the seafloor, particularly around gas hydrate-bearing sites at both loca-
tions. While salt exclusion from gas hydrates during crystallization is likely to have resulted in
the downward increase of Cl, and potentially Br and I concentrations, gas hydrate dissociation at
depth caused a gentle dilution of pore waters. Biophilic Br and I concentrations rapidly increase
with depth, reaching 1500 and 400 1M at the core bottom, respectively, indicating that upwell-
ing fluids are enriched in Br and I derived from marine organic materials degraded in deep sedi-
ments. The 1/I ratios thus reflect the potential ages of source formations of iodine and associ-
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ated methane, providing ~ 35 Ma northeast off Sakhalin Island in the Okhotsk Sea and ~ 30
Ma in the Umitaka Spur-Joetsu Knoll region in the eastern margin of the Japan Sea. These ages
correspond well with the initial activities of the Amurian and Okhotsk plates and the subsequent
opening of the Japan Sea, which formed the present geological setting of the northeastern mar-
gin of the Eurasian continent. Active plate motions led to the rapid accumulation of organic-rich
sediments that are responsible for iodine and methane in gas hydrate occurring along the plate

boundary.

Key words : Okhotsk Sea, Japan Sea, gas hydrate, pore water, halogen, iodine radioisotope
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FAR—= 7O HRWRICES 2 — T 7 KK
HEFOT L —V-FFx—v 27 T — MNEREN
21, HED S OKRBBER 2 7 SF AR ) BIK
DHFANA FL— hSEER Fm BREOEKE
WREWPICEET A EPPEERTHE (K
1A) (Ginsburg et al., 1993; Matsumoto et al.,
2005; Shoji et al., 2005) o FEIZA R —Y 7 TIX
FNY VEBID Y 2 3 v PEEHNO Derugin
(b L < 1Z Deryugin) Basin T (X 1B), HA&#H
TUL T I o 1 MG i - g LT (I
1D), /9ET4a77—REAMITT—IC
XBTANA KL= &%=y b& LRIEH
EFThNTBY, HANA FL— DIk
KA A, HRW R EBEMENT W5,

HANA KL — MFFRICBT 5 BBRAKSHTE,
T7EILHFICELCLE 572 ANS FL—F
DEERED 5720723 ThR, BHELTVWES
FEE LUK ORBERCEMMAKLZ E0 S, BETF
12552 EDTERVETHERY TR E 720
H, FRHREBOF AN, FL— FOEKIZED
BWOROWTWEOD, 2HADOEREREHRE
L725F, A S vip L OB ALK S HER D2
OB ER 2 S AK L, RBICBEILC
HANA FL— e LTERET L, 20720, 2
S D ALK DO ARG EECHEIR & 72 5 FH Y O
HEFATR - SRR ORI, HEREBIETORE

TEROERILIZB VTS, TLRATAFERE L
TOHANA FL—FORF > ¥ v VEHIZBW
THERELREREL 25,

HANA KL — b EHEET 2BERKE (K
IRTIRKERGATA 5 ) IFRIBRAKICETE L 72 IRE
TR ABBIL, AL FL— NS RER
W - ST CBEBIET L L ANA K
L— MR T Bo XY OFEE 72 5 AR
SURICEATEY, ARWSERICA Y VL3
v FEE BTS2, 25 LT TR
BAREASE W 72 D RIBRAK R 2 FARICRRE L T 5
E#z 5 (Lerman, 1979), #ANA FL— |
WERG b3 D B BRAK VAR A & VIRIE7ZT T < 3
Y BRI . F D720 MBRANC BT A
=y FZRMAOSHHZ, FANL KL — ik
L TWE X5 v OfERE 7o 726 HY OHERAE
RERODLIzODOFEOVEDE LT, WERKk:E
DOB%E - FEE L BICHEIHE SN TS (F
213, Fehn et al., 2003), HAZ S HLTIZH
AT RARE L XN 3/ A3 S R e 3 b 8 1 A G i
Ko gy ZRAMEGT 26, BXE3FHE
BT B ARHFEIE O Z < AIICHERE L 72 A #8257
ANA FL—THDX 5 v ORETH D L H@ES
NTw5 (Tomaru et al., 2007) o
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(A) Geological map of northeastern Eurasian continent. Boxes denote detailed maps and

site locations of LV32 in the northeastern off Sakhalin Island (B), of UT07 in the Oki
Trough and Toyama Trough (C), and of UT04 and KY05-08 in the Umitaka Spur-Joetsu

Knoll region (D).
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RS 23R ANA FL—=MERELT,
Derugin Basin (F&—> Z7#) Mz, 3 TIC
Wi SN TV EEEE- Ll E (HAE b
EHT, A VORI E V) ERGHE I LIIEE
B OIE - E &2 TV, WHIRIC 7238 7 2
FN=Z ZADBHANAL FL— FDIHZIZED X ) 7
HEF R L TEONEHENT o

II. H#X/\A KL — NERRHIED
Sy VAYu L AT (4=

R IR BBKICEF T 5K d FERTTHE
THbo RRGIEAWA + v & LTHlkd» St
WENDBD, AT VPEEPKE WO WE DR
BETIZEY L ORBEICZ L, 20720, [
BRI KT A E AR S 15 2 HERR S 1L 5 IR
THRTIE, MRS TOEEIREIIEKROME
(546 mM; Burton, 1996) ZIZITFE Lo AN
A FL— MESIE, B FofEdhicA s v
e & O H ARG VSN OAH % PEbR 5 2 HEE 2%
HlzoBEK (K THESh, WEREZIILDE
FTABEAF VI ANAL FL— MECIZETh
7\ (Hesse, 2003)o T 72, &KREOEAHEEN
ORI R TIE, HEBRS N4 & @i
WE LB IREICR D, FOROTANA FL—
NS R L 7o HERE W o I BROK O WK IR R & 2
L, BHEBE,PSOKRTFEZFETLILICLS
T, BIBKDA B AL FL— FHFEDEKD
B, $hbb¥ AN FL— bORMBARERE K
DL ENUETH S (Matsumoto et al., 2004) .
NaF EORTH I TRIIFOREIEEL
KRESERY, JFITEEL EOFERY & B
¥ % # o (Tsunogai, 1971; Price and Calvert,
1977; Elderfield and Truesdale, 1980; Harvey,
1980). AHEWICINY AT N7 3 o RITHER D &
LCHE L, @ICH 2R BREE T TR E) R 80
fRIZ X o THBWA X & ¥ % EORALKE R AR
T HBICHBARFICHH E NG, ZD7H—H#KkIC
RIBEK T D = w7 SR ISR & & AW H
L, EEFET258E m TRABELM I
#3 % (Fehn et al., 2006), F-RATIEIY
FRITEEH 127 OREFRMAEOIZ2, 1570 J4F

ORI % o B 129 OREHERM A& (12°1)
WL EICHEAT 5o PLIZREF TIEFEHM
LX) BB L, MEPFTIEY I 22380
HEBSEIZL D IZIT—ZOEETAEK S L
VF, WEKICBITT B, T ROMHEKF TOWYR
MIZiEAR D ZF I HRTIZE WD (Broecker
and Peng, 1982), MWEENA % BL THERDE
I FIHT B WL oGEER PV 23E—E
TholztEZOLNTEY, ZOfEIE (1500 +
150) X 107 ¥ L Wb 5T (Fehn et al.,
2007). % Z TRIAKFR D PUI O NHE % R;
(1500 X 10°%), 2] WL EH % A (4.41 X
1078yr™Y) &L, IvEIEEDE L HICHR
LRSS 5hE, WESNDH
Bk H @D 20T (Rgs) 13 LT ORSHEZE ORI
o THERT (1) & & DITWMDT %0

Ry = Re™ ™ (1)
20729 (1) XTeIZI MK S0 B
ENTAEAR, DFNITREXAY VORFEE LD
B DHERE L 2R R,

$ 72 T X ABINC & B AEEER AR P LB 2
FitkotT, SRETORKRTORERE (100
~260kg) 12T 10 5L EoE (> 3600 kg)
PEAEBTHETHRRENRIE SN2, 20720K
K2 HED LS REBEPLIIINSOEEE
A IEFICE Y PULAREEN TS (Sny-
der and Fehn, 2004), — 4, HiEHEI L2 7
5 — I\ & o TERI S N7z iR HEARR Y R BIBUK,
@k 7 &0 PYLIZRROMIETH 5 (1500
+150) X 1078 FTHY, ABWLRIHEHIC
X o THEBEN PIOEBIZIILEAERVLOD
E#EZ5NTwW5S (Moran et al., 1998)

