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Experimental constraints on hydrogen generation and their linkage to the eco-system |

ridge system
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Deep-sea hydrothermal vents were discovered in the late 1970s (Corliss et al., 1979; Edmond et al., 1979). Since then, the
have been considered as a possible environment for the origin and early evolution of life on Earth (e.g., Yanagawa and Kojime
1985; Russell and Hall, 1997). In addition, some researchers proposed that microbial ecosystems in the hydrothermal ven
are primary producers which sustain most of the lives in the ocean (Jannasch et al., 1985 and our TAIGA project [http://www-
gbs.eps.s.u-tokyo.ac.jp/ taiga/en/index.html]). It is important, therefore, to figure out the hydrothermal reactions in the ocean floo
for better understanding of the ecosystems in the ocean. Especially hydrogen generation is one of the most crucial processes
the hydrothermal systems, because multidisciplinary studies suggest that the most ancient microbial ecosystems were originat
and maintained in the vicinity of Hrich hydrothermal fluids (Russell and Hall, 1997; Sleep et al., 2004; Kelley et al., 2005;
Canfield et al., 2006). Such communities are possibly composed of hyperthermophilic subsurface lithoautotroph methanoger
(Takai et al., 2006).

The supply of abundant hydrogen to power such primary producers is the most likely coupled to hydrothermal serpentinizatior
of ultramafic rocks. In the modern oceam,-Einriched hydrothermal fluids are commonly associated with slow-spreading mid-
ocean ridge (MOR) setting dominated by peridotite (Kelley et al., 2001; Fruh-Green et al., 2004). The serpentinization of abyssa
peridotite has been well investigated both experimentally and theoretically. The investigations indicate that the peridotite-wate
reaction provides an extraordinarily high concentration gfiHthe fluids (e.g., Seyfried et al., 1979; Allen and Seyfried, 2003;
McCollom, 2007; McCollom and Bach, 2009). In the Hadean and early Archean ocean, however, it is believed that peridotite
would be scarce in the ocean floor, and komatiite - hydrothermal reactions are the possible mechanism of hydrogen generation
the ocean floor. Yoshizaki et al. (2009) experimentally revealed that abundaagtivalent to H abundance in the peridotite-
hosted hydrothermal solutions, was produced in komatiite alteration. On the other hand, the fault-relpgadrdtion has been
found by the gas monitoring along surface trace of the active Yamasaki fault (Wakita et al., 1980) and more from the drilling
cores near hypocenters of micro-earthquakes along the San Andreas Fault (Erzinger & Wiersberg, 2008). Recently, we showe
using our friction experiment system that abundagigdneration in the fault systems readily occurs (Hirose et al., 2011).

In this contribution, | will briefly introduce the results obtained in our laboratory experimental systems, both hydrothermal and
simulated fault types.
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Electrical resistivity structure of the upper mantle beneath the southern Mariana Trough
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Decay of natural remanent magnetization of oceanic basalt on the back-arc spreading ax

in the southern Mariana
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Magnetic anomaly high on a spreading axis has been a well-known character of the magnetic anomalies in the ocean, whic
is mainly related to magnetization intensity reduction of oceanic basalt due to alteration (low-temperature oxidation of titano-
magnetite). For a better understanding of natural remanent magnetization (NRM) of oceanic basalt, we studied NRMs of basalti
rocks in the back-arc spreading axis in the southern Mariana. One to four meter cores were drilled from the seafloor by usin
a BMS in the cruise of TAIGA project (TaigalOM). Block samples were also collected during the dives of SHINKAI6500 in
the cruise YK10-11. NRM intensities of these samples show a clear decrease within 2 km from the ridge axis. This value is
consistent with a reported value in East Pacific Rise. These data suggest that the alteration has completed within 2 km distan
from the ridge axis. Consistent scales from different ridges suggest that the NRM intensity reduction, which can be also observe
as magnetic anomaly variation, may be related to the structure of ridge axis, for example, active hydrothermal circulation zone
Discussions of previous studies assume that the alteration process of ocean basalt is associated with age.
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Seafloor hydrothermal systems are important in relation to global heat and chemical fluxes as well as habitat of microbia
communities. Circulation of fluids within oceanic crust depends on the geometry of heat source, the composition of rock as per
meable medium and seawater. The substantial variation of hydrothermal systems active in various tectonic setting has importa
implications for the magnetic structure of oceanic crust.

It has been very difficult to detect the geophysical signature of hydrothermal systems based on crustal properties becau:
the small scale of hydrothermal systems compared to distance between surface and bottom imposes limitation of resolution c
the sea surface observation. The advance of near-bottom survey methods using a submersible, deep-tow, ROV and AUV h
made possible high resolution geophysical mapping around hydrothermal areas. Near-bottom magnetic survey can provide dire
information on the magnetization of shallow part of oceanic crust, implying the hydrothermal alteration both in active and fossil
vent sites.

