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Preface

Institute for Geothermal Sciences was established in 1997 reorganized with Beppu
Geophysical Research Laboratory (established in 1924) and Aso Volocanological Laboratory
(established in 1930). We regard central Kyushu, one of the most active volcanic and
geothermal fields in the world, as a natural experimental facility. The Institute for
Geothermal Sciences is promoting a comprehensive research on thermal structure and the
dynamics of the Earth’s interior into volcanism, geothermics and tectonics by field work,
laboratory experiments, and theory. Based on the fundamental scope of our research, a
variety of research works can flexibly cooperate within this interdisciplinary geothermal
science research system. We have the following five research units: geothermal fluids,
geothermal tectonics, volecanic structure, volcano-dynamics and geothermal intelligence
section with a visiting research scholar from abroad. In 2004 fiscal year, Kyoto University was
reformed to juridical personalization of national universities. This puts us under pressure to
do efficient education and research with limited staffs and funds. Total revenue has been

decreased and we are forced to get other competitive fund associated since then.

Meetings of the steering committee set in 2004 were held nine times in Kyoto campus,
and the cooperative relationship between our institute and Graduate School of Science was
intensified. Taking into consideration on the subjects related to remote institutions from
main campus, we need to make efforts to intensify cooperative work at Aso and Beppu. In
2007 fiscal year, the Kyoto Branch of our institute was established in Kyoto campus for more
intensive education and sharing tasks for Graduate School. TV meeting systems connecting

among Kyoto, Aso and Beppu were used constantly for seminars and special lectures.

In personal affairs, Dr. Singh from India worked at Aso during May to August, and Dr.
Chen from Taiwan worked at Aso from October to end of March, and Prof. Holloway joined us
in Beppu from April, 2009. As a postdoctoral associate, Dr. Hidemi ISHIBASHI left to
University of Tokyo in July, 2008. Dr. Marie PYTHON was adopted in Beppu in October 2008.
Dr. Akihiko TERADA left to Tokyo Institute of Technology in April, 2009. Dr. Masaya
MIYOSHI joined in Beppu from April, 2009. Keiko MIYAZAKI as a secretary in Beppu left
and Miho MIYATA joined us.

The activity of the KAGI 21 (Kyoto University Active Geosphere Investigations for the
21st Century Centers of Excellent program) program was finished, and our institute made a
great contribution for scientific activity on water and material circulation at the active
geosphere, stalagmite project and as a field station of the multi-purpose field site for
education and research activity. These activities continue under the collaboration with

Division of Earth and Planetary Sciences and Integrated Earth Science Hub.

Beppu, June 2009
Keiji TAKEMURA,  Professor/Director
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Peirological descriptions on the Tsurumi-dake summit lava and implications on ifs

pre-erupfive conditions.

H. Ishibashi (Univ. Tokyo), T. Saito (Shinshu Univ.), T. Sugimoio (JMC Geotherm. Eng.)

K. Takemura

1. Introduction

Tsurumi volcano is one of the acfive volcanoes emplaced within the Beppu-Shimabara
Graben, Kyushu, Japan. The volcano has been active since more than 60,000 years ago and
the lafest lava effusion occurred between 7.3-10.5 cal ka BP from tephrochronology and
radiocarbon dating (Fujsawa et al., 2002). Tsurumi volcano is chiefly composed of
andesitic-dacitic lavas with SiO2 contents of ca. 56-65wit% and their SiO2 content tends fo
decrease foward the younger stage; the summit lava is most basic (Ohta et al., 1990;
Sugimoto et al., 2006; Saito et al., 2007). Several petfrological and geochemical studies were
done for the lavas to clarify their formation mechanism and source characteristics (e.g., Ohta
et al., 1990; Ohta and Aoki, 1991; Sugimoto et al., 2006). However, pre-eruptive conditions of
the lavas were unknown. Seismological study of Ohkura et al. (2002) revedaled that the
presence of an aseismic zone at the depth of ca. 4-10km beneath Tsurumi volcano. The
distribution pattern of epicenters around the aseismic zone is similar to that of post-eruptive
earthquake hypocenters beneath Mt. Pinatubo, Philippines (Hammer and Rutherford, 2003).
This similarity makes us to speculate that the aseismic zone corresponds to a magma
chamber of Tsurumi volcano. We think it is possible to examine the hypothesis by determining
pre-eruptive conditions of volcanic products. In this study, we performed petrological
descriptions and tried to determine the pre-eruptive conditions from thermodynamic analyses
of constfituent mineral chemistry for the summit lava, the latest product of Tsurumi volcano,
and the older lava which may belong to early-middle stage deposits (Fujii et al., 2007; Saito et
al., 2007).

2. Petrography

We collected rock samples from the summit lava and the older lava adjacent to the summit
lava and processed fo thin sections for opfical observation and EPMA analysis. Both the lavas
show common phenocryst assembiage of plagioclase, ortho- and clinopyroxenes, Fe-Ti
oxides, hornblend, biotite, quartz, and rarely olivine embedded in holocrystalline-hyalopilitic

groundmass. Pyroxene is abundant in the summit lava whereas it is poor in the older lava.



Plagioclase in the summit lava often has dusty zone in confrast fo those in the older lava most
of which is clear. Hornblende and biofite have opacited rim. Magnetite and limenite offen
contact with each other. Quartz shows rounded shape, and olivine is surrounded by
orthopyroxene. As discussed by Ohta and Aocki {1991}, the lavas showed features of magma
mixing, such as disequilibrium assemblage of quartz and olivine. It is difficult for such mixed
lava to determine its pre-eruptive condifions from phase equilibrium between phenocrysts
due to difficulty in identifying coexistent mineral pairs. Thus we focused on crystal clots and
mineral inclusions bearing phenocrysts in which hornblende directly contact with other
mineral phases (Figure 1). Hornblende phenocrysts have mineral inclusions of plagioclase,
ortho- and clinopyroxenes, Fe-Ti oxides and alkali feldspar. Quartz and biotite were not
observed in hornblende, indicating that they did not crystallized during hornblende growth.

Major element compositions were analyzed for hornblende-plagioclase pairs in contact with
each other. Pairs of magnetite and iimenite were also analyzed. Compositional differences
for the minerals were observed between the summit lava and the older lava. Analyzed
plagioclase in the summit lava showed higher An# [=Ca/{Ca+Na+K])] of ca. 0.8 than those in
the older lava (An#=0.6-0.7). Hornblendes are pargasitic-magnesiokatophoriric and those in
the summit lava are Si-poor compared with those in the older lava. Ti/{Ti+0.5Fe3*) ratios of
iimenite and magnetite in the summit lava vary in the range of 0.8-0.9 and 0.2-0.35,
respectively. On the other hand the ratios in the older lava are homogeneous with ca. 0.85 for

iimenite and 0.1 for magnetite.

3. Pre-eruptive condition estimation

Fe-Ti oxide thermometer (Anderson and Lindsley, 1988) was applied to paired
magnetite-lmenite dafasets. Fe-Ti oxide pairs in the summit lava show homogeneous
temperature of ca. 800 degree C however estimated oxygen fugacity (fO2) vary from 0.8 to
2.4 log unit above quartz-fayalite-magnetite (QFM) buffer. Those in the older lava show
homogeneous temperature-fO2 condition of ca. 700 degree C and QMF+3. These indicate
that the summit lava and the older lava erupted at femperature higher than ca. 800 and 700
degree C, respectively.

Hornblende-plagioclase geothermometer (Holland and Blundy, 1994) was applied to
coexisting hornblende-plagiociase dataset to estimate pre-eruptive equilibrium temperatures.
This thermometer is based on the exchange reaction between plagiociase and homblende;

Edenite + albite = richterite + anorthite (1}.
This thermometer is very insensitive to pressure and represents equilibrium temperature within
35K (1 sigma). Estimated temperatures vary 850-975 and 840-920 degree C for the summit lava
and the older lava, respectively. Hornblende-plagioclase pairs in one crystal clof showed
uniform temperature and the variation is caused by temperature difference between each
phenocrysts. Maximum estimated temperature is almost similar fo experimentally determined

hornblende liquidus of H2O-rich andesitic magma (e.g.. Horiz et al., 2005) and minimum



estimated temperature is higher than temperatures obtained by the Fe-Ti oxides thermometer.
We think the estimated temperature for each phenocryst reflects its crystallization
temperature and reequilibration was ineffective. This is consistent with very low diffusion
coefficient of Al-Siin plagioclase (D~1021-10-26 m2/s at 1000 degree C; Grove et al., 1984).

Hornblende-plagioclase-quartz geobarometer (Bhadra and Bhattacharya, 2007) is based on

the following net transfer reaction among the three phases;

Tremolite + tschermakite + 2 albite = 2 pargasite + 8 quartz (2)

Bhadra and Bhattacharya (2007) mentioned that the barometer represents experimental
pressure  within  2kbar  with  83% reliability. This barometer was applied to
hornblende-plagioclase dafaset with temperatures obtained by hornblende-plagioclase
geothermometer to estimate equilibrium pressure. The estimated pressure was ca. 6.7-17 kbar
and 16-27 kbar for the summit lava and the older lava, respectively. These unredlistically high
pressures are due fo undersaturation of quartz component. This barometer tends to
overestimate pressure as activity of SiO2 component decreases. Actually no quartz was
observed in hornblende. The minimum pressure estimation vields upper limit of possible
pressure; i.e., hornblende crystallization pressure is lower than 16 and 6.7 kbar for the summit
lava and the older lava, respectively. Lithostatic pressure of 6.7 kbar corresponds to ca. 17 km
depth, which is deepér than the observed aseismic zone.

Coexistence of hornblende and plagioclase requires that liquidus temperatures of both the
phases are higher than estimated equilibrium temperatures. The estimated ’re'mpero’rures
were compared with hydrous equilibrium experiment of Hortz et al. (2005) in which
composition of starting materialis similar to the summit lava and the older lava (Figure 2). They
showed that the Clapeyron slopes are respectively positive and negative for liquidus curves of
hornblende and plagioclase and they intersect at ca. 2.1 kbar; liquidus femperature at the
pressure, which is the maximum temperature for coexistence of the phases, is ca. 950 degree
C, which coincides with the maximum of estimated temperatures for both the summit lava
and the older lava within 1 sigma error. This implies that crystallization pressure of hornblende is
near 2.1 kbar under H20-saturated condition. The pressure of 2.1kbar corresponds fo the
depth of ca. 5.3 km, which is consistent with the roof depth of the aseismic zone. Although
further examination about the effect of HxO-undersaturation on the pressure estimation is
required, we think from the consistency that the aseismic zone beneath Tsurumi volcano may

be magma chamber where hornblende phenocrysts grew.



