Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘Ei‘?"..
SCG060-PO1 0. 00o0oooooo O00O:50 250 16:15-18:45

Jofdodgouooooodogooooodgogoooogn _
Understanding the dynamics of thermo-chemical mantle wedge based on a simple mode
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Complex dynamical phenomena may be expected in the mantle wedge, since it will be controlled by a combination of therma
and chemical effects. Recent our studies show the possibility of the existence of small-scale convection in the mantle wedge
which may be driven by thermal/chemical buoyancies. Such a small-scale convection may explain the along-arc variation of ar
volcanism. In order to understand the complex phenomena associated with thermal and chemical effects, we have constructec
simplified model of thermo-chemical convection in the mantle wedge. In this model, we assume the kinematic flow of a chemical
agent, such as water, from the top of the subducting slab. This chemical agent affects both the density and the viscosity of th
region where it resides and decreases the density and viscosity.

We found that major effects of this low density and viscosity anomaly is to suppress the three-dimensional characteristic of
mantle flow. Chemically polluted, thus buoyant region tends to stagnate and this results in the low temperature zone in the corne
of mantle wedge. This result suggests the chemical origin of non-moving mantle part in the corner of the mantle wedge (nose)
which is sometimes necessary to explain the low heat flow in the fore-arc. We also constructed a hybrid model: The chemica
agency close to the trench affects both density and viscosity and it in the back arc region does only the viscosity. The mode
shows the co-existence of the low temperature nose and the small-scale thermally driven convection in the back arc. This me
explain some of the geologic character of the northern Honshu arc.
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Depth Dependence of Subduction Zone Seismicity and its Uniformity
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Arc volcanoes are typically located where the subducting slab is 110 km deep (e.g. Tatsumi, 1986). To explain the uniformity
of the arc volcano configuration, Wada and Wang (2009) proposed subduction zone thermal models with common decouplini
depth, in which the interface between the slab and the mantle wedge is decoupled to a depth of 70-80 km where mantle wedc
flows are not dragged by the subducting slab. If the thermal models really dominate, not only thermal structure but also earthqualk
activity in subduction zones can be affected because the condition of temperature controls seismogenesis at plate boundaries ¢
within slabs. In this study, | attempt to diagnose the models of Wada and Wang (2009) by examining variation of seismic activity
with depth in subduction zones.

Using earthquake hypocenter data relocated by the method of Engdahl et al. (1998), | examine dependence of earthquake fi
guency on depth down to 200 km. In subduction zones with thermal parameters larger than 800 km, the number of earthquake
exponentially decreases with depth below "50 km, and the decreasing rate changes at depth of 75-100 km. The depth changi
the decreasing rate seems to be uniform in the subduction zones, having no significant correlation with the thermal parameter
Depth distribution of earthquakes deeper than 75-100 km tends to depend on subduction zones. In some subduction zones |
earthquake frequencies continue to be at low rates, whereas there are dominant peaks of earthquake activity at depths in so
subduction zones. The similar observations are also obtained in the Global CMT catalogue.

Using the Global CMT catalog, | examine the depth distribution of earthquakes which depends on focal mechanisms. The
depth of 75-100 km is close to the lower limit where thrust earthquakes occur. Low-angle thrust earthquakes, which may be
plate-boundary earthquakes, occur at depths shallower than 75 km. My waveform modeling for some low-angle thrust earth
guakes shows that the depths are shallower than "50km. The depth of 75-100 km is a turning depth where focal mechanisn
change. Therefore, change in earthquake frequency at depth of 75-100 km can be a manifestation of two features: Vanishing
thrust earthquakes above 75 km and no significant increase of slab earthquakes at depths of 75-100 km shallower. Taking accol
of the dependence of the two features on temperature, the uniformity observed for the variation of seismic activity with depth in
subduction zones is consistent with the thermal models of Wada and Wang (2009).
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Major and Trace elements mineral composition in peridotites from the Ust’-Belaya ophi-

olite, Far East Russia
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The Ust’-Belaya ophiolite is exposed in the 80 km x 40 km area on the south of Ust’-Belaya (N65 30’, E173 17’), Far East
Russia (Sokolov et al., 2003, Geol. Soc. London, Spec. Publ., 218, 619-). The associated limestone suggests Devonian or olc
age of this ophiolite. It is an important character of this ophiolite that glaucophane-bearing rocks occur. Here we report the petro
graphical features and mineral chemistry of the peridotite from the Ust’-Belaya ophiolite and discuss about their metamorphisn
and metasomatism.