Near-bottom three component magnetic measurements on submersible Shinkai 6500 were carried out at three hydrothern
fields in the Southern Mariana Trough, the slow spreading backarc basin. We investigated the magnetic structure of three hy
drothermal systems (Pica, Snail and Archean) to clarify how the geophysical and geological setting controls the fluid circulatior
in the small scale here.

The 14 dive surveys ware conducted successfully during R/V Yokosuka YK11-10 and YK10-11 cruise. A fluxgate magne-
tometer was attached to Shinkai 6500. Four dives (dives 1218, 1220, 1227 and 1228) were devoted to the Snail site located
nearest to the backarc spreading axis. Among those dives, dive 1227 crossed the axial volcanic zone, providing a “2km lon
NW-SE transect. The other five dives (dives 1216, 1217, 1221, 1223 and 1224) were conducted around the Archean site, formir
a “60m high mound at the foot of ridge crest. The remaining four dives (dives 1214, 1219, 1222, 1225 and 1226) were done at a
off-axis seamount where the Pica site was located. Dives 1214 and 1219 mainly cover the northern slope of this seamount ar
lead to the discovery of a new vent site (Urashima Site).

The observed data were first corrected for the effects of induced and permanent magnetizations of the submersible, based
Isezaki [1986]. To find plausible correction coefficients, we adopted the dumped least-square method (Honsho et al., 2009). Th
International Geomagnetic Reference Field (IGRF) is subtracted from the corrected data to obtain the geomagnetic anomalie
The crustal magnetization will be estimated using the AUV-collected high resolution bathymetry.
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U-Th radioactive disequilibrium dating of hydrothermal sulfide minerals from Okinawa
and South Mariana Trough
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Growth rate determination of ferromanganese crusts from the Takuyo Daigo Seamour

using an osmium isotope stratigraphy
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A ferromanganese crust (Fe-Mn crust) is widely distributed on the seamount slopes and is recognized on the ocean floor :
various depths throughout the world. Since a Fe-Mn crust precipitates from ambient seawater at an extremely slow rate, one thic
Fe-Mn crust sample solely records paleocean environmental changes through the Cenozoic period. In order to unravel paleoce
environmental changes using a Fe-Mn crust, the sedimentary age of a Fe-Mn crust is required. Previous studies proposed that 1
Os isotope stratigraphy is a reliable dating method for a Fe-Mn crust throughout the Cenozoic period (e.g., Klemm et al., 2005
2008). In this study, we determined the Os isotope profile of Fe-Mn crusts from the Takuyo Daigo Seamount (#5 Takuyo Smt) tc
estimate its growth rate. Our samples were systematically collected from the seamount outcrops using ROV Hyper Dolphin / RV
Natsushima during the NT09-02 Leg.2 Cruise.

The Os isotope compositions of three Fe-Mn crusts collected from different depths (1424, 1440 and 2987 mbsl) show a simila
trend and coincide very well with that of marine Os isotope record from pre$§&€i@</%30s ~1.02) to 12 Ma'¢"0s/'*80s
"0.77). These results indicate that the growth rates of Fe-Mn crusts in the #5 Takuyo Smt are uniform (ca. 3 mm/My) regardles
of water depths which is consistent with the age constraints of the Be-10 dating method. However, in the older part (bottom par
near the basement rock) of the two Fe-Mn crusts collected from 1424 and 1440 mbsl, the Os isotope compositions have larg
deviations from the seawater Os isotope record reconstructed from metalliferous sediment cores (Ravizza & Peucker-Ehrenbrir
2003). Moreover, the Fe-Mn crust collected from 2987 mbsl totally lacks the section older than 12 Ma. These large deviations
can be explained either by the occurrence of growth hiatus or secondary geochemical modifications by phosphatization.

It is turned out that Fe-Mn crusts of the #5 Takuyo Smt. are appropriate material to reconstruct the paleocean environments
changes continuously from present to 12 Ma. In this presentation, we also discuss the secular and temporal variations in the maj
and trace element geochemical compositions of the Fe-Mn crusts together with the Os isotope compositions.
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Reactivity of chromate, molybdate, and tungstate on ferrihydrite by XAFS and molecular
orbital calculation
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Hexavalent Chromium (Cr(VI)) has serious toxicity and carcinogenicity with high mobility in aquatic system. Therefore, fun-
damental understanding of the adsorption mechanism of chromate to ferrihydrite, an important adsorbent in natural systems,
essential to discuss their scavenging behavior. Although molybdenum (Mo) and tungsten (W) are congeners with Cr, the adsorj
tion mechanisms (inner- or outer-sphere complexation) on ferrihydrite are different: molybdate forms outer-sphere complex, bu
tungstate forms inner-sphere complex (1). However, adsorption mechanisms of Cr(VI) on ferrihydrite is unknown. In this study,
we performed extended X-ray absorption fine structure (EXAFS) analysiafdtio molecular orbital (MO) calculations to
reveal adsorption mechanisms of chromate and the results were compared with those for molybdate and tungstate.