AR CTHZL I EORBICMET 5 RHE
&, RIS L NHER YD A
INHWEDDHY, I REERRIAHEY OFER
TR BB K~ 2315 (Price and Calvert,
1977; Harvey, 1980; Martin et al., 1993; Gribble,
1998), AWM X 53 v E L BRFEOBEERE
DEHNIIA S AT R o TR WA, ZhETO
WEPSERDTOIvELREZOENVIRERL
(/Br) #%0.04 £ 0.02 Db T SEa Y,
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ZNLTF THIBEREAEY TH 5 2 & 2N
SN T2 (Price et al., 1970; Pedersen and
Price, 1980; Elderfield and Truesdale, 1980;
Martin et al., 1993) . #/K® I/Br (¥ 4.8 X 107*
BETHLDT, ITROHERAEY~ORERE
ERFICHERTH EHLDOTEL, FLAEDZE
BHET DAY v EOBRERIKEDER 270
7B,

III. 3 & 8 =

Th=NV (2=FV7) Fb—heFFx—v7
(JAek) 7L — POEFITTFANY Y ERIES L
M REZFEIICE Y, deiEE-HAL A 5
TA PRI TR ELEEZLNTVWS (K
1A). BALHAIH LTT7 A — V7 L— M
IZHAE I 2em/yr TREILTEB Y, HAFMIC
W RN E o TwhA D, 7L— MERD
BHD (BUAL HAHRPNS) CTHRTEIEMI OZE) - i
BAEDHILICEEL TWb, ZOEEW T H A
WA & LT, Y B2 bR -E
B OILE 7 + v~ 7 F F T 5,

F &= 7 #dLE © Derugin Basin (x4t 54°
fHEIC 15 RREOR R AR 2 FH A S 5 1353,
MRARELZ EOREN 2 RBEEBEZIIR SN
3, RHEICH o TEES 3km I8 X SHERY
ZELNLTWS (K 1B). BATNWOEESICIE
JeVE-ERAMOENBSFELTEY, €k
B WMWY — T ¥ 7 KEEILHE D S~
BORTIFEET 5 B E 241 %2 T LT
BTN VB MRS 50 FFICZ OFHE
L E T AEEOILFERIE, T AV EE
BEREEEZ ONHEE 6 km IET HHEHY
WCEARERWICEDLDN TS (Nakatsuka et
al., 2004). YN ¥ BT RS & MG i
S W OHERE Y A > T b FRIIR LEO
R DR O MERE W S EE B R RIS E A TS
0, MEEOF K= 7O EWAEREEI G- 72
Z AR EINLTWw S (Koblenz-Mischke, 1967;
Bogorov, 1974) . 7 —2 7 ORI L Tk
W ORDETIVHRIBIN TV S75, $|ll 7 —
ZENRVIDFELLL Do T\ (Watson

and Fujita, 1985; Zonenshain et al., 1990), L
AL, ¥ ¥ EEEMNO Kuril Basin T F
Ly VHAETEREDIEH, ANT TV RS
DEAGRHEBESFERNENLTEY), T bHD
K-Ar £ ORI HTELA LT R T I &R EN D
(Gnibidenko et al., 1995), *&—Y 7 HrEHIC
B L Cid s m A is & 2 ) indritt DU
RS RAL L /2 L T 282F 1 TH % (Solo-
viev et al., 2006) o

1991 4R 12N ¥ BAL M T b 7 R
AT, BRI TV — 2RO T X OE R
Ry 72— OFENBLEEN, FHEOWKTIE
WIRO T ANA FL— FOFLEPHER I NI
(Ginsburg et al., 1993), Z 7z Derugin Basin
Je DK 1300 ~ 1600 m DL H A OE H
Lo THEBELEEEZONAINTG A TV
MR ENTWDS (Greinert et al., 2002), <7
YEFOBEFIZETa ) A4 Oau = =3 FET
5T l, WAKDBEFEAY VIREDEHVWI LMD,
Ay Y EREICEGHAFE2SHE ST
HZ LR E NS (Greinert et al., 2002;
Shoji et al., 2005)

H 2% 30 1L VL 3 oD I g — bR i e M 3,
A i3 g 28 B 45 B 0 e )1 - A A o
FANCET 5 (K 1C), BALH-PHRF P IZIE
B Iy . & AL I 08 SHE G % 350 MRS
i, ES 4km @I ARMICEALE =R LB
W AR5 R R R RSB b T B (Naka-
mura, 1983; Kato, 1992; Okamura et al., 1994)
F 72, MEEEN RTINS THE
500m IZ K ASEKRAERYy yx—2s <y v Pt
MAHS5NS (X 1D), 2003 3 & UF 2004 4F D %
WL EOMWMRRT A - &R &R X
5 AMBEAETIE, WEHE T 150 m (meter below
seafloor: mbsf) fHEIZH ANA, FL—TFREDTF
PR % 7R 3 i R 35 0L SO T (Bottom Simulating
Reflectors: BSRs) R T A2 KEICELEE LD
N5 B S RO R DR CHERR S 7,
F 72, FERABBAOEBICEIRY s - TV
FAREDHEEAD B H ADST IV — KR L Tw
HETHFBEEINTY S (FLE 22, 2009),
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2004 SF T BB ERF O T EAMEE LIS L -
T, ¥A My a7g—7% R ClEigimH o s
35 DHEREW 2> SILWIRD 72 N4 F L — b 2SR
ENTWna,

IV. SFHRE - 5%

1) FXx—=V0iE

REFGETH W HER I BOKIE, ) v B
B @ Derugin Basin T 2003 4F (23 A2 i Aka-
demik M.A. Lavrentiev |2 & o TT b L7z g
# Hydro-Carbon Hydrate Accumulation in the
Okhotsk Sea (CHAOS Project) ®—#B& LT,
4 o 6 VE & O KB 830 ~ 960m @ H A b
LV32-05GC, 12HC, 13GC B & Uil J#d
LV32-21HC » 6 M & 172 (M 1B), LV32-
05GC, 12HC, 13GC (&K 25D X ¥ V&
MR I N TV LHHETH Y, LV32-13GC T
13 1 mbsf BLE THRIR - ALK - JIROF ZANA F
L — FASEILE 7z (Shoji et al., 2005)  LV32-
2IHC X REE L N T A MR A<~ F R
(A RERTS

EEmblliEdImDro¥r4a7 75—
WX o TR S NHER Y IEM ETR S 10em
T auresh, FEHRIMERA S A —HF—%
W TRIBAKZIRILL 2o 251 0.45 um D
TFTARATTANVE —ThH#EE NIz, WEHL ENZ
Do 7o OHRWIE T T AF v 7 LI ANIZIR
BTACTHRMAA SN, 2 H IS HER K
PRI L 720 BIBKP oA 4+ > (R &
Wl A & VIREEA 7 u< 7T 74— (Ion
Chromatography: IC, Waters 18 1525 Binary
HPLC Pump, 432Conductivity Detector, 717
plus Autosampler) % i\ TIb R T3 K5 Tl
L7z (B3, 2009) RFL I VHORKEI
FLkh a7 I A EESHE (Inductively Cou-
pled Plasma Mass Spectrometer: ICP-MS,
Hewlett Packard/Agilent 13 HP4500) % i\
THEARFTE L7 SWTREILIC 25 1% P
P, ICP-MS A 3%UNTH S, %&b, REF -
P & B HIBRAKOILER R LIE R S v (7,
) o

