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Precipitation of silica minerals ubiquitously occur in crustal environments. Quartz is the most stable phase of silica. Metastable
silica polymorphs, such as amorphous silica, cristobalite, and chalcedony, also form in the surface and subsurface silica deposi
The dissolution-precipitation of silica minerals has a significant effect on both mechanical and hydrological properties of the
Earth’s crust. However, the structure of the crust has been studied mostly in geophysics, not in geochemistry.

Here we interpret the maximum depth of the hydrothermal-convection zone at Kakkonda geothermal field, Japan, on the
dissolution-precipitation of silica minerals. The drilling of the well WD-1a at Kakkonda encountered the temperature exceeding
the hydrostatic boiling-point curve, over 500 C at 3729 m depth (Doi et al., 1998). The boundary between the hydrothermal-
convection zone and the heat-conduction zone was found at 3100 m depth because of the critical change of permeability.

First we calculated the quartz solubility along the P-T conditions of the WD-1a (Ikeuchi et al., 1998). The quartz solubility
had the local minimum value at 3100 m depth which coincided with The boundary between the hydrothermal-convection zone
and the heat-conduction zone, suggesting that quartz could precipitate from both upflow and downflow fluid at the boundary.

Next we conducted the hydrothermal flow-through experiments to investigate the temperature dependence of the precipitatio
of silica minerals. The P-T conditions for precipitation were from 170 to 430 C and 24 MPa. Any rock/mineral substrates were not
used in the precipitation vessel. The initial solution was made by dissolution of granite at 350 C and 24 MPa. The Si concentratiol
in the input solution, from 330 to 350 ppm, rapidly decreased to the quartz solubility at over 400 C. The experimental results
indicated that quartz precipitation associated with nucleation occur dominantly at high temperature whereas it associated wit
quartz growth on quartz surfaces only occur at low temperature.

A large amount of quartz precipitate is expected to seal the fractures and to block the downflow fluid efficiently. The maximum
depth of the hydrothermal-convection zone in the geothermal fields may reflect the significant precipitation of quartz at high
temperature.

References) Doi, N., Kato, O., Ikeuchi, K., Komatsu, R., Miyazaki, S., Akaku, K., and Uchida, T., Geothermics, 27, 663-690,
1998.; Ikeuchi, K., Doi, N., Sakagawa, Y., Kamenosono, H., and Uchida, T., Geothermics, 27, 591?607, 1998.
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The 2011 Tohoku-oki earthquake (Mw9.0) rupture propagated along the plate-boundary megathrust and caused a huge tsunal
One anomalous aspect of this earthquake is that the seismic slip broke through the up-dip limit of the seismogenic zone, with sl
propagating as far as the trench axis. In order to elucidate the physical mechanisms responsible for such unexpected behavior
the shallow fault, the IODP Ex 343 The Japan Trench Fast Drilling Project (JFAST) was carried out one year after the earthquake
It succeeded in recovery of material from within the plate boundary shear zone. Our data illustrate how mineralogical propertie:
vary through a depth-section including the plate boundary fault rock, and we discuss the mechanical significance.

At the drilling site (CO019E) where the largest fault slip50m) occurred, a plate boundary shear zone was identified around
820 mbsf. X-ray diffraction (XRD) analysis of clay-fraction samples reveals that relative abundance of smectite is markedly
higher at the fault (74-94 wt.%) than in the surrounding host rocks. Bulk-XRD results indicate the absolute smectite abundanc:
in the fault rock reaches more than 70 wt.%, suggesting (by correlation with previous experimental studies of smectitic clays) the
shear zone material had low intrinsic friction coefficient.