Figure 1. Hornblende phenocryst with mineral inclusions of plagioclase, crthopyroxene, and

magnetite (picfure width is Tmm ). Rim of hornblende is broken to opacite.
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Figure 2. Equilibrium temperatures estimated by the hornblende-plagioclase thermometer
and comparison with equilibrium experiment of hydrous andesitic magma (Hortz et al., 2005)
which composition is similar to the lavas analyzed in this study. Error bars indicate standard
deviation of estimation (2 sigma). The square in the phase diagram indicates pressure range
of hornblende-plagioclase stability at maximum estimated femperature. The pressure
corresponds to the depth of ca. 5km, which is consistent with the roof depth of the aseismic

zone beneath Tsurumi volcano.
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Trace element in plagioclase in mafic magmatic enclave (MME) analyzed by laser ablation

inductively coupled plasma mass speciromeiry (LA-ICP-MS)

K. Nishimura, T. Shibata, S. Yoshikura (Kochi Univ.), M. Yoshikawa

Late Cretaceous granitoids occur closely associated with gabbroids in the Tanoura Igneous
Complex {TIC), Shodoshima Island, SW Japan. The TIC consists of granite, tonalite,
gabbro-diorite layered sequence and syn-plutonic mafic to felsic dikes (Yoshikura and Atsuta,
2000; Ishihara et al., 2003). The granite and tonalite include scores of Mafic Magmatic
Enclaves (MME; Barbarin, 1988) with various shapes and sizes. We have started analyses of the
MMEs to understand mixing and/or mingling processes between coexisting granitic and
basaltic magmas. The MME often includes plagioclase crystals with xenoporphyritic texture
(Figure 1). Field observations suggested that the plagioclase crystals in MME were derived
from the host granite (Yoshikura and Afsufa, 2000). We analyzed frace element
concentrations of the plagioclase crystals in MME and in the host granite to confirm this
inferpretation.

The analysis was performed by a quadrupole inductively coupled plasma mass
spectrometry (ICP-MS; XSERIES 2, Thermo Fisher Scientific) equipped with a Nd-YAG
loser-ablation microprobe (CETAC LSX 500, Cetac Technologies) at the Institute for
Geothermal Sciences, Kyoto University. Relative element sensitivities were calibrated against
the NIST 610 glass. Replicate analyses of the NIST 612 glass indicate an analytical precision of
less than 10 % (Shibata et al., in prep.). Figure 2 shows the frace element patfterns of the
plagioclase crystals in the MME and in the host granite, and matrix in the MME. Each
concentrations were normalized by an normal mid ocean ridge basalt (N-MORB value; Sun
and McDonough, 1989). The patterns of plagioclase crystals in the MME (symbols connected
by thin line) agree fairly well with those in the host granite {symbols connected by thick line).
This result suggests that the plagioclase crystals in MME were derived from the host granite.
Microsampling and Srisotopic analyses of the plagioclase crystals are currently carried out 1o

further confirm this interpretation.



Figure 1. Mafic Magmatic Enclave (MME]} showing xenoporphyritic texture observed in the

Cretaceous granite, Shodoshima Island, SW Japan.
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Figure 2. Trace element patterns for plagioclase (Pl) crystals in MME (thin line) and in granite

(thick line}. The patterns for matrix in MME are also shown for comparison (broken line).
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Recent seismic activity in and around the Beppu graben, Kyushu, Japan

T. Ohkura, H. Mawatari, K. Takemura

In the Beppu graben, seismic activity was monitored by real-fime felemetry system
from March 1993 to May 2000 (Annual Report FY2000 and FY2002). However, after May 2000,
the real-time observation was suspended and a new network using dial-up system was
established.

In July 2007, we established new real-time telemetry system using IP-VPN neftwork
and, from April 2008, seismic data of Hi-net, JMA, and Kyushu Univ. around the study area are
combined to locate earthquakes in and around the Beppu graben. Fig.1 shows epicentral
distribution with seismic stations used in this study. In this figure, all the epicenters are plotted,
which were automatically located within the RMS residual fravei time of 0.15 second.

We relocated events in the rectangular area of Fig.1 using manually picked P- and
S-arival times. In Fig.2, epicenteral distribution in the area is shown with the E-W and N-S cross

sections. As indicated in the previous works {(Annual Report FY2000 and FY2002), the lower limit
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Fig.1 Epicenter distributions (open circles) in the period from April 2008 to March 2008, as
determined automatically using IGS, Hi-nef, Kyushu Univ. and JMA data. Solid squares show
seismic station. Solid lines are active faults. A rectangular denotes the area which are shown in

Fig.2.

of seismicity shown in the E-W cross section becomes shallower toward the eastern flank of the
active volcanoes; MI. Garan and Mf. Tsurumi and there is an aseismic zone at a depth of 5km,

where a high electric conductive body is located by electfromagnetic surveys(NEDO, 1989).
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Waters bearing deep-originated CO: discharged from hot spring wells distributed in

non-volcanic region between Aso and Kirishima Volcanoes, Kyushu Island, Japan
§. Ohsawa, M. Yamada, S. Yoshikawa, T. Mishima (Okayama Univ. Sci.), T. Kagiyama

1. Infroduction

For detection of emerging area of isotopically heavy CO; originated from deep earth, we
collected 46 water samples from hot spring wells distributed in non-volcanic region between
Aso and Kirishima Volcanoes (open and solid circles in Fig.1) and carried out stable-isofopic
measurements (6 13C of dissolved inorganic carbon: DIC, 6 D and ¢ 80 of H20) and

chemical analysis (quantitative analysis of DIC) of the sampled waters.



Fig.1 Location map of the researched hot
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2. Resulis and discussion

Water isotope compositions (6D vs §180) of the sampled waters except for sample AV
indicate that water (H20) is in meteoric origin [Fig.2A). AV, which is low temperature saline
water, would be a mixed water of pore water of marine sediments (paleo-seawater) to

meteoric water.
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Fig.2 Relation between 8D and 6§80 (A} and relation between § 13C and the reciprocal of concentration of
dissolved inorganic carbon (B) of sample waters. Deep-originated COz; i : CO2 with dehydrated fluid of the
subducting oceanic plate at Oita (Amita et al., 2005), i : magmatic COz at Kirishima Volcano (Sato et al., 1999),

iii: mantle CO:2 (e.g., Sano and Marty, 1995). 6 13C; =-2.9%, §13Cy; =-4.7%, §13Cy = -6.5%o.



On the other hand, stable carbon isotope ratio { § 3C) and concentration (Conc) of DIC
of the sampled waters have a systematic variation on the § 13C - 1/Conc diagram (Fig.2B).
The linearly relationship between the § 13C values and the reciprocal of the concentration of
the sampled waters suggests that almost every DIC are mixtures of soil CO2 with
deep-originated CO2 and the higher the 6 13C value, the more deep-originated COz is mixed.
However, a careful consideration must be given fo the data points in and around the
crosshatch of soil water with limestone in Fig. 2B, because DIC of such intermediate § 13C
value can be formed by the chemical reaction between limestone and soil water
({CaCQOs + HoCO3 — Ca? + 2HCOs; Chsawa et al., 2002). Fortunately, hot springs having the
doubtful data shown by the solid circles in Fig. 1 hardly distribute limestone mass areas except
for only two hot springs (see the dashed circle in Fig. 1), therefore mixing ratios of the
deep-CO2 o soil CO2 can be roughly led from the § 13C values of DIC. Dividing hot springs
into 4 ranks from the § 13C values of DIC; over -6.5%o, from -6.5%0 10 -13%o, from -13%0 to 19.5%0
and below -192.5%0 the respective positions are expressed on the map by the different symbols
{Fig. 3). Here, the contribution ratios of the deep-CO2 are calculated to be 91%, 59% and 27%
when the DIC 6 13C is -6.5%0, -13%0 and -19.5%0, respectively, if the §13C of the deep-CO2 is
-4.7%o, which is the mean value of CO2 with dehydrated fluid of the subducting oceanic plate
(-2.9%0), magmatic CO2 (-4.7%o) and mantle CO2 (-6.5%o).

It is hard to specify the origin of the high § 13C CO2 only from 6 13C because the § 13C
values of CO2 with dehydrated fluid of the subducting oceanic plate, magmatic CO2 and
mantle CO2 are close to each other as described above. For the specification of the
deep-COaq, it is necessary to examine with heliumisotope ( § 13C vs CO2/3He) such as Sano and
Marty (1995). We will address such work in the near future, but we will examine the possibility
of participation of ancient magmatic CO2 in confradistinction fo distributions of old igneous
rocks, here. Figure 4 is the map expressing the emerging points of high § BC CO2 (=-6.5%0)
shown in Fig. 3 on a distribution map of the Miocene igneous rocks. Only 4 out of 10 hot springs
are overlapped af the Miocene volcanics areas (open asterisks in Fig. 4), so DIC of the 6
remainders is possible fo be derived from CO2 with dehydrated fluid of the subducting

oceanic plate or mantle COa.
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Hydrogeological siudy of limestone cave and speleothems: study of generation process of
drip water

M. Yamada, S. Ohsawa, T. Mishima, H. Mawatari, K. Takemura

Drip water samples for water isotope (8D, §180 and Tritium) and major chemical compaosition
analyses were collected from Inazumi limestone cave, Oita Prefecture, in order to understand
the behavior of drip water from infiltration to dripping. Quantity of rain and drip water
{precipitation and drip rate) also observed near or in there.

The results of precipitation and drip rate measurement (Fig. 1) led o the first conclusions as
follows: drip waters have the independent catchment area, respectively. The resulfs of
chemical composition analyses (Fig. 2) confirmed the first conclusions and led to the second
conclusions as follows: drip waters have the independent contact time with limestone,
respectively. In other words, travel time of drip water differ from point to point. The third
conclusion was led by the results of water stable isotope analyses (Fig. 3) as follows. The
variation of characteristic of drip water was derived from difference of the degree of mixture
in soil layer. The difference arises from the degree of progression of crack in limestone.
Additionally, tritium analyses data also showed that drip waters have individual fravel times,
respectively. On these conclusions we have come to final conclusion that characteristic of

drip water was governed by the degree of progression of crack.
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Geochemical and Sr-Nd isotopic characteristics and P-T estimates of mantle xenoliths from
the French Massif Ceniral: evidence for melting and muliiple metasomatism by silicate-rich

carbonatite and asthenospheric melis

M. Yoshikawa, T. Kawamoto, T. Shibata, J. Yamamofo

Ultframafic xenoliths from Mont Briancon, Ray Pic and Puy Beaunit in the French Massif Central
show variable mineral compositions that indicate a residual origin after various degrees of
partial melfing of a fertile peridotite. Furthermore, frace element and Sr—Nd isotopic variations
of clinopyroxenes indicate mixing processes between depleted mantle and enriched
components such as asthenospheric melt and silicate carbonatite melf. Pyroxene
geothermometer and CO2 geobarometer estimates are 860-1060 °C at 0.92-1.10 GPa for
Mont Briancon, 930-980 °C at 0.89-1.04 GPa for Ray Pic, and 840-940 °C at 0.59-0.71 GPa for
Puy Beaunit. From south to north, the xenoliths show the following frends: (1) deeper to
shallower origin, (2) more depleted mineral compositions, suggesting higher degrees of partial
melfing, and (3) more enriched isofopes and trace elements, indicating mixing process with a
siicate-rich carbonatite melt characterised by high H2O and K20, possibly during Variscan
subduction.

{Geol. Soc. London, Spec. Issue, in press)
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Paleomagnetic and rock magnetic studies of subsurface deposits with volcanic materials in
Yufu City, Kyushu

S.Fujii, N.Ishikawa (Graduate School of Human and Environmental Studies, Kyoto University),

K.Takemura

We are conducting paleomagnetic and rock magnetic analyses on subsurface deposits
consisting of volcaniclastic materials and their secondary eolian depcesifs in order to reveal
geomagnetic field variation, environmenta! fluctuation and climate change for the last
several ten-thousand-years, and fo investigate variations in rock magnetic parameters
associated with sedimentation processes of the eolian deposits and soil formation. Samples
were obtained from an outcrop of black soil af Tsukahara area and a sediment core drilled at

Higashiishimatu area in Yufu City.

