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Abstract

Due to the current energy crisis caused by global warming and geopolitical events, evaluat-
ing the energy potential of marine gas hydrates around the Japan Islands has become an urgent
issue. Based on open and public reports, a critical overview is provided of the current status of
the exploration of gas hydrates in the eastern Nankai Trough and along the eastern margin of
the Japan Sea. In 2001, an exploration and resource assessment of gas hydrates in the eastern
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Nankai Trough was launched as a national project. In the late 20" century, hydrate-induced
BSRs had been widely recognized on the fore-arc basins and slopes of the accretionary wedges of
the Nankai Trough. Integrated geological and geophysical exploration reveals that the hydrates
of the eastern Nankai Trough occur in the interstitial pore space of sand layers (pore filling
type) of the Early Pleistocene turbidite units of 100 to 200 m in thickness above the BSR-BGHS.
Hydrate exploration in the Japan Sea entered the National project in 2012, following academic
efforts over the preceding 10 years, confirming 1,742 columnar-shaped gas chimney structures
(generally a few hundred meters across and roughly 100 m deep) in which a few centimeters
to nearly 50 m of thick massive hydrate deposits occur in the Middle Pleistocene silty host
sediments. Japan Sea hydrates are considered to have grown in the host sediments, displacing
clayey particles (particle displacement type). Gas chimney structures are the main conduits for
the migration of deep-seated methane, associated with sea floor methane seeps, chemosynthetic
communities, and methane-derived authigenic carbonates. A high concentration of massive
hydrate is related to enhanced maturation and accumulation of hydrocarbon deposits under the
high heat flow of the Japan Sea basin. Additionally, glacial eustasy of the closed Japan Sea basin
facilitated efficient recycling of methane to accumulate massive hydrates.

Key words : pore-filling type hydrates, shallow hydrates, methane hydrate, gas chimney, base
of gas hydrate stability: BGHS, bottom simulating reflector: BSR
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Fig. 1 Stability field of methane hydrate in marine en-
vironment. Phase boundary (red dots and line)
from Dickens and Quinby-Hunt (1997), seawater
temperature profile from Watanabe and Uchida
(2016), and geothermal gradient of 4 K/100 m
from Matsumoto et al. (2004). Depths of BGHS
at a water depth of 1,000 m are 360 mbsf and
270 mbsf for geothermal gradient of 3 K/100 m
and 4 K/100 m, respectively.
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Fig. 2 Distribution of Bottom Simulating Reflectors
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al., 2010).
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Fig. 3 Distribution of BSR and selected drill sites in the eastern Nankai Trough. A is the seismic line in Fig. 4. Data
from Tsuji et al. (2004), Hiroki et al. (2004) and Fujii et al. (2009). LWD + Coring sites (red dots) on the Dai-ichi
Tenryu knoll and Dai-ni Atsumi knoll are assumed to be a-1 and -1 of Fujii et al. (2009), respectively.
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Fig. 4 BSR in folded area of western margin of Kodaiba
(Ashi et al., 2002). Line A of Fig. 3.
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Fig. 5 Location of Kiso-shisui Nankai Trough on Ryuyo
Plateau, showing double BSRs (Matsumoto et al.,
2004).
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Fig. 7 Chimney-like carbonate concretion (A) and bedded-carbonate pavements (B) on Dai-ni-Atsumi Knoll. White

fragments on B are dead Calyptogena.
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2% % D,,, = 0.87 x 10 ° ecm*/sec (Iversen and
Jorgensen, 1993; 7 AL - ¥ AR, 2018, 2019) &
TAHE, WilEmMmEEREHEOXY X7 5y 7 A
Jsoyen, = 0.02 ~ 0.13 mol/m*/year, kA AMIC
P9 W AR E T % 9 IR R K Tl Jsoen,
=0.16 ~ 0.22 mol/m*/year &I SN 5%,

55 R K O THIRASE (Ashi, 1997; Ashi et
al., 2002) OWEEEIZITRIRE T > 7 ) —va v
(H7) BT %, kiEiia sV —a ik
SMI f1ETD A & > —HiglkaE T SUBIZ & 0 A3
% b DT (Bl 21X, Matsumoto et al., 2017a, b,
¢, RV 2 ) =Y a VOEHEIEIAT YT Ty
7 Aoz BB RIBT b
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8 A:HEpERHAME (il 7] THIRENZZAY N, FL—  aHEBRLE. BEETS 3~7cm) B/ %
NA FL—=FTBHEINTVAS, BT OWRE AL FENRTICL ) 0@ LB REEANAL FL— . WE
SIRICE BIERT &, N FL— MR “BRAK 1L 2 EESERD SN 5.

