Japan Geoscience Union Meeting 2012 ~® ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]‘c‘;g{;‘sgim

Union

BBG21-01 0 0:101A 00:50 210 13:45-14:00

OOO0000OO000o0DOOo0ooOOoffridgel 000 O0O0ODODOOODOOOODO
ooooooo o _ _ _
Chemical characteristics of arc magma and seafloor sulfide deposits on back-arc spreadil
center and off-ridge volcanoes
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To examine the relationship between geomorphological characteristics and hydrothermal activity, and relation of tectonic anc
volcanic control to hydrothermal system in the southern Mariana Trough, we investigated the five hydrothermal sites using
near-bottom swath mapping data collected by SEABAT7125AUV on the AUV Urashima during the cruise YK09-08, and dive
observation data acquired by the submersible Shinkai6500 during the cruise YK10-11. The principal findings are as follows. 1]
The two on-axis hydrothermal sites (Snail and Yamanaka sites) are possibly locally developed on a 4th order spreading segmel
in association with diking events. The three off-axis sites (Archean, Urashima, and Pika sites) appear to represent locations «
sustained hydrothermal activity, which has created relatively large-scale hydrothermal features as compared with those observ
in the on-axis area. The formation of off-axis hydrothermal sites likely closely related to an off-axis magma upwelling system,
as evidenced by the absence of fault systems and the undeformed morphology of the mound and the knoll. 2) The three off-ax
hydrothermal sites are mainly composed of breccias assemblages probably originated in hydrothermal activity with black smoke
venting. In those areas, numerous ridge lines (height, mainly 1-6 m), conically-shaped mound (height, 50-100; diameter, 250
300m), and bumpy seabed texture are found, in contrast, the on-axis sites are characterized by no ridge lines, and white smok
and shimmering observed on dome-shaped pillow mound (height, 5-30 m; diameter, 250-320 m). Hence, distribution of the ridge
lines, mound morphology, and bumpy seabed textures likely to correlate with hydrothermal activity.
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An electrical resistivity profile across the central Mariana subduction system shows high resistivities in the region of upper
mantle beneath the back-arc spreading ridge where melt is supposed to exist. The question arises as to why the 2D magnetoteliL
(MT) experiment failed to image the melt at the place where seismic attenuation structures showed a signature of the melt bt
seismic velocity structures did not strongly show it. We have run forward models that test possible melt geometries that are
consistent with other observations from the region, and that we use to place upper bounds on the possible extent of melt benesz
the spreading center. The tests are carried out by examining the differences in MT response between a starting 2D model whi
is essentially the result of inversion of data from the region and models with 3D melt bodies superimposed on this backgrounc
starting model. If differences in the predicted MT responses are above a threshold level determined by the uncertainties in th
field data, then we argue that such a feature should be resolvable and therefore is not compatible with our data. Features whi
do not greatly perturb the MT responses, within the error, could be considered acceptable. The tests with the across-strike re
data profile and an along-strike hypothetical data profile show that perturbations in the off-diagonal elements of the MT respons
behave similarly in both profiles, and that weak signals from melt bodies in diagonal elements of the MT response may not be
detected within the observational error. Taking into accounting melting regions suggested by other geophysical studies, as we
as the likely effects of melt focusing, the most likely melt region has a pyramid shape and a resistivity of 100 Ohm-m, whose
value is close to a dry olivine on mantle adiabat and could indicate the interconnected silicate melt of “1%-0.1%. In contrast tc
the superfast spreading southern East Pacific Rise, the 3D melt region with a modest detectable melt supply suggests that buoy
mantle upwelling is the dominant process beneath the slow-spreading central Mariana back-arc spreading ridge.
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Diversity of seafloor massive sulfide ores in the Okinawa Trough
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The adsorption behavior of trace elements onto iron (Fe) oxides has been well demonstrated for their importance in wate
chemistry. Especially, bacterial-induced Fe oxides (Bacteriogenic iron oxides: BIOS) are of common interest because of thei
ubiquity and characteristics of adsorption of various ions. Indeed, it is previously reported that the adsorption of heavy meta
ions onto BIOS exhibited adsorption trend different from synthetic iron oxides [1]. In this study, arsenate adsorption behavior
onto (A) synthetic ferrihydrite, (B) natural BIOS collected from Okinawa hydrothermal vent, and (C) synthetic BIOS obtained
by incubation of iron-oxidizing bacteriunMariprofundus ferroxydar)swere compared. BIOS synthesis was performed using
a set of diffusion cells by which we can obtain pure BIOS free from other inorganic and organic materials which are abundant in
natural BIOS (e.g., silica, clay minerals, and other ions adsorbed on BIOS). Adsorption experiments were performed under se
water condition (I: 0.70 M; initial arsenate concentration: 70 mg/L; adsorbent: approx. 0.5 mg) as a function of pH 4-10. Iron
mineral species of iron oxides were specified by Fe K-edge X-ray absorption fine structure (XAFS) [2] and adsorption structure
of arsenate was examined by As K-edge XAFS analysis.