[Tsukahara ared]

In the outcrop of black soil (1m height) at Tsukahara area, three ash layers (Ash |, I and il in
the descending order) are observed. Ash I (16cm thick) at 27 cm below the surface (bs) is
Yufudake tephra (2.2ky.B.P.) and Ash lil (9cm thick) at 67 cmbs is Kikai-Akahoya tephra (K-Ah:
6.3ky.B.P.}). Regarded the ash layers as boundaries, the black soil profile are divided info four
units, Soil | to IV in the descending order. Magnetic-orientated 60 samples were collected
continuously by pushing 7cc plastic cubes.

The stability of natural remanent magnetization {(NRM) was assessed through progressive
alternating-fled demagnetization (PAFD) experiments. Eight samples of the Tsukahara
samples provided stable magnetic components isolated at PAFD levels above 14 mT. Mean
directions of the stable component for the lower part of Ash Il was Dec=-3.9° and Inc=48.2°
(alpha95=8.3°), and for Soil IV was Dec=-6.0° and Inc=50.6° (alpha95=9.8°). The inclination
value of the lower part of Ash Il is consistent with that of the geomagnetic inclination record
at 2.2ky.B.P. from sediment cores in Beppu Bay (Ohno et al.,1991).

Variations of rock-magnetic parameters are shown in Figs. 1-1 and 1-2.

Values of initial magnetic susceptibility (X), susceptibility of anhysteresis remanence (Xarm)
and saturation remanence (Mr), which reflect mainly the amount of included magnefic
materials, show downward increases in Soil | and |l, and a downward decrease in Soil Il Soil
IV has a different frend; X values are constant, Mr values decrease downward, and Xarm
values gradually increase downward and then decrease, which implies change in the
amount of fine-grained magnetite, especially magnetite of single-domain (SD) size, which

can possess anhysteresis remanence (ARM) effectively. X, Xarm and Mr values are higher in



the upper part of Ash ll, and lower in Ash lll than the other units.

Xarm/X, ARM/Mr and Mr/X values, which are influenced by variation in grain size of magnetic
minerals, are constant in Soil | and 1. In Soil lll and IV, Xarm/X and ARM/Mr values increase
downward and then decrease, while Mr/X values increase downward. Variations in the size of
SD magnetite carrying ARM seem to control magnetic properties of Soil Il and IV principally.
The frequency dependence of X (Xfd) is slightly higher in Soil Il and 1V, implying a higher
contribution of ultrafine-sized magnetite. In the upper and lower parts of Ash I, ARM/Mr values
are similar, while Xarm/X and Mr/X values are higher in the lower part. It is inferred that the
grain size of magnetic minerais is finer in the lower part consisting of fine-grained materials. In
Ash 1l with homogenous lithofacies, the three ratios decrease downward, suggesting a
downward grain-size decrease of magnetic minerals.

S-ratios are slightly lower in the lower parts of Ash Il and Soil 1V, which also show higher values
of hard-IRM [HIRM). A contribution of high-coercivity magnetic minerals might have been

suggested for the lower parts of Ash Il and Soil 1V,

[Higashiishimatsu areq]

The sediment core at Higashiishimatsu area is ém in length and composed of black soil and
brown soil with volcanic ash layers and gravels. Included ash layers are K-Ah layer at 87-100
cmbs and AT layer (26-29 ka) af 230-240 cmbs. The core sample is considered fo cover
about 50,000 years {Takemura et al, 2006). 160 samples of plastic cube were collected
continuously from soil and ash layers, except for volcanic gravels. We also collected powder
samples from same horizons where cube samples were obtained, and packed them in plastic
bags. We will report results of the core samples from top to 150 cmibs, which are divided into
the following three units in the descending order: black soil, K-Ah and black-brown soil units.
All samples of the Higashiishimaisu core showed unstable magnetic behaviors on PAFD
experiments below 10mT. No stable magnetic component was obtained.

Variations of rock-magnetic parameters are shown in Figs. 2-1 and 2-2.

In the black soil unit, X, Xarm and Mr values show downward decrease below about 70cmbs,
accompanied with downward increases of Xarm/X and ARM/Mr values. These magnetic
features indicate downward decrease in the amount and grain-size of magnetic minerals
below about 70 cmbs. Higher values of ARM/Mr, Mr and high-field suscepfibility (HFS) are
observed remarkably at about 50 and 70 cmbs, implying the existence of layers with different
magnetic properties. In the black-blown soil unit, a fluctuation of Xarm is distinctive, while X
and Mr values are constant or slightly decrease downward. Fluctuations in Xarm/Mr and
ARM/Mr correlate to that of Xarm. Variations in the amount and size of magnetic minerals
carrying ARM (SD-magnetite) seem to control magnetic properties of the black-blown soil unit.
In the black-brown soil unit, higher values of Xfd (~6%) are observed, while Xfd values are 2 %
and 3% in the black soil and K-Ah unifs, respectively. A higher confribution of ultrafine-sized

magnetite may be suggested for the black-brown soil unit.
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Isotope Fractionation of Strontium in Solid-Liquid Reactions, i Isotope Fraciionation in
SrCO3-Sr2* system

T. Fujii, S. Fukutani (Kyofo Univ.), M. Yoshikawa, 1. Shibata

INTRODUCTION: Strontium has four naturally occurring isotopes: 84Sr{isotopic abundance=
0.56%), 868r(9.86%), 87Sr(7.02%). and 885r(82.56%). These isotopic abundances have natural
variagtions. Isotope fractionations of strontium in chemical exchange reactions have been
investigated by various research groups. For example, solvent exiraction system using «
macrocyclic compound as an extractant gives a large isofope separation factor [1]. The
reported distinguishable isotope separation factors suggest that fractionation of Sr isofopes
may be detectable even in simple chemical reactions. In this context, we focused on a simple
solid-liquid system. Strontium carbonate was selected as the solid phase and a solution
containing hydrated Sr2+ ion was selected as the liquid phase. The isotope fractionation in the

precipitation reaction between these two phases was studied.

EXPERIMENTAL: 1g of strontium carbonate and 10 mL of 0.05 M sodium carbonate were put in
a PP tube. The tube was secled, and then it was gently shaken at 298K, After a possible aging,
SrICOs was precipitated. The precipitant was separated by cenfrifugation, and the
supernatant was filtered by a PTFE membrane {0.20 um pore size). Sr concentration in the
solution was analyzed by ICP-AES. The solid-liguid equilibrium was attained within 3 days. The
sample aged 25 days was used for isotopic analysis.

The sample diluted with H20O was once loaded on a cation-exchange column (DOWEX
50WX8), then it was rinsed by 0.1 M HNOa. Sr was collected in 8 M HNOs. Again, the collected
solution was loaded on a column filled with Srresin (Eichrom), then it was rinced by 8 M HNOa.
Srwas collected in 0.05M HNO:s.

Srin this elution fraction was enriched to be ~70ppm Srin 1M HNOs. 1 ul aliquot was put
onto a rhenium single filament with a tantalum activator. The total amount of Sr loaded on
the filament was 70 ng. Similar procedure was performed for our starting material and a Sr
standard (SRM-987). Isofopic ratios were determined by multi-collector thermal ionization

mass spectrometry (Finnigan, MAT262).

RESULTS: The precipitation reaction of SrCOs is written as,
Srzt+ COs2 2 S1COs {1
The solubility of SrCOs3 in Na2COsz was shown in Fig. 1. The reported solubility [2] was shown
together. It can be seen that our result agree with the reported solubility.
In the present study, we checked the isotopic difference in the equilibrium constant of
reaction 1. The isotope fractionation factor assm (M=84, 87, or 88) is defined as,
agsm =([MSr]/[86Sr] Jiquia/ {[MSr]/[86Sr])solia (2)



The isotope enrichment factor sgsm is defined as,

€86,m = Olgém - | {3)
([mSr]/[8¢Sr])solic can be substitute as [MSr]/[8sSr] of the starfing material. The obtained essm's are
shown in Fig. 2 with 20 analytical errors. Heavier isotopes were preferentially fractionated into
the liquid phase. The marine environment is a carbonate system, in which some samples
showed Srisotope fractionations (~0.4 %o for ess,ss). [3] Our results may be correlated with these

isotope fractionations.
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Fig. 1. Solubility of SrCOs in Na2COa. Fig. 2. Isofope enrichment factor.
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Isotope Fraclionation of Sirontium in Solid-Liquid Reactions, ll: Ab Initio Calculaiions of

Hydrated Sr(ll) Complexes

T. Fujii, S. Fukutani (Kyoto Univ.), M. Yoshikawa, T. Shibata

INTRODUCTION: Strontium 90 (%0Sr} is known as one of fission products, and it has a large fission
yield. In order to know the chemical behavior of Sr complexes, we study the highly precise
isotopic analysis of Sr [1]. The analyfical technique will be helpful to understand the
fractionation mechanism of Sr isotopes in environmental samples and so on. In paraliel with
the analytical studies, guantum chemical calculations are performed to check the validity of
analytical results. The equilibrium constant of the isofope exchange reaction can be
theoretically obtained as the reduced partifion function ratio (RPFR} of isofopologs. The RPFR
value is usually calculated through harmonic vibration analysis. In this study, we report some

ab initio calculations of hydrated Sr2+ complexes.



COMPUTATIONAL DATAILS: The orbital geometries and vibrational frequencies of hydrated
Sr{ll) complexes were calculafed by using the conventional Harfree-Fock (HF) approximation
and the density functional theory (DFT) as implemented by the Gaussian03 code [2]. The DFT
method employed here is a hybrid density functional consisting of Becke’'s three-parameter
non-local hybrid exchange potential (B3) with Lee-Yang-and Parr (LYP) non-local functionals
(B3LYP). The 6-31++G** basis set was chosen for H and O, and Lanl2DZ was chosen for Sr. The

former is an all-electron basis, while the latter is an effective core potential (ECP) basis.

RESULTS: The hydrafed Sr2+ species is generally thought to be present as eighi-coordinated
Sr(H20)82*. The optimized geometry is shown in Fig. 1, the structure was converged to be the
square antiprism with 2.69 A Sr-O bond length. A structural study on hydrated strontium has
been performed by a combination of the extended X-ray absorption fine sfructure (EXAFS)

specirometry and molecular dynamics (MD).[3] Our result was similar to the reported value,
2.63A.

Fig. 1. Equilibrium geometry of [Sr{H20)s]2*.

Then, we examined the hydration enthalpy of Sr{H20)s2*.
-AH®hyd = -AEb + AEsoi + NAHvap + ANRT - AE(Cp)
-AEzp + AErel + AEgeom (1)
In order to relate the calculated quantities to the experimental hydration enthalpy (AH nwa) at
298 K, correction terms were considered in the same way of a report [4]. The AH wa value

obtained is shown in Fig.2. The hydration enthalpy of metal cations has been determined by



thermochemical methods and these literature values are shown together for comparison. The

AH®nya value obtained agreed well with the literature value.
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Fig.2 Hydration enthalpy of Sr{H20)s?*.