2) HEE

H A B VLA 2> 5 1d, 2004 4F & 2007 4E12
TR0 PR K S o 3 AR U LIS X B UTO04,
UTO7 #iiiF, B & 0¥ 2005 412V EET 78 B S B
DREMA VX 512X B KY05-08 fiLilE T, YA
Frar7 =ik o THRRE N HRY 2 Hwv
2o 2DH L, WEEH-FBERERLE L
UT04 & KY05-08 @ 7 — % X Tomaru et al.
(2007) WCEoTHEEIN TS (M1D). €D
720, SEEHICHT ATV —LRHANA F
L— bOEEOZWHIEE LT, UT07 TREF
EWMoRIE NS 7 (PCT01) & - bk
s SICEA A EIL N 7 (PCT11) T
T s e i Lz (K10),

Y2 b ra7s—ifitE, MR 7RELIC
ImZeEDEZ T a Py agiFronsz, Thb
FAE LB BLEOcmBETRES 10 ~
20 cm OHEREY Z R LIMERR 7 £ — ¥ —% H
WK 2 FREL L 720 HIBRAIZ A 7 4 —HF =12
WY SN2 045 um DF A A7 T 4V F —
TAHBENT 2. FBEKDIETE EHEEA + VIBE
IC (7L DKK #:3 ICA-2000) % v CHE K
2T, BH#E L I v #EIZICP-MS (Thermo Ele-
mental #L % X7) % J \» T University of Roch-
ester Tl%E L7z (Tomaru et al., 2007) o Z-HT ks
BEIE IC 25 1% LAY, ICP-MS S 3%LLNTH %,

3) IVREMLED

T3 & IS N BRI T 23 7%
DO FARE (2T OWEIIE T TRz 7z,
AEHO I RITEREBAEF P T LI oT
B L7, L& LTy aa 7+ )b A A
L, REEESRAEIZ I v(bsRE LCRIL7z, 2h
5 OEFE D 211 1 Purdue University Ol
HEVE B RN 2 v CllE sz (ET O
ZE#iZ, Sharma et al., 2000), 7B, IV HK[HE
AR SATICIZ I T E LTA R LD 0.5mg
BESVLETH L7720 (Luet al., 2007), #F
DA\ LV32-05GC IEEE I D &9 »
ConoREBERAL (1,
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Table 1 Analytical results of I concentration and
297/ ratio of selected samples.

Depth
Site (top/bottom) I (uM) LI (1071)
(mbsf)
PC701 1.98 28.1 253 + 21
3.04 19.5 373 + 58
4.04 34.9 344 + 36
5.03 39.2 328 + 37
6.40 47.9 232 * 23
PC711 1.43 29.5 188 = 20
1V32-05GC  0.74(0.6/0.8) 32.6 2590 * 500
1.62(1.4/1.8) 143 397 + 72
2.63(2.4/2.8) 234 538 + 100
3.50(3.4/3.8) 301 354 + 29
4.36(4.0/4.4) 371 339 + 16

I ERMASHIN L ERI T REEZHERT 2729

LV32-05GC TIEBEYD & 5 < 220l 2 iRE Lf’
REMORINIRE LB o @ ER (LBR/ TR
ERYT. RELIvEBRERRAGLIVERICLS
TEAT SN2l Z V7.
Adjoining samples from LV32-05GC are combined
(between “top” and “bottom”) to increase I amount
for I/ determination. Depth and I concentration
are I-weighted average values.

V. R

1) #R—=VViF

F A= 7o) v B AL O Derugin
Basin 70 5 I S N HIBAKOBEE A + ~, 3
%, BFE, I HRE, BXoa v ZRMKL
(") DEEESA 2 2A 1R, PUTIZEL

TIEWL O OBEAKREEEZRALTNE L7
B, WEAMICD I T FRETEIMIT L3S
ERTo TN AN FL—1a&ELa7 (LVS2-
13GC, PC502, PC508, PC511, PC513) @ ¥
VARNE, FER-vrEEAREE HICEL (B
®BY) TH— L7

A F VIBEERIT AN, FL— 2 Eh
1V32-13GC T 0.2 mbsf 25, Z DI04
FTH 1.1~ 2.6mbsf T THARISEWELZ RT
25, ENLURTIEEHRISHEA L 0mM I2ET

b0 WANA FL—bagta7 (LV32-13GC)
TIEEE - BFE - I vROTNTUTHF LIREK
THRREROLNED, TNUNDOHT AN, FL— D
R ZIT TR WEEHIEMR 2R ELE L E R
o WHEIBEEINTA MY Y FPERLNE T A
b (LV32-21HC) Tixa 7k FEk Tkl (Cl
=546mM) 25 20%HmME N T WD, Z
DIEPOY A T 10BFEEOHMAB R 5 5,
RBF L a7 RREITIEAME DR IRE TRk
fili (Br =840 uM, I = 0.4 uM) (20X AY
AR WVIREEZ 7R T75, BRMEA 4 VIREEAYRA LIk
U B @EME, SEINS 5. 512 LV32-06GC
TRITRBEELAPEETHY, I TR FEHT
(X 400 uM 12§ B, PUTIZ & b & v 0.74
mbsf 3 TlE 2600 X 1015 & B il 2 71§25,
FNLURTIHMEZEDOTH 340 X 1075 ~
540 X 107 TIZIF—TFIl% b,

2) BXE

X 2B ~ D & i v - 1 kvl e ot o R R
@iﬁb%ﬁﬁﬁ:?%i”ioPOm1kIKﬂ11u7$
& Tomaru et al. (2007) \ZX H#ERZFIHT 5,
ﬁﬂﬁ%méhtm%mgdmf,@mﬁw-t
Wi - Zofs (V77 L v R) ELTESLT
By (®1c, D), PC701 & PC7T111EV 77 L
YAELTHED

Wil A + VIBEIIT AN, FL—b2Egha7T
VAo i #E I & FBHE Tl 2 mbsf 432 T,
)77 LY AH A P TIRRPRE 3~ 4 mbsf T,
FF0mM £ THA TS (2B, C, D)o i
WEEILY 7 7 LY AV A PTIREREICED ST
FHEKEF L ARV T—BTHLDIIH L, T
T & PR TR & & B ICHEIC R, b L
CERAT 2SR SN, FANA FL— b
FEMBLAEDO, LAZENZ GO S
R EN-FBRARIEF F— Y 7RIk E L
FMENTE (B Y R PC502, PC508,
PC511, PC513), HBHE & IR FBRIZH AN
A FL—tZ2&ba7r IR IZIERE/ Y —
YERL, BmLAREN TS (K2B, C, D)o
—J), HANA FL—= b 2&FER0WaTTIE, B

AvHREDICTRCOYA N CHEmE T2

— 17—



o
S
— T b= e e
L 1® L i
lo L ]
L 19 & il
S =
o
1N 2 L
- = — = -
| s = L
L 18 = L i
L = L 5 g
¥ e o 1o 1 i =z 3 . N
PN B | Ly P 1 I ETETE S RSy T e TR AN R | ¢ PRI B Y 1 1 L
L 1o L i
L 18 L i
L 00° ¥ L ]
F 000 B o B
L °°o° i E:L L i
o
L °°° S8 = f B
o N - >
U ! & >
L o ] il L 9 J
° m B i L <<"<<qqm o o
2 M%BOOODOODO
‘M [ 1 TEA I PO o sy Lone o | M N B .
o
S
= : R e R 1sS e e R e . :
[ ]w© i
r 0a® — i
L (5) 4] 1 4
[ goooh lo B oL 2 Dx> > B B
F .o 18 ~ s %) 0&34%904 04 0<0 4
g = =2 - . ]
L ‘ E ~ > >‘
s
1© ° > > >
< 18 m N 1
. -
A W pia ki (I B PRI wnxvlnwnn-o I | PENEN EEETE BRI 1 xxk PR
; T e ey ; A
L 18 £OOOOOOOOOOO °° DO o o ]
_ . o
- IEado0g0000 1 R Ial0E 999 4 a q 1
P nnu =FS) ] — [ b B > ]
[ 1o s [ ° > s > >
L 13 L . i
. 1= £ | .o
L i = Le 5 i
L 1o O r > 1
L 18 L N
IRV L i
- =1 [ . > ]
1 PEFENSIN B RS BT PRI MR AR R ¢ I v 0 o 1 1 I B taea gl L PEFETE TR
N e ST S
% = i 5
A o Ba 0000 R b D F NI DD
L I o8 OIOI % = L[ 2 Scoodow Q.
Ly en o DN Jlo = [ <o IxBBBLL ()]
t SO mils g i 0000000 1
[oo, AT 17 = e <o " fOa0oad (5]
[« ggg;‘) C ] Mo b = oO<denn &> ]
F o> | | O Q 3 Qo @M -
L 1o 0 - o —-—
e o> <m o = =
~ fu r 4 o =
(O [ a0 e 1
p i L > j
< o >
Mw:aﬂ?oo Q, _’.> <1';O R D
g M ot PRI i L a | v day ‘lenno WWWMBM
O - N ® ¥ 1w © ~ © o O +~ ™o ® & W © N~ © O

