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Surveys of gas plumes off Hokkaido, Sea of Okhotsk
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Gas hydrates (GH) are attracting attention as a future energy resource, with projects aimed at
their utilization under way in various countries. In Japan, the MH21 R&D project in the Nankai
Trough region has entered its production test stage. On the other hand, in 1995, when Japan
pioneered a project for the utilization of GH, clear bottom-simulating reflectors (BSR) were
confirmed also at the Kitami-Yamato Bank in the Okhotsk Sea offshore of Abashiri, indicating the
possible existence of GH there. In addition to this, seismic survey records collected by the
National Institute of Advanced Industrial Science and Technology (AIST) during a cruise for their
GHO1 project in 2001 also confirmed noticeable BSR.

On the zone which GH exists in stability by temperature and pressure conditions (HSZ: Hydrate
Stability Zone), GH existed in the upper part of HSZ is called shallow type GH, and that existed in
the lower part is called deep type GH. This deep type GH is observed in a zone immediately above a
BSR. Therefore, observation of BSR becomes an index of deep type GH existence. This BSR is
confirmed in off Okushiri Island, off Hidaka, off Tokachi and off Abashiri in the around of
Hokkaido Island.

On the other hand, shallow type GH is found in sediments of the surface layer or the exposed
seafloor. That have been recovered off Abashiri in the Okhotsk Sea in the around of Hokkaido. In
the area existed shallow type GH, gas plumes are also observed by echo sounder. Therefore,
observation of gas plume becomes an index of shallow type GH existence.

In this study, to clarify the distribution of gas plume off Hokkaido in the Okhotsk Sea, a survey
using the Oshoro-Maru, the research training ship of the Hokkaido University, was conducted in
November 2015, and analysis of the data of quantitative echo sounder that was acquired in the past
by research ships of the Hokkaido Research Organization (ORC). As a result, including past surveys,
the number of locations where gas plumes have been confirmed is about 300 in the Okhotsk Sea
offshore of Hokkaido.
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Crystallographic structures of natural gas hydrate are usually either structure I or structure II.
The latter can encage larger hydrocarbons, for example, propane, isobutane, n-butane, and
neopentane. Because the origin of these molecules is thermogenic, methane ascending with them from
deeper sediment layer is also thermogenic. Hydrate-bound thermogenic methane has been reported in
the world (Gulf of Mexico, offshore Vancouver Island, Caspian Sea, etc.). C1/C2+ of guest gas in
these sites are less than 10, indicating that compositions of ethane and propane in hydrate-bound
hydrocarbons are in an order of several percent. Therefore, crystallographic structure of gas
hydrate composed of thermogenic gas is primarily the cubic structure II.

On the other hand, the structure I gas hydrates retrieved off Joetsu contained thermogenic methane
(delta 13C > -50 permil, e.g. Lu et al., 2011). C1/C2+ of hydrate-bound hydrocarbons was more than
2,000, whereas the maximum value of methane delta 13C was -35permil (Hachikubo et al., 2015). It is
still unknown how higher hydrocarbons reduced in the sediment. Gas hydrates have been discovered at
the southwestern Sakhalin Island in the cruises of LV59 (2012), LV62 (2013), LV67 (2014), and LV70
(2015) on board R/V Akademik M. A. Lavrentyev in the framework of Sakhalin Slope Gas Hydrate (SSGH)
project. We reported in the last JpGU meeting that hydrate-bound gas contained 13C-rich methane,
suggesting thermogenic origin. In this study, we focus on the gas hydrates of the cubic structure I
containing thermogenic methane retrieved from the Tatar Trough, off Sakhalin Island, and compare
with those retrieved off Joetsu.