Because it has such a high smectite content, the shear zone is also expected to be influenced by physico-chemical interactic
between smectite and interstitial water. In particular, the swelling behavior of smectite will affect the in-situ mechanical state of
the fault. We estimated osmotic swelling forces the shear zone rock could cause by applying the Gouy-Chapman theory of diffus
double layer states under the restricted swelling strain condition. Based on measurements of exchangeable cation content, cat
exchange capacity and BET surface area for some bulk rock samples (including 2 fault rocks), the theoretical estimate sugges
osmotic repulsive forces of the order of "5MPa could act between the smectite particles within the fault. Thus, in addition to its
contribution to a low friction coefficient, the swelling behavior of smectite might further reduce effective pressure (and therefore
shear strength) of the plate-boundary fault, and help to promote localized slip on it.

Keywords: 2011 Tohoku-oki earthquake, JFAST, smectite
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Chlorine, which is known as a hydrophilic element, has been used for elucidating mechanisms of the oceanic materials re
cycling during subduction (Philippot et al., 1998). Since Cl-bearing minerals sush as NaCl are highly dissociative in solution,
chloride can be a sensitive proxy for fluid mobility in crustal and subduction-related environments (Barnes et al., 2008).

Chlorine isotopic ratio (& Cl/permil vs. SMOC, standard mean ocean chloride) varies in a range of +-10permil. The highly
positive &7 Cl values were found in the MORB while the negativE @l values were seen in subduction-zone pore fluids. Ser-
pentinized ultramafic rocks from ODP sites showed negatiV€kl indicating that a result of hydration of the ultramafic rock
by infiltrating®® Cl-enriched pore fluids from the overlying sediments (Barnes and Sharp, 2006). The pore fluids having strongly
negative d"Cl values (Ransom et al., 1995) are also consistent with preferential retention or fixatiGhiafsilicates.

However, the mechanism of Cl isotopic fractionation between two phases occurring phase separation along dehydration and r
crystallization at subduction related environments has not been described well. To elucidate an influence of water to the Clisotop
fractionation, we have conducted anion exchange chromatographic experiments. The results showed the heavieClsetope,
riched into liquid phase while the lightétCl, enriched into anion-exchange resin phase (Musashi et al., 2007).

The trend of the heavier isotopic enrichment into liquid phase by the chromatography was agreeable to the theoretical an
experimental studies on Li isotope effect: dehydration of the Li hydrate influencédd emrichment into the liquid phase (Oi et
al., 1991). Controversially, Schauble et al. (2003) theoretically estimated the lighter istGpenriched into liquid phase by
the Cl isotope equilibrium of the anhydrates.

To understand the Cl isotopic fractionation factor (S) experimentally obtained, the reduced partition function ratios (hamed f
value) of several Cl-hydrates were computed after geometrical structures of the Cl-hydrates were optimized by ab initio molecu
lar orbital calculation. Remarkably, the Cl-hydrates were not optimized until hydration number being more than 100, although the
number of the primary hydration sphere around a Cl- in aqueous solution was seven. This implied that the extremely dissociativ
Cl- was negatively hydrous and the hydration structure was unstable. The f value of the CI-(H20)n was calculated+md 1000
f(100) =1.658 (n=100) (Oi, private comm.). The S value is expressed by the theory of two phases’separation as follows: In S =1r
F(m) - In f(n) (Eq.1), where F(m) is a RPFR of CI-(H20)m adsorbing to resin with the hydration number of m, and f(n) is that
of CI-(H20)n dissolved in solution with the number of n. Since the m becomes less than the n by dehydration, symmetry of the
molecular structure of the former F(m) is less than that of the latter f(100). We speculate thatf@@0), implying that”Cl
preferably can be enriched into solution phase by dehydration effect.