<

(¥squ) yideq

=118

(¥squ) yydeg

1000 2000 3000

0

1000 1500 O 200 400

500

400 600

200

30

20
SO,z (mM)
MEE A A4 >~ (S027),

10
(B) i I

Br (uM) I (uM) )] (10715

Cl (mM)
# (CD,

(C) bbkif I,

(A) Derugin Basin,

55 A
v RV (LV32-13GC, PC502, PC508, PC511,

g‘{

Ak (D) o

[6] 47

3. Bfao
§HE 1Y 7 35 K O il & T

i
o

?f‘—f

EBXUay

g% (D

(Br),
V77 LY AT A M

%,

ES

i
.

!

B2

£

TR

(D)

1 1,

Y

ES:

PC513) EH AN FL—ta2a&LaT72RT. £ROLEOKS



3000

T e T s [
L o
L 1S & L .
=R
L No b
=
- i = o »
_ les T 1 ]
L 18z L 4 i
L ] ¥ L _ % i
L = L [ % * BN % i
¥ 3 14 v v
L i L s @ & ]
P IR Y 1 | T A TN o 2 1 1. =) | Do a0 g Laaaadls | | Pl BT B
L 1o L i
L 143 L i
F ,q. 4
= i
o =
L 18 = 1= i
L & 5 N L
\d i
0 * 7 [ (J Fx X x
3 S 1 r 9 gi‘@&x v vvvVYy 1
i L i L vk Ly 1 TP WP B N .. &1‘&‘)%.\. Yool lunnatns, a0
o
[ + o [
[ T e N i [ ° ]
+ @ ’ . o®
g o+° 18 . fxs % e $x Txo v v 1
of 12 wpeve®s ]
= [ i
o m [ ]
L 18 L i
e [ j
L - * ] [
PENETET R | b 2 5 pon PR 1 Lt TETETE B o IEREr i il | I PN PRI SR
- T e T T T e
[ + o F ]
ro+ 4o - il
- e s % © X B W Bx BT PxY VR 1
L o b . - 4
L ios L . j
L 18 L i
L 1S E L j
_OO L ]
L 1438 L i
1 & L )
[ " - L |
PR | IS RS | SN R gtk o PENETETE B | L i PR L | R B
o
sl T T T T T ) -K§< T
A oo e R o~tw=v— @
t o L ¢ OO~ v—Ox O
L 000 Clo = [ OO0 NN ]
000 YIa E [ o+ e [SISISISISI S| N
[ + oo g2 oooQaon @ |
[ @ = & [ v ¢ o+ XV A =
: 29 | . £
- 212 ® | 3% TR
L & 4 A ® m.
L & O | L i
i * | A v
LI i [ X
v (et B g s | I B o | I ,j..‘?‘.vv.hv gt o i i
O - &N ® & LW © ©~ © o O = N ® T 1O © N~ © o
(@) (3squ) yideq 0 ()squ) tydeq

—]19—

3000

2000

211 (107

1000

0

400
I (uM)

200

0

1500

1000
Br (uM)

500
(C), and reference sites in the Japan Sea (D). Black symbols represent cores with gas

600
hydrates (LV32-13GC, PC502, PC508, PC511, and PC513). Arrows indicate seawater values.

400
Cl (mM)

200

30

20
SO,z (mM)

10

Fig.2 Depth profiles of sulfate (SO47), chlorine (Cl), bromine (Br), iodine (I) concentrations and I/I ratios collected from the Derugin
Basin (A), Umitaka Spur (B), Joetsu Knoll



LAMICIEESEALTRBY, HlcaviREar
T TFERCIZ 100 UM 22 5D D%\, BLFE -
T E L O ITEIE SN2 1 T <
WREICHN, V7 7Ly A% A4 FolEd HMEL,
100 UM U FTH 5, Kl b5 7 (PC701) & &
hg 7 (PC711) THEWMEN7za TV 77
VY AH A FOFTORFICRE L 37 RREHMR
Vo FRINLOTA N TIEA R — Y ZiERERIC
TREE A A RIS WRE GREmET)
TRIZREIMENMER 2SR SN 5, UL HEE
HTH 1000 X 107 THEPIZH D> TZ OfHIE
INE L, 5 mbsf T 400 X 107% ~ 600 X
10075 DIFIF—EDWEIZET B0 HANSL FL—
FEFZFBHORSNZ W) 77 L Y AYA P T
L HF I PC701 & PCTI1L X IEFEICE D 5 97 200
X 107% ~ 300 X 107® TIFIF—ET, MoR
FHIHREEI/RE W (R12B, C, D)o

VI. &#

1S

1) MBAAVRBEEAZTIVIR

Fa—2 7oy ¥ B TR Ak
THEE A 4+ VIBEDHAKITEV B R &5 28,
ENLERELIXTOYA M THilEA 4 VBRI
HLREISAIMIET L, WEE T m TlZ
T 0mM (27 B RSO HER SN DI A 4
VX, BEEY R BE T E O RERD DA O
S L )RR A G s N s 2 5 VDT
DO TERENL L HITHESNS (Borowski
etal., 1996)

CH,+80.2 —HCO;~ +HS™ +H,0 (2)
(2) ITHE - THRI 2 7~ BRI O A THEEE A
FUHBEEINTVL EET B L, A 4~
R EARICRA L, FRRORISSRE TWa
RETREZNOmM ISET 5, 2 O Sul-
fate-Methane Interface (SMI) & Xi¥h, —ifi%
WZA 7 v OMFEDTRIT EERLS R D, BEIrLD
XY YT Ty ADIEE % Do NG HEM- Lk
1 B TUE Y 2 mbsf BLERIC SMI 23BiiL 2 D12
L, 11 Y BilTiE 0.5 ~ 3mbsf THATIC X
DKRELE LD, TANA FL— b E&ELaT
(LV32-13GC) TIZHIBRAR DMK ASH AN A

FL—hDOG5MBIZL > THE N T WS 25, SMI
2 0.5 mbsf A LICEHNTWSE L9 TH Y, o
F A MTHRTE DFVRAF T Ty 7 AN
BV A N THANA KL — PRI VEET
FKELTBY, A7 OEBENTANA KL —
MO RBRLEERMLTVWDE L) Thb, T2,
FNY VBN CIEEERE T2 5 1.1 ~ 2.6 mbsf
T CICHERA 4 VIRENER PR TS, L
CIHEIF—EDRBIRONS, HRWIIZAyE
GO ERED LN LW b, X7 V7T
F v 7 A% LA LB TR DHERA 4 >~ 23 it
WENTWE, DF ) HREESHECERETH S
ZEDIRBEEND,

2) HANA FL— MZ&BEBRAKDIEZER

Z1t

X2 OEMY v ARMEIT THIZH AN, FL—
FAEEFNTWRY A M ERT (LV32-13GC,
PC502, PC508, PC511, PC513)s # A/NA K
L — b o—#RiE 3 7 2 % LT EK & R
Wi % 72, BIBUKIZEOGHEICIE L
T#HR%Z 2T (Hesse, 2003), LIX L IZHERW 2
A—=TIRIC R o FRICHEFRIEE LS 100 mM LLF
b —8OFHEEFT AN, FL—FZDH D%
GHELI-DDOTHD, BFE - IURIREDERE
FREDFHS T — > %R’