Mantle section of the Ust’-Belaya ophiolite is composed of fertile Iherzolite to moderately depleted harzburgite. As a result of
significant hydration, those peridotites contain various hydrous minerals such as amphibole, talc, secondary clinopyroxene ar
antigorite. In some of antigorite-bearing peridotites, olivine shows an apparent "cleavage”. Such petrographical characteristic
resemble those of the antigorite-bearing serpentinite from Mariana forearc (Ohara & Ishii, 1998, Island Arc, 7, 541-; Murata et
al., 2009, Geosphere, 5, 90-).

Cri# of spinel in the Ust’-Belaya peridotite shows wide range from 0.1 to 0.5, which is similar compositional range to these of
the mid ocean ridge peridotites. It is noteworthy that low-Cr spinel (Cr#=0.1) coexist with high-Na clinopyroxene. Such Na-cpx
shows similar trace element pattern to the mid ocean ridge peridotite, which is explained by simple extraction of melts. Therefore
such Na-rich clinopyroxene bearing peridotite may represent the deeper level of melting column. On the other hand, the othe
clinopyroxenes show LREE-enriched trace elements patterns, which is cannot be explained by simple extraction of melts. Thes
patterns can be explained by influx melting.

Amphiboles show different compositional trend corresponding to the mineral assemblage. In Atg-free type rocks, amphibole
covers a compositional range from tremolite to pargasite. Meanwhile, in Atg-bearing type rocks, amphibole covers a composi
tional range from tremolite to richterite with edenite. Trace elements patterns of the former amphiboles (magnesiohornblende
are similar to those of clinopyroxenes in the same sample. Therefore the fluid related to the influx melting was able to be respor
sible for the formation of these amphiboles. On the other hand, the latter amphiboles (Na-rich tremolite/richterite) shows low
concentration and pronounced positive anomaly for Sr. This indicate introduction of Na and Sr coupled with removal of these
elements.

The influx melting inferred from trace elements patterns of cpx, as well as the occur of glaucophane-bearing rocks, low equi-
librium temperature of peridotites and the evidence of fluid-peridotite interaction are suggesting the Ust’-Belaya peridotite may
represent a fragment of the pre-late Paleozoic forearc mantle wedge. Absence of highly depleted peridotite suggests that higt
depleted peridotites are not necessary for every forearc environments.
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Velocity and conductivity measurements on synthetic wet halite rocks at high pressure

and temperature
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Intercrystalline fluid can significantly affect rheological and transport properties of rocks. Its influences are strongly dependent
on its distribution. The dihedral angle between solid and liquid phases has been widely accepted as a key parameter that contre
solid-liquid textures. The liquid phase is not expected to be interconnected if the dihedral angle is larger than 60 degree. Howeve
observations contradictory to dihedral angle values have been reported. Watanabe and Peach (2002) suggested the coexiste
of grain boundary brine with a positive dihedral angle. For good understanding of fluid distribution, it is thus critical to study the
nature of grain boundary fluid.

We have developed a high pressure and temperature apparatus for study of intercrystalline fluid distribution. It was specially
designed for measurements of elastic wave velocities and electrical conductivity. Elastic wave velocities (Vp and Vs) and elec
trical impedance can be measured to constrain intercrystalline fluid distribution. The apparatus mainly consists of a conventione
cold-seal vessel with an external heater. The pressure medium is silicon oil of the viscosity of 10 Pa s. The pressure and tempe
ature can be controlled from 0 to 200 MPa and from 20 to 200 C, respectively. Dimensions of a sample are 9 mm in diameter
and 15 mm in length.