We obtained hydrate crystals from sediment cores, and stored them in liquid nitrogen. Raman spectra
of the crystal showed two peaks of C-H stretching mode, correspond to methane molecules in large
and small cages of the structure I, and small peaks of hydrogen sulfide were also detected. We also
obtained hydrate-bound gas on board and measured their molecular and stable isotope compositions.
C1/C2+ of hydrate-bound hydrocarbons ranged between 200 and 800, suggesting that contribution of
thermogenic C2+ was low. However, delta 13C and delta D of hydrate-bound methane distributed from
-48permil to -42permil and from -200 permil to -170 permil, respectively. According to an empirical
classification of the methane stable isotopes (delta 13C and delta D; Whiticar, 1999),
hydrate-bound methane obtained at the Tatarsky Trough was mainly thermogenic origin.
Characteristics of hydrate-bound methane is similar to those obtained off Joetsu. delta 13C of (02
in sediment gases was high (420 permil), suggesting interaction between methane and C02 through
microbial activity.

We appreciate the support of the crew onboard R/V Lavrentyev during the LV59, LV62, LV67, and LV70
cruises off Sakhalin Island. This study was supported by the Grant-in-Aid for Scientific Research
(B) 26303021 of the Japan Society for the Promotion of Science (JSPS).

Hachikubo, et al. (2015) Molecular and Isotopic Composition of Volatiles in Gas Hydrates and in
Sediment from the Joetsu Basin, Eastern Margin of the Japan Sea. Energies 8: 4647-4666.
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The accretionary wedge of the incipient arc-continent zone of Taiwan has been identified rich in
gas hydrates as inferred from reflection seismic data. We employed 2D and 3D seismic data to
understand the interplay of structural development, especially mud diapirism, and gas hydrate
formation in the Lower Fangliao Basin, a slope basin situated in the upper accretionary wedge.
Seismic reflection data show mud tectonics exerts controls on the formation of bottom-simulating
reflectors (BSRs) and the distribution of gas hydrates. Mud diapirs can be recognized on seismic
profile in terms of acoustically transparent piercement structures. The formation of mud diapirs in
the study area is ascribed to overpressured sedimentary layers, compressional tectonic forces, and
gas-bearing fluids. The sedimentary strata on both sides of a mud diapir exhibit dragging and
onlapping features due to uplifting of the diapir. Both normal strata and growth strata are
discernable, suggesting the dynamics of mud diapiric development through time.

The interplay of mud diapirism, sediment dispersal, and regional convergent tectonics to the gas
hydrate system is echoed from seismic facies in the study area. Five seismic facies have been
observed, including uneven-truncated, stratified-parallel, chaotic-transparent,
strong-parallel-reflection, reflection-free facies and are deciphered as seafloor/erosional
surface, hemipelagic sediments, mass transport deposits (MTDs), sandy turbidite sediments, and mud
diapirs, respectively. The gas hydrate and free-gas zonation within gas hydrate stability zone
(GHSZ) is characterized by (1) high amplitude reflections with the analogous phase of seafloor
indicating possible porous turbidite sands reservoir; (2) BSRs showing polarity reversal to that of
seafloor, suggesting higher impedance gas-hydrate charged sands overlying lower impedance sands
with free gas; (3) those strong reflections in the fault zones as gas-bearing fluid conduits; (4)
strong reflections on the sides of mud diapirs (e.g. flank drags) and above buried mud diapir
demonstrating the presence of gas hydrates, and (5) high amplitude reflections dragging on diapiric
flanks with reversal phase of seafloor indicating free-gas charged sands abutting mud diapirs.
Vertical venting governed by mud tectonics is the key to inducing thermogenic gas seepages. When
such structure is absent, biogenic gas could be the alternative source for free gas or gas hydrate
accumulations. Upward mud intrusion contributes to initiation of brittle deformation for deeply
buried gas migration pathways. The low-permeability nature of mud diapirs promotes prominent traps
for free gas or gas hydrate preservation along the diapiric flank. Due to its high thermal
conductivity, active mud diapirs may act as dewatering catalyst for hitherto preserved gas
hydrates, allowing dissociated gas to be accumulated, even within GHSZ.
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Identification of shallow methane hydrate concentrated intervals by LWD within the gas
chimney-mound structure, eastern margin of Japan Sea.
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Type distribution and composed area of “gas chimney structure” around Japan Island
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F—O—R I REBEXSIV/N\TRL— k. BEBK
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Comparing physical properties of the sediments in the Japan Sea