T/, WEEN L LR TR O NS IEFRIRE
OHFEIME WAL T AN FL— DA -
SR X 5 TEHMBEE NS (Hiruta et al., 2009)
Thabb a TIRIGEE L DRV TH A
NA FL— FAERLTWE RS, KEEHFA
VASKE LA S BIBRAICHEIE S UK E R, 2
D EHAIEIBIBIT S Z LT L - TRRRE
FRERFE - IURBELAOEMELNL T
HEEZOLND (BFELIVHEIIOVTOHMIL
HBik)e —F, HWANA FL— MHIFFET B IRE
TOANAL ZROMEFE (BER, I3 7vFK) REKT
DIANC, BREETT A B TR 0 iR AT A
RoHN5D, ZAUIHEREWEEHE CRG T 858 DK
B 7 S DB T VIRE O RS -
ALTETWELOTHLEEZLND (Kast-
ner et al., 1991; Tomaru et al., 2006) . F 72iEE

— 120—



BT HAWED F A4 FL— IS TR
WKROBNLZEDS, BELSHERICMET S
BSRIELED T ZANA KL — b O—E235F LK
WS NEKS, WEAFINOER» AN E
DHLTWAEROVDEDTHEEEZLND
(Egeberg and Dickens, 1999) o

FAR—=Y 7o) VBRI TIE R ¥ B
#4 + (LV32-05GC, 12HC, 13GC) TIiFEiLE
OEAPRONL, ZHEAREE R, a7
VTR ENTZEREL Y SRV EZATH AN, N
L— PR L, S E N2 & 2 m
LTWwWh, T/, WRBEOKTFIAONE NS
4 h=w >y F¥ A4 b (IV32-21HC) Tid/Ng A
FMEOZ barFy ARMAELPS, 2R ED
900 ~ 1800 mbsf D 2> 6 M BRAK 23k S
TWa ZEDPRBEINT WS (Greinert et al.,
2002) 0 ZDBEETITRI LS OBKEIER 1)
W OBEIGRZ B EhS, TNHDUSIC
& o TR LR o R A E $
TELTWELEIHITHS,

3) EF-37%
WFIBREERELE DI L TwbaT 2
O, §RTOATTRHEL I 7 RKREITHTNCH
MLTWwAE, ZOZEhL, AN, FL—10D

SRR TS OB L BRI D BT

WLRVT, BERE I RICE AR RAES R
ALTWBE I EDNRRIBENS, FFica vz
I7HRFHTLOUM 282 5bDb% L, i
KD 200 5L EBEL TS, —F, BRFEIZH
B 22 B IME AT S N B A%, F OiREE I
BWHEKD 1.6 fEEETH L, BFE-IvHE - 2
v (WA A+ ViRE»SRD 5N 5 SMI AT A
5079y AeRETB) T HITHBEY O
%4 TR AR CRIB AR ISR X N B 0 TH B
P, IO DOREDOEAEIIIHES LS T,
B OREE (FERPLUEREEOZE) LHEAD
WALRITIRGE - R OB &, ML L7258
HABRINLDO0HMEZRLTWAE L) THb,
TN Y BACHEIM OFEHIIFIC T T RIRE D%
B2y A PTRKEELZY, LV32-05GC Tid
TRTOHA N The b EEREEWNEZ RS, F

T2HN) VEMTIETRTOY A N THED»S
0.5 ~ 2.6 mbsf T3 7V RBEOE Y — V25
N, FNLUETHOT A b ERBRICRE 2k
ANROND, TOELIZENIEEHETIEZ W
NREFIZLRONE, TN DEEEILSES 2
WREEIWMEBEA A v OZNIE L —FHT 5T Eh
b, AFELHILEATHRFLIVRIIEA
PRI DMK~ DM E L R 5 H T,
KR E b hTwa eEzoh
bo THUL, AFVTTv I ARRAFE - AUET
T v 7 AT HAREICHARTHEEREOE W &
R, ITITHFY OFMER O RE EIXR SNk
WZERENS, T A=V DOKEDREEY
MR ENLHN) VBT DS, HAWEX
D S HERY O ESLCHFEED, KEWZOT
HHENVZ D,

4) NAT ARk & ERKDRER

WHRLERICHT 237 RORERE /CLT/
Br (BEWVEEL) & LTH3IIRYT (BHIIEZE
HE B 72 #E K Do Cl = 546 mM, Br = 840, I
= 0.4 4M; Burton, 1996). 5 )7 [0 DAY 72
BEEIHEEZELRZEIN L ITEDITI)AITKRE
W7z, T/CLE UBr 25K &E W O EFEWEE
WIEIEIS T B0 RESOHEREY TliHEK & DRA
WD INSDIITKL 2528, EERAEDE
LB ZIT TR RBORB I F - 7
W, HAMmE SICHEAERYEMRFET S UBr =
0.04 = 0.02 (KI3HOEH) IhdKkEWV, &
MTHEEAERWICID AT T RFELIvE
B3, GRERHERE Y A O K R R LT BT RS iR S
N72TcOTH Do FHR—2 7 TR DOEE A
T VIR EEDSE WA O I/CL-UBr 25# /K IZIEH 12
TV EZRLTWSZ EDS, TOEREDMK
ZD L DDHEIKDOFBNIAT , BWIBTARDFER
INENWZ EDh B, TIETREEA F VIEED S
DFERL DBEENTH 5,

FoHANA FL—baELEE (B R
V) & UCL & I/Br 25HxF 9124 (1 3A, B)o
CHUE T ZNA KL — MR O 5 OAF
WoBtBROEES—ETId R, WHEIVIRE
EITREMERDPOPREENR T, FANS N

—121—



100: T T L AT al LER L3} L I AR | LA | L3R “""':100
©  [Umitaka Spur| [Joetsu Knoll Al Derugin Basin B
o PC409 PC510 ] 0 V32-05GC ]
4 PC414 + PC511 vLV32-12HC
o PC502 ¢ PC512 ALV32-13GC 1
1o9L 0 PC504 F BLV32-21HC 4 i
: v PC505 B ‘ o :
= r + PC508 r ° ] —
g 4= | vpC513 ﬁ - @
& g & 2
& 10%p P f 4102 3
= E At =
c é’
% ] .
* Reference| |
< PC506
108 1 ° PC507 410
g +PC514 A
g x PC515
<PC701
> PC711
104 Lo vl Lol g gl oot Byl L 1l ] R IO A O 1 s g gl (4
107 10¢ 10% 104 10° 107 10% 10° 104 10°
I/Cl (mol/mol) 1/CI (mol/mol)

3 UCLYBr (BENVEREEL) #4775 4. (A) BHAEOHBE B) B4 +x—v 7oA ZRT. K
b B AN MR 2, KEGHEAED OREKN 2 UBr iz R Y.

Fig.3 ICLI/Br molar ratio diagram of sites in the Japan Sea (A) and Okhotsk Sea (B). Stars and arrows (I/Br)
indicate values of seawater and marine organic material, respectively.

L — b @ JE PO BRI #E F R O A S A IR
EAPRFZLIVRICZ LW LR T o LR
JERLLF I RE D\ T & DR 70 Stk & [ L T
WhHHDEEZ BN, SHOMFHRETH S,

5) &IV RRMLE (1) £

PC701 & 711 2B { 2 7 T PULIEHERE Y &
HCHEKETH B 1500 X 10” B |5EWEZ R L,
EEEL EHIET LA 5 mbsf LR CTHIERZED
OB EIFIF—EOMIET B, HEDOHWAKD
YTIZ AN AR 2 BT O KRBT LY 1500 X
1078 X b b M <, FEBAKTIE 100,000 X
10" 2% 3% (Fehn et al., 1986; Moran et al.,
1998) . MEFEHEREW T D 5 mbsf LUK TIEXHBRK
W I 7 IR DS R IR N 72O A2 1Y 12T O
WEEZTRTWV, BBREKROI VRRELY
50 UM EEOITELTD, 1% D NEK R 2]
DORAT PUIOMMPETH % 1500 X 1075 %
KELBAZTLE ). 2F DAL T HEH
BMLTIEPIZ2RESEZDLLVNRNVDO AL
W DR AR ZVE VR D, L7zt THRHETO
2T DT, ANBNR PIOEELZZIT T