Halite-water system is used as an analog for crustal rocks. The dihedral angle has been studied systematically at variol
pressure and temperature conditions [Lewis and Holness, 1996]. The dihedral angle is larger than 60 degree at lower presst
and temperature. It decreases to smaller than 60 degree with increasing pressure and temperature. A sample is prepared
cold-pressing and annealing of wet NaCl powder. Optical examination has shown that synthesized samples are microstructural
homogeneous. Grains are polygonal and equidimensional with a mean diameter of 300 micrometer. Grain boundaries vary frol
straight to bowed and 120 degree triple junctions are common. Gas and fluid bearing inclusions are visible on the grain bounc
aries. There are spherical inclusions or isolated worm-like channels.

In this poster, we will report preliminary results of compressional wave velocity and electrical conductivity measurements.

gooobo:0oboog,bboboobo,ono,o
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CO2 bearing saline aqueous fluid inclusions in olivine of peridotite xenoliths of Pinatubo

1991 ejecta
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Spinel peridotite xenoliths are present in the dacitic rocks of the Pinatubo 1991 eruption, Luzon Island, Philippines. The
Pinatubo volcano is one of the Bataan arc-front volcanoes that are associated with eastward subduction of the South China S
floor along the Manila Trench. Peridotite xenoliths are mainly composed of olivine and orthopyroxene, with minor amounts of
spinel and calcic amphibole surrounding spinel and orthopyroxene. Small grains of clinopyroxene and phlogopite also surroun
spinel and orthopyroxene. Phlogopite and amphibole inside of peridotite xenoliths have major element chemistry different from
those of selvage.

Many fluid inclusions less than 30 micrometer in diameter are present in olivine. Raman spectroscopy shows that those flui
inclusions are mainly composed of 8, magnesite, unidentified crystal and a bubble. Raman spectra indicate the presence of
hydrous mineral on a wall of host olivine, which can be a talc. In addition to these phaseis &€b found in vapor bubbles in
inclusions. These suggest that the inclusions were composeg®{dD, and reacted with olivine to form talc, magnesite, and
CO, - bearing aqueous fluids. Using a cooling stage, we determined melting temperature of ice and estimated NaCl equivaler
amount dissolved in the fluid inclusions to be 5-14 weight %. This amount of NaCl is not strictly but roughly consistent with an
estimation based on Raman spectra. Since the original fluids reacted with olivine after their capture, homogenization temperatu
without re-reaction involved of olivine, magnesite, talc, and fluids does not provide meaningful density of original fluids.

As a pioneer work, Roedder (1965, American Mineralogist) reporteg i@€usions commonly observed in mantle xenoliths
in worldwide. One exception was GEH-,O inclusion from orthopyroxene in a peridotite xenolith of Ichinome-gata, a back-arc
side in the northeast Japan arc. For last 15 yeay§) idclusions have been reported from several peridotite xenoliths in sub-
duction zones: from Iraya, Bataan (Schiano et al., 1995, Nature), Lihir, Papua New Guinea (Mclnnes et al., 2001, Earth anc
Planetary Science Letter) and Avacha, Kamchatka (Ishimaru and Arai, 2008, Geological Society, London, Special Publications’
The present description of the fluid inclusions in the Pinatubo peridotites indicates thdiga@ng saline aqueous fluids are
present beneath the volcanic front in Bataan arc, Philippines.
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Synthetic aqueous inclusions of dehydrated fluids from hydrated minerals
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When we evaluate patterns of flow and mass transportation through underground space, fractures and faults in rocks cau
severe uncertainties. The uncertainties are partly from those in flow properties of a single fracture or fault. The flow properties o
a fault and fracture generally depend on several factors such as intact rock properties or stress conditions. It is therefore impo
tant to evaluate dependencies of flow properties through a single fault on several factors, for evaluation of their effects on flow
properties of bulk rock mass.

