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Pore waters collected from the Umitaka Spur area in the Japan Sea, off Joetsu (MD179 cruise, MH21 Research Consortiun
where active gas seepage accompanying massive gas hydrate formation near the seafloor have been observed particularly
the summit. Rapid decreases of sulfate concentration with alkalinity increases result from anaerobic methane oxidation in th
shallow sediments both on the spur and basin sites, indicating methane flux is high over the research area. Contrary, pore wa
freshening and Li input due to clay mineral dehydration are dominant on the spur. Li isotopic analyses result that the dissolve
Liin pore waters were released from clay minerals-&.00 mbsf over the area. Shallow biogeochemical processes significantly
change pore water geochemistry, however, the focused delivery of deep-sourced materials like Li and thermogenic methane is
key to deposit massive gas hydrates near the seafloor.
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Estimate of interval velocity of sediment between the seafloor and BSR in Joetsu Basin

eastern margin of the Japan Sea
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Recent studies found that, in the Sea of Japan, methane hydrate exists in crystal form on the surface of the seabed or in t
shallow layer of about 100m from the seabed. To study the methane hydrate that exists at depth in the sediment, the Bottol
Simulating Reflector (BSR) can be used as an indicator. On the other hand, methane hydrate near the sediment surface (surfa
type) is scattered in crystal form, and thus the BSR cannot be used as an indicator.

The surface-type methane hydrate often exists with methane plumes. The methane plumes are the visualized image of tl
acoustic differences of the physical properties among solid phase, gas phase, and liquid phase that emerge when the meth:
hydrate or bubbles gush from the seabed. By sending ultrasonic waves from the transducer of a fish detector or sonar in the wat
and measuring the echo of the scattered ultrasonic waves that come back after they hit the methane hydrate or bubbles, we ¢
see the visualized image of the methane plumes on the screen of the fish detector or sonar.

When piston coring is conducted at the root of the methane plumes, the collection of surface-type methane samples can |
carried out efficiently. Furthermore, it is possible to guide an unmanned submersible to the gushing point or sampling site of the
methane hydrate based on the location of the methane plumes. Thus, the methane plume is a good indicator for exploring tt
surface-type methane hydrate.

Quantification of the methane plumes is extremely important for the global environment as part of the carbon cycle.The author
have already conducted the rising experiments of methane hydrate in the nearby ocean area using a fish detector and computed
rising speed. The authors also measured and analyzed the bubble echo of the rising methane hydrate and estimated the quar
of the rising methane hydrate per bubble unit in the area. At that time, the gas phase of the methane hydrate bubble was comput
for gas and solid substance, separately.The results of the above study were provisional. Thus, we enhanced the precision for tl
study.

For this study, in order to quantify the methane plumes, we observed the image of methane plumes using a submersibl
vessel (hyper dolphin, property of Japan Agency of Marine-Earth Science and Technology (JAMSTEC)) as well as collected the
methane bubble using a funnel.

The observation was carried out at Umitaka Kaikyaku in the Sea of Japan. In this area, the authors had been observing tt
methane plumes every year since 2004, and every year, the authors could observe the methane plumes in the same ocean are
a similar way. Thus, it was chosen as the observation site.

The experiment in the ocean revealed the followings. The methane hydrate particles that are gushing out from seabed are so
substances just above the seabed.In the studied ocean area, the volume of methane hydrate bubbles is gushing out every se
per unit area.
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Discovery ofCalyptogena ochoticécarlato, 1981) from Abashiri Bay, Eastern Hokkaido