VWK (P = 1500 X 1071) L ZFh X
D B P 2 PO REIAR L OREDRRT
bho Tz, UL %PE LIFFICHRE O MBKD
I EEEITISO MU ETH L0, WK (1=
0.4 uM; I = 1500 X 107%) 2950% i & L
TH PULIE I ERENICNE 5, 2612
S EREICE L TOWROBEEICL Z)oafszf&T
RN WD, FIE—E0 P %R
5 mbsf LLE D REHIHARIC L 2 HRE 2T T
BWEWZ b, T UFRW O B0 O BHER D
X o THERLZ PLIZBBKRICRITY 572
B, MAKD P % LR SEH 5, BUREO
19T | IHERE R O PPU IR, HEREW ORI L AR
B2 COBBTRESNEY, T—F7YTK
e AT D ERE Y Tl 28U IR E DY 1 ppm HE T
B, FBAKDPULICE 2 2B E R
BT B, 2F Y 5mbsf LLig DA @ /1
T HRAFDO b OOEE L CRFLTED, K
(1) »okDLNE Iy RRFAMKERITEDOE
#FO L AR D,

V2T 7Fa v b ETIERAOR A BERITEMR

— 122 —



1600 ———————— ‘
L o o o o o S_ea\later 0
1400 N T P Umitaka Spur
V 4 OPC409 b
3 g7 APC414 1
1200 - % vV PC505 15
Joetsu Knoll
r = PC512
=~ 1000 |- s
S r Rﬂfference
= r © PC507 i &
= 800 - XPC515 115 @
& r <PC701 172
[ >PC711 1 3
600 [ Derugin Basin E 0
: OLV32-05GC| F
400 [ % I 330
so0 | 3 240
i B 150
160
o Lo | | Cl
0 0.01 0.02 0.03 0.04 0.05 0.06
11 (uM)

4 VUL (EAR) 4 7279 4 RHWEH AL FL— KK
Hii% (%K t5 : Derugin Basin 3 X U5 § i fo— 1 #E o i 3sk)

Ly 7L v AH AL b

(Kt 1 PC701 B & U"PC711) TO®

REBEMEERT. HHIE PV OMEKMEZRT.

Fig.4 I/ (age) diagram. Arrows represent I mixing process
of gas hydrate potential area (dark gray: Derugin Basin and
Umitaka Spur-Joetsu Knoll area) and reference sites (pale gray:
PC701 and PC711). Dashed line indicates pre-anthropogenic **I/

I ratio of seawater.

TEREINSE (H4)o F¥ANAL FL—F2RET
HHIRTIEA A=Y 7 AARMETIHED 1A

DRAERD (K4 OBIKEBOLEA), BT
ZEBILNST7DY 77 LAY ML,

LI LR AERIFEAT S (K4 0HIK
BOEREN), HANA KL — NS ORAERIE
I FRED~ 22 uM (/I = 0.045 uM™Y) 1
W THEARME T 5 PIUI = 1500 X 10715 & &b
B2 Ehn, KD L AN I o) e
HATHEENHLVITHREDREICEILDD
ThY, BmITRBEORE (HRVWEE) dIh
LOREBDOWEDV I NMETH Db, —F7, V77
L 234+ (PC701 & PC711) OEAIIIEZ
MWNEL, BELTWAELTHIvHERENK
Wik (I=04uM, 1/I=25uM"1) ORE
WREGTH B, V77 LY AT A POBEHFTO
ITRBESMESNEL Y bE2o 2 EE

LT PITRIEFEAEEDLT (K4 DK
DERENOWRERG), LD TANL FL— il
WO RTHEIT/NE W,

bz &b, 5mbsf DIEOHBRAKD 211
DEERRAEDOFFOMHEE L TRH LN, FNHIEH
KUGFHIEDH AN KL — MR T 400 X 107 ~
600 X 1075, Bk b7 EILNT 7DY 7 7
LY 2% 4 FT200 X 107% ~ 300 X 1071,
Fhd A=Y 7 Y EILEITIE 340 X
10 PRETHL (K4, ThbofeX (1)
N, TNENBLE3TIE, 4 THE 3T
5 EFEL VY I REFAMBERIEINL, X
(1) THWZ PV omEE (R) 13 10%FfED
MAENAEND DS, AUFFRORE CllE Sz
BT CiE, WHMEOEE) AT ¥ FRAARFEAS
52 2 BIIERICL T3 HAEUT TH 5,

= J23==



6) 1— T TRELARBGORELEHANAN
L—hDBE

B AR RBIETRA Y v EAERT S LH
BRICHLD SAA TV 23 o Hmx MBKICKEIB L, €
NEDFEICBRE L T3 5L, BIEEED,
ST LA ANL FL— bOEKIZHD TS
X F AL, NG - M 8 T U T
WNZHERE L2 ASSEFETH A Z Db b,
COERIZARIETIEZZ Y — v 5 7EBOPIT
HAMO BRI E - 2R IC—3 L, HAEA
B Z AR < HERE L 7o B RIICE A ZCHER
MR FEELEBFETH S E V25 (Tomaru et al.
2007) o TEFERHIRLBIC X 28 VBT E D H B
WORM - SR KRELFELTRED S S
(W7 E 2, i) o

F7:, MUHABTO AN FL— bDFE
LTWwWiaWERE NS 7-FIlU T 7T, HEBEX
ISR LTV A X ¥ OIREIEA Y O HeRE eI
TEBTHE T ~ £ U 7 1) HENS - bR I
HARTH . BT 7 0FBIAE LRWETR
22T T BN dE - BB T L, B
s 7REILNT 7D TIERICAHET S
77 LY AL MIWBEFNCHT A ZIRET HH#E
EREBIZO W, FICEE T 7 (PCT01) 13
T+ v ¥ ZFII DR DS B RV - R i
AR THRBSHNZ E2 D, HEEORE
ZZTTOLIREMEND Y, I RORIEE EMR
BEPKELBEZSTVWEL)ITHA, $72V
77 LY AYA bo Iy RRVAEERIL, Boi
WTRONS L) REHTEATS (BAKMEIZE
S EEAR S N vy, SMI it o Hs i kb
RTFEUPRRENTORAY T T v 7 A5
EWEIEE AT, MBAKFROX S VLT THEE
BICBE LTz d5E, FHiCREOHNI Y
EAHEEN T2 IZE R Ve HANA R
L— FASEEEL TV A MBI AERWICEAZ, H
AHEI R S HERR L 72 R IR 0> 3 7 3RS HLk
LTWaBDIZL, HANA KL — hD2\wHlilg
TIXZNLUH O, BELEBEEHIT LD E
WA R R IEO A BN TWE L) TH
Bo HANA FL— MAEPHMTH LT Y

FEAY DIy TERoTVADHD, FHLW
IUELAY UPBEREICL s THII SN TE
FoBmELTH AN, FL— MEEZERL
TWBOME, I7RAMFEREPHXT VO
BE) - BERREERTLI)ATOSRBRORER
METH D

Tk = ZHEFNY) v BILHITE, MaEi
WNCHARE L - ABREDO XY YT ANL T
L— bNOERIZEHES LTV, ZOMBEETA
R— 7 WEACER O A R O NI 2 A% v
7%, HAREL D S HOIEREOFIESHE ST
WBZ ERDL, HRBOERIIEL > THEM IR
FoltEZONL, TN VEIEOLY)
B2 M 1 3 R 0 HEAR i ASHERR R O
WA LRETHEH L TB Y, HEAKRIHE
L2 —F Y 7 RELHED T L — Mikdiddh
WORIMEZE TH o 2 HEESEHRINL TS
(faHIZ 2, 2000) 0 Z D720 HARBIZILRTIY
H, ERWICEAZHEY I IREAS YD
BREAE Lo TWA I EDIREEND,

B RIZE ¥ T3 & — v 7 lEhsHED LI
L&, KEOREFAKD G S (Kimura,
1994), ZFhIHE AR T L — PO, FF—
v 7 e HARMEOILK (Jolivet et al., 1994; Tai-
ra, 2001) &, 1—F VT RERREDT 7 =
I ANKELBIAL IR TH B, TNENDOT
ANA FL— P MRTRONSE T ROERDZ
NOOEtE—FTHI L, FVRIIEALR
B OMAEDT 7 b= 7 BREAGICE B LT
WhZE R RET S,