“EA By XH Al
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HERBICAMIDIAI VN RL—EOXERE. KREBESIN, HXFLAZ—BEEHS VI Y ROEER
NSEIMCDE > THRET B ENEFEDHAETHAINTUNS (IARIFN2014) , REBIXIV/\1 R
L—rEEEFS TOFRBRE FIZ DR TELDICENSSEBEESRETORICE. MBS TJEEFEL
BEB3FHUVERIF—LOEBRNREARAT R TH D, AARKIFICHBELESBEREANDEEE/\TR

HNEBLTL B, TEZRBROBRICIIHERICLSIBERBEDEBENMEZINSEND THELBEN EBE(C
RET SFERDOMBL T CHERICLSERDHRGEUHBBELED 53, Tz, FEARETOROERNLES
BERXBWEND D, —ATRVEBTE/NTRFL—FDEIRICHFBRRIIMEENMTONBSCENS. RS CL
DOHEAEELE DHEBRET O ETRS VMO TEDIGNEBIET S ENMRERARTH D, T T A
KBTI ETUDICRIRBEL E#AHDY) T 7 L Y Y ~CHVWT, BERERNSHI0mCDTZ SHERY & R
L. BANEIREBAGRET O 2. ABETIAREBDARXF L —BIE L ZDEIERYIO NZMIGE(C
DUTHERT Do IH. AMREBWBEEEAXI VN1 L — FRREESEND—RELTRBESNZENT
HBo

F—U—R ! BXE. BEHEY. VEG
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015FBREBEXI VNI RLU—MAEBEICH T I—VEAGTR
Cone penetration tests at shallow gas hydrate exploration sites in 2015
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REEAXI VYN RLU—NBEENSXIVARELEEIT DFEERINTDILHICIE. FERBEDERENETE
TNZEEFTXREBOBEMBRE (CHEND T —INRBEL D, W0ISEEORBREXSV/\1RL—+RE
[EHEVNTIE TIROEEFERTCET BSHIC. EBHOTMRACSVT, I—VEATRIC XS BEMED
MEREEERMLU, HBRICIE. HEEGeoquip MarinettMFIET 51— VEABBKBEZFERALZ, I—V5%
IROEABTLE BEERIBICIX CRBRKEZ AT T 2HEEEE T 5. Hic. BBRKEDRIEMNATEEL
O— V%= {ERAT SAER(E. Piezocone Penetrometer Testing (PCPT) EMEEN D, UT. AHERZEPPTERRL
THFY 3, I—VOBEMKERE (10m’) EEAEE (2a/s) (F. BELotEAEEBNE LIEEARRIC
SVWTEELINTUVBEICEML TVD, X O—J(E. nTHdD. I—YDOEHBEFORELHEHET. &KX
100MPaTH Do PPTOEMEICH 2 DT, HBREI TIBHILIZ®IC, FUIL - RV YTEY—Ry R - T
L—LICOSVTITBElCED. O-—VEBADEHDRNDEER LU, ZDE. D1VS1Y - W—IL&ERK
TEET. RUIL - AU YIOBHAICS vFE Bz, O—VDMBANDEA(R. FIEODI—VEBARE
(2em/s) BMESNBLSICHREEFIFEUERAEBRNICEAT I ECLDiTONE, I—VEAERT. BE
BERIETIN OREBRKEDIRDDT— (. U7 ILI 1 LICHREICEESNTERSR - BRINZ, PCPTORER
H(d. PCPTICKI D TEMESI NI T Y OEMRHEETREISNZ, CDizth. PPTORIERBREI7
HAROZEHERE O EIT oz, F/2. Geoquip MarinettMPCPTTIE. HEBREMBXRBDAEIE T, REELR
ZHET S ENAIBETH D, SENHBRTE. ABELERIZEF A UM EThDVane TR, BELESRTD
SR E NI N, KAFAETE. PPTORBRBERNSHEE U CIEHKEMEE . NS R BELER
EFRAVCEBREREHR Uz, PPTAERROFES 7O 71 ILICRSNB3RFHELEERBISEB LT, O78
BEREONEETO>RECS. ESTam®sandy ashBICXHIGL T, O—YEABRAHUE—DZRIT L L
B, BRERKENRSBEL . Tle. BBOPRICKHIAX I VN1 RL—REBL TOZXET