We operated laboratory experiments to measure flow rate through a mudstone specimen during axial deformation under col
fining pressure, with siliceous mudstone from Koetoi and Wakkanai Neogene Formations, Horonobe, Hokkaido. Main origins of
Koetoi and Wakkanai Formation (Fm.) mudstones are the same, fossil diatoms, but phases of amorphous silica are different;
the boundary between these Fms., the phase changes from Opal-A to Opal-CT. Therefore Wakkani Fm. mudstone is denser a
harder than Koetoi Fm. mudstone. Japan Atomic Energy Agency (JAEA) has done detail researches relating to flow propertie
of rock mass at underground situation, including by drilling cores or borehole explorations down to the depth of several hundrec
meters to a few kilometers in this region. Previous studies indicated that in-situ flow path tends to concentrate at some location:
which seems to match with the locations of faults and fractures in Wakkanai Fm., while, in Koetoi Fm., this tendency is weak.
This difference can reflect differences on characteristics of flow properties of faults. Therefore we operated laboratory experi
ments with these rocks and tried to examine this possibility.

We adopted a specimen arrangement similar to experiments of Takahashi (2003, JGR); we put a cylindrical mudstone spe
imen of 20mm in length and 20mm in diameter between cylindrical Berea sandstone specimens of 10mm in length and 20mr
in diameter. The mudstone specimen is intact, but the sandstone specimens have saw-cut plane of which an angle is 30 degr
with respect to the axis of the specimen. The sandstone specimens are set at the both side of the mudstone specimen so that
saw-cut planes are on the same plane, in order to induce shear zone in the mudstone specimen when axial force is applied. T
advantage of this method is that we can see if flow rate along induced shear zone, or fault, is effectively large comparing to th
intact part of mudstone.

We set confining pressure and average pore pressure as 8.3 and 4.9MPa, respectively, considering the condition of a depth
approx. 500m in this region. We used distilled water as a pore fluid and operated the experiments under room temperature. W
applied an axial displacement with a constant velocity, 0.2um/sec, and measured permeability of the axial direction by oscillatior
pore pressure method. We used specimens prepared from three locations of the drilling core of HDB 10; 43.2m, 264.0m, (Koetc
Fm.), and 385.0m (Wakkanai Fm.) in depth.

Main results of the laboratory experiments and microstructure observations are as follows. (1) Measured permeability is
similar to permeability before deformation, or intact permeability, for Koetoi Fm. mudstone, while, in the case of Wakkanai Fm.
mudstone, permeability increases after deformation. (2) Micro focus X-ray computed tomography images of induced shear zone
indicated that the shear zone in Koetoi Fm. mudstone is compacted, while that in Wakkani Fm. mudstone is dilative and fracture
are observed around the shear zone, which suggested that the shear zone may work as a conduit. The differences of shear z
flow properties in laboratory experiments between two Fms. may be related to differences in observed in-situ flow.

This research is supported by the Ministry of Economy, Trade and Industry of Japan. We express our gratitude to Dr. Niizato
JAEA, for his efforts to prepare drilling core samples from HDB 10.
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An experimental investigation on the fluid distribution in amphibolitic lower crust
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The connectivity of COH fluids in the polycrystalline aggregates of pargasite, anorthite, and those two was assessed in term
of the geometry of crystal-crystal-fluid triple junction in the synthetic rocks. All the experiments were carried out at 600 degreeC
and 0.7 GPa with fluid fraction of 0.1?3%. To estimate the true dihedral angles without a sectioning effect, the effect of surface
energy anisotropy was considered using the cumulative frequency curve of the apparent dihedral angle measured on cross s
tions.

In the anorthite?fluid systems, populations of the curved-curved (CC) type triple junction were ca. 45% irrespective of the fluid
composition, whereas their median dihedral angles depend on the fluid composition; 80 degree for H20, 93 degree for CHO an
70 degree for 6 wt.% NaCl aqueous solution. The true CC type dihedral angles, estimated according to the theory of Laport
and Provost (2000), range from 53 to 102 degree. Since most of the dihedral angk&® degree in the anorthite aggregate,
the intergranular fluid will not be connected as long as the fluid fraction is small. In the pargasite aggregate, the CC type wa:
less dominant; ca. 65% of the triple junction was faceted?faceted (FF) type. It should be noted that most of the FF type wer
impingement grain boundary. If | assume that the true dihedral angle does not have a single value but constant probability distr
bution, then its range is calculated to be 28?88 degree. Assuming for simplicity that the pore geometry is equilateral triangula
pyramidal, the true dihedral angle has this range when the ratio of hypotenuse to base of the pyramid is 0.7?5.6. This simpl
model shows that the pyramid of pore fluid in the pargasite aggregate has a finite height and will not be interconnected, becaus
if the fluid is interconnected, its geometry approaches a tube lacking the base plane and the maximum value of the true dihedr
angle (formed only with two side faces) is less than 60 degree. In the anorthite-pargasite-fluid system, the population of the triple
junction consisting of a curved anorthtie and a faceted pargasite faceg5¥. It is calculated that the true dihedral angle of
this type of triple junction has a range of 31?57 degree on the basis of the cumulative frequency curve of the measured appare
dihedral angle.