Fig. 8 A: Hydrate-bearing sand-mud alternation unit recovered at Kiso-shisui Nankai Trough. Sand layers, 3 to 7 cm
thick, are cemented by fine-grained hydrate. B: Hydrate-bearing sandy intercalations collapsed due to dissocia-
tion of hydrate during core-recovery. Low-temperature and low-salinity anomalies due to endothermic dissocia-

tion of hydrates are widely recognized over the cores.

5) X221 KL—MDERERE

MENT TDAT N, FL—MNEF—ES
4 MMPREOIB AL THZELTEBY, LK
FEHI D 5\ T AP fE T A L I IEN 5 (Uchida
et al., 2004; Uchida and Tsuji, 2004; A1 2>,
2009; LN - A, 2009), FERIET T 5 —Tid
a7, fEToBliilE TomizNg FL—
b D% AXWRER R LSRG S KR IR % B
3% (X8A, B) 7%, "4 FL— MHRKIZX
BRI L W R IR &S, FAE
(“Z0¥" in-situ) IZBVWTHEIENA FL— |
KX DBREESN T LTS h b,

WIS HERE L 71058 o W IFLER = 1 50 ~ 60%
(BAAR, 1978) T 2 AHLPEITIE D F % & Wk T
DO EEEIC X YA TR LR SR - 5 7 o
N R — MRAFRETIZ 40 ~ 45% L s
Twb (Bl Z213, Fujii et al., 2015; Suzuki et al.,
2015; A IE A, 2024, in press)o HElE#E b 5
TONA FL—MEZD k) eflBz L CT4E
BLTBY, LEFEINA, FL— M EHEORK
& 72 %0 AYRE IR 2 FeffE % D < 5720,
NA R L — NOAR - 5337200 CTla RS
WLEWEEZOND, BT -~y I—F
W F 7 EPREITAADEAT L Tn A% L DRAMT

BWRWRIZ BV TH FELNA FL— MNEBEIE
WELLXETH Y, FLBRFHAEI NS FL— b AT
BT ZIZE LT 5 (Bl 213, Collett, 1993)
HOEP OG8RI RS 3B U % i)
HAETHEZ 7 7 PICSICX VI E R X ¥
UNA L — bO&EGFEHN AL, 121T100% X ¥
V57 % (Waseda and Uchida, 2004a, b), *
7 13ELL PCIlERZ (8”C = —96 ~ —63%)
L72Aw G RRFETHY, =5 L) EVK
IEARF IR E N TV v, BiEEG O IR
HE Tt b5 7] CTRGRIREDO A7 2 (5VC >
—50%0) 2SHBLT 2 DT EHHED 1,555 mbsf
PETHY, N FL— Mg (< 270 mbsf)
TIZFRTSC < —60%, C2=0ppm THH,
BRI T A DF 5L b v (Waseda
and Uchida, 2004a, b). &K ILAFEE S % AEWT
DRI A b TILZEE HIBN O B AP TES
REFOES %2 RET 5 6°C = —55%Hi 5 T
C1/(C2 + C3) = 1000 ~ 2000 % /R$ KA S
N72H, MMOFFHTTRT 6%C < —55% TH - 7z
(Waseda and Fujii, 2008; Uchida et al., 2009),
INSOFEREN S, WEE T b T 7RIS
T HWEBFEM X 7 g FL— M
FRACIE A AN L, B RRIEAT A DEF5 13 &



bOThSWEHwmIhs,

6) BFE R

WHRE I - T 7 O T 200 ~ 300 mbsf O
JERIET AL FL— M bDAF VAL L
TiE "2y THR - AL L7z X & ¥ % L
THHEPRBENRTWS, “ZO8" 53Rl
HAKEEAT DB 2ol oFl (%
KE) % FWFCHMET 2MEEE DD D, 2002
AEL 2007 4RI H F FARAHIIIO A & YN K

L— METEI N7 A MES (LA - A4,
2009) ¥ FE x, W N T 7 ToEE
RERCIIIREEDIFRH SN TW 5D, T & 134k
BN TP SRERY P TRAMTIEITED
AEEXBOENZ TFIFNA FL— o5 @Efts
EVIH LDTH BV, HROBIIIEALET,
JHPRDHB D RO 720 DBIRE e By FDE
MG & T E R & 2 B & S 2
%o