When we summarize from the above-mentioned things, the thermo-dynamical stability of the primary hydration sphere arounc
Cl-ionis an important factor controlling the tendency of Cl isotope fractionation between liquid and solid phases of geochemical
interests. Assuming an anion exchange resin as oceanic sediment, we may$&} fhaferentially enriches into the sediment
phase whilé”Cl enriches into the subduction-zone pore fluid phase. However, only if Cl- incorporated into the solid phase such
as oceanic sediment is stable thermo-dynamically, as ¥{m) (Schauble et al., 2003), tHéCI may enrich into the sediment
phase rather than the pore fluid phase. Similarly, in case of the ultimate dehydration such as recrystallization of NaCl from the
saturated solution, tAéCl may enrich into crystal phase (Eggenkamp et al., 1995).
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Silica activity is considered to be one of the key factors in controlling reaction paths and rates of serpentinization (e.g., Fros
and Beard, 2007; Klein et al., 2009). There are many experimental studies on serpentinization during mantle peridotites and wat
interaction, focusing on extent of serpentinization, evolution of fluid chemistry and generation of hydrogen and hydrocarbons
However, all of these studies focused on bulk solid materials and solutions within the reaction vessel, and local changes of proc
ucts and silica concentration gradient have not been clarified; therefore, the role of silica transport on progress of serpentinizatic
is still unclear. In this study, we conducted hydrothermal experiments in the olivine (Ol)?orthopyroxene (Opx)?H20 system at
250 degreeC and at a vapor-saturated pressure of 3.98 MPa to explore the role of silica diffusion in aqueous fluids during serpe
tinization. Olivine (F091), orthopyroxene (En92), or their composite powders (with Ol/Opx/Ol zones) were set in tube-in-tube
vessels, and solution chemistry and the extent of serpentinization were analyzed in detail.

In the OI?H20 experiments, the product changed from serpentine + magnetite to serpentine + brucite + magnetite, accompanit
by a Si-drop in the solutions, that is similar to the results of our previous observations (Okamoto et al., 2011). Serpentinizatior
proceeded uniformly throughout the reaction tube, indicating that the supply of water was not the rate-determining process. I
the Opx?H20 experiments, orthopyroxenes were dissolved along the cleavages, and a small amount of serpentine + talc w
formed. The silica activity of the solutions in the Opx?H20 experiments was at the level coexisting serpentine + talc, that is 1?2
orders higher than in the OI?H20 experiments.

In the OI?0px?H20 experiments, serpentinization proceeded in both the Ol and Opx zones, and white-colored reaction zon
(2 mm thick) was developed at the boundary of the Ol and Opx zones. In the Opx zone, the extent of serpentinization was nearl
constant, and mixture of serpentine + talc was formed. In the Ol zone, the total amount of H20 revealed by thermogravimetry
and SEM observations was most extensive along the boundary between the Ol and Opx zones, and it decreased gradually aw
from the boundary. Based on the Mg/Si values of the products, the ratio of talc in the products (Mtalc/Mtalc+Msrp) is highest in
the Opx zone, and decreased steeply in the boundary zone, and talc was absent away from the boundary. The silica concentrat
in the bulk solution is lower than the stability field of talc, indicating the high Si gradient within the cm scale reaction tube.

Serpentinization in the OI?0px?H20 experiments was modeled simply by coupled processes involving silica diffusion and
three reactions: (1) a silica?consuming reaction after olivine, (2) a silica-releasing reaction after orthopyroxene and (3) talc
forming reaction after serpentine. We will discuss the kinetic model explain the reaction progress and evolution of solution
chemistry, and the role of silica on the rate of serpentinization. Our experimental results represent an analogue of serpentiniz
tion in natural hydrothermal systems with a high porosity, and we suggest that the spatial variation of serpentine as a function c
the distance from a source of silica could be a useful indicator of the relative magnitudes of reaction, mass transport, fluid flow
as well as temperature during hydrothermal alteration of oceanic lithosphere.

Okamoto, A., Ogasawara, Y., Ogawa, Y., Tsuchiya N., 2011. Chemical Geol., 289, 245-255.