(& PCPTOO—VEAEY. BHERBENROBREBRKEDVTNE. MOFRELLLBRL T, ZHRKE
Moflce COEKSIC, PCPTIE, SBEICTET BBUVWE. HIRKOXIV/N\1TRL— k. REIELE (CHRICK
693 ENERINGC, PPTOO—VEAEBRTNADS., BELOMBRABCHVTHERAINTLIERERZRAL
T. FEHEKEMTREZEEE L. HEBRZEPCPTERMERE DR CEEN L AN EELER O Z 85 SR & Lh&
Liz&l 3. BRERICEINDII—VEHEISE LRBEDHEMEE. =8 (C K DR IZEIRTERE DE(C
HOWCEMDD DR CDTEMNS. PCPTICK D, SBEMBRDIEHEKTENTARE DEEMNOIEEL C E HRERIN
lzo BABEMSDOPPTT—INSIEHKBINGHEE DRSS TOT 77 ILERSH T, REZONDLEBEIT D2, L)
FNOMRCHVTE. FEFKERREDKETTBENRSHEE (NE) Lit. CNS5(E. PPTF—5 &7
DEEOWHTRULED. BWOBEB. FIROXSI VN1 RL—+ERIERBIEESTBEEZZ5ND, —
. REBOBMEBEBDOED (CDULTIE. HAEMRICEID. XKECE L O, AIXE. BEEHNSFES.5nZ/z(E
INE THELBNRH SN, ZOFRSEFEICAERNIGBEMEXRT BMmND oz CNERFRED. BE
HHNSRIME TOXMETIE. REHGNTEENDELIEIRSNEVWMRES >z ARAEICKD. PCPTIE. F
BEXS VN1 RL—~DEFEERCH TDEEMBOBRERE(IC. BWEC EHNERINL. RAKE. &
BEEAXI VN RL— FRAREESEND—RE L TEIN,
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A working hypothesis on the accumulation of methane hydrate in gas chimneys developed in
the eastern margin of Japan Sea

AN B BE AR ik 25 0K R
*Yoshitaka Kakuwa', Akihiro Hiruta', Yoshihiro Kakizaki', Ryo Matsumoto'
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Properties, Meiji University

A lot of gas chimney structures are identified by a sub-bottom profiler as acoustic blanking in the
eastern margin of Japan Sea. The acoustic blanking is caused by hard stuff such as carbonate
nodules and gas hydrate that develop usually on the seafloor or very shallow depths. Therefore, the
deeper part of the acoustic blanking or gas chimney structure was remained unknown. The coring of
gas chimney structure of three topographic highs by R/V Hakurei in 2814 clarified that gas hydrate
occur from the surface to the deep in the gas chimneys.

A series of observation of the recovered cores by necked eyes, X-ray CT photography and experiments
such as sieving of carbonate nodules from mud clarified the close association of carbonate nodules
and gas hydrate in the sediments of gas chimneys. This combination of carbonate nodules and gas
hydrate occurs periodically and the calculated cycles are around 15 ky.

Preceding studies clarified the following subjects.

1. Carbonate nodules in the gas hydrate field of Japan Sea are interpreted to be formed in the
sulfate-methane interface (SMI).

2. The carbon and oxygen isotopic ratios of the carbonate nodules demonstrated the thermogenic
methane from the deep largely contributes the formation of the nodules.

3. Active faults and folds develop in the mobile belt of the eastern margin of Japan Sea and form
many topographic highs.

Combining the above-mentioned preceding studies and acquired data, we propose the following working
hypothesis: Methane gas has been periodically supplied from the depth by the movements of active
faults, and the gas repeatedly formed both carbonate nodules and methane hydrate at around the
depth of SMI that existed at or in the shallow depth of the seafloor.