55 1 [l R 1 2018 4E 3 H IS EE iRk
oL EEROKER 1,000 m, HEE N
270 mbsf 7> 5 340 mbsf ® /N4 F L — b i3
X GACHERM S N, H T 20,000 m® O A
IR L72As, A FL— N fRiceE ) g
DR - WP IC X ) EHEABRIZ 6 HMTHT L
7z (JOGMEC, 2013), #EH (=14 FL—1to
SR WG E IR IX ] o B R AR OK 4°C 13 &
BT L, MEORIEICIERAER T % 4 A 07505
72 OWEHDH S (Yamamoto et al., 2017), H
Wi & 2 AEpERE & &b IZHIE OB T ANRE
BBV THRRTREREDO—DTH S (NETL,
2020). 52 Bl o pE B BLER 1L 201745 /] ~6
H, 105 E W U eIk ) RIETFE
i S 7z (AR, 2018; LA - 3, 2018; Yama-
moto et al., 2019). HFTE2BE L 2 P CTOME
HiaBs1Z 36 H [ TH 260,000 m® & 4 2 & i
L7254 1 mEFRBICHBIRE RETH -
720 COWEFEENTZ T ADOBRIEIA Y VN, F

LT 1511 m® TH Y, HES5 m,

HE70m (IZFEERMOES) OMFEICIZE
YT 5,

IV. BRBREDAZ2NAFL—F

1) BERBORRK ERELE)

HAHEE, @B —9 2 7 RSB
M Asii b LCRIZE, gl&fd “dHARME" O
KICE > TEREN, 2~ 3 Ma HIZIZIFHAED
Wil o7z s s (Blz13, MF, 2000). FASH
1 C BN 72 HEIR LIS KR O A A S HERE - B
L, SNHEMBAEWIC X 2500 L i 0wk
M X DI E 2T, RALKEZER L%
ZHN5,

S - T B T, HAR#BOT 7 b=
7 AR SIGERICHEE L (77 b=y 7 - L~
N—=T a3 V), WALHARRD H A & H AR5
FIIZPA U7 ahil s & TR 0358, Cho %
Ty THESE &5 2 A0 - R AFLIRDITEHL &
N7zo WIS, BRERIMRE %2 RE 72~ D 7 A H)
DA, WEEE FIZIE A F v O®BFgE LTo
HAF L =—REENEE SN, A% 0 FL—
FOERPHEALZEEZ DN D,

HAE O H AR DR K AKZEZ 3,800 m 23T 5

A%, HME L IZKIZE 100 ~ 130 m DBk L T bk
TEPDLOATH S, HMALHRINIE, KW - #H
IR DML AL, WEERBREE DSR2 25 E)
L7z ERHMBNT WD, &I, miRIRRK
WINZIZ 100 m YL oK EAR TS X o THEED
LIS EN, HEITEVEITHERRIC 722k
MIEAEEYORP % & F 2 WA EERE (TL
&) O3E L SHERFN - HERL SRR A &
WS 2SN TS (FIHZ 2, 2009; FAF1Z 2,
2013; FkHE1I 2, 2019) 0 MARMEA T ICHE D &K
JED WA 1Z BGHS ot # 51 &k Z L, BGHS
BHEDXY L FL—MOBRE FITAD X
Y7y A LERELZEEZOND
(Matsumoto et al., 2004; A4 (32>, 2009) o

2) HAFLZ—ERBRXZNARNL—F

1995 4E I E O B W R A ASIE U F 2 LA
5, FEilE N T 7 TIZEWHIPIT BSR A R &
TV, AR T EE & edgih 2 &
T/IBELR BSR SHRE I N DA TH 72 L
L, 20014, FAAAR (B =X vF— - &
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Fig. 9 A: Locations of survey area off Joetsu, Niigata Prefecture. Main targets are Umitaka spur, Joetsu knoll, and
Torigakubi spur. B: BSRs on Umitaka spur off Joetsu on X-Y. Data from Sado-oki-nansei (JNOC, 2002).