The FE-SEM observation showed that most of the FF and FC type boundaries were formed by impingement, and thus surfac
tensions at these grain boundaries were not balanced. However, such boundaries were stable as long as the experimental durat
In addition, it is observed that the impingement grains are common in natural amphibole or biotite in the high-grade metamorphic
rocks. Therefore, the pore geometry determined by the impingement grains seem to represent a stable structure. Judging from
observed pore-type populations, the FFC and FCC type pores are most likely in the amphibolitic aggregate. The connectivity c
these types of pore are relatively high, because the FC type dihedral angle is relatively low (31 - 57 degree) even at the small flui
fraction of the present experiments and the curvature can be continuous along the curved grain boundary (von Bargen and Wa
1986). The fluid may be interconnected along the edges surrounded by the faceted plane(s) and curved edge(s). The possibil
of interconnection at the grain corners is also high. Thus, the connectivity of fluid in the aggregates of amphibole and anorthite
is strongly dependent on the modal composition.

gooob:b0bbododo,bbooog,bbobooo,bbobo,0obobooboo
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Experimental study on calcite precipitation in hydrothermal environments
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The crustal fluids are commonly characterized by the compositions in C-H-O system, mainly compog@d©thiand CH;,

and thus transport of these fluids and precipitation of carbonate are important for the global carbon cycle. To reduce greenhou:
gas (CQ, CH, etc) in the atmosphere, the carbon storage underground has been tried; however, it is considered to be difficult tc
precipitate calcite in reasonable timescale. In contrast, calcite veins are very common in the oceanic crusts, metamorphic rock
and accretionary prisms. For example, calcite + quartz veins occur ubiquitously in the Shimanto belt. The solubility of calcite
decreased with temperature, that is the opposite trend of quartz; and thus how calcite precipitated in the conditions that quar
also occurs is puzzling. In spite of its importance, the experimental studies on the calcite precipitation are very limited. Most
experiments are carried out under near room temperature and controlled by pH change or synthsditu@ed fluids (Lee &

Morse, 1999), that are far from natural conditions of calcite-vein formation. To best of our knowledge, there are no experimental
studies on calcite precipitation under hydrothermal conditiorf0Q degree C).

The purpose of this study is to understand the controlling factors on calcite precipitation under conditions of calcite-vein
formation (fluid compositions, P-T conditions, host rock types). The solubility of calcite increases with decreasing temperature,
with increasing fluid pressures, and with increasing concentration of NaCl (Ellis, 1963). What is the most controlling factor that
enhances the calcite-vein formation at the conditions of the Shimanto belt is unknown. As a first step, we conducted hydrothermg
flow-through experiments to precipitate calcite at 300 degree C and 30 MPa by using the temperature dependency of solubility.

Before the precipitation experiments, because a reliable solubility data on calcite at elevated temperature is lacking, we teste
how amount of Ca ions dissolved from calcite in the flow-through system at 30 MPa with temperature range from 100 to 400
degree C. The Ca concentration path-through the vessel is highest at 100 degree C, and it decreased with increasing temperat:

The experimental apparatus of the precipitation experiments is composed of two reaction vessels; in the first vessel, the supe
saturated solutions were prepared by dissolution of limestone sand (1-2 mm in size) in the distilled water at 100 degree C. In th
second vessel, seven limestone substrates (5x5x15 mm) were set along the flow-path. The limestone is composed of fine grair
aggregate of calciteq0.03 mm). The temperature of the precipitation vessel was set to be 300 degree C. The fluid flow rate was
1 ml/min. After the run of 240 h (10 days), the total increase of weight of limestone substrates was 0.051 g. Observation of the
surface morphologies of the substrates by SEM and thin sections by optical microscope reveal that euhedral calcite crystals wil
size of 0.02-0.03 mm grew from the calcite in the substrates.