X-axis showed some molecular cavity calculation codes [2].

The isofope enrichment factor due fo this effect can be evaluated from the logarithm of
reduced partition function ratio, In(s/s’)f.[5] The In{s/s’)f values of hydrated Sr(ll} species were
estimated by quantum chemical calculations (Table 1). These values are useful fo estimate

the degree of isotope fractionation.

Table 1 In{(s/s’)f (%o) Of hydrated Sr2+ species for an isotope pair, 86Sr-88Sr,
HF B3LYP
[Sr{H20}8]% 1.424 1.416
[Sr(OH) (H20)7]* 1.540 1.420
[Sr{OH}2(H20)4] 1.593 1.508
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Polybaric degassing of H2O-saturated island arc basallic magma recorded in hydrogen

conient of anorthite-rich plagioclase

M. Hamada, T. Kawamolto, T. Fujii (Univ Tokyo)

Anorthite-rich plagioclase {~Anse) is commonly found in island arc basalt on the volcanic
front. Its origin has been discussed as crystallization from HO-rich (H20>3 wi.%) basaltic
magma based on hydrous melting experiments (Sisson and Grove, 1993; Takagi et al., 2005;
Hamada and Fujii, 2007). However, melt inclusions hosted by anorthite-rich plagioclase
dissolve lower HO (<~2 wt.%; Hamada and Fujii, 2007). Hamada and Fujii (2007) explained this
confradiction that volatiles might leck from melt inclusions through microcracks in the
phenocrysts affer enfrapment of melt in plagioclase, which suggests that melt inclusions do
not always preserve pre-eruptive volatile content of magma. A question remains as to
whether island arc basaltic magma on the volcanic front is H20-rich or H2O-poor.

Several nominally-anhydrous minerals contain trace amounts of hydrogen in their
structure. Recently, hydrogen in nominafly-anhydrous minerals is attracting attention as a tool
to guantify the dissolved H20 in coexisting melt and to monitor the volatile history of magmas
(Johnson, 2006). In order to confirm H20 content at the time of plagiociase crystallization, we
analyzed hydrogen in anorthite-rich plagioclase obtained from the 1986 and 1987 eruptions of
izu-Oshima volcano, using polarized infrared spectra by the procedures of Johnson and
Rossman (2003, 2004). 1zu-Oshima volcano is located on the volcanic front of Izu arc and issues
low-K island arc basalf. The 1986 eruption was the major effusive eruption friggered by
injection of new magma, while the 1987 eruption was minor eruption triggered by gas
explosion in the conduit.

Plagioclase composition was ranging from Ans fo Angs. Hydrogen content in
plagioclase varied from 40 to 300 ppm H20 (Fig.1{a)}. Three values of hydrogen contents were
found in plagioclase from the 1986 eruption: ~40 ppm H20, 100-180 ppm H20, and 220-300
ppm H20. Assuming partition coefficient of H2O between plagioclase and melt is 0.004
(Johnson, 2005), H20 contfents of coexisting melt correspond to ~1 wt.%, ~3 wi.% and ~6 wt.%,
respectively. Hydrogen contents from the 1987 eruption were ranging from 40 to 120 ppm H20.

~3 wt.% H20 and ~é wt.% H20 correspond to HO solubility at the estimated depth of
magma chambers beneath lzu-Oshima volcano detected by seismic sfudies: ~4-km deep
magma chamber {Ida, 1995) and 8~10-km deep magma chamber (Mikada et al., 1998).
Much lower H20 content may represent H2O solubility af the levels shallower than ~4-km deep
magma chamber, i.e. ~1 km deep magma head (Watanabe et al., 1998). Our analytical
results suggest that H2O content of island arc basaltic magma is higher than analyzed H20
confent of melf inclusions {<~2 wt. %) and that magma is saturated with H20 af each level.

Fig.1(b) illustrates our interpretation of analyfical results. Plagioclase is assumed fo

crystallize from H2O-saturated melt. Plagioclase in regions A, B and C preserve the equilibrium



hydrogen content at the time of its crystallization. For example, plagioclase in region A moves
upward and stagnates atf shallower magma chambers, which decreases hydrogen content
of plagioclase due to re-equilibration with degassed melt {regions A' and A" in Fig.1(b)}. The
magma erupted in 1986 would have derived from both the ~4 km deep magma chamber
and the 8-10 km deep magma chamber without further loss of hydrogen from plagioclase
[regions A+A’+B in Fig.1(b)). In contrast, magma would not have derived directly from the
8~10-km magma chamber in the 1987 erupftion inferred from the absence of plagioclase in
region A. Plagioclase would have been coexisting with H2O-safurated melt at at ~4-km deep
magma chamber and shallower levels prior o the 1987 eruption.

We propose the hypothesis that Island arc basaltic magma is H2O-rich at depth and
undergoes polybaric degassing during ascent. This hypothesis may also explain "excess sulfur
degassing” from the island arc volcanoes. This is the issue that the mass of emitted volatiles
(especially for sulfur) exceeds the mass of volatiles dissolved in the erupted magma by up to 1
order of magnitude for erupftions of island arc basaltic magmas (Shinohara, 2008). Sulfur is
preferentially partitioned info volatile phase, and therefore, the expected volatile degassing

at deep may explain “excess sulfur degassing” without large volume of non-erupted magma.
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Fig.1 (a) Hydrogen contents of plagioclase phenocrysts from the 1986 and 1987 eruptions. (b)
Inferpretation of the analytical resulis shown in {a). The curve is calculated by an empirical

formulation of Ca/Na partifioning between plagioclase and melt (Hamada and Fujii, 2007).
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Supercritical fluids from downgoing slab beneath volcanic arcs: crifical endpoints in sediment

- H20 and high Mg andesite — H20 systems

T. Kawamoto, M. Kanzaki (Misasa), K. Mibe (ERI Univ Tokyo)
K. N. Matsukage (lbaraki, now at Ehime Univ), S. Ono (IFREE, JAMSTEC)

Subduction zone magmatism is friggered by addition of slab-derived component
into overlying mantle wedge. Whether this component is aqueous fluids from dehydration or
partial melts of subducting oceanic crust remains an open question. Based on our
high-pressure and high-temperature radiography experiments at SPring-8 (Mibe et al., 2004,
GCA 68, 5189, Mibe et al., 2007, JGR 112, B03201), we suggest surprisingly shallow pressures of
critical endpoints between aqueous fluids and high-Mg andesite (2.9 GPa, 87 km depth) or
sediment (2.6 GPa, 75 km depth). We also carried out a test using albite with 50 and 64 wi%
H20 at SPring-8; we see two fluids with 50 % H20 at 1.4 GPa while one single fluid with 50 % H20
at 1.7 GPa. These indicate the critical endpoint in albite and H20 system located between 1.4
and 1.7 GPa, which is consistent with the previous studies {Shen & Keppler 1997 Nature 386,
710, Stalder et al. (2000) Am Miner 85, 68). This simple test guarantees an ability of the present
X-ray radiography method fo determine the critical endpoints in silicate melts and aqueous
fluids within an uncertainty of plus/ minus 10 % relative or 0.15 GPa.

We suggest that slab-derived fluids should be supercritical fluids af the top of
subducting slab beneath the volcanic arcs. Under relatively hot conditions, dense liquid-like
supercritical fluids are input from dehydrating slab to the overlying mantle wedge (Figure).
Such dense supercritical fluids should react with mantle peridotite changing its composition to
high Mg andesite. Such a high Mg andesitic supercritical fluids will separate to HMA liguid and
fluids when it intersect 90 km deep during its ascent. This separation can produce double
magmatism in hotf subduction zones: basalt and sanukite or basalt and adakite [Tatsumi &
Ishizaka (1982) Lithos 15, 161, Yogodzinski & Kelemen 1998 EPSL. 158, 53]. The sanukite and
adcakite can be produced by reaction of the melt and mantle, while basalt through

fluid-induced partial melting of mantle.
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Major element compositions of Mg—Cr rich garnet-bearing peridotifes in the Moldanubian

zone of the Bohemian Massif.

K. Naemura (Kyoto Univ.), T. Shibata, T. Hirajima (Kyoto Univ.)

INTRODUCTION

In the Variscan Orogen, the Gfohl Unit in the Moldanubian zone of the Bohemian Massif
appears to be unusual members of high-pressure collisional belfs in containing diverse types
of orogenic peridotites (Medaris et al., 2005). Study on such orogenic peridofites give insight
about the crust-mantle interaction in the root zone of the Variscan orogenic belt. The Gfohl
Unit, which occupies the highest structural position of the Moldanubian zone, consists of @
lower "Gfohl gneiss unit” of migmatitic, granitic orthogneiss and an overlying “Gfoh! granulite
unit" of guartzofeldspathic high-pressure granulite, both of which contain bodies of orogenic
peridotites (Fig. 1a, b). It has been demonstrated that two confrasting types of Mg-Cr rich
peridotife occur in the Gfohl Unit: namely Type | peridofites in the Gfohl granulite (Mohelno,
Biskoupky in Fig. 1b) unit and Type Il peridotites in the lower Gfohtl gneiss unit (Nove Dvory,
Uhrov and Becvary) (Medaris et al., 2005). Type | peridotite consists of spinel and garnet
peridofites, is devoid of garnet pyroxenite or eclogite layers, has depleted major element and
REE compositions, was equilibrated in a very high-pressure condifion (up fo 1300 °C). On the
other hand, Type lll peridotite consists of garnet peridotites withour chromian spinels, contains
garnet pyroxenite and eclogite layers, shows a range of LREE depletion to enrichment, was
equilibrated in a very high-pressure condition (up fo 5 GPa ~ 160-170 km) (Medaris ef al.,
2005).

In this study, we analyze the major
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1. PleSovice peridoftite

Peridotite boudins and lenses, measuring about 1 x 1T m to 5 x 20 m, is well exposed in the
PleSovice quarmy (Fig. 1c) which locates at the eastern end of the Blansly les granulite
[Naemura et al., 2008). All of the rocks directly collected from the outcrop contain both spinel
and garnet, thus classified as spinel-granet peridotites. On the other hand, the abundant
loose blocks, ranging ca. 2 x 2 x 2 m, collected from this quarry in 2005 are garnet peridofites
which lacks chromian spinels. Both spinel-garnet peridotite and garnet peridotite consist of
large (5-20 mm) spheroidal to lobate garnet grains in a fine- fo medium-grained,
inequigranular polygonal groundmass of olivine, orthopyroxene, clinopyroxene, and minor
amount of phlogopite and apatite, with or without spinel (Naemura et al, submitted).

2. Lom pod Libidem peridotite

Peridotite boudins and lenses, measuring 3 x 10 m to 10 x 30 m, are enclosed by granulite in a
quarry (Medaris et al., 2005). All of the samples collected from this outcrops are characterized
by the relatively anundant phlogopite and they confain both garnet and spinel, therefore
classified as spinel-garnet peridotite. These peridotites consists of large (ca. 5 mm) spheroidal
garnet grains in a relatively fine- to medium-grained, matrix of olivine, orthopyroxene,
clinopyroxene, phlogopite and chromian spinel. Frequenly spinel grains are found in garnet.
Based on this texture, Medaris et al. (2005) proposed that spinel was the earliest aluminous

phase in the peridotite in this locality.