VII. £ & &

EAT IR AN A B L — MEIRAEES
DA K=y WYY v BALH & H AR T
FEUS M- HeR BB DR N T 7 ViR R &
Iy FZRMAEBE R E L, AF—Y 7T
EHEREREEAS X & ¥ 7 E OELFR 5O L AR R
% Bl Y, HEARB SR T m E THEY
LA R SN0 HANA FL— I2FET 5
Wi TiE, FA—r 7, HAME bICHRSH A
& UERALIC & o THEEEA 4 v SRWUTIHBE ST

— 124 —



BY, HNBIEEN DAY YT 59 7 ANE
W EDH ST o T WERE-HERR SR L
BN BRI OBED 51X, HWRWIELED A A
NAFL—TMORKE WL, 5HETIZEK
A3, AT AT ANA FL— 55 MK
KIZIBENTEY, BBRKOBEA T VIBED
AN GAREZE-T WA I EDBHLIIIE -
7oo —H, BRI ATNDWELH D R%E
LIy EIE, EITOEEY OSWIE G REIBRK
WCIRET27:90, ZOLHFBEICI ZBEOZW
ZEAPRONT, FICI T RITTRTEHTHE
KD 200 L EORELX RS, BEL I VHEIE
BRYOEHIC L > TEEEPELDL -0, £0
AL B ITHE IR & 72 o TV B G HE O KB D73
R TH A EVREE NI,

BBRKICERET 23 7 ZoRAMMEE (2UD)
krsix, AL FL—hoARICES LTy
BAY & ITHORFEEDERDT R— 7 i
TBXZ3F5HLE, HBERN-LEERTS
XZ3FHETHAIERWALNIT R o720 &
NEDERE, FNEhOHBTT 7 b=y 77
EEANEEAL L KR OMRD MG E NI L7
B L —3d 5, —H, FANSA FL—1FDHS
NwgEIl by 7 &I N5 7 Tid gy ZRME
FERFBLFATHELRD, L DHVEEE
MNODHEBEZRZITTWLEEZ BN, HiHE
VAR 22 SEAZEAETE T B

HANA KL — MEED 72012132 7 > 0k
PR RTHY, A R-—=V 7T L= ET L=
TL— D727 b= 7 ZADERALITPES TRELC
HERE L 72 BB AT 2 ORI & 72 > T B T & 5
LWk olce HAORKE) - ERHICHALTH T
b =7 ZTGERT 5 ERHESECHTE - BT 05
THHREETHDL D, FTh— 7iis AR
D7V — MEFEHBIZGAT HHT AN, FL— b
SR OFEEIT L — T ¥ 7 KEEILHGR O IE B S5
BaohRN) bbb wi b,

ARWFFECTHH LB e o 7RE 7 7 7 3 — iR
HEV.L A ) F = 7 KPS JE T o i A AR

Akademik M.A. Lavrentiev X O"HURFE R F O FH AL AR
WAL Z -V CTRIL 72, WO FEM B, FEARTILEE
DI 2T, S B W TBHERIC o7 F 72,
ARF & A5fE L TV 7272\ 72 University of Calgary O
H IR, BXUFBERERFOMNBBEITRIITRES &
HRIBRZEW, DLEOF 2 IC#EEERT 5. RIT
FDE O —FIE P ARSI e B A & - B
rge (A) 14254003 B X O°F 18206099 (ft% : £ T
17), FBEWZE (C) 15550060 B & UH 19550077 (X35 -
oM, FEERFZE (A) 16201002 B X OV 19204049
(LFEBAR B), 7TAYPEILEZEME (National
Science Foundation: NSF) #%t%# (Udo Fehn) #% ff
M L7z0 72, RWFZEIE H A PR B & i 7 BT 58
BB L URINIE B OmEEE (F 12) & LTiTh
n7z,
B N

FIWFHF - B R (2009): FHEAHEMEIC L 5 2
FUyTN—20BE X5 VEBBORRDL Y. W
FHERE, 118, 156-174

Bogorov, V.G. (1974): Plankton of the World Ocean.
Nauka, Moscow. (in Russian)

Borowski, W.S., Paull, C.K. and Ussler, W.I. (1996):
Marine pore-water sulfate profiles indicate in situ
methane flux from underlying gas hydrate. Geolo-
gy, 24, 655-658.

Broecker, W.S. and Peng, TH. (1982): Tracers in the
Sea. Eldigio Press, Palisades, NY.

Burton, J.D. (1996): The ocean: A global geochemical
system. in Oceanography: An Illustrated Guide ed-
ited by Summerhayes, C.P. and Thorpe, S.A., Man-
son, London, 165-181.

Egeberg, P.K. and Dickens, G.R. (1999): Thermody-
namic and pore water halogen constraints on gas
hydrate distribution at ODP Site 997 (Blake
Ridge). Chemical Geology, 153, 53-79.

Elderfield, H. and Truesdale, V.W. (1980): On the
biophilic nature of iodine in seawater. Earth and
Planetary Science Letters, 50, 105-114.

Fehn, U., Holdren, G.R., Elmore, D., Brunelle, T., Teng,
R. and Kubik, PW. (1986): Determination of natu-
ral and anthropogenic *I in marine sediments.
Geophysical Research Letters, 13, 137-139.

Fehn, U,, Snyder, G.T., Matsumoto, R., Muramatsu, Y.
and Tomaru, H. (2003): Iodine dating of pore wa-
ters associated with gas hydrates in the Nankai
area, Japan. Geology, 31, 521-524.

Fehn, U,, Lu, Z. and Tomaru, H. (2006): Data report:
1297/T ratios and halogen concentrations in pore wa-
ter of hydrate ridge and their relevance for the ori-
gin of gas hydrates: A progress report. in Proceed-
ings of the Ocean Drilling Program, Scientific
Results edited by Trehu, A.M., Bohrmann, G., Tor-

— 1256—



res, M.E. and Colwell, F.S., Ocean Drilling Pro-
gram, College Station, Texas, 204, 1-25.

Fehn, U., Moran, J.E., Snyder, G.T. and Muramatsu,
Y. (2007): The initial **I/I ratio and the presence
of 'old' iodine in continental margins. Nuclear In-
struments and Methods in Physics Research B, 259,
496-502.

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., Hilde, TW.C., Gretskaya, E.V. and
Andreev, A.A. (1995): Kurile (South Okhotsk)
backarc basin. in Backarc Basins: Tectonics and
Magmatism edited by Taylor, B., Plenum Press,
New York, 421-449.

Greinert, J., Bollwerk, S.M., Derkachev, A., Bohrmann,
G. and Suess, E. (2002): Massive barite deposits
and carbonate mineralization in the Derugin Ba-
sin, Sea of Okhotsk: Precipitation processes at cold
seep site. Earth and Planetary Science Letters, 203,
165-180.

Gribble, G.W. (1998): Naturally occurring organo-
halogen compounds. Accounts of Chemical Re-
search, 31, 141-152.

Harvey, G.R. (1980): A study of the chemistry of io-
dine and bromine in marine sediments. Marine
Chemistry, 8, 327-332.

Hesse, R. (2003) : Pore water anomalies of submarine
gas-hydrate zones as tool to assess hydrate abun-
dance and distribution in the subsurface What
have we learned in the past decade? Earth-Science
Reviews, 61, 149-179.

Hiruta, A., Snyder, G.T., Tomaru, H. and Matsumoto,
R. (2009): Geochemical constraints for the formation
and dissociation of gas hydrate in an area of high
methane flux, eastern margin of Japan Sea. Eath
and Planetary Science Letters. (in press)

Jolivet, L., Tamaki, K. and Fournier, M. (1994): Ja-
pan Sea, opening history and mechanism: A syn-
thesis. Journal of Geophysical Research, 99, 22237~
22259.

falH #- KK % - Melinikov, O.A. - 5 3¢ K F& -
WAREZE - WEEZ - o8- 5% - &6
i (2000): H Y Vi ALE O WEHEE D b 7z
X-2—-5 77— MUESROT 7 =2 X,
A HERE, 109, 235-248.