I YD A ) 12 X B EEN 3 ot AT
GEBEAEAT [N IE]) CAMMAR, 2002)
VB T~ A 35 R VG O I3 0D A v L P LS SR e
BSRMFELTWAI &P 5512 L7, BSR
DOIFHGEE (TWT) 137K%K 900 m OfEH 1T
134 200 msec, JKEE#K 1,100 m O i & TIEHY
300 msec (9) Z/RL, HARMIIH X ¥
A4 FL— I2FFET 2 REED S £ - 72,
FEREARSE [EMEMVEM ] oA E L CElb
7z 2003 SEOFRIEFAETIE, BSR HHER S
T HE I L 30 km O TEER A 5 &
B em DA Z A FL— FRasashs (19
I, 2006) TS DOEHEZZIF, 2004 412
R KFEOMIET — 212 & 2 34 O A4l i A
Wil (RS FLACHE UT04) 25FEHMi S, 4R,
WK, WHRERY, JAMSTEC 2 &2k D
HAWENA FL— Ml vy - 74 (D
T, BRI V=7 25) b EFSngE
BRI FRAIRZE 2SI U o 72 (B2, riiE e,
2007; Hiruta et al., 2009; A4 (32, 2009; LIE
134, 2009; k)5 1T A, 2009; 1935 - H)Il, 2009; H
JIE A, 2009; HT 1T A2, 2009; B4 - #5111, 2020) o
HAWa > =37 A, A%, FL—F

PRI S N2 (D T Lif
Ko ERX WL TIE R VO T2 LA
DTFTREIAFRZLET S) 20t 20 km
oL#EE (M9, 10) BLXOINHEN - L
JHBOWHEIZBNT, Y VFE—2sTa—H7
% — (Multi-Beam Echo Sounder: MBES) % i
W E R K IR, TR A Te T 7
4 5 — (Sub-bottom Profiler: SBP) 2 & % )ik
THERE S ORI A, EARERE (Remote-
operated-vehicle: ROV) (2 X % if Bl 5 & O
YA Mra7 72k 58, s nza 7@
DOHALFIRAZ AT, HORKEHERY T X ¥
UNA FL—=bW5AiT 5% L, HRBONA F
L — MBI b T 7 2 LoE N E TSR
ENTWenS FL— b EidRL sk EREZ
BOHDOTHALI LA OLNIT LI (B 2R, A,
2009; Matsumoto et al., 2017a, b) o

NA R L — ML S Az - e R
BN T OE A 100 m THEE D & ZEEE~M 2> )
FL=—ROEEET T XV ImhsET S (K
10)0 COXI) RiEHEETNAF A== (HD VI
HAF L= —HfiiE) LR 77 % 70
TEES, RS TR LIEFLIEE S m~ 10 %
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K10 A B, TR o < v NEKRy

~—7. fAfAdE. B S-Nill# o SBP 1 4 —

T VEESE B S8 BERE (JAMSTEC) @ 2010 4F

X 23 #iiE (YK10-08) 1238w T [AUV ) 5
L | THIHE L7 SBP-Dive 115 Line 6.

Fig. 10 A: Gas chimney and hydrate mounds in central
part of Umitaka Spur, off Joetsu. North is on the
right. B: SBP images along line S-N obtained
by AUV Urashima Dive 115 Line 6 during
JAMSTEC R/V Yokosuka cruise (YK10-08) in
2010.

m O (v v F) BEET L, —H, FA
F o= — SR LT, B 100 m O M
(depression) 33 ET LI ENH Y T NIFKR Y
sx—7 LIFENS (K10), Ky r~<—271
RER A A DIBFER DIRER, B 5 W ITHRER A
Z A FL— MOSRICHE) ik (BRARIZ A,
2009) 7 & &P E N5 BT B O FENIEA
MTH b,

AFUNA FL— 1 2RGET 575 %0 7k
WM TICAF Y - B RS T4 T OREN
M (Wood et al., 2002) THEZR S, KT
R T L = —WTET B E DDA T D
BB L B SN, BB TR ST S
VRV TLTAORBSERT HHEEEZ SN
bo IO DB VIIA Y Y EHTEKREED H

AFHZ—13HF ¥ - N 7 — 3= (Chapman
et al., 2002; Pohlman et al., 2013), % ¥ — )V iffik
(Shakirov et al., 2019), % v 74 V& (Guilla-
mon et al., 2023), ~ % v % IViER (Jackson,
2004) 7% EORFIHETEBEE SN TB Y, G
FHE OB 2T TR L, WHENDO X T V3T
Bl LCREA V37 FOBESL B EETH S,

HABCTH~Y v FECIBRHZVIEL v X
RoORBIFEaI Ly 2) = a v HBEEL, N7 TY
7=y MR A R R T 5
FXFVFTAH, NFUTAHE NANNTY) =S
FOEKRLHE DN EN TS (Numanami et
al., 2017), %7 ¥ FIZIEE S m O HEE
FEIE L BRI I 3IRIRD 2 W IZARIRD X & 2N
A FL— BT EH 5, HEELTH
ML YD NT N/ Ay VLN, FL—
NAERASIN#E L (Trehu et al., 2004), KT
LA BRAEW DS, T Tl AR IS
X BHERR A 7 VRIS & B R RIS O 2 2
&, XY Y HkORRA BBIRET LTS EE
Zbhs (KM11),