PERIDOTITE CHEMISTRY

21 samples of garnet peridotites were analyzed for major elements by XRF techniques at the
Institute for geothermal Sciences, Beppu, Japan. We prepared the powders of rock samples
and made glass-beads following the method of Sugimoto et al. (2007). The major elements
were determined by use of the WDS type apparatus of X-ray fluorescence (XRF) System3270
(Rigaku, Japan) in the Beppu Geothermal Research Laboratory. Detailed analytical
conditions and the preparations for standard are shown in Sugimoto et al. {2007).

Variations for elements in garnet-bearing peridoftites are illustrated in Fig. 2, where
SiO2, TiO2, Al2Os3, Fe203, CaO, Na20, K20 and P20s, are plotted against MgO. The compositions
of Type | peridotites and Type Il peridotites from the literature (Medaris et al., 2005) and the
variation trend for the well documented Ronda massif (Frey et al., 1985), are included for
comparison.

Czech Type | peridotites (represented as boxes in Fig. 2}, including our data, show
decreases in SiO2, TiO2, AlkO3, CaO, Na20 with an incease in MgO (Fig. 2a-h). Such negative
correlations are comparable to those for the Ronda massif. Among the Czech type |
peridofites analyzed so far, spinel-garnet peridotites in the PleSovice show the highest MgO

confents.



There are significant scatter in the data of Type Il peridotites {cf. TiO2 in Fig. 2b).
Although variation frends for Type Il peridotites are similar o those for Type | peridotites, there
are systematic differences: higher SiO2, TiO2, Fe203 contents {Figs. 2a, b, d} and lower CaO,
Na20 contents (Figs. 2e, f) than those of Type | peridofites for a given MgO value. The variafion
frends for Type Il peridotites are also slightly deviate from those for the Ronda massif.

Both K2O and P20s do not show a clear trend (Figs. 2g, h). Among Czech peridotites, Type |
peridotites analyzed in this study show higher K2O contents (Fig. 2g). This is consistent with the
existences of phlogopites in these peridotites. In Fig. 2h, it is shown that Czech peridotites

generally contain significant amount of P20s. This was supported by the existences of apatites
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systematic differences



between the major element compositions of Type | and Type Il peridotites. Based on the
existences of abundant veins and layers of pyroxenites and eclogites in Type lll peridoftites,
Medaris et al. (2005) suggested that such differences probably reflect the modifications of
Type il peridotites by the percolation of mafic melts. On the other hand, major element
composifions of Type | peridotites are fypically plot on the "Ronda variation tfrend”, which is
considered to be formed by the partial melting of the pyrolite-like mantle source (Frey et al.,
1985). However, the higher K20 and P20s contents in the Type | peridotites (Figs. 2g, h) can not
be explained by this partial melting model. These elements were probably added to the
peridotites from the external sources. Patricularly, K20 and MgO for the Plesovice and Lom
pod Libinem peridotites show a negative correlation (black arrow in Fig. 2g). This may suggest
that the observed trend for these peridotites may partly caused by the metasomatic
enrichments. To understand the nature of such metasomatisms, trace-elements- and

REE-analyses of these peridotites will be useful.
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Fig. 3. Variation diagrams for Cr and Ni in Czech peridotites from the Gfohl Unit.
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Interactions between hydrothermal circulation and magmatiic activity beneath a spreading

cenire, example of the Oman ophiolite.

M. Python, T. Shibata S. Ardi (Kanazawa University)

Dykes are omnipresent features in the mantle section of the Oman ophiclite. They usually are
considered as the residue of melf circulation within the mantle. Nevertheless all the dykes
present in the Oman mantle are not of magmatic origin and about 2% of them show
petrological characteristics (textures, mineralogy, chemistry, etc.) that may be explained in
the frame of a high-T hydrothermal circulation within the mantle. These hydrothermal dykes
are composed mainly of pure diopside (Mg#>0.95) highly depleted in Fe, Al, Cr, Ti and all
other incompatible elements, we called them “diopsdite” dykes. We interpreted them as the

result of very high-T hydrothermal activity in the upper mantle (see Python et al., 2007a, b).

Fig. I: Field view of a magmatic dyke (gabbronorite] crosscutting a diopsidife dyke

In the field, some diopsidites dykes are crosscut by magmatic dykes, showing that these two
features formed more or less contemporaneously and may have interact to some extent (see
Fig. 1). At the confact with a diopsidite dyke, a few millimetres to few tens of centimetre wide
reaction zone exists, where the chemistry of the primary minerals in harzburgites or magmatic
dykes is modified. Chromian spinels, olivines and plagioclases showing respectively
exceptionally high Cr# (up to 0.85), forsterite (to 0.98) and anorthite (fo 0.99) contents. The
process leading fo the genesis of the diopsidites affect a region larger than the dyke itself,
and the reaction zone between the diopsidite and the magmatic dyke is the result of the
close interaction between hydrothermal circulation and magmatic activity within the mantie.
We analysed one diopsidite dyke crosscut by a gabbronorite dyke and the lithologies within
the resulting reaction zone between these two features. the reaction zone is composed of
fine grained diopsides and anorthites which chemical composition is intermediate between
the composition of the magmatic dyke and that of the diopsidite. Hydrous phases are very
scarce and represented by amphiboles in equilibrium with highly calcic plagioclase
(AN%>98%).



The diopsidite dykes themselves present large
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In an active magmatic zone (in the presence of a gabbronorite dyke), the hydrothermal fluid
reacted with the magma at very high-T, leading to the formation of the observed
assemblage of diopside and anorthite with low amount of amphibole. The chemical
composition of the minerals in the reaction zone is intermediate between the magmatic and
the hydrothermal compositions, showing that there is a very narow mixing zone where

hydrothermal and magmatic processes interacted.
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Sr-Nd isotopic ratios of Wakurayama dacite as adakite from the Maisue cily, inner zone of

Southwest Japan Arc

D. Salo (Shimane Univ.), T. Shibata, A. Kamei, I. Matsumoio (Shimane Univ.)

INTRODUCTION

Sr-Nd isotopic ratios of Wakurayama dacite as adakite, Maftsue city, Southwest Japan have
been examined. The activity of Wakurayama dacite is about 5 Ma ago [1, 2]. We made
cleare that this dacite is adakite [3]. In this study, pefrological details of Wakurayama dacite
became clear. We classified this dacite by the color of the surface of the zock and texture

under the microscope. And Sr-Nd ratios and bulk chemical compositions of rocks were

determined.

RESULTS AND DISCUSSIONS

Wakurayama dacite is basically divided into three groups which are Gray, Olive and Red
groups by their color. Those groups can be also distinguished compared with the amount of
the minerals, with bulk rock chemical compositions and with Sr-Nd isofopic ratios. These
groups having flowed in order of Gray group, Olive group and Red group became clear by
their stratigraphy. In addition, the important geochemical feature is that tholeiitic rock series
and calc-alkaline rock series are coexistent in one volcano. That is Gray group (FeO*/MgO
ratio: 2.55 in average), Olive group (FeO*/MgO rafio: 6.42 in average) and Red group
(FeO*/MgO ratio: 2.51 in average) care tholeiite, calk-alkaline and tholeiific rock series
respectively. And almost all rocks of Wakurayama dacite as adakite show high in Al (18.96
wi% in average}, low in Mg (1.36 wi% in average), high in Sr (636 ppm in average) andlow in Y
(10 ppm in average). Above chemical features of wakurayama dacite is very similar with
adakites [4]. That is Wakurayama dacite magma may derived from the subducted materials

like oceanic sediment.

References
[1] Miyagjima et al. (1972): Mem. Fac. Lit. & Sci.Shimane Univ., Nat. Sci., 5, 131-140.
[2] Kano et al. (1993): Geolgy of Matsue district. Geol. Soc. Jpn, p126.
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The lateral variations of Sr, Nd and Pb isofopic and frace element compositions for

Quaternary volcanics from Kyushu, Japan

T. Shibata, 1. Kobayashi (Kagoshima Univ.), T Sugimofo, O. Ujike (Toyama Univ.)
J. ltoh (AIST), K. Takemura

The Quaternary volcanoes are widely distributed in Kyusu Island, Japan. Philippine Sea plate
is subuducting beneath Kyushu. Clear distribution of deep seismic fociis observed below the
Quaternary volcanoes in southern area, but not in northern area. Thus, no contribution of
subducting slab fo the magma source, or volcanic activity similar to the within-plate type
volcanism have been emphasized for the magma genesis of this area [e.g. 1,2]. However,
volcanic rocks with island arc type chemistry are reported from some Quaternary volcanoes
from north Kyushu [e.g. 3,4] so that the magma genesis is still confroversial. Therefore, we
studied lateral variations of Sr, Nd and Pb isofopic and trace element compositions for
Quaternary volcanics from Kyushu to investigate the magma genesis. From the results, a clear
variation of Sr/Y ratio, decreasing from north fo south, is observed along the volcanic front.
Some of the Sr/Y ratio of the most northern part of Kyusu shows the value >100. The all
analyzed Pb isotope compositions show a single liner frend in 208Pb/204Pb v.s. 206Pb/204Pb
diagram. The liner frend of Pb isotope ratfios is situated between the ranges of mid ocean
ridge basalt, shikoku basin basalt and tereginious sediment which might be a consfifuent of
the subducting slab. The similar relationships are found in Sr and Nd isotopic systematics. The
isotopic characteristics of the Quaternary magma in Kyushu can be explained by the magma
generation process of island arc, in spite of the lack of deep seismic foci. It is considered that
high and low Sr/Y ratios suggest the contributions of partial melt and aqueous fluid derived
from subducting slab, respectively [e.g. 5]. If this is the case, high Sr/Y ratio observed from
northern part of Kyushu indicates that the subducting slab is partially molten in the area.
References
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Temporal variations of geochemical characteristics of volcanic rocks from north of Kofu Basin,

ceniral Japan, and the role of Philippine Sea Plate

T. Shibata, M. Yoshikawa, S. Koshimizu (YIES)

Slab derived materials are believed to be added to the mantle wedge from subducting

oceanic crust in subduction zone. It is considered that the mechanism is dehydration or
partial melting of subducting slab. However, the detail of mechanism is still confroversial
(Nakamura et. al., 2006, Nature Geoscience, Seghedi et al., 2004, Lithos). To make these clear,
it is generally recognized that spatial and/or temporal variations of geochemistry of the
subduction zone magmas are useful.
The Pacific plate (PAP) and Philippine Sea plate (PSP) is subducting beneath Chubu District in
Japan. The subduction of PSP started from 15 Ma. Affer an inactive duration, subduction of
PSP restarted from é Ma, and the direction of the subduction has been changed for NNW to
WEW at 1.5 Ma (Kamata, 1999). In this area, volcanic activity has been occurred from
Neogene to Quaternary. Therefore, it is expected that temporal geochemical variations of
magmas related to the changes of PSP subduction are observed from lavas of this area. We
collected the samples from the lavas and dykes of the Traga-thoge, Mizugamori, Kengamine,
Kurofuji volcanoes, and analyzed major element, trace element and Sr — Nd - Pb isotopic
composifions.