Frost, B.R., and Beard, J.S., 2007. J. Petrol, 48, 1351-1368.
Klein, F., Bach, W., Jons N., McCollom T., Moskowitz B., Berquo, T. 2009. Geochim. Cosmochim. Act., 73, 6868-6893.
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Influence of Si-metasomatism on slab-mantle interface rheology
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Aqueous fluids liberated during dehydration of the subducting slab cause hydration of the overlying forearc mantle wedge
changing the mechanical properties of the slab-mantle interface. Antigorite, a high-temperature serpentine mineral, is expecte
to be the main hydrous mineral present in the forearc wedge, while slab-derived fluids are likely to contain significant amounts o
dissolved silica, leading to Si-metasomatism and replacement of antigorite by talc. However, it remains unclear how the strengt
and internal structure of antigorite-rich rocks evolve in the presence of reacting silica-rich fluids.

To determine the effect of Si-metasomatism on the rheological properties of antigorite, we performed a series of frictional
sliding experiments on 100% antigorite, 100% talc and antigorite (70%) plus quartz (30%) gouges under hydrothermal conditions
using a ring shear machine. The pure antigorite and talc gouges showed steady-state shearing at a friction coefficient of 0.63 a
0.21, respectively. In contrast, the antigorite/quartz (atg/qtz) gouges exhibited a peak friction coefficient of 0.40-0.62 followed
by strain weakening towards a quasi-steady-state strength with the friction coefficient of 0.25-0.47. The degree of weakenin
of atg/qtz relative to pure antigorite increased with increasing temperature and decreasing sliding velocity. The weakening wa
mainly due to the development of through-going, talc-bearing boundary shears, which widened until the steady-state sliding wa
attained.

Our experiments indicate that in the lowermost part of the forearc wedge, where silica-saturated fluids infiltrate from the
dehydrating slab, metasomatically produced talc slip surfaces or shear bands will form in the intensely sheared plate interfac
causing a much larger weakening effect than expected for antigorite, even if the total amount of talc formed is hinot%b).

gooob:obobodoo,bb,0ooobbbbobo,0bo0oo,bbboo,ubo
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1/1



Japan Geoscience Union Meeting 2013 0 ® ,’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

SCG63-10 00:104 00:50 230 10:15-10:30

000000000000000000000000000000000000
Geochemical variations in the Sangihe arc: Fluid and melt slab fluxes in response to sla
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The Sangihe arc, northeastern Indonesia, is an oceanic arc situated in unique tectonic settings where the active arc-arc collisi
is ongoing in the northern arc sector. The compositional diversity of lavas from south to north in the arc should reflect influx from
subducted slab in response to slab components and P-T conditions in the sub-arc mantle. To elucidate magma genesis and <
thermal structure in such a setting, we have obtained new geochemical data for lavas from the entire Sangihe arc. In the southe
arc where is away from the collision zone, the across-arc geochemical variation demonstrates that slab component changes
character from low-temperature fluid, through high-temperature fluid, to partial melt from the volcanic front to the rear arc. The
geochemical systematics, the estimated mass fraction of the slab component, and the inferred stability of accessory rutile, zirco
and phengite in the slab are all similar to other oceanic arcs, such as lzu arc, indicating that the thermal structure of the slab |
not affected by impending collision. In contrast, volcanic front lavas from the dormant northern Sangihe arc are systematically
more enriched in fluid-immobile elements than the southern volcanic front lavas. This may be related to advanced collision ir
the northern arc that could have slowed the subduction rate and heated the slab in the Pliocene followed by cessation of volcar
activity in the Quaternary.

gooob:bboog,bboboo,obbbobo,00bbb,00non
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IGraduate School of Science and Technology, Kumamoto Univet&igppu Geothermal Research Laboratory, Kyoto Univer-
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We analyzed volcanic rocks from eastern part of Java island in order to estimate the influence of slab-derived fluid across th
arc. Such lateral variation of slab-derived fluid contributions, from both sediment (SED) and altered oceanic crust (AOC), to arc
magmas has been documented in central and western sections of Java island. The ratios of fluid-mobile elements to HFS (Hit
Field Strength) elements (e.g. Ba/Nb, Ba/Zr, Ba/La) were examined as well to reveal the lateral variation of subduction compo
nents. We also evaluate the mantle source variability across this arc magmas by using Nb/HFSE (e.g. Nb/Ta, Nb/Zr) ratios.