XY FB XU 0 E AR Y o [ B K
RERIRE 707 7 4 VAR$ SMILIE 0.5~ 1.5
mbsf & EHHTEL, BW - R ETEEZT
b 2.5 mbsf B, M - g O M OMEEI T D
3.0 ~ 4.0 mbsf TH -7z (Hiruta et al., 2009)
mial o & (1) (Borowski et al., 1996) 24
A, AF¥VTTIvrREIY Y FEMTT =
0.6 ~ 1.0 mol/m*/year & 7 V), I A3 BT HL 7
FNFTTRAY YT Ty 7 ADHRDHVE RER
FEALFNE O 5 f5IHY 5 %,

HAMmEONA FL— M, EOMPERET
R T OB EE» SIS 720K E
B 5 A FL— b EIFEN72h (AT A,
2009), AEOMEIZLD, REZTTHLIAA
F 5= —@OWE, KT 100 mbsf LA BGHS
WKECHAET LI LM SN L o7z (RARIZD,
2024, in press)o LL, HAFLZ—HODONA
F L — MO 2 AT 3K T 8 mbsf ~ 25
mbsf &% z2 51 (Torres et al., 2004a, b; Hiruta
and Matsumoto, 2022), DA KL — Mk



K11 A:¥xbra7) s (PC502) Tl T3
m & VI ENZL v ZR~KHRANAL FL— b,
B: g, E#iERoOX Y VEEYA M. A S
YOIk ARBRa Yy sV —vay, N
77Ty M ALFEERAY O —FETH S i
W L X=X 74 7= (%> L F M NT7).

Fig. 11 A: Granular and lenticular hydrates in core
PC502 on Umitaka Spur. B: Methane-derived
authigenic carbonates, bacterial mats, chemo-
synthetic-sponges, and snow crabs on active
methane seep sites, Joetsu Knoll (Natsushima
cruise NT07).

FRETEELZZDOPME L2 DH 50 IidHEN
HERHEL-bDLMHRENE, Lizd->T, M
EINDEEBGICERT 2L "KEA" (L@ %
Wl THo72,

3) HAFLZ—DHEHIEREBRAZNANRN

L — b OEYR

2004 FELLREDFHHATIE, 2 7R 8 m T
DEAMYaT7IFBITEIT FI2L5H0H -
WRIZE )<Y Y FOXRBHBED» L BDO RS
A FL— FREA I E N, REMEIIX Y
A FL— PAERET 5 T EAER S 7D,
TI xR (AT A=—) DHET AR
EIZH X7 A U — MHETET B D EDIEAR
BITdHh o720 2010 4F, #EHEA THIC X 2 AR
ERFRFOLFEGEE LT, 7T ¥ AENTE
Fr (IFRMER) o i £ # & it Marion Dufresne
FORERYA 277 (Calipso, L =40 m)

H12 HFAFA=—WHICHEH L7724 ) 2 A&
Bt (BGS) o il Jis 7 i 1 3 1) 2% 1% (RockDrill).

Fig. 12 Seabed drilling machine (Rock Drill) of British
Geological Survey (BGS) penetrated gas chim-
neys.

LRy 72375 (CASQ, L =10 m)
WX pa7y ryrid (MD179) HEME S iz
(F5H1ED, 2018)0 HAF L=Z—DIMUTRA ¥ >~
NARL—=F Z2IIFEAEET WY A T, 3
i 40 mbsf T TZ& EH I A /N —F SRR JE
Fa 7R END, HAFLZ—HNNDEA
ERE1I0m M TT7ey 7 &N T L o7, H
w4 NOSEDTDAT) TN TIERh
25y, PUENza 7SIV NE<S N v s
A, WS FL— MR & RBRIEa > 7)) —
Ta vz EN TV HAF L= —FERH» S
O a7 ENUFEB L7228, HAF 5= —35HRIC
WBES4MOTITITTHEATE VIR X
FONAFL— BT HIEZRBTEHD
ThHo7,