In the silica-alkali diagram, data are plofted on the boundary of tholeiite and high alumina
basalt rock series. The patterns of trace elements show typical characteristics of island arc
magma such as enrichment of LILE and depletion of HFSE. It can be considered that the
mantle wedge beneath this area is MORB type mantel, because TiO2 is < 0.9 wi% and the
Zr/Nb ratio is nearly constant (Zr/Nb = 25 - 35), and similar to the ratio of MORB. It is observed
that the Sr/Y ratios of Neogene volcanics are lower compared with those of Quatermnary
volcanics. This suggest that the mechanism of slab material addition to the mantel wedge has
changed from slab dehydration {Neogene) to slab meliing (Quaternary). From the model
calculation using Sr-Nd-Pb isotopic compositions, it can be suggested that 1) the mantel
wedge was already metasomatised by PSP derived materials at Neogene, 2) the fluid derived
from PAP has induced the Neogene magma generation, and 3) Quaternary magams can be
produced by partial melt of PSP. From these, we can conclude that the leading edge of PSP
away from, but close to below the volcanic center af Neogene, and PSP has reached below

the volcanic centfer at Quaternary.



Development of observation techniques for inaccessible and exiremely acidic crater lakes:
Installation of temperaifure telemetry buoys, dredging of lake sedimenis, and sampling of

lake waters

A. Terada, S. Yoshikawa

We describe direct observation techniques for inaccessible and exiremely acidic crater
lakes surrounded by steep crater walls. Observation equipment and an attached weight
suspended beneath a pulley are lowered to the lake surface or lake bottom under gravity
along a rope stretched between opposite sides of the crater rim. The weight is tied 1o the
observation equipment using paper string that dissolves in the lake water. This enables the
rapid descent of the system from the top of the cratfer rim fo the lake, the automatic
deployment of the weight from the observation equipment once the system reaches the lake,
and the simple manual retrieval of the system from the lake to the cratfer rim following the
completion of observations.

Using the above technique, we deployed two temperature telemetry buoys, including
wireless thermometers, upon the crater lake of Aso volcano, Japan, fo monitor water
temperature. We manually ran ¢ 400 m polypropylene rope (8 mm diameter) between
opposite sides of the crater rim. The strength of the rope was sufficient fo lower 3-5 kg of
equipment to the lake surface. The protective buoy housing the wireless thermometer is made
of expanded polystyrene (EPS), enabling if to float on the lake surface. The buoy has a
1-mm-thick coating of polyurethane resin fo prevent UV damage. The buoys were fixed at the
lake bottom using anchors and 18 m fluororesin ropes inifially fied to the system using paper
string, enabling the system to readily descend to the lake surface along the stretching rope.
The paper strings dissolved several minutes after the equipment had landed on the lake
surface, at which point the anchor descended to the lake bottom.

To obtain samples of lake sediments, we developed a mud sampler that consists of a
stainless steel frame covered by a polyester mesh net. A doughnut-shaped fluororesin block,
designed to prevent chemical contamination of the dredged sample, was used as a weight
inside the net. The mud sampler and an attached weight suspended beneath two pulleys
were lowered to the lake bottom under gravity along the polypropylene rope. The attached
weight was tied to the sampler using paper siring. We also obtained a sample of lake water
using a polypropylene bottle with a weight tied beneath the bofttle using paper string.

These fechnigues are expected fo confribute fo the monitoring of active cratfer lakes and
the underlying hydrothermal system.

(Bull. Geotherm. Soc. Japan, in press)



Geothermal aciivity within the western slope geothermal zone of Aso volcano,

Japan: Development of a new geothermal field in 2004

A. Terada, Y. Sudo (Aso Volcano Museum)

Unusual geothermal activities occurred at Yoshioka hot spring, Aso volcano, from
November 2005. Prior to this date, the area was a minor geothermal field, emitting only 0.2
MW of hot water. Steam flux increased significantly to 15-30 MW in October 2006,
accompanied by small explosions. Affer November 2006, the new fumarole maintained a
largely constant heat-discharge rate of approximately 4.6 MW, almost 10 fimes higher than
that of existing natural fumaroles within the WSGZ (0.5 MW). The fotal heatf-discharge rafe at
Yoshioka is 5.2 MW, equivalent to half of the fotal amount of the WSGLZ. Hence, we consider
that the geothermal events at Yoshioka differ from fypical hydrothermal eruptions. We infer
that the geothermal events at Yoshioka in 2006 resulted from an increase in volcanic fluid flux
from a deep aquifer fo the steam-dominated reservoir beneath Yoshioka, resulting in the

formation of a new geothermal field.
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Fig. Heat-flow model of Aso volcano based on the results of geophysical and geochemical
studies. SWF: fumaroles within the south wall of the Nakadake 1st Crater. HBT: isolated hybrid
volcanic tremor (Mori ef al., 2008). Superscript numbers refer to the following references: [1]
Sudo et al. (2006); [2] Sudo and Kong (2001); [3] Hase ef al. (2005); [4] Yamamoto ef al. (1999);
[5] Moriet al. (2008); [6] Kanda et al. (2008); [7] Terada et al. (2008); [8] Takagi ef al. (2006); [9]
Tanaka {1993); [10] Parmentier and Hayashi (1981); [11] Yamada (2005); and [12] Yamasaki et
al. (1978).
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Quantitative Evaluation of Geothermal Activities af the Ceniral Cones of Aso Volcano, Japan

A. Terada, T. Kagiyama, S. Yoshikawa

For quantitative evaluations of geothermal acfivities of Aso volcano, Japan, an aerial
infrared survey is carried out on early morning by use of a helicopter. At Nakadake, one of the
ceniral cones of Aso volcano, aerial infrared photographs reveal that no temperature
anomalies exist out of the 1st Crater of Nakadcake. The total heat-discharge rafe from Aso
volcano is estimated to be 120 - 200 MW in the calm period. The most of heat is discharged
from hot crater lake of the Nakadake 1st Crater. Heat-discharge rate from the West-flank
Geothermal Field (WFGF) is estimafed to be 9.9 MW. The Yoshioka Hot Spring {one of the
WFGF) that notable geothermal events occurred in 2006 discharges over 5 MW of heats

corresponding to the half of the heat-discharges from the WFGF.

Table. Resulis of heat-discharge rates (MW) through fumaroles, steaming grounds, ponds or

lakes and hot springs of Aso volcano.

Fumaroles Steaming grounds  Ponds or lakes Hot springs

1st Crater

Yudamari - - 110 - 220®) -

‘8" <100@) 2.0< - -

“SE” - 0.64 - -

“SW-1” - 0.27 - -

“SW-2” - 0.005 - -

Total <100 2.92< 110 - Total
Yunotani 1 0.09 0.17 0.78( 2.04
Yoshioka 5 0.41 - 0.20 5.61
Jigoku - 0.42 - 1.86() 2.28
-Tarutama

Total 6 0.92 0.17 2.84 9.93

(Disaster Prevention Research Institute annuals, 51, 275-290)




Nd and Srisotopic study of felsic plutonic rocks in northern Oman ophiolite, Oman

N. Tsuchiya (lwate Univ.), Y. Adachi (Niigata Univ.), S. Miyashita (Niigata Univ.), T. Shibaia
M. Yoshikawa

INTRODUCTION

The presence of felsic rocks in ohiolite suites has been reported by numerous authors, and is
called plagiogranite {Coleman and Peferman, 1975; Coleman and Donato, 1979). Four major
models are under debate to explain the formation of these rocks: (1) late-stage differentiation
of a parental MORB melt, (2] partial melting of gabbroic rocks, {3} immiscibility in an evolved
tholeiitic liquid, and (4) assimilation and partial melfing of previously altered dikes (e.g.,
Keopke et al., 2007). Recently, Koepke et al. {2004; 2007) described that hydrous partial
melling of cumulate gabbro is most likely process explaining the petrogenesis of oceanic
plagiogranite magma. However, since the experimental results after Koepke et al. (2004;
2007) could not reproduce the entire chemical variation of felsic rocks in ophiolite,
petrogenesis of felsic magmas Should be further studied in detail.

The Oman ophiolite contains a particularly well-preserved sequence; exposure is almost
continuous along strike and almost completes vertical sections. Plagiogranites occur both as
high-level intrusives in axis stage and as lafe initrusive complexes infruding info various
stratigraphic units {Lippard et al., 1984). Among them, the late infrusive complex atfract
special interest because of the coexistence of various rock types such as layered and massive
gabbros, diorites, and plagiogranites. Sr and Nd isofopic study is a useful tool identifying
primary magmatic signature and possible tectonic site of formation, however, very litfle has
been stated about isotopic signature of plagiogranites. The purpose of this study is to
investigate Sr and Nd isotopic characteristics of plagiogranites and related rocks in the Oman

ophiolite, and to elucidate the petrogenesis of these rocks.

OUTLINE OF GEOLOGY AND PETROLOGY

Fig. 1 shows disfribution of the felsic plutonic complex and related rocks in the northern Oman
ophioclite around Sohar to Wadi Jizi. In general, they are composed mainly of gabbroic fo
dioritic rocks with subordinate amounts of plagiogranites. Among them, Lasail complex,
Suhaylah complex, and granitic dikes infruding mantle sequence in Wadi Fizh are chosen for

Srand Nd isotopic analysis (Fig. 1).
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Fig. 1: Distribution of the felsic plutonic complex and related rocks in the northern Oman ophiolite.

Lasail complex feeds the Lasail Unit volcanic rocks, felsific sheets, and andesific
cone-sheets around Lasail Mine (Alabaster et al., 1982; Lippard et al., 1986). Lasail complex,
dimension of 4.7 x 3.8 km, consists of gabbroic to tondlitic rocks and is infruded into the base
of the lava of Geofimes Unit. The gabbroic rocks are composed of layered gabbro
[gabbronorite and anorthositic leucogabbronorite associated with minor amounts of dunite,
wehtlite, websterite, and olivine gabbro) and massive gabbro (homblende gabbronorite,
hornblende gabbro, and hornblende diorite). The layered gabbro is intruded by the massive
gabbro, and often occurs as large blocks in the massive gabbro. These gabbroic rocks are
infruded by small intrusions of hornblende diorite to hornblende fonalite. The tonalific rocks
are characterized by MME (mafic magmatic enclaves) swarms of fine-grained gabbro fo
diorite in central to eastern part of the complex. The assemblage of these rocks belongs to the
opx-series classified by Umino et al. (1990). Stakes and Taylor (2003) described bulk rock
chemistry and oxygen isotopic study of the rocks from the Lasail complex.

Suhaylah complex, dimension of 1.5 x 1.5 km, is infruded info cumulate gabbros at a
lower contact and into dike complex and basalt at an upper contact. It composed of
hornblende quartz dicrite including basaltic “pillows’ and dismembered dikes, and is infruded
by hornblende tondlite at central to eastern part. At the northern pat of the complex,
hornblende quariz diorite intrudes into the upper gabbro, and included many blocks of the
gabbroic rocks. Stakes and Taylor (2003) described bulk rock chemistry and oxygen isotopic
study of the rocks from the Suhaylah complex.