Our results suggest that calcite veins could be formed around 300 degree C, if fluids saturated with calcite at lower temperatui
would be brought accompanying with subduction of slabs. However, our experimental conditions deviate from that of quartz anc
calcite vein formation, because the temperature increase leads to the dissolution of quartz, so that it cannot be co-existing
quartz and calcite in the same veins. Second, the source of Ca astd @@uld be the host sedimentary or basaltic rocks in
the Shimanto belt. We will try to precipitate calcite with using other factors, including pressure dependence on the solubility, the
host rock type.

References: Lewis J. C., Byrne T. B., J.D.Pasteris, (2000), J. metamorphic Geol., 2000, 18, 319-333

Y. J. Lee, J. W. Morse, (1999), Chemical Geology, 156 (1999), 151-170

A. J. Ellis, (1963), American Journal of Science, 261, 1963, 259-267
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Optical pressure sensors for DAC experiment: application in high-pressure studies
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Structural properties of melts and minerals are widely examined by in situ spectroscopic studies with externally heated dia
mond anvil cell (HDAC) [1]. While the temperature can be controlled with an accuracy of plus/minus 0.5-1.5 degree C with this
technique [2], a direct pressure measurement is complicated by the differences in compressibility and thermal expansivity for th
variety of samples. Only few spectroscopic standards can be used for pressure determination in the HDAC experiments involvin
silicate melts. One of the non-reactive pressure sensors which was calibrated in the wide pressure- and temperatuté@anges is
diamond [3]. Its first-order Raman shift is distinct from that of diamond anvils and indicates the pressure in immediate proximity
to the sample.

The objective of this work was to test the precision&€ diamond pressure marker at high pressures and elevated tempera-
tures. Experiments were carried out in the HDAC, with pus®His a pressure medium and two optical pressure marké@s -
diamond aggregate chip and ruby chip. Already well established phase transitiosfd system and ruby fluorescence pressure
scale were used as references for checking the precision of pressure determinatié@wlidtmond Raman shift.

In the temperature (22-300 degree C) and pressure (up to 4.8 GPa) ranges studied, a good agreement between the phase tre
tions in H,O system and the pressure values obtained from two pressure sensors was achieved during heating cycles. The aver:
difference between pressures calculated ffé@ diamond Raman shift and those calculated from ruby fluorescence line shift
(0.16 GPa) lies within the reported uncertainty of calibrations [3], [4], [5]. The largest full width at half-maximum (FWHM) for
the first-order Raman peak 6fC diamond was found to be approximately 9.9¢nat 300 degree C, that is much smaller than
FWHM for ruby fluorescence lines.

Experiments in the KO system demonstrated tHaC diamond is a precise pressure sensor which immediately detects sudden
pressure drops in the case of sample decapsulation. These features are essential for the pressure control in in-situ studies
magmatic phenomena, such as mixing behavior of magma and volatiles, structural changes in melts and fluids, crystallizatio
seguences.

References

1. Smith R.L. and Fang Zh. (2009) Techniques, applications and future prospects of diamond anvil cells for studying super-
critical water systems. Journal of Supercritical Fluids, V. 47, P. 431-446.

2. Bassett W.A., Shen A.H., Bucknum M., and Chou I.M. (1993) A new diamond cell for hydrothermal studies to 2.5 GPa and
from -190 degree C to 1200 degree C. Reviews of Scientific Instruments, V. 64, P. 2340-2345.

3. Schiferl D., Nicol M., Zaug J.M., Sharma S.K., Cooney T.F., Wang S.-Y., Anthony T.P., Fleischer J.F. (1997) The diamond
13C/*2C isotope Raman pressure sensor system for high-temperature/pressure diamond-anvil cells with reactive samples. Jourt
of Applied Physics, V. 82, P. 3256-3265.