2013 4F, WHIKAE & R L oL &
LT, 4% ZA#EHMAR (British Geological
Surve: BGS) 2SHT A § 5 iff JiS 3% 1 1Y 38 1) € 1
(RockDrill) (12X 2 HAF A = —3EAFEM S h
72 (¥ 12), MiEzXE » b % B2 RockDrill i E
BITOBEBON AF L =—=12BWT, YV, K
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13 HARHERBE L ALl ER LR 1742 »Fi CEB T v F v iz ) FAF A= —fik Ok iR s 7z
(Matsumoto et al., 2017a,b,c). ThH5DIHI b, W EFFT7D6H 4 b (M01~ M06), LoD 2644 + (JO1 ~
J26), Rk b 7o6H% 4+ (KOl ~K06) T, I7HI (R) BLXOLWDWHIESL L), drvizEsoh
— )l OWEIIRAER SN, RILE LILOHMIZ 10m DN TH 5.

Fig. 13 1742 gas chimney structures characterized by acoustic blanking (red dot) are identified in the eastern margin
of the Sea of Japan and around Hokkaido Island (Matsumoto et al., 2017a, b, ¢). Coring (R-site) and/or LWD
geophysical surveys (L-site) were conducted at six sites (M01-M06) in Mogami trough, 26 sites (J01-J26) off
Joetsu, and 6 sites (K01-K06) in Oki trough. Distance between R and L is less than 10 meters.

MiEarz)—arvbeng FL— F2SiRIET S
HefgEOIT) Y 7SR L, BErLPRL L
b 32.0 mbsf T THHKNA FL— MBFFET A
L, AZUNAL FL—1E2DL % X7 VITIdEG
REFREEINDE L, HAF L —FEHIZH
A VHEORBE I Y 2 ) =Y a YPHEET
LI LeRhEFHOLMILZ BBEK - T4 LY,
2014) .

HARWEDO A B L — MM 2011 £ X 9

EOWMZEME 7Y =7 bO—iE R, NG
WL IbE R A 2 & BRI A F Tk S,
MBES %° SBP % I\ 7z HE - M S o
YA ROV & AUV IZ X BEEEBI, LWD i
JERWENC L b, MEM, T, BREED, pEE
W, e b hT 7, R, BT 7, KR
%, *E OIS KRR 500 m A5 1,500
m DHFED 1,742 DI H A F 2 = — Rk % i
AL (KH13) (RFEERAERT ANV F )T,



2016). I I TILiIEHIEFE LM TSRS
RETLEET I VX IDOEE AT A
Fu==" OFEEME Lz (KHiT 2, 2016;
Matsumoto et al., 2017a, b), ¥ fF F T SBP i
ERTORREPLSENERL TH L7720, 5
O LY “FEREFTAF L =" OFUIRE
WZHE 2 DR D B o

4) N1 FL— FNERBBREBDOERF & HIRRE

HAF L= =055 iR - HEHE 200
W ORI L R EE D SV M 05 7% D FiITK
WIKT 7 7 LIRS ZRIET 50 v FHIZIZH
RUFAETN - BRRENERE TH o 72k - iff
RUEACT W ORF A REAE (TL M) (EX%10
em ~¥m) BLHIEET o WHERHEKH Lo 10
FA POER MY a 7RI O W TR 2 A -
T30 VA L BURAT 2 4T - 72 )IHE A (2009) 1
I L OHEED S 2 ~ 6 mbsf 3L, ALK O
HEARHEAS TS e 3 5 g (TL-2; 26 ~ 17
ka) DA GILRE O/ NG % % L, Bolivina
pacifica X Rutherfordoides rotundata 72 & DM
AR OO TWAEZ L2 S5NITL,
VIR LR ETIERETH ), hoOA5 D
BN TH o 12 LRI TV 5,

TR CTIH XN 705 b, JHIREES
WL 2EFEOEAD 7R ($10 ~ 120
mbsf) 122WTC, H#EBR, AILio “CERH
£, 77 7BF, miERER, B XA
DR [FA7 4Kt 0 Marine Isotope Stage (MIS)
ANOM AT XY, W I EE 2 A TV 28
e S N7z (X 14) (Oietal., 2017), 7 % il
W ORI & AERPLE TIE 300 ka CTHik L 72 EE i
Proboscia curvirostris ® LAD %% & { IZH %) T
-7 (Oietal., 2017; KIHIH, 2018),