Further studies are required if the proposed mechanism of the accumulation of shallow gas hydrate
would be applied generally to the other gas hydrate-bearing topographic highs that distribute in
the eastern margin of Japan Sea.

We express sincere gratitude to all the persons in JOGMEC who engaged to operate R/V Hakurei in
2014. X-ray (T photos of cored samples are taken under the cooperation program between Kochi Core
Center and Akihiro Hiruta (14B@13). This research is a part of the shallow methane hydrate
exploration project of METI.

F-—O—R I RKEBBEXAIVNTRLU—~ REBEME. BAE. BFEH. ENE
Keywords: shallow methane hydrate, carbonate nodule, Japan Sea, drilling, active fault
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A rock paleomagnetic study of marine sediments in gas hydrate area of the eastern marging
of Japan Sea
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RERNINA RL—EZ0OBDERYOBKMLSBERERSMNCT 326, RIREDE LA TRININ
SR D 77 EROEIHRS - EARKIIPTES Lok, AFEKRTE. 2015FN8A-1A (CEHES Nz
g (CRe ETH CiFn e 375k (whole-round) DB EERRIEFER & THIEZICE SN ITIERBRYIER
(discrete) DEMHS - EAWKEEN SRIREL & EBA(CH (T SHBYOBMSHISHICDOVWTIREY

Do T5IC METHCHODRARNARL—REHINA RL— hESTCHEHBYIOBERAEEE L (CHR
NTREL—FOESEEBHREELH 3.

THEOEMRS - SERKAEDRR. BIREION X FLZ—EEOMITEHRINS NTEBRYERHIRE
SEBHAL N ERL. TORMEREMETAELZIT7HRBDEE K< —HUTe, T, EBHTERNIN
JZHEBEY OFIINLBER(IRIREL (CHUATE LS. EBAHTEEN SEHIEGSTNSBMELIDN T S v O IRXK
FUCENTREREI NS,

AMR(SEBFEEEX T VN1 FL— FEREESED—RE UL TERBINZEDTH B,

FoD— R RBESRNCRL— . EERS. BEERY. B8
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Estimation of shallow gas hydrate formation age by methanol analysis in the gas hydrates
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XOINARL—KE, XIVRFHKDFICKDERSINZE (T—I) BEICHDATINTLDIETENLS
YT, BRCEOBEICEZ< MU TUVDC ENRERINTLS (Matsumoto et al., 2011) . WEDFLE
FERXS VNTRLU—CHRDE, REBETETAIDAZTUOXS VT RLU—REBARIRENTED
(Lu et al., 2011) , X-(TICLBIRTEREEHSNTLS (AIFH, 2013) . HLIE, COXIVNTR
L—ERODEDLIICERLIEONEVNS CEICHRKERS, MEEENH TS, CNETOHRENS, B
BREHRICEDOA I VNA R LU —ERABBICAS ) —ILORIVLATILTERBRERL, TOERXAIV/N\1TR
L—~OERERDIBECEDS3 &KL (Tani et al., 2008; Tani et al., 2011; &, 2013) . L
MU, X5 J)—=JLPRIVATILTERIBERGHRICEIDIERENMPIETH DI EX®D, XTI VNTRL—NA
EDHEBYIOREBKICHEBENRSFINTUVDICENS, EFBHNSEUWNUEXSI VT RL—RHERTEXS
VINTRLU—FERERICEBIIBRE T TITITUENDZ (BIFH, 2011) . RAETIE, 2015FE(C
EMINCEEFBECHVTERLUEXAIVNTRLU—RERRENREL, ZC(CEFINBIXS ) —ILEEET
BT ET, HEBEBEREXI YN RL—FDERERICDVTERT D. EH, AARITEBEEE XS
UNTRLU—FRREEESEO—RELULTEMINCENDTH D