Volcanic rocks from eastern part of Java island show general enrichment of LILE and LREE, and negative anomaly of Nb
and Ti, in both the frontal-arc and back-arc regions. These arc magma’s characteristics are also well observed in the volcan
rocks from central and western parts of Java island. The increasing ratios of Nb/HFSE in the back-arc region of eastern pa
of Java imply particular mantle source enrichment in this part. Subduction components, as represented by Ba/HFSE, are we
observed all across the arc. These ratios decrease from volcanic front toward back arc, which suggests a recognizable influence
slab-derived fluid in this particular part of Java island. The back-arc alkaline volcanoes, such as Ringgit-Beser, are low in term:
of Ba/HFSE ratios, suggesting the small input of subduction components. In terms of across-arc variation of slab-derived fluid
volcanic rocks from East Java show similar decreasing pattern, which is also shown by magmas from Central Java. However, tt
appearance of back-arc alkaline volcanism at 220 km depth of Wadati-Benioff zone, which is much shallower compared to 37(
km in central part of Java, raises a question of different controls on back-arc volcano formation in Java island.

The decreasing patterns of slab-derived fluid across the eastern part of Java, which is recognized in Central Java as well, st
gest the distinct contributions of slab-derived fluid into arc magmas in Sunda arc. In addition, this finding implies that subduction
signature is observed not only in the frontal arc region, but also in the back-arc region of both East and Central parts of Jav
island.

0 000D : East Java, Sunda arc, slab fluid, lateral variation, trace elements
Keywords: East Java, Sunda arc, slab fluid, lateral variation, trace elements
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Introduction: Aqueous fluids in the Earth’s crust would have large effect on the occurrence of earthquake and volcanic erup:
tions. To understand the effect of aqueous fluids, it is necessary to delineate their distribution in the Earth’s crust. The distributior
of the fluids has been expected to be revealed by electromagnetic observation, e.g. magnetotellurics. Electrical conductivity di
tribution in the crust is considered to roughly correspond to the fluids distribution because of the high electrical conductivity of
fluids relative to solids. To develop a plausible model of the fluids distribution to explain the electromagnetic observations, we
have to construct a database of the electrical conductivities of fluids over a range of presserageratureT), and electrolyte
concentrationsd). Classical molecular dynamics (MD) simulations are useful to obtain the physical properties of fluids at a
range ofp, T andc and to understand the underlying atomic-scale mechanism of the electrical conduction. Liquid and spuer-
critical phases of water and aqueous NaCl solutions are dominant at Theonditions of the Earth’s crust. The aims of this
study are (1) to develop a database of electrical conductivity of aqueous NaCl solution at a range of temperature, pressure, al
salt concentrations and (2) to understand the physics and chemistry of the electrical conductivity of NaCl solution at extremely
supercritical conditions.

Computational Methods: We used a flexible and induced point charge (FIPC) water model [1]. The point charges are fluctu:
ated during the MD simulations. The MD simulations were performed using the code MXDORTO with some modifications. The
database of electrical conductivity was developed for NaCl solutidh<at2000 K,p < 2 GPa, and < 9.5 wt%

Results and Discussion: The electrical conductivity was almost constant &73 K, p > 0.5 GPa, and low salt concentration
¢ = 0.6 wt%. This is because the association of ions canceled out the mobility of ions at these conditions. At the salt concentra
tion ¢ = 3.3 wt%, which corresponds to the concentration of sea water, the electrical conductivity showed large temperature an
pressure dependencesTat> 1000 K andp < 1.0 GPa. The values were a function of temperature and density of the solution.
The maximum conductivity was 25 S/m. The behavior of highly concentrated salt sotutich5 wt%, which is a few times
higher than the sea water, will be discussed in the presentation. In this study, we explain the underlying mechanism of the chanc
of the electrical conductivity of aqueous NaCl solution in the supercritical phase from atomistic view and try to construct the
useful equations for the electrical conductivity of aqueous NaCl solution in the supercritical phase.