4. Zha C.S., Mao H.K., and Hemley R.J. (2000) Elasticity of MgO and a primary pressure scale to 55 GPa. PNAS, V. 97, P.
13494-13499.

5. Ragan D.D., Gustavsen R., Schiferl D. (1992) Calibration of the rybgri@ R, fluorescence shifts as a function of temper-
ature from 0 to 600 K. Journal of Applied Physics, V. 72, P. 5539-5544.,
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Seismic Velocity Structure beneath Kii Peninsula
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Receiver function imaging of the Philippine Sea slab beneath Kyushu, southwest Japan
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3D electrical resistivity modeling of the Onikobe caldera -Implications for volcanoes and
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The Onikobe caldera is an oval topographic depression of 7.5km x 10km. In its southern part, there are active geotherme
fields in east-west directions and the most active geothermal manifestation Katayama-Jigoku is in its southeastern end. Arour
the area, many crustal earthquakes occur, such as Ilwate-Miyagi Nairiku Earthquake(Mw 6.9). The objective of this study is tc
image the resistivity structure in three dimensions in order to relate the distribution of fluids to volcanoes and earthquakes.

MT survey of 30 sites was conducted in 2009 in and around the Onikobe caldera. Three-dimensional inversion (WSINV3DMT)
was applied to the dataset using the full impedance components. The results of the inversions are as follows. A low resistivit)
body with north-south strike was found at 20km depth in the western part of the caldera. The conductor extends upward, but |
starts to branch laterally at 15km depth. One minor branch goes to 3km depth under the Mukaimachi caldera, which is located t
the south-west of Onikobe caldera. Another major conductive branch reaches 2km depth below the surface of Katayama-Jigok
The latter conductor has an east-west strike, which reflects the regional direction of tectonic compression. The resistivity of suc!
crustal anomaly is between 1 and 10 ohmm. Using the Hashin-Strikman model, where conductive fluid shells cover the resistiv
rock matrix, the conductors will have fluid content as 1-7%, if we assume typical saline crustal fluids. Earthquakes occur at
resistive zone above conductive body. This suggests the triggering of earthquake by fluids.

Keywords: maganetotelluric, inland ?earthquake, geofluid
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We numerically investigate the effect of the interaction among heat and fluid on dynamic fault tip growth. The interaction, re-
ferred to as thermal pressurization (TP), is briefly summarized as follows. When fault slip occurs, frictional heat source appear:
and it raises fluid pressure. The high-pressured fluid reduces effective normal stress acting on the fault plane, which reduces tl
frictional stress. This frictional stress reduction enhances the fault slip and the heat source term is again changed. TP is therefo
regarded as positive feedback in dynamic fault slip process. Though this mechanism has been studied widely, there has beel
problem that many researchers have assumed homogeneous model setup. Natural faults show inhomogeneity in many aspe
such as material properties and stress field. For example, the slab beneath Tohoku shows compression (upper zone) and tens
(lower zone) stress field and earthquakes are observed to propagate in such stress field. In addition, fluid dehydrated from roc
is believed to exist in and around the slab and it is expected that TP works strongly in the region. We should therefore conside
how TP works in inhomogeneous stress field.

We assume dynamic fault tip growth in a thermoporoelastic medium; thermoporoelastic medium has been assumed by a nun
ber of researchers to treat TP. Spontaneous fault tip growth with the Coulomb fracture criterion is assumed. Shear stress actil
on the fault plane is assumed to decrease linearly with distance from the rupture nucleation point, which generates the regic
where the shear stress acts in the opposite direction. We can therefore expect that the fault tip growth is arrested spontaneousl
we do not consider TP.

The fault tip with TP is found in our calculations to extend to the region where the shear stress changes its direction from the
nucleation point, which occurs because of the positive feedback due to TP. If the spatial change rate of the shear stress is small
the fault tip can grow further. The results obtained here may explain the reason that earthquakes occurring in, for example, th
Tohoku slab can extend over both compression and tension regions.

gooobo:0b,0,0bbbodo,bbb,000boboo
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Estimation of the stress field and the pore-pressure from focal mechanisms in the foce

area of the 2008 IMNE
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