Small infrusive bodies of biotite granites and tourmaline granites are infruded into
harzburgite in the upper part of the mantle sequence at the upper stream of the Wadi Fizh.
These granites occur as small dikes less than 10 m thick, and show WNW-ESE strikes and steep

northward contact with host harzburgite. These rocks are characterized by leucocratic and



fine-grained texture with or without remarkable foliation. Similar granitic intrusive rocks,
fine-grained and foliated biofite granite to aplite, occur in the lower part of the Samail Nappe
(Oman ophiolite), and are described as igneous rocks associated with emplacement
{Browning and Smewing, 1981). These granites are infruded into the upper part of the mantle
seguence and near the base of the layered series, and distributed mainly in the Khor Fakkan
(UAE) Block and in the southeastern part of the Haylayn block near Rustaq. Lippard et al.
(1986) reported bioctite K-Ar age of 85 + 3 Ma from the biotite aplite intruding the amphibolite
sheet and the overlying harzburgite at Sharm in the UAE.

Bulk chemistry of the Lasail and Suhaylah complex show wide range of composition, but
each complex show distinct frend from gabbroic to tonalitic rocks. Tondalitic to quartz dioritic
rocks from the Lasail and Suhaylah complex are characterized by extreme depletfion in
incompatible elements; K20, P20s, and TiO2, while biotite granites from the upper stream of
the Wadi Fizh shows particularly higher K20 contents.

Koepke et al. (2004; 2007) described that hydrous partial melting of cumulate gabbro is
most likely process explaining the petrogenesis of oceanic plagiogranite magma. TiO2
contfents of felsic rocks from the Lasail and Suhaylah complex, however, shows clearly higher

concentrations than that obtained by experimental results after Koepke et al. (2004).

ANALITICAL METHOD

The analyfical methods for Sr and Nd isotope analyses are essenfially the same as those
of Yoshikawa et al. (2001), Shibata et al. (2003), and Shibata and Yoshikawa (2004).
Extraction procedures for Rb, Sr, Sm, and Nd were described by Shibata et al. (2003). Isotopic
analyses were performed on a TIMS (ThermoFishers MAT262) with static multi-collector mode
following Yoshikawa et al. (2001). The 8Sr/8Sr and 43Nd/144Nd ratios were normalized to
865r/885r = 0.1194 and 46Nd/™4Nd = 0.7219, respectively. The decay constants of 8Rb is 1.42 x
10-11/y (Steiger and J'ager, 1977) and of 147Sm is 6.54 x 10-12/y {Lugmair and Marti, 1978).

RESULTS AND DISCUSSIONS

A mean error of each isotopic analyses was £0.000009 to 16 for 87Sr/8Sr and £0.000009 to
34 for 143Nd/144Nd. Initial 87Sr/88Sr (Srl) and initial 143Nd/144Nd (Ndl) ratios and eSr and eNd values
are calculated from assumed age of 25 Ma {(Hacker, 1994) for Lasail and Suhaylah complex
and of 85 Ma [Lippard et al., 1986) for biotite granites from the Wadi Fizh. The £Sr and eNd
values were calculated using the following chondritic uniform reservoir (CHUR) parameters;
87Sr/863r = 0.7045 and &Rb/8sSr = 0.0827, 143Nd/144Nd = 0.512638 and 4Sm/144Nd = 0.1966.

Fig. 2 shows eNd-eSr diagram for the felsic plutonic complex and related rocks in the
Oman ophiolite. Data from various igneous rocks in the Oman ophiolite (McCullogh et al.

1980; 1981; Benoit et al., 1996) are also plofted for comparison. Igneous rocks in the Oman



ophiolite are plotted in a horizontal frajectory from an origin at the mantle array, indicating
the possibility of contamination with seawater (McCullogh et al. 1980; 1981). In Fig. 2, rocks
from the Lasail and Suhaylah complex are plotted within the data from various igneous rocks
in the Oman ophiolite, though the plots are characterized by higher eSr values than the
mantie array. On the other hand, the biotite granites infruding info mantle sequence at Wadi
Fizh are characterized by particularly lower eNd. This indicates the possibility that the biotite
granites have been derived from isotopically different source materials probably related to
confinental crust.

Fig. 2 shows eNd-eSr diagrams for each rock type from the Lasal complex. The
gabbronorite shows the lowest value of &Sr, and is characterized by fresh lithology without
hydrous minerals nor alteration products. This indicates the possibility that the gabbronorite
retains magmatic eSr value with negligible seawater contamination, and that the source
materials of the gabbronorite has slightly higher eSr value compared with those of MORBs. In
other words, the source materials of the gabbronorite may have some relationships to the

rocks contaminated with seawater.
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Fig. 2: gng - €sr diagrams for the felsic plutonic complex Fig. 3: eng - esr diagrams for each rock type from the
and related rocks in the Oman ophiolite. Lasail complex.

Fig. 4 shows &Sr/8Srinifial (Srl) vs. wt % SiO2 diagram, and Fig. 5 shows 3Nd/#4Ndinitial
(NI} vs. wt% SiO2 diagram for the Lasail and Suhaylah complex. From these figures, Srl is
increasing with differentiation, but Ndl shows no remarkable variation with differentiation. This

indicates that the isotopic variation is resulted from seawater alteration with differentiation.
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CONCLUDING REMARKS

From the examination of Sr and Nd isotopic signature, igneous rocks in the Oman
ophioclite are variously contaminated with seawater as described by McCullogh et al. (1980;
1981). In the case of rocks from the Lasail and Suhaylah complex, they are characterized by
rather higher Sr values than the manfle array. The gabbronorite from the Lasail complex
shows the lowest value of &Sr, and probably retains magmatic &Sr values with negdligible
seawater contamination. This suggests that the gabbronorite magma has produced by the
melting of the rocks with higher eSr values than those of MORBs, e.g.. the axis stage rocks
interacted with seawater. On the other hand, the biofite granites intruding into manile
sequence at Wadi Fizh are considered to be produced by partial melling of continental

materials during the emplacement stage on the Arabian continental margin.
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Wide-band MT survey in Aso caldera

M. Ulisugi, T. Kagiyama, K. Komori, H. Inoue

Aso Volcano is one of the most active volcanoes in Japan. Activity of this volcano started
about 300 ka. Four huge plinian erupftions, forming Aso-1 1o Aso-4 pyroclastic flows, formed a
large caldera. This caldera surrounded by the outer ring is the largest of the world and
stretching 18 km east-west and 24 km north-south. More than 10 ceniral cones of basalt to

rhyolite line up in the east-west on the

©: HIRA QO A~ 12A) caldera floor. Only Nakadake cone among

0814, OBISIEMTUZEE . . . .
O : BB (200658 ~ 128 them repeated historical eruptions of basaltic
' ‘ magma, aond it has a great crater

(Nakadake-crater), which is still active.

In 2008, to investigate the resistivity structure
beneath Aso volcano and caldera, we made
the wide-band MT {MagnetoTelluric) survey
along a survey line which fraverses the
caldera 1to northeast-southwest  passing
Nakadake crater. The number of tofal survey

points is 16. Using our observed data, we

made tow-dimensional inversion analysis and
Fig. 1 Observation points of 2008 MT . Lo )

we estimated the resistivity sfructure in the
cross section which traverses the Aso caldera. As a result of this analysis, some characteristic
features were discovered for the subsurface structure of Aso volcano. One of them is the
existence of the extremely low resistivity layer at a few hundreds meter depth beneath the
Aso central cones. The resistivity of this layeris 1 — fens of Qm and this low resistivity suggests
the underground water that contains a lof of volcanic gases distributes in this layer.
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Fig. 2. Resistivity structure of Aso caldera.



Diffusive fractionation in mantle with magma channels: an index o mantle depletion

J. Yamamoto, K. Nishimura, T. Sugimoto, K. Takemura, N. Takahaia (Tokyo Univ.)

Y. Sano (Tokyo Univ.)

The relafive composition of secondary nuclides generated by nuclear reactions converges
with the production ratfio over time. The production value thereby serves as an initial value o
elucidate evolutive processes of the mantle. In fact, 4He/%Ar* is particularly useful as an
indicator for examining consequences of degassing of oceanic basalt. The current mantle is
inferred to have 4He/%Ar* of ca. 1-5. The 4He/“0Ar* in the magma would be elevated because
He preferentially diffuses away from crystalline phases in the source mantle info the magma if
partial melting or infiltration of exotic magma occurs in the source mantle. Furthermore, He is
considerably more soluble than Ar in silicate mells, which engenders more extensive
degassing of Arrelative to He: the degassing increases the 4He/4Ar* of residual magma. In this
view, it is noted that low 4He/%Ar* (ca. 0.1) has been reported occasionally for basaltic
magma (Honda et al., 1993; Harrison et al., 2004; Marty et al., 1994; Nuccio et al., 2008) and
frequently for mantle-derived xenoliths (e.g.. Yamamoto ef al., 2004). Possible low (U+Th}/K in
the source mantle resulis in low “He/4Ar*. Figure 1 presents a diagram of 4He/“Ar* and
4He/21Ne* for peridotites. Actually, 4He/2INe* of the peridoftites is correlated with 4He/4OAr*, It is
indicative of asignificant and systematic elemental fractionation of 4He from nonatmospheric
2INe and 9Ar (Honda and Patterson, 1999; Patterson et al., 1994) rather than low (U+Th)/K in
the source mantle.

Matsuda and Marty (1995) and Burnard (2004) proposed a similar model by which He can be
enriched in melt during partial melting following diffusion from crystalline phases info magma.
Complementary residual mantle and magma derived from it are expected to have low
4He/9Ar*, The same diffusive fractionation will occur in phenocrysts in ascending magma
{Harrison et al., 2004; Nuccio et al., 2008).

As demonstrated by results of this study, the diffusive loss of a lighter element or isotope from
solid phase to melt is a key phenomenon fthat is useful for fracing pristine chemical and
isotopic compositions of mantle-derived materials. Therefore, we test this assumption
guantitatively in combination with the influence of subsequent accumulation of radiogenic
“He and 4Ar using published noble gas data for peridotites, phenocrysts, and ocean island
basalts along with newly obtained noble gas dafa on phenocrysts in volcanic rocks from
Japan.