Kastner, M., Elderfield, E. and Martin, J.B. (1991):
Fluids in convergent margins: What do we know
about their composition, origin, role in diagenesis
and importance for oceanic chemical fluxes? Philo-
sophical Transactions of the Royal Society of Lon-
don: Physical and Engineering Sciences, 335, 243—
259.

Kato, H. (1992): Fossa Magna—A masked border re-
gion separation southwest and northwest Japan.

Bulletin of the Geological Survey of Japan, 43, 1-
30.

Kimura, G. (1994): The latest Cretaceous-early Pa-
leogene rapid growth of accretionary complex and
exhumation of high pressure series metamorphic
rocks in northwestern Pacific margin. Journal of
Geophysical Research, 99, 22147-22164.

Koblenz-Mischke, O.J. (1967): Primary production of
the Pacific Ocean (in Russian). in Biology of the
Pacific Ocean, Part 1 edited by Vinogradov, M.E.,
Nauka, Moscow, 62-65.

Lerman, A. (1979): Geochemical Processes: Water
and Sediment Environments. John Wiley and Sons,
NY.

Lu, Z., Fehn, U., Tomaru, H., Elmore, D. and Ma, X.
(2007): Reliability of *I/I ratios produced from
small sample masses. Nuclear Instruments and
Methods in Physics Research B, 259, 359-364.

Martin, J.B., Gieskes, J.M. and Torres, M. (1993):
Bromine and iodine in Peru margin sediments and
pore fluids: Implications for fluid origins. Geochimi-
ca et Cosmochimica Acta, 57, 4377-4389.

Matsumoto, R., Tomaru, H. and Lu, H. (2004): Detec-
tion and evaluation of gas hydrates in the eastern
Nankai Trough by geochemical and geophysical
methods. Resource Geology, 54, 53-617.

Matsumoto, R., Okuda, Y., Aoyama, C., Hiruta, A.,
Ishida, Y., Sunamura, M., Numanami, H., Tomaru,
H., Snyder, G.T., Komatsubara, J., Takeuchi, R. and
Hiromatsu, M. (2005): Methane plumes over a
marine gas hydrate system in the eastern margin
of Japan Sea: A possible mechanism for the trans-
portation of subsurface methane to shallow waters.
Proceedings of the Fifth International Conference
on Gas Hydrate, Trondheim, Norway, 749-754.

WA B - BHEA - BHER - T 2 ABE— -
IEFA - AR - LARME - AHEL - A
B g B F - AR B T - Freirve, AF. - T 1L
% - FFH - LIBIEA - SAMRIEDS - Snyder, G. -
BT - TR - IGIRE - Il - AR
b - AREUR - MO BERD - A AR Rk - SRR B -
B - AMRIRAE (2009): H AR, LRI
DEAY VT Ty TABIIBTDEAT YN, FL—
ORI & B HAAAERS, 118, 43-71.

T - Krylov, A. - 3 A - AALREREA - EIEUK
ZoFAA - AHEAN BBEER EF A
Mateeva, T. - Jin, Y.K. - Obzhirov, A. - Poort,
J. (2009): A R—V 2D A S A FL— bEH
BB 5 HBK O AL e MRS, 118,
194-206.

Moran, J.E., Fehn, U. and Teng, R.T.D. (1998): Varia-
tions in *I/**7 ratios in recent marine sediments:
Evidence for a fossil organic component. Chemical
Geology, 152, 193-203.

Nakamura, K. (1983): Possible nascent trench along
the eastern Japan Sea as the convergent boundary
between Eurasian and North American plates. Bul-

— J.26—



letin of the Earthquake Research Institute, Univer-
sity of Tokyo, 58, 711-722.

Nakatsuka, T., Toda, M., Kawamura, K. and Wakat-
suchi, M. (2004): Dissolved and particulate organ-
ic carbon in the Sea of Okhotsk: Their transport
from continental shelf to ocean interior. Journal of
Geophysical Research, 109, C09S13.

Okamura, Y., Takeuchi, K., Joshima, M. and Satoh,
M. (1994): Geological Map of South of Sado Island
(1:200,000) . Geological Survey of Japan.

Pedersen, T.F. and Price, N.B. (1980): The geochem-
istry of iodine and bromine in sediments of the
Panama Basin. Journal of Marine Research, 38,
397-411.

Price, N.B. and Calvert, S.E. (1977): The contrasting
geochemical behaviors of iodine and bromine in re-
cent sediments from the Namibian shelf. Geochimi-
ca et Cosmochimica Acta, 41, 1769-1775.

Price, N.B., Calvert, S.E. and Jones, P.G.W. (1970):
The distribution of iodine and bromine in the sedi-
ments of the South Western Barents Sea. Journal
of Marine Research, 28, 22-34.

Sharma, P., Bourgeois, M., Elmore, D., Granger, D.,
Lipschutz, M.E., Ma, X., Miller, T., Mueller, K.,
Rickey, F., Simms, P. and Vogt, S. (2000): PRIME
lab AMS performance, upgrades and research ap-
plications. Nuclear Instruments and Methods in
Physics Research B, 172, 112-123.

Shoji, H., Soloviev, V., Matveeva, T., Mazurenko, L.,
Minami, H., Hachikubo, A., Sakagami, H., Hya-
kutake, K., Kaulio, V., Gladysch, V., Logvina, E.,
Obzhirov, A., Baranov, B., Khlystov, O., Biebow, N.,
Poort, J., Jin, YK. and Kim, Y. (2005): Hydrate-
Bearing Structures in the Sea of Okhotsk. EOS,
Transactions, 86, 13-24.

JEF 4= - Jin, Y.K. - Obzhirov, A. - Salomatin, A. -
Baranov, B. - Gladysh, V. - ANASRSGA - B Wi -
I - BEEER (2009): Fh—Y 7D Ry v
NA FL—=bET NV —2La. WML 118, 175-
193.

Snyder, G. and Fehn, U. (2004): Global distribution
of I in rivers and lakes: implications for iodine

cycling in surface reservoirs. Nuclear Instruments
and Methods in Physics Research B, 223-224, 579~
586.

Soloviev, A., Garver, J.I. and Ledneva, G. (2006):
Cretaceous accretionary complex related to Ok-
hotsk-Chukotka Subduction, Omgon Range, West-
ern Kamchatka, Russian Far East. Journal of
Asian Earth Sciences, 27, 437-453.

Taira, A. (2001): Tectonic evolution of the Japanese
Island Arc system. Annual Review of Earth and
Planetary Science, 29, 109-134.

Tomaru, H., Matsumoto, R., Torres, M.E. and Borows-
ki, W.S. (2006): Geological and geochemical con-
straints on the isotopic composition of interstitial
waters from the Hydrate Ridge region, Cascadia
continental margin. in Proceedings of the Ocean
Drilling Program, Scientific Results edited by Tre-
hu, A.M., Bohrmann, G., Torres, M.E. and Colwell,
F.S., Ocean Drilling Program, College Station, Tex-
as, 204, 1-20.

Tomaru, H., Lu, Z., Snyder, G.T., Fehn, U., Hiruta, A.
and Matsumoto, R. (2007): Origin and age of pore
waters in an actively venting gas hydrate field near
Sado Island, Japan Sea: Interpretation of halogen
and '#I distributions. Chemical Geology, 236, 350-
366.

Tsunogai, S. (1971): Iodine in the deep water of the
ocean. Deep Sea Research and Oceanographic Ab-
stracts, 18, 913-919.

Watson, B.F. and Fujita, K. (1985): Tectonic evolu-
tion of Kamchatka and the Sea of Okhotsk implica-
tions for the Pacific Basin. in Tectonostratigraphic
Terranes of the Circum-Pacific Region edited by
Howell, D.G., Circum-Pacific Council for Energy
and Mineral Resources, Houston, TX, 1, 333-348.

Zonenshain, L.P., Kuzmin, M.I., Natapov, L.M. and
Page, B.M. (1990): Geology of USSR: A Plate-tec-
tonic Synthesis. American Geophysical Union,
Washington D. C.

(2008 4 10 A 31 H=A+, 2009 4 2 H 6 H%3H)

—127—