Based on the adsorption experiments, adsorption amount of chromate was determined using inductively coupled plasmr
mass spectrometry (ICP-MS). EXAFS analysis was used to clarify coordination environment of chromate on ferrihdyrite mea-
sured at BL-12C in Photon Factory (Tsukuba, Japan). In addidbmpitio MO calculations were performed for the oxyanions
(chromate, molybdate, tungstate) with Fe-(oxyhydr) oxide cluster model to obtain adsorption energy of outer-sphere comple
and hydration energy of these oxyanions.

From the EXAFS analysis, Cr-Fe shell was observed for chromate on ferrihydrite in pH 4 and pH 6 spectra, while the
spectrum at pH 8 was almost identical to that of chromate solution. However, the contribution of Cr-Fe shells at pH 4 and pH 6
are considered small degree because of low coordination number (CN) value. Hence, it is suggested that chromate mainly forn
outer-sphere complex on ferrihydrite. Adsorption amount of chromate decreased as the ionic strength increased, which can |
regarded as another evidence of the formation of outer-sphere complex.abrimitio MO calculations, stabilities of hydration
complex in water and outer-sphere complex on ferrihydrite decreased in the order of chromatgbdate> tungstate. Based
on these results, it is suggested that it is relatively less stable for tungstate to form hydration and outer-sphere complexes, whic
allows us to conclude that chromate and molybdate prefer to form outer-sphere complexes, whereas tungstate to inner-sphe
complex.

(1) Kashiwabara et al (201G eochim. Cosmochim. Acta5, 5762-5784.
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Mineralogy and geochemistry of hydrothermal ores collected from active hydrothermal

fields in shallow water depth
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Electrical resistivity structure of a seafloor hydrothermal system at the southern Marianzc

Trough spreading axis
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Evaluation of redox condition by selenium speciation coprecipitated with barite
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Barite (BaSQ) preserved in marine sediments can maintain its crystalline form at wide range of temperature, which can be
present in hydrothermal vent. Barite crystals coprecipitated in seawater contain some elements that may reflect the physic
chemical condition of the seawater from which they are formed. Selenium dissolves mainly as selenjte Y9e®elenate
(SeQ27) in seawater, where the valence of selenium depends on the redox condition. Sulfate ion is stable in wide range ir
the Eh-pH diagram of sulfur, and the range include the Eh-pH boundary of selenite-selenate in the Eh-pH diagram. Therefore
the oxidation state of selenium in barite can provide information on the redox condition in the depositional environment. The
purpose of this study is to establish a method to estimate the redox condition in the environment where barite is precipitated.

Coprecipitation experiment of selenium with barite was conducted to clarify the relationship between selenate/selenite rates i
synthetic seawater and in barite. After this experiment, the precipitates of barite and aqueous phase were separated by filtrati
with a 0.20 e micro-meter filter (mixed cellulose ester, Advantec). Total concentrations of selenium in the remaining solution
and precipitates were measured by ICP-MS to determine the apparent distribution coefficient (Kd) of selenium between barit
and seawater. The selenate/selenite ratios in the solution and in the precipitates were measured by HPLC-ICP-MS and X-rz
absorption near-edge structure (XANES) at the selenium K-edge, respectively. Micrometer scale distribution and oxidation stat
of selenium in barite formed in marine sediments in Okinawa hydrothermal vent was determined by e micro-XRF- XAFS in
natural samples.

The XANES results showed that selenite was preferentially incorporated into barite rather than selenite. Selenate can be incc
porated only when the selenate/selenite ratio is over 0.9 in the aqueous phase. The apparent distribution coefficient of seleniu
was reduced by increasing selenate/selenite ratio in the agueous phase. These results are caused by the preferential incorpore
of selenite into barite due to the high stability of Ba-selenite complex compared with Ba-selenate complex.

Based on the relationship, the redox condition of the interstitial water in the sediment was estimated. The micro-XRF-XAFS
result showed that selenate fraction was 60% for the barite in the sediment. The result suggests that the seawater from whi
barite was precipitated was under oxic condition. This result is consistent with the redox condition of the sediment suggested b
iron and sulfur XANES results in the same sample, which showed that the environment was highly oxic.

Keywords: barite, selenite, selenate, redox condition
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Geochemisty of pore fluids collected from active hydrothermal fields in the mid-Okinawa

Trough
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Many active hydrothermal fields exist in the Okinawa trough, Japan, where the seafloor is spreading due to a rifting activity of
back-arc basin. The trough is covered with both hemipleagic and volcanic sediments and hosts a number of hydrothermal site
that form black smoker type metal-rich sulfide chimneys.

To clarify the generation mechanism of high-temperature hydrothermal fluid in the felsic rock-hosted system, we are conduct
ing a hydrothermal experiment simulating the water/rock reaction under an elevated temperature/pressure condition. As a startir
material, we use a volcanic rock collected from the Hatoma knoll hydrothermal vent field during the NT11-20 cruise. The rock
sample and a NaCl fluid are reacted at 325 degree C and 300 bars over 1,080 hours. Although the experiment is still continuing
we will present the preliminary results such as the time variation of the composition of the reacted hydrothermal fluid.

gooob:oboo,0bbb,00on
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