F-O—RIREAIVNARLU— ERER. X5 J—I)b. HROOVET ST v —. BRBEHR
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Atmospheric gas concentration anomalies in the ocean: A preliminary report from a shallow
gas hydrate exploration project
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HZANA RLU—OBEBETIE, UEUIESBENSBRICIE EMRDIAITIL—LRERINDS. HR/\T
RL—bFORIRBRICHITIBEENSODAXBRIECNITICEMRPRTIHRESINTSE . T, COAXER
EBRIDIEEYMERIXIVTHDICEEREINTULSD. X VIEBEMRAINIDTHD, EBLEEM
[URBRYPEEEZIOSNTUD. BEICHITDIARAY ~ (FEHORHER) *°, BLOMHE - AXHEARAKEA
REITDEDHEEDHD, HRATI—LBRSAREETZICEEEZEZXO5ND. ECTAHARTIE, ARNTR
L—EEBCSVTEFARNTXEEEEHRAEL, BLTOARBESRERABEI DI LEHNELE.
KEAI VN1 RL— OEREEEDH ITONREEMERAR (7K14, 7K15) (CHET, BFAKHE
EOEGAEZT >/, BIEHBIE2014F4AN568) , 2015F5AMNSTBTHSD. KRR OO (IHMA
DIVIRRFTvHE CBENSS mIFE) (CHREL, RYTEAVTHANERAZEE TEITRAAR. EBRUZAR
(TEEXF v VT vET U YIF DY (WS-DRDS) ARART7FHS 1Y — (62201-1, Picarrott) EHUTE
fmElAlE{T o . AEHABET(EH6 knot THEL, MMADMEBRIIHAEICESEL TLBPSOT—SFZ L)
z.

LEERERICH X FIL— LGRS NS EEE, SRS LEERG oz, Tz, TIL—LBRERT
BEFHCHVNTE, BRAINIMSECEIBONECTUE. E5IC, BFIC K> T TIV— L ORI A EE
TARMH,BENESLLIBEKEHEAINC. BEC L (CKFEOBIBRRLD L, TR TIL—LOREEIC
£, RKRHFDOHEEICKENHBIDTEEIVNEEZSNS.
AARSEEFEEEATI VN1 RL— NRRERESEO—RE LU TERBINZENDTH D

F—O—R I AXNARLU— XIVAR ARXTFI—LA
Keywords: gas hydrate, Methane gas, gas plume
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Shallow methane hydrate outcrops discovered through ROV submersible survey in the Japan
Sea
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KEAS VN1 RL—E, BEEEOMRIEEY D (CRIROERERE UTEIDIONFHTHSD. ROV (GERF
REKPEARER) ZHOEKRBREXI V/N\TRL—LFREICSVT, BEEICBEIDIAIV/NTR
L— A RICEVWTERINGZ. BEICHIFTDIXIV/\1RL—OBHIKTCEBMAIC DT, B
FHERREZR X TIRRD, AAERIEBFEEEXAI VN1 RL— FEREESED—RE LU TERINZED
ThD.

F—D—R I REXIVNTRL— ROV. BB
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Preliminary account of benthic habitat mapping on shallow gas hydrate areas on the eastern
margin of Japan Sea.
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201559890 ~28H (CEMEL 2NT15-E3RE CTRIR ~ > J/M@iEss (38H) |, Blk~S>TJmEi (3#

i) . SoEBHEEE (VB | VREEREAH (VB [ BlEH (18R | BBEEALE (1B O&E10Em
[CDWT, ROVINT/IS—RILT vV DIN\NAETIVAXSICEBEINTULBSVIORY L XORERIDERE
ZROVVOUIEBMNEHRINTUVS10MWERTHEL, ARICEEEISRL T, RURIDHEEE (X5 VEBHED
REE) EOBRRICDODVTIRET S, TSICRIVDIBT—FEEE, NV RIBHEGISICANIL, BEMER
(CRERLT, \ES Y VYV TIEERL, SBEOEEEYNHEBEREE KT D, AATISBBEEE
XN RLU— FEREESEOD—RELTERINCEDTH D,
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