Iron K-edge XAFS analysis revealed that both natural and synthetic BIOS consisted mainly of ferrihydrite with 45-55 %
of highly amorphous Fe hydroxides that is characterized by the primitive Fe hydrothesis stages. The crystal size was nano-sca
which was smaller than the synthetic ferrihydrite. Thus, it was expected that BIOS should have more arsenate adsorption capaci
than synthetic ferrihydrite. However, the amount of arsenate adsorbed onto each iron oxides decreased in the order of synthe
ferrinydrite > natural BIOS = synthetic BIOS with a same adsorption trend as a function of pH. XAFS and micro-XRF analysis
indicated that arsenate was mainly adsorbed onto Fe phase within natural and synthetic BIOS forming inner-sphere complexatic
to the Fe oxides. These results were consistent with previous results on As adsorbed onto synthetic ferrihydrite. Contrary to the
reduced crystal particle size, specific surface areas of synthetic BIOS was decreased by 25% from synthetic ferrihydrite, whic
is possibly caused by the coprecipitation of Fe oxides with organic materials [3]. Thus, it is suggested that strong aggregation c
Fe particles by the presence of organic materials reduces (i) the surface area and/or (ii) the active adsorption site within BIOS
which may ultimately result in the decrease of the arsenate adsorption onto BIOS. These results also suggest that direct ai
indirect effects of organic materials should be taken into account to evaluate the anion adsorption onto BIOS.

[1] Katsoyiannis et al. (2006)Vater Researct0, 3646.

[2] S. Kikuchi et al. (2011)Chem. Lett.40, 680-681.
[3] Mikkuta et al. (2008)Geochim. Cosmochimi. Act@2, 1111.
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The concentration of W dissolved in the modern ocean is considerably lower than that of Mo, although Mo and W have similar
chemical characteristics, since both elements belong to Group 6. It is considered that W is adsorbed significantly onto iron
manganese oxides, while in contrast Mo is difficult to adsorb on the iron-manganese oxide due to the difference in the surfac
complexes formed at the oxide surface (Kashiwabara et al., 2011). On the other hand, under the reductive ocean such as in t
early earth, the concentration of these trace elements might be controlled by adsorption onto sulfides. In this system, itis assum
that Mo is adsorbed significantly onto the sulfide and is removed from seawater, while in contrast W is difficult to adsorb on the
sulfide and dissolved in seawater. In other words, by the changes of redox condition due to the evolution of the atmospher
from low oxygen to high oxygen concentrations, the water solubilities of Mo and W in the primordial ocean are expected to be
contrastive to the modern ocean. However, water solubilities of Mo and W under reductive ocean are not well known in particulat
from chemical process within the phenomena. Thus, purpose of this study is to clarify the solid-water distributions of Mo and
W under reductive condition by adsorption experiments and analysis of marine sediments with their interstitial waters.

Based on the adsorption experiments, adsorption of Mo and W onto pyrite was larger at lower pH, possibly due to the
larger positive charges induced at lower pH. However, it was found that adsorption distribution coefficient of Mo was about 8
times larger than that of W. XANES spectra showed that adsorption forms, or chemical species, of the both elements were als
sulfide. However, the formation of Mo sulfide was not affected by pH, whereas formation of W sulfide did not proceed under
high pH condition where W sulfide was not observed. Thus, the water solubility of W is most likely greater than that of Mo in
the sediment under reductive condition.

The preference of formation of sulfur-bound species for Mo than W and larger affinity of Mo to the sulfide than W were
the opposite result to what we found for their solid-water distributions under oxic condition. In the latter system, W forms more
stable surface complex to iron-manganese oxides, which results in the larger solubility of Mo in water compared with W.

To confirm the suggestions from laboratory studies, abundances and speciation analyses were conducted for the hydrothe
mal water-sediment system in the mid-Okinawa Trough, especially for Mo. For the sediment samples, variation of chemical
species of Fe and S estimated by their K-edge XANES indicates that redox condition became reductive at greater depth in th
sediment. As a result of the distribution between sediment and interstitial water, a larger Kd values were obtained at deepe
layer for Mo. In addition, XANES spectra indicated that dominant species of Mo was oxygen-bound species in oxidative shallow
layer, while tetravalent sulfide was dominant in reductive deep layer.

Keywords: Molybdenum, Tungsten, Redox condition, Solubility, XAFS, Sediment
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