(Bivalvia: Vesicomyidae)
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Gas hydrates are crystalline clathrate compounds composed of water and gas molecules that are stable at low temperatu
and high partial pressures of each gas component. Natural gas hydrates exists in sublacustrine sediments of Lake Baikal, Rus:
In the framework of MHP (Multi-phase Gas Hydrate Project, 2009-2012), more than 15 new places where gas hydrates exis
in the sub-bottom sediments were discovered. Gas hydrate crystals were retrieved onboard and stored in liquid nitrogen. W
also measured molecular and isotopic compositions of hydrate-bound gas and dissolved gas in pore water. Kida et al. (200
first reported coexistence of the structure | and Il gas hydrates at the Kukuy K-2 mud volcano (MV) in the central Baikal basin.
Granular sll hydrates appeared above the massive sl hydrates, and sometimes connected with each other by vein-like sl hydrat
sll hydrate layers contained about 14% of ethane; on the contrary, sl hydrate layers contained several % of ethane. In the MH
cruises, existence of sll hydrate was suggested by the high ethane concentration at the Kukuy K-10 MV in 2010. Granular sl
hydrates were also discovered at the Kukuy K-4 MV in 2011 and the Kukuy K-3 MV in 2012. They exist not only in the Kukuy
Canyon area (central Baikal basin), but also in the PosolBank area (southern Baikal basin). Concentration of ethane in slI hydrat
ranged 13-15% in the total hydrocarbon gases, whereas that of propane was relatively small (several hundred ppms). Neopente
(2,2-dimethylpropane) was concentrated in the guest gas of sll hydrates. The concentration of neopentane was about 1% of t
total hydrocarbon gases at the Kukuy-Pockmark, located between K-2 and K-3 MVs. These heavier hydrocarbons are the sign
of thermogenic origin; however, some questions regarding selective enclathration (scarce propane, and enrichment of ethane a
neopentane) remain unresolved. Concentration of hydrate-bound ethane widely ranged from several hundred ppms to 15%, a
mixed-gas of microbial and thermogenic gases is dominant in Lake Baikal.

Kida M, Khlystov O, Zemskaya T, Takahashi N, Minami H, Sakagami H, Krylov A, Hachikubo A, Yamashita S, Shoji H,
Poort J, Naudts L (2006) Coexistence of structure | and Il gas hydrates in Lake Baikal suggesting gas sources from microbic
and thermogenic originGeophys Res Lef33: L24603. doi:10.1029/2006GL028296
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Analysis of lipid biomarkers of methane hydrate bearing sediments from the easterr
Nankai Trough by two dimensional GC
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In order to investigate the microbial activities related to methane generation, we performed analyses of lipid biomarkers
in the sediments from three wells (Alpha-1, Beta-1 and AT-1) in the eastern Nankai Trough by using the comprehensive two-
dimensional gas chromatography (GC x GC). Previous geochemical studies have shown that the biogenic methane forms metha
hydrate (MH) in the eastern Nankai Trough. Methanogens (methanogenic archaea) produce methane, which forms a vast quant
of methane hydrate in continental margin accretionary sediments. However, it is unclear at which depths methane was produce
in the sediments. To address this issue, we attempted to identify and quantify the biomarkers of methanogens in the sedime
cores by GC x GC equipped with gMS and FID.

The core samples at Alpha-1 and Beta-1 were collected from the eastern Nankai Trough by JOIDES Resolution during the
multi-well drilling campaign "Tokai-oki to Kumano-nada” in 2004. Those at AT-1 was collected from Dai-ni Atsumi Knoll in
the eastern Nankai Trough during site survey by the scientific drilling vessel CHIKYU in 2011. The lipids were extracted with
methanol/dichloromethane, and the extract was saponified with 0.5 M KOH/methanol. The neutral fraction was converted tc
trimethylsilyl esters (TMS) by heating with BSTFA. The TMS-derivatives were analyzed using a ZOEX KT2006 comprehensive
GC x GC equipped with gMS and FID. The content of total organic carbon and its isotopic ratio were determined by the flow-
injection method using a Thermo DELTA V mass spectrometer connected with a Flash EA.

The neutral lipids fractions of the all core samples mainly consisted of n-alkanes, acyclic isoprenoids, n-alcohols, sterols
and hopanols. Hopanols such as 17,21-homohopanol, 17,21-bishomohopanol, trishomohopane-32,33-diol and anhydrobacte
ohopanetetrol were detected in all sediment samples, which might reflect the activity of in situ bacteria. The concentrations o
hopanols in clay layers were significantly higher than those in sand layers. The TOC values were also higher in the clay layers
2,6,10,15,19-Pentamethylicosane (PMI), which is considered to be the biomarker for methanogens and methanotrophic archas
was detected in all samples from the three sites. Most of the B&taalues of PMI were higher than -50 permil, suggesting that
methanogens are the likely source organisms. In the sediments from Alpha-1 and Beta-1, PMI concentrations were relatively hig
at the MH bearing zone and below the MH bearing zone, suggesting higher abundance of methanogen biomass. In the sedimel
from AT-1, the concentrations were relatively high at 42mbsf and 216 mbsf. Interestingly, the methane production rates througt
the carbonate reduction pathway measurediBstracer experiments were also high at these depths, exceeding 10 piidl/cm
Furthermore, hydrogenotrophic methanogens were also abundant at the same depths, as revealed by molecular analysis us
deep rRNA gene sequencing. We therefore consider that PMI detected by GC x GC in this study is reliable as the indicator o
methanogen biomass.

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