R & 5 71D H A F = — DA THIE S 7
Eilowvwa 7ok r iy ra s
(Cln) &Iz vy (Clr) OBR (M-BHER
=0.77 Ma) »%63.2 mbsf IZHIIH T 5 Z & AR
B (TH - B4, 2018), FIgHERH X 0.08
m/kyr EEHHEEND (K 14), BB, T8 i
Tl 87.9 mbsf H3E:HALH LAD @ 0.30 Ma TH
50T, WHHEEIL 0.29 m/kyr, BRI T 75
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14 HARWHREGEDONA FL— bEFHBY OFEL L
HERGHEE. N A F L — M@ E R L b
7 7 & LTI 120 mbsf FEFE, KRIE T 7 4
TIE 65 mbsf FEETH 5 DT, HARWEN, L —
FoEFBIEVWIRLPRESKEEZOND
(Oietal., 2017; T - fA7, 2018).
Fig. 14 Ages and sedimentation rate of hydrate-bearing
strata in the eastern margin of the Sea of Japan.
BGHS occurs at approximately 120 mbsf off
Joetsu (J26) and Mogami trough (MO01), and
about 65 mbsf in Oki trough (K06), and gas
hydrate-bearing sediments are all included in
the Middle Pleistocene (Oi et al., 2017; Shimono
and Matsumoto, 2018).

D3REERD, b MT 7 TIIE IR LAD
DY 37.1 mbsf 205 0.12 m/kyr L SN 5D,
Bk 5 L9512, LWD MEDSHEE S5 2
¥ oA FL— b OREFIBIEK BGHS (XKl
k5 78T 65 ~ 70 mbsf, L#ihT 110 ~ 125
mbsf, . T 73 Tlx 115 mbsf L HE XIS
DT, WTFNLDH M-BEERD 0.77 Ma & h % <,
AZ oA FL— MRBEEEFERH (53
=7 ) UMTHHES 2D 72721, Zhudn
A FL—=F 2 M-BEERDBEIZAER - /L2
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MR (w7 Y F) OTFALICIEE
IR EHEESER IS NS, GOR T —

W Tk R A (7R I\A7’U77/{7~
HAF A== (T F v 7a). C:maik ot EREg
BT X TN (FAFLH=—) H5%E HR3D H&

9A) OV F ¥ —2 (MBES)
:SBP) TR XN 7
(HR3D) 7u 7 74 V. 2 CTRIFEKLIFERO
&by, 75 0F 00N
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Fig. 15 A: Bathymetry of Joetsu knoll (Fig. 9A) obtained by AUV surveys at 50 m high and 150 m line interval. B:

Shallow subsurface structure obtained by sub-bottom profiler (SBP). C: High-resolution 3D seismic profile
(HR3D) along the same line of SBP. Gas chimneys develop below the topographic high (hydrate mounds) on
Joetsu knoll. HR3D image reveals the stratification in gas chimneys. Thickness scale, 50 m, is an approximate
depth below seafloor, assuming sediment velocity (Vp) is 1.5 km/sec.

ZEWT 5D TIE R BIEEOMBIZHE N,
BGHS 3B MIC ERA~BET 5720, T
AFUNA FU— MIFHRLTAS v & Bl
WML LZ &b, ZOXIBRIVSFAL 7Y v
TR AT L= =PI A FL— M OEikE
WaEOL o BRO—DEEZbNRD,

5) HAFLZ—DOREEE

FB IR EBOIR 60 km, # A F 4= — kA
&S 5 Ll R TEAA L O g (MBES <
VFE— A FEEK) &R T RSN
(SBP) #/r9 (X 15A, B) (Matsumoto et al.,
2017a), #HRETEFRICIZEFE 10 ~20m O~ 7~
F(WIRHE) 23580583, ROV-AUV #EAI3#
Bo<y v FRAoRE0BMEHELTwS (]

RiF2r, 2009) 0

Y FHIEDOTFIZH AT b= — Wi D 55E
LRI SBPICL A EE TS VR v IO
o THIMEICHE S NS, —, SBP TIIA
AT 2 = — N O AAL 2SR T P B 2 25 AN T 4]
&b, 2015 4F, BB EER (K9) T
E e koo R (High Resolution 8D-
Seismic Survey: HR3D) (X1 15C) ##jtilL, #
AF h=—OMELZNTHEEEZHO 2L (K
NE A, 2016, 2017; KJIT - B84, 2018, 2019) 6
HR3D I&, EEEAE CTHY EM S N5 KHE LR
&nﬂ EYEE E FHRRE L TH LAY, BHE LD
W=7V ENFROBRRZ VKT AT
BEMEICELTET, #BEXY N, FL—F|