[1] Sakuma, H., Ichiki, M., Kawamura, K., and Fuji-ta, K., under revision.

oooodOo:NaCl,OOOO,MT,000,0,000
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1/1



Japan Geoscience Union Meeting 2013 ‘e < ;’

(May 19-24 2013 at Makuhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SCG63-13 00:104 00:50 230 11:15-11:30

Joododofdonooooooooooogoobooooooobnd
3-D Channeling Flow through Rock Fracture Networks in Field-scale
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Rock fractures are recognized as the predominant pathways of fluid in the Earth’s crust, because fractures usually have mu
greater permeability than the matrix permeability. Fluid flow through rock fractures is characterized by formation of preferential
flow path (i.e. channeling flow) due to the heterogeneous aperture distribution created by the rough surfaces contacting, in pai
each other.

In understanding the fluid migration within Earth’s crust, discrete fracture network (DFN) model is one of the most powerful
techniques to incorporate geometrical properties in fractures (fracture size, location, orientation, and density), and can accou
explicitly for the contribution of individual fractures on fluid flow. However, in the conventional DFN models, individual fractures
were characterized by a single aperture value despite the fact that the real fractures had heterogeneous aperture distributions,
as a result the formation of 3-D preferential flow paths thorough fracture network were neglected. Therefore, the authors hav
developed GeoFlow, a novel DFN model simulator, where fractures are characterized by aperture distribution [Ishibashi et al.
2012]. In order to utilize GeoFlow for a field scale problems, the authors also developed a prediction method of fluid flow within
multi-scaled fractures under confining stress [Ishibashi et al., 2012].

In the present study, we challenged to construct the precise fracture network with heterogeneous aperture distribution in fielc
scale. The Yufutsu oil/gas field in Hokkaido, Japan is well known as fractured type of reservoir, and selected as the subjec
for study. This is because reliable DFN models can be developed based on 3-D seismic data, acoustic emission data, in-si
stress measurement, and well logging for this field [Tamagawa et al., 2010]. The modeling domain is 1,050 (East-West) x 1,05
(North-South) x 1,050 (Depth) m3, and fractures are represented by squares of 50-390 m on a side. Aperture distribution
are numerically determined by contacting a pair of fractal fracture surfaces to have the lab-scale non-scale-dependent conte
area, and considered for the critically stressed fractures, which have high permeability due to shear dilation. Constructed DFI
models are, then, converted into equivalent permeability continua that reflected contributions of both the matrix and fracture
permeabilities. For the equivalent permeability continua, steady-state laminar flow of a viscous, incompressible fluid is simulatec
by GeoFlow under the unidirectional flow geometry.

The simulation results by GeoFlow show that the localization of flow paths in the fracture networks is much more remarkable
than that simulated by conventional DFN models due to the 3-D channeling flow. Subsequently, percentage of total area o
flow paths to total area of the fracture plane (flow area) is calculated for quantitative evaluation of flow path localization. As
a result, the actual flow area is estimated to be around 20-50% of the flow area predicted by conventional DFN models. Thi:
finding implicates the followings: the reactive fields where water-rock interaction takes place are limited to narrower area than
predicted by conventional DFN models, or 3-D channeling flow have a significant impact on well productivity of fractured type
of reservoirs. In understanding the reality of the fluid migration within Earth’s crust, 3-D channeling flow is one of the key
phenomenon, and the suggested method in this presentation enables us to address this phenomenon.

00000:0000,000000000,000000000,0000000,000000000
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