By crushing olivine and pyroxene phenocrysts in volcanic rocks from Kyushu sland, Japan, we
determined 3He/4He of 3-7 Ra and “Ar/3Ar of up to 1750 (Fig. 2).



ol px wr
Peridotite xenolith

10 A DEU b D 4He/0Ar* (down fo 0.1} is
AUS A
KNA b much lower than
PNN o production ratio
Orogenic peridotite AHe [0 Ar* (1-5).
* itk ITA ¢
2 , present results show no
=4 systematic difference
B > from published data of
-
<t 0.1} > subarc and
> subcontfinental mantle
mafterials.
He loss  “~—%=-mass fractionation line Overall, the 3He/4He of
O 01 L § . i . i , Th
: e subarc and
104 10° 10° 107 108 ,
subcontinental mantle
4 1 *
He/Z Ne are roughly separable

Figure 1. 4He/%Ar* versus ‘He/2'Ne* diagram of data obifained from peridotites with crushing experiments,
where * indicates correction for atmospheric contamination. Data sources are as follows: peridotite xenoliths
from Germany (DEU) (Buikin et al.,, 2005; Gautheron et al., 2005), Australia (AUS) (Matsumoto et al., 2000),
Kenya (KNA} (Hopp et al., 2007}, and Pannonian (PNN) (Buikin et al., 2005); orogenic peridotites from ltaly
(TA) (Matsumoto et al., 2005). Data with 2INe/22Ne and 40Ar/3Ar of less than 0.03 and 320, respectively, are
notf shown. Actually, 2'Ne can be generated nucleogenically from (. n} reaction on 180 and (n, a) reaction
on Mg (Wetherill, 1954). The ‘He/2Ne* production ratfio in the mantle is estimated as 2.2 x 107 (Leya and
Wieler, 1999; Yatfsevich and Honda, 1997). The 4He/2iNe* of the lithosphere is determined primarily by its
chemical composition, which is unlikely fo change dramatically between reservoirs. Therefore, the 4He/2'\Ne*
of the mantle is likely o be constant, as is frue for 4He/4Ar*.
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Figure 2. 3He/“He versus ‘He/Ar* diagram of phenocrysts from quaternary volcanoes in Kyushu island, Japan
(JPN) with data obtained by crushing mantle-derived materials. Data sources are as follows: phenocrysts
from ltaly (ITA) {Marty et al., 1994; Nuccio et al., 2008); phenocrysts from Siberia, Russia (SBR} (Harrison et al.,
2004}; peridotite xenoliths from Far Eastern Russia (FER) {Yamamoto et al., 2004}, Germany (DEU) (Buikin et al.,
2005; Gautheron et al., 2005), France (FRA) (Gautheron et al., 2005), Australia {AUS) (Matsumoto et al., 2000},
Korea (KOR}, China {CHN) (Kim et al., 2005}, Kenya (KNA} (Hopp et al., 2007) and Pannonian (PNN) (Buikin et
al., 2005}); orogenic peridotites from Japan {JPN) (Matsumoto et al., 2001}, and ltaly {ITA) (Matsumoto et al.,
2005}.

These values are lower
than those of MORB.



info two regimes: data with 3He/4He more than 3 Ra and less than 1 Ra. The SHe/*He of the
former samples have a positive correlation with 4He/4Ar*. The 3He/4He and 4He/%“Ar* of
phenocrysts overlap with those of subcontinental mantle xenoliths. Although noble gas
compositions of phenocrysts are affected considerably by diffusive fractionation in ascending
magma (Fig. 3), they have little effect on the noble gases in the mantle xenoliths because it
takes 100 years for He/Ar fractionation of ca. 15% for a mantle xenolith with 5 cm diamefter.
Therefore, the low 4He/“Ar* of the mantle xenoliths is inferred to result from another kinefic

fractionation in the mantle.

10

=1.05

i H i i i

10

3H§e/D4He

Dy /D, = 1.1 U

| N I N . |

i
0.01 0 Z 5 8
‘He/*He (Ra)
Figure 3. 3He/*He versus ‘He/«Ar* diagram of subcontinental mantle peridotites. Dafa are from Fig. 4. The
shaded area shows a frend of the diffusive noble gas fractionation from the source mantle (gray rectangle)
Using Dane/Dase Of 1.15 and Dane/Daoar Of 3.16. A dark gray broken line is the best-fitting exponential curve to
sets of data with 3He/4He of more than 4 Ra, which corresponds to the diffusion curve with Daue/Dae Of 1.05.
Light gray broken lines show the radiogenic change of the depleted mantle, which originally has He/He of
3.1, 4.1, and 5.2 Ra and “He/*Ar* of 0.03, 0.1, and 0.3, respectively. The radiogenic change is based on an

original source mantie with K/U of 12 700 and Th/U of 3.1, in which K, Th, and U confents are presumed fo be
unaffected by the depletion. Numbers labeling the broken lines denote the elapsed fime (kiloyear).

Possibly, the correlation for the mantle xenoliths results from diffusive fractionation
accompanied by magma migration in the mantle. During generation and migration of
magma in the mantle, lighter noble gases diffuse rapidly out intfo the magma. This diffusive
fractionation can explain low 4He/“Ar* and somewhat low 3He/*He in the residual mantle.
Furthermore, the combination of the diffusive fractionation and subsequent radiogenic
ingrowth explain the fact that data from subcontinental mantle xenoliths have extremely low
3He/4He and various 4He/%OAr*. Assuming this concept to be true, 3He/4He and “4He/%Ar*
provide useful indices for fracking mantle evolution.

For more details on the diffusive fractionation of noble gases in the mantle, refer to the paper
below.

Yamamoto, J., Nishimura, K., Sugimoto, T., Takemura, K., Takahata, N., Sano, Y. (2009) Diffusive
fractionation of noble gases in mantle with magma channels: origin of low He/Ar in
mantle-derived rocks. Earth Planet. Sci. Lett. 280, 167-174



Cathodoluminescence zoning and Ti conient in quariz from the Cape Ashizuri Igneous

Complex in Kochi Prefecture, Japan

M. Yokoyama, S. Yoshikura (Kochi Univ.), T. Shibata, H. Nishido (Okayama Univ. of Sci.)

Introdction

Recently, several studies have shown that igneous quariz preserves cathodoluminescence
(CL) zoning that can be used as a sensitive petrogenetic tool (e.g.. Wark et al., 2007). For
example, the CL zoning of quartz was used to reveal the magma chamber processes such as
magma mingling and mixing between fwo confrasting felsic and mafic magmas (MUller et
al., 2000; Wiebe et al., 2007).

The CL emission is reflected in the trace elements content and/or lattice defect. In
the case of quartz, the spectral response is characterized by emission spectra about 400nm
(blue-CL}) and 700nm (red-CL). It is reported that the cause of the blue CL is concentration of
titanium (e.g., Wark and Spear, 2005} and Ti confent in quartz increases with increasing
crystallization temperature (e.g., Wark and Watfson, 2006).

In this paper, we report the results of SEM-CL zoning and Ti content determined by EPMA
and LA-ICP-MS in situ microanalysis in quartz, and the comparison of Ti content obtained by

two methods was made.

Cape Ashizuri Igneous Complex

The Cape Ashizuri Igneous Complex is a Middle Miocene trench-proximal A-type granitoid
pluton emplaced info the Neogene Shimanfo accretionary complex in Kochi Prefecture,
southwest Japan. The Complex exhibits a concentrically zoned structure made up of three
zones (Fig. 1). The outer zone (Zone | ) consists of medium- 1o coarse-grained, subsolvus
biotite granite. The middle zone {Zone |l ) is characterized by abundant of mafic magmatic
enclaves (MME) and syn-plutonic mafic dikes in the biotite granite or heterogeneous hybrid.
The inner zone (Zone Ill) comprises essentially medium-grained, hypersolvus aikali granite
enclosing various types of syenitic and mafic magmatic enclaves. Clearly post-plutonic mafic

dikes with chilled fine-grained margins crosscut all the lithologies.
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Fig. 1 Geological map of the Cape Ashizuri Igneous Complex.

There are many lines of field and petrographic evidence for coexisting of mafic and felsic
magmas and extensive interactions between them in all the zones, particularly in the Zone I :
pillow-shaped MME with crenulated and chilled margins enclosed either singly or in swarms
within a granific host; fine-grained igneous textures and magmatic mineralogy of MME;
double/composite MME; syn-plutonic mafic dikes being broken into MME (disrupfed dike);
composite dikes with felsic margins; quartz and polycrystalline granitic ocelli immed with fine
aggregates of clinopyroxene and/or hornblende; corroded K-feldspar with dendrific
plagioclase overgrowths (rapakivi feldspar) in hybrid rocks; plagioclase with K-feldspar or
dendritic plagioclase rims (anfi-rapakivi feldspar) in hybrid rocks; development of
"xenoporphyritic" texture in MME; quenched textures of apatite (acicular) and Fe-Ti oxides
(skeletal) in MME; pipe-like granitic blobs rising in the mafic host. These observations are
interpreted in terms of a periodic injection of mafic magmas info the crystallizing felsic
magma chamber, and mingling and mixing befween these two contrasting magmas. These
magmatic processes played an important role in producing many of the compositional and
petrographic features of the MME, syn-plutonic dikes and ftheir host granitic rocks in the Cape

Ashizuri Igneous Complex.



Analytical methods
Cathodoluminescence (SEM-CL)
SEM-CL images and spectral information of quartz were analyzed on carbon-coated
polished sections using the Gatan Mini-CL and Oxford Mono-CL2, which is attached 1o the
JEOL 5410V at Okayama University of Science. CL analyses were performed using an

accelerating voltage of 15 kV and a beam current between 1.5 and 2.0 nA.

EPMA
Ti confents in quartz were determined by wavelength dispersive electron probe
microanalyser (JEOL 8900 Superprobe) at Okayama University of Science. EPMA operated at
an accelerating voltage of 15 kV, at a beam current of 120 nA, at a counting time of 240 sec,
and with a beam diameter of 10 um. The precision of the analyses (atf 3 sigma) was 18 ppm,

and limit of detection is 18 ppm for Ti.

LA-ICP-MS

LA-ICP-MS analyzed on non-carbon-coated sections (about 100um in thickness) using the
inductively Coupled Plasma Mass Spectrometer on the X SERIES 2 (Thermo Scientific)
equipped with a Laser Abrasion microsampler on the CETAC LSX 200 (Cetac Technologies) af
Institute for Geothermal Science, Kyoto University. For the analysis, the laser system is 266nm
Nd-YAG laser that is operated at energy level of 6-20, laser pulse repefition of 5 Hz, spot size of
50 um. Laser iradiation method is “soft-ablation”, which increase energy level from é to 10 for
2 seconds and from 10 fo 20 for 3 seconds. The “soft-ablation” was used fo suppress the

breaking of analytical spot on quartz.

Resulis and discussions

Results of SEM-CL, EPMA and LA-ICP-MS analyses are shown in Figures 2 and 3 and Table 1.
As shown in Fig. 2, variations in Ti content determined by EPMA correspond to blue CL intensity
variations in individual CL contrasted growth zones. On the other hand, Ti contents anclyzed
by LA-ICP-MS are constantly higher than those analyzed by EPMA and there is no positive
relationship with blue-CL intensity (Table 1 and Fig. 3).

It seems that the difference of these results depends on the difference of analyfical
volume of each technique. The analyfical volume of SEM-CL and EPMA couid be equal. In
contrast, the analytical volume (sampling volume in case of LA-ICP-MS) by LA-ICP-MS is much
larger than that of EPMA and SEM-CL. The large sampling volume of LA-ICP-MS straddles
several zones with different CL intensity. In addition, there is a possibility that micro-inclusions

with Ti-rich phases exist within the volume ablated by the laser.
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MdUller et al. (2003) evaluatie the three in situ microanalytical methods of SIMS, EPMA and
LA-ICP-MS in determining Ti in natural quariz samples and compared the analytical results
from view point of the spatial resolution and limits of detection. They reported the dramatic
difference LA-ICP-MS and other two analytical methods and also atiribute it to the difference
in sampling volume. They reach the conclusion that EPMA is the most reliable in situ
microanalysis for obtaining quantitative trace element data in quariz af concenfration in

excess of a few 10's of ppm and at the <10 um scale at the moment.



Table 1. Trace element contents in quartz and nist grass analysed by LA-ICP-MS

elements / point No.|point 1 |point 2 |point3 |point4 [nist 612 |nist 614
2Tpl 13815 | 13076 | 12504 | 12732 | 8531 8469
477y 631 654 716 621 38 10
497 595 601 599 683 61 14

\ 18 23 25 30 49 1
Cr n.d. n.d. n.d. n.d. 57 6