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High-resolution gas-chimney structures over a marine gas hydrate field off Joetsu, easte
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Soil properties of sea-bottom sediments in the Eastern Margin of Japan Sea
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Estimate gas mass in sea floor with gas hydrate by Time Domain Reflectometry(TDR
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As for the carbon dioxide generated from the natural gas, 20-30% of the carbon dioxide generated from coal and the oil tha
burns to obtain the same calorie is also few, and the carbon dioxide reduction is expected. The gas hydrate is an ice solid mater
that consists of the natural gas (methane) and the water molecule. It is paid attention as new natural gas resources in recent ye:
In many cases, it is thought that the deposit consists of the deposit particle and interstitial water. However, the methane flux fror
the depth that by the way of the gas chimney and the fracture is large, and there is a possibility including a free gas in the depos
that accumulates the gas hydrate in the superficial deposit though the marine sediment. As for Matsumoto and others (200¢
it thought the cause to be free gas distribution that existed in the deposit by finding P wave propagation speed of 100m unde
bottom of the sea to be an abnormally small (1.0-1.3km/sec) from depth of the time of gas hydrate BSR and the heat flow of the
sea area. The existence of a free gas in the deposit leads to understanding the mechanism of the gas hydrate accumulation in
superficial deposit. However, it is difficult to estimate the amount of the gas only from the velocity anomaly accurately because
it is thought that there is no linear relationship between the speed and the amount of the gas, and the speed decreases remark:
by very small amount gas. Then, it was tried to apply TDR (Time Domain Reflectometry) method, which is used by measuring
the water content of the farmland, to estimate the amount of the gas in the present study.In the experiment, the estimate of tt
amount of the gas in the bottom of the sea deposit is done by using the Time Domain Reflectometry (TDR) method. The TDR
method presumes the dielectric constant of the soil by using the wave velocity of the electromagnetic radiation, and obtains th
soil water content(=liquid phase rate) there. The dielectric constant is different in each material, about water is 80 and the soi
are 3-9 and air is 1, and ice is 4.2. The sediment core of a constant amount is taken from bottom of the sea, the dry density ar
the particle density of the soil are measured in a laboratory. Then the amount of solid phase rate is estimated. The liquid phas
rate can be estimated according to the value of the dielectric constant by the TDR method measured at the bottom of the se
The volume of the gas can be requested from these measurements by the calculation. The TDR probe is used 2 stainless rods
300mm long, 10mm across, and 100 mm apart. The measurement of the dielectric constant by the TDR method attenuates in t
probe terminal reflection strength of the electromagnetic radiation, and becomes impossible to measure in measuring the solutic
that the electrical conductivity is very high like seawater it. For this case, the measurement of the dielectric constant by the TDF
method becomes impossible. Then, the rod was covered with the heat-shrinkable tubing and the electromagnetic radiation wi
prevented being attenuated in the TDR probe by film in the present study as shown by Moret-Fernandez (2007). As a result,
succeeded in the suppression of the attenuation of reflection strength of the electromagnetic radiation, and the measurement
the relative permittivity in seawater became possible.

0oooo:TDRO,0000,000,0000,00000
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Molecular and isotopic compositions of gas hydrate-bound hydrocarbons retrieved fron

off Joetsu, Japan Sea
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Gas hydrates are crystalline clathrate compounds composed of water and gas molecules that are stable at low temperature, h
partial pressure of each gas component, and high gas concentration. Recently, natural gas hydrates were obtained at the Umit
Spur and the Joetsu Knoll on the eastern margin of the Japan Sea (Mateitrabt@009; Hirutaet al., 2009). We investigated
the molecular and stable isotope compositions of hydrate-bound gas and dissolved gas in pore water in sediments of these are
The purpose of this study is to clarify the gas origin and to understand the migration system of the shallow gas hydrate accumt
lation in this area. Hydrate-bearing sediment cores were retrieved during the cruise oRBéaferion Dufresnein June 2010.