DR FHEA L BRI Z R E T 5H %V R
TLATH b,

15B, C |2 _I#iEro SBP & HR3D D%l
Z$o SBP TIEIAWHECTH 7N AF L =—
NER O B A S ASHHBR I T b s h, H AT A
Z—ONOHEHAH A F & = — NI B S
NBZEPHATH L. HAF L= —HEiEITZD
TEARDOFWES & U LT R ERER RO B AL
XBPKI - A TE— NV EERABEINLD, H
JETE OMHNEEZ DOET N EWMHEICHEET 5. F
L= — oW E AN TORALAE PR S HR3D O
R L BERTH D (Oiet al., 2017, KIFIF A,
2018)

6) KEBAX AN FL— MOEREER

HARWBEOX Y YA FL— M mm 25 em
F— ¥ — DR IRPIPRIKICHET 2 5D, H mm ~
Bem DR~V ¥ ZIROESGHERD SEIE m
VLEIET B0 X 7 A FL— F OBLIRE
EhRBELSHRTH S (A - BAR, 2016), K&
6m DEFEITANIEAETRTHIRR ¥ A
FL—tewn)ZedbBLLIARw (M16A),
HAFH=—WTIE, IR, R, IR, IRIK
DAY NNA FL— MMz, KBEa 7)) —
Ta YHEEL TV D720 3 7 ORIE S Hi il E
BE(HER) KL, HAFL=—DHD T
I ] O UL 90% 2 B 2 B A, AT L
Z—NOBILEIL 50 ~70% Th b, kg >
7)) —a YIZE T m O - X5 R
(SMI) flEToD 2% v —TiEEETIE (Anaero-
bic Oxidation of Methane: AOM) THKT % D
DT (Bl 21F, Matsumoto et al., 2017a), * ¥
vk H A R EENE (Methane derived authigenic
carbonates; MDACs) & IFIXh, BEojmwn 2
5275y AiskT LA L E R S,

HARHEOBLIR - Rk x 7 g FL— 1 i,
NV IEORK T2 LOTTEELZDDTH
0, KTF-HERRTY (particle displacement) & WX
Nb, A5 A FL— | OfEREE;HIE
(lithostatic pressure) & ) K& W I &A% 1-HE
BRAEL-BERANA R L — MEEORERNSEETH D,
FR B3 IR IE 2 5 25 mA/—5 m Dk

K16 A:#fEMRLA 52X, WHEHRHO N A
F 25 = —UTCW O Hl 3 4 © J24R A & [T
N-2E6.0mOEHEMILKRA Y g FL—
I (Matsumoto et al., 2017a, ¢). B : HARiED 2
oA FL— NIRRT % e L 7%
DBHAER LR FHERBEAGKTD 5.

Fig. 16 A: A 6 meter-thick massive hydrate cores re-
covered by D/V Poseidon-1 of Fukada Salvage
from gas chimney UTCW on the Umitaka Spur,
September 2015 (Matsumoto et al., 2017a, c). B:
Methane hydrates of the Japan Sea sediments
were formed as particle displacement-type
aggregates, which grew and developed from
minute nodular and lenticular aggregates into
thick massive deposits.
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A: J13R-02H-CC, 10.94mbsf
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A:J13R (1094 mbsf) ® 71 v Z RO N A F
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FL— b2 BTl SRz EEZS
N5, B:JO6R (44.15 mbsf) &, ZDHEEICH
WTHHNHEEBEMDO N FL— NSRS 5
Z L ERKT S (BH - AR, 2016; Hiruta and
Matsumoto, 2022).

Fig. 17 X ray CT images of hydrates (gray) and sedi-
ments (white) of hydrated sediments collected
from the gas chimney UTNE of the Umitaka
Spur. A: Broken fragments of J13R at 10.94
mbsf were formed by physical breakage of ini-
tial thinly bedded hydrates. B: Fracture filling
hydrates of JO6R at 44.15 mbsf indicates the
formation of hydrates even at deep subsurface
(Hiruta and Matsumoto, 2016, 2022).
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Fig. 18 Geochemical characteristics and origins of hydrate-induced gases of the Sea of Japan. Isotopic composition of hy-

drate gases of gas chimney UTCW strongly indicates thermogenic origin, while molecular composition seems to
show microbial origin. This was caused by long-distance migration (see text). Other hydrates of Umitaka spur
are a mixture of microbial and evolved thermogenic gases. Mogami trough is totally microbial, and OKki trough
is a mixture of microbial and typical thermogenic gases (Kakizaki et al., 2017; Matsumoto et al., 2017a, b, c).
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