The Calypso piston coring system enabled us to take long sediment cores (up to 40m). Hydrate-bound hydrocarbons are primari
thermogenic at the Umitaka spur(@elta'3C: -36 permil-VPDB, G delta D: -165 permil-VSMOW), on the contrary, those at

the Joetsu knoll (about 30m depth from the sea floor) partly contain microbial methane because 13C and deuterium are both d
pleted (G delta'3C: -55 permil-VPDB, G delta D: -194 permil-VSMOW) and close to the field of microbial methane via CO
reduction. Depth profiles of methane in sediment showed the minimum depth injteorresponded to the SMI depth where
hydrogen sulfide was concentrated. Methane concentration in sediment increased drastically beneath the depth of'S®11. delta
of methane increased slightly along with depth, whereas delta D of methane decreased. Thermogenic ethane and propane
detected both in hydrate-bound gas and dissolved gas in pore water. Heavy propané Qdeifapermil-VPDB) indicated its
microbial oxidation. The molecular composition of thermogenic ethane in hydrocarbons was relatively high at the gas hydrate
sites, whereas microbial ethane is dominant in the peripheral area. High concentration of neopentane (2,2-dimethylpropane) wi
detected in the dissolved gas around the depths of gas hydrate at the both sites of Umitaka Spur and Joetsu Knoll. Since neopt
tane cannot be encaged to the crystallographic structure | of gas hydrate, it might be discharged from the hydrate crystal at tt
formation process and remained in the sediment.

This study was supported by the MH21 Research Consortium for Methane Hydrate Resources in Japan.

Hiruta, A., G.T. Snyder, H. Tomaru, R. Matsumoto (2009) Geochemical constraints for the formation and dissociation of gas
hydrate in an area of high methane flux, eastern margin of the JapalBé#aPlanet. Sci. Lett279 326-339, doi:10.1016/j.epsl.
2009.01.015.

Matsumoto, R., and 28 others (2009) Formation and collapse of gas hydrate deposits in high methane flux area of the Joet:
Basin, eastern margin of Japan SéaGeogr, 11§1), 43-71.
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Changes in concentrations of ions in pore waters of LV47 and LV50 subsurface sedimen

cores from offshore Sakhalin
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The Sakhalin Slope Gas Hydrate Project is an international collaboration effort among scientists from Japan, Korea and Russ
to investigate on natural gas hydrates accumulated on a continental slope offshore Sakhalin Island. From July to August of 200
and June of 2010, field operations of SSGH-09 and SSGH-10 projects were conducted as the 47th and 50th cruises of R/V Ak:
demic M.A. Lavrentyev. Gas hydrate-bearing and -free sediment cores were retrieved using steel gravity- and hydro- corers. Th
sediment pore water was obtained onboard by using a squeezer designed and constructed at Kitami Institute of Technology. T
ionic compositions (chloride, sulfate, hydrogen carbonate, calcium etc.) in sediment pore- and seawater samples were compar
to figure out the geochemical characteristics of the cores.

The concentration-depth profiles of sulfate in pore water samples have inverse correlations with those of methane in the por
water. The anaerobic bacterial oxidation of methane is responsible for the phenomena. The depths of sulfate-methane interfa
(SMI) are 0.4-0.8 mbsf for the gas hydrate-bearing LV47-24HC, LV50-29HC, LV50-31HC and LV50-33HC cores and 0.5-4.0
mbsf for the other gas hydrate-free (by visual observation) cores. The SMI is not observed for the reference LV47-33HC core.

Twenty cores showed the linear depth-profiles of the concentrations of sulfate in the pore waters until SMI whereas ten core
showed the concave up profiles for LV47 and LV50 cores. The possible increase of the methane flux might be thought to forn
the concave up profiles. The further investigations/discussions will be presented.

00000:00000000,000,0000,000,000000
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Pore water geochemistry associated with biogeochemical processes in shallow sedimer

in the Japan Sea
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Pore waters were collected from the shallow sediments along the eastern margin of the Japan Sea during the intensive pist
coring expedition by R/V Marion Dufresne in 2010 (MD179 Japan Sea Gas Hydrates). Samples were collected from the higt
methane potential area off Joetsu, Niigata (Umitaka Spur and Joetsu Knoll region) where shallow-deep gas hydrate system h
been developed, from the central Toyama Trough, west of Sado Island, from the ridge flank, southwest of the Henashi-zak
Peninsula, near the Tsugaru Strait, and from the west of Okushiri Island. Concentrations of alkali@jtyndjor anions and
cations, and deltdCp;c values were preliminary analyzed in order to assess the biogeochemical processes associated wit
shallow diagenesis of organic matter, i.e. solid organic matter in sediment and methane dissolved in pore water. Concentratior
of dissolved sulfate, an important oxidant for organic matter oxidation near the seafloor, decrease linearly to "0 mM in the uppe
2 to 10 m below seafloor (mbsf) at all sites, indicating upward methane flux is generally high in the entire research area including
the sites away from gas venting/gas hydrate occurrences. Alkalinity is an indicative of products from organic matter oxidation,
increasing rapidly downward to the SMI,H is also produced during organic matter oxidation, increasing up to 5 mM near
the SMI. Concentrations of Ca and Mg simultaneously decrease with depth due to carbonate precipitation that is encouraged |
alkalinity increase. deltdCp ;¢ values show negative peaks of 0 to -20 per-mil around the $M;depleted methane from
deep sediments is responsible mainly for organic matter oxidation at the SMI.

There are two modes of organic matter oxidation (sulfate reduction) between the seafloor and SMI; ordinary oxidation of
sedimentary organic matter and anaerobic oxidation of methane. Because 1 mole sulfate reduction results in 2 moles alkalinif
increase in the former state and results in 1 mole increase in the latter state, gradient of sulfate reduction vs. alkalinity increas
that is compensated with Ca and Mg changes can point to the mode of organic matter oxidation. Our results indicate that th
ordinary oxidation of sedimentary organic matter is dominant just below the seafloor (Dgh&BDmMM), and the anaerobic
oxidation of methane thereafter. Degradation of organic matter in the shallow sediments is a result of combined biogeochemic:
processes and plays an important role in shallow carbon cycle system in marine environments.

This research is supported by MH21 Research Consortium JAPAN.
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Thermodynamic control on anaerobic oxidation of methane below the sulfate-methane

interface
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Analysis of volatile organic compounds in the dissociated water of gas hydrate recovere

from Joetsu Basin

0000000 YL000o0 !, HailongL?,OOO OO 3,00 04
Atsushi Tant*, Naoya Yamamot Takuya Higuchi, Hailong Li?, Akihiro Hachikubd, Ryo Matsumot

0000000000000, 2National Research Council Canadd) 00000 ,400000000000000
1Sci., Osaka Univ.2National Research Council Canad&jtami Inst. Tech.Sci., Univ. Tokyo

Radiation-induced radicals and further radical reactions in gas hydrate were investigated by electron spin resonance (ESH
and gas chromatography-mass spectrometry (GC-MS). Although methyl radical is the most stable radical in methane hydrate,
cannot survive in the pressure and temperature condition of natural gas hydrate occurrence. Recently our studies revealed tl
methanol and formaldehyde were formed in methane hydrate by gamma-ray irradiation (Tani et al., 2008; Tani et al., 2010)
Therefore, we conjecture that these compounds might be also formed by natural radiation and have been accumulated in natu
gas hydrate after formation of gas hydrate. To test this hypothesis, we analysed volatile organic compounds (VOCS) in the dissc
ciated water of natural gas hydrates.

Investigation of gas hydrate was carried out at Umitaka Spur and Joetsu Knoll, in Joetsu Basin, eastern margin of the Sea «
Japan during MD179 cruise in 2010. Gas hydrate samples were recovered from 4 sites and kept at 77 K in liquid nitrogen. W
selected one massive gas hydrate sample for this study to avoid contamination of pore water. After the sample broken, sevelr
pieces of gas hydrate were picked up and dissociated in a glass vial. The headspace gas from the dissociated water was analy
by GC-MS. Both methanol and ethanol were detected. The successful detection of methanol from natural gas hydrate might be
positive signal for the determination of the age of hydrate formation.

This research is supported by MH21 Research Consortium JAPAN.

gooob:0boooogoo,boog, bbb g,bbooo,bbooo,Dbbo
Keywords: gas hydrate, Joetsu Basin, volatile organic compounds, methanol, natural radiation, formation age



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
MIS027-13 0 0:201A OooO:50 220 17:30-17:45

0000000000000 00000Doooonoog ,
Analysis of volatile organic compounds in the pore water from Joetsu Basin, eastern mar

gin of the Sea of Japan
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CO, hydrate is one of clathrate hydrates, which is composed of water molecules encagimgal¥oules, and stable at at-
mospheric pressure below 220 K. It has been suggested thah@fate exists in Okinawa Trough (Konno et al., 2006) and
Martian surface (Max and Stephen, 2001). Naturah ®§drate will have been constantly irradiated by natural radiation from
sediments, and radicals will have been induced by the radiation and reacted hy@@te.

In the case of Chihydrate, methyl radicals are mainly formed by gamma-rays at 77 K (Takeya et al., 2004). Since they are not
stable over 200 K, no radicals remain and radical reactions occur ilh@ttate. Methanol, formaldehyde, and ethane are main
products in these reactions (Ishikawa et al., 2007; Tani et al., 2010). In the case tfy@@te, HOCO radicals were observed
after gamma-ray irradiation at 77 K and decayed over 130 K. Analysis of the dissociated water by ion chromatography showet
that a little amount of formic acid was formed (Tani et al., 2008). These results suggest that main radical reaction may change i
gas hydrate is irradiated at different temperatures because radiation-induced radicals become stable below a certain temperatt

In this study, we investigated the compounds formed by radical reactions irh@fdate after gamma-irradiation at 77, 195,
and 273 K. The thermal stabilities of the induced-radicals have been investigated by electron spin resonance (ESR). The diss
ciated water of irradiated CChydrate has been measured by ion chromatography. HOCO radicals and H atom are observed at
120 K in irradiated CQ hydrate. HOCO radicals disappeared within 20 min at 195 K, though 80% of HOCO radicals remained
after 6 hours at 120 K. H atoms were not observed at 130 K. As well as formic acid, oxalic acid has been newly observed in the
dissociation water. The amounts of formic acid and oxalic acid were changed by temperature history of radical. Especially, the
amount of oxalic acid increased with temperature. They may be partially caused by the decay processes of the radicals in CC
hydrate.

gooooD:cGUoonooo,0nodn,0oobo,0dn,00d000000ESRO, 00000000 Ogn
Keywords: CQ hydrate, Radicals, Carboxylic acid, Radiation, Electron spin resonance (ESR), lon chromatography
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[1] R.D. Malone, Gas Hydrate Topical Report, DOE/METC/SP-218, U.S. Department of Energy, April 1985.

[2] Nagashima et al., J. Phys. Chem. B112 (2008), pp. 9876?79882.
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We report molecular and isotopic compositions of hydrate-bound hydrocarbons in the new seepage sites of offshore Sakhall
Island, the Sea of Okhotsk. More than ten gas seep sites have been discovered since 1990s in the north area of Lavrentyev Fe
and hydrate-bearing sediments were recovered (Ginshiuad), 1993; Hachikubcet al., 2010). These sites often accompany
with gas plumes from the sea floor and gas hydrates exist in a shallow sediment layer. Recently, Sakhalin Slope Gas Hydra
(SSGH) project was started from 2007 and we retrieved sediment cores from the southern area of Lavrentyev Fault during th
SSGHO09 and SSGH10 cruises in 2009-2010. We obtained the samples of hydrate-bound gas and dissolved gas in pore water
board, and we measured molecular and stable isotope compositions of them. Empirical classification of the methane stable is
topes; delta3C and delta D according to Whiticat al. (1986) and Schoell (1988) indicated their microbial origin via carbonate
reduction. Profiles of methane concentration in the pore water suggested a shallow SMI (sulfate-methane interface). SMI dept
was estimated as 30-50cm from the sea floor in the case of hydrate-bearing cores, and around 2m from the sea floor in the ce
of gas-rich cores. Molecular compositions of hydrate-bound gas were almost the same in both northern and southern areas
Lavrentyev Fault. Stable isotope compositions of hydrate-bound gas were concentrated in the range of -204.6 permil to -196.
permil for delta D and -66.0 permil to -63.2 permil for delf€C in the north area (Hachikuket al., 2010). On the other hand,
both isotopes were more depleted in the south area about 6 pefif@ @nd 7 permil in deuterium, respectively, suggested much
more active microbial processes in the shallow sediment. Isotopic difference in delta D between hydrate-bound and dissolve
gases was about 5 permil at several sites, indicating that the gas hydrates formed from the current gas in pore water (Hachikul
et al., 2009).

Ginsburg, G.D., V.A. Soloviev, R.E. Cranston, T.D. Lorenson, K.A. Kvenvolden (1993) Gas hydrates from the continental
slope, offshore Sakhalin Island, Okhotsk S€ao-Mar. Lett, 13(1), 41-48, doi:10.1007/BF01204391.

Hachikubo A, O. Khlystov, A. Manakov, M. Kida, A. Krylov, H. Sakagami, H. Minami, N. Takahashi, H. Shoji, G. Kalmy-
chkov, J. Poort (2009) Model of formation of double structure gas hydrates in Lake Baikal based on isoto@edatss. Res. Lett.
36, L18504, doi:10.1029/2009GL039805.

Hachikubo, A., A. Krylov, H. Sakagami, H. Minami, Y. Nunokawa, H. Shoji, T. Matveeva, Y. K. Jin, A. Obzhirov (2010)
Isotopic composition of gas hydrates in subsurface sediments from offshore Sakhalin Island, Sea of Gldwi&lar. Lett,
30, 313-319, doi:10.1007/s00367-009-0178-y.

Schoell, M. (1988) Multiple origins of methane in the eal@them. Geol, 71, 1-10.

Whiticar, M.J., E. Faber, M. Schoell (1986) Biogenic methane formation in marine and freshwater environments: CO2 reduc-
tion vs. acetate fermentation - Isotope evider@eochim. Cosmochim. Act&0, 693-709.
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Isotopic analyses of pore waters of LV47 and LV50 gas hydrate-bearing sediment core

from offshore Sakhalin Island
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From July to August of 2009 and June of 2010, field operations of SSGH-09 (Sakhalin Slope Gas Hydrate Project, 2009) ant
SSGH-10 projects were conducted as the 47th and 50th cruises of R/V Akademic M.A. Lavrentyev.

Gas hydrate-bearing and -free sediment cores were retrieved using steel gravity- and hydro- corers. The sediment pore wal
was obtained onboard by using a squeezer designed and constructed at KIT (Kitami Institute of Technology, Japan). The stab
isotopic compositions (delta 180 and delta D) of these water samples, ionic compositions in sediment pore water, gas hydra
water (dissociated gas hydrate water) and seawater samples and water content distribution in the sediment cores and litholog
of the cores were compared to figure out the geochemical characteristics of the cores.

The depths of SMI (sulfate-methane interface) are 0.4-0.8 mbsf for the gas hydrate-bearing LV47-24HC, LV50-29HC, LV50-
31HC and LV50-33HC cores and 0.5-4.0 mbsf for the other gas hydrate-free (by visual observation) cores.

The relationship between the delta 180 and delta D values of the pore water of the gas hydrate-bearing LV50-29HC core
the gas hydrate water from the LV50-29HC core and seawater from the corer of the LV50-29HC was investigated and a linea
relation among them was found. These results suggest that the source of the water is the same and that it might be the pore wa
primarily originated from seawater.

Some sediment cores have shown traces of gas hydrate formation or dissociation, i.e., changes in concentrations of dissolv
ions and/or in stable isotopic compositions of hydrogen and oxygen. The further investigations/discussions will be presented.
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Quantitative and qualitative analysis of distribution of macrobenthos around Joetsu Ga

Hydrate Field.
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High-density heat flow measurements and their temporal variation in the Joetsu Gas Hy

drate Field, Japan Sea
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Joetsu Gas Hydrate Field, located in the western Joetsu Basin in the eastern margin of the Japan Sea is one of the best fie
for gas hydrate studies. There are many methane plumes and active methane seeps associated with massive gas hydrates or
around several gas hydrate mounds on the Umitaka Spur and Joetsu Knoll. Evolution of gas hydrate mounds depends on tl
development of gas chimneys, and is closely related with the formation and collapse of surface-type gas hydrate accumulatic
(Matsumoto et al., 2009).

The result of heat flow measurement through nine research cruises in 2004?2008 is summarized in Machiyama et al. (200¢
They observed not only extremely high heat flow anomalies but also non-linear temperature profile such as concave/convex pre
files and negative geothermal gradients on the mounds. The distribution of high heat flow anomalies and non-linear temperatul
profiles is important to understand a hydrological regime in the high methane flux area of the Joetsu Gas Hydrate Field. To clarif
a detailed fluid activity and temporal variation in the high methane flux area, high-density heat flow measurement using SAHF
(Stand-Alone Heat Flow meter) was conducted at the methane seep site on the Umitaka Spur and at the crater site on the Joe
Knoll in the ROV surveys of R/V Natsushima NT10-10 Leg 2 Cruise.

1) Heat flow around bacterial mats on the Umitaka Spur

We conducted precise observations around bacterial mats, where very high heat flow? 4vifWra temperature reversal
profile was measured in 2007. After two years (in 2009), high heat flow value 970 fWitma similar temperature reversal
profile was observed at the same point, though subsurface temperature went down. Eight months later (in 2010), approximate
350 mwi/n? of heat flow was measured and no temperature reversal profile was observed at the same bacterial mat. Fluid activity
therefore, shows a steep decline and a temperature reversal profile disappeared in the last two years and eight months. This re:
suggests that fluid pathway has temporal dependence. Thus, it seems very possible that heat flow at the bacterial mat declin
due to the change of fluid pathway, such as clogging of conduits.

2) Heat flow around the crater site on the Joetsu Knoll

Heat flow measurements were conducted in and around a crater-like depression, which was probably formed by self-collaps
and floating up of gas hydrate block under the condition of high methane flux (Matsumoto et al., 2009). Seafloor in the crater is
covered by about 30 cm-thick muddy sediments in the last two years and eight months. Methane gas bubbles discharging frol
seafloor are found, when SAHF was penetrated into the seafloor by 20-30 cm. Approximately 250-520 ohWW&at flow were
observed around the crater, and maximum heat flow value in the crater is similar to that measured in 2007. Thus, methane se
activity seems to be still high. A kinked temperature reversal profile is observed in the crater, though there are no methane see
phenomena, such as bacterial mats. The cause of this temperature reversal is still under consideration.

gooob:obobodooo,boo,obbobo,00b,0ooo,bbog
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Heat flow measurements in western Joetsu Basin, offshore Sado Island, Japan
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In order to clarify the microbial activities related to methane generation in the eastern Nankai Trough, we performed analyse:
of biomarkers in the sediment samples obtained from the METI Exploratory Test Wells Tokai-oki to Kumano-nada by using the
comprehensive two-dimensional gas chromatography (GC x GC). Previous geochemical studies have shown that the bioger
methane forms methane hydrate (MH) in the eastern Nankai Trough. Methanogenic archaea produces methane which forms
vast quantity of gas hydrate in continental margin accretionary sediments. In this study, we attempted to identify and quantify the
biomarker in the sediment cores by GC x GC equipped with gMS and FID.

The sediment samples were collected from Tokai-oki, Daini-Atsumi knoll and Kumano-nada with METI exploratory test wells
Tokai-oki to Kumano-nada in 2004. The lipids were extracted by methanol/dichloromethane, and then extract was saponified witl
0.5 mol KOH/methanol. The neutral fraction was converted to trimethylsilyl esters (TMS) by BSTFA. The TMS-derivatives were
analyzed using a ZOEX KT2006 comprehensive GC x GC equipped with gMS and FID. The carbon content and carbon isotopic
ratio of organic matter were determined by the flow-injection method using a Thermo DELTA V mass spectrometer connectec
with a Flash EA.

The neutral lipids fractions of the core samples from Tokai-oki mainly consist of n-alkanes, acyclic isoprenoids, n-alcohols,
sterols and hopanols. 2,6,10,15,19-Pentamethylicosane (PMI), which is the biomarker related to methanogenic archaea, we
detected in all samples from Tokai-oki. PMI concentrations increase below Sulfate-Methane Interface (SMI) and below MH
bearing zone in the sediment from Tokai-oki.

The neutral lipids compositions in MH bearing zone were comparatively similar between at Tokai-oki and Daini-Atsumi knoll,
those at Kumano-nada was different from those at others. It was suggested that the activities of methanogens and the compo
tions of microbial assembly are different in the Kumano-nada well. Several hopanols, which indicated bacterial activity, such as
17,21-bishomohopanol, 17,21-homohopanol and anhydrobacteriohopanetetrol were detected in all sediment samples.

This study was carried out as a part of the research undertaken by the Research Consortium for Methane Hydrate Researct
in Japan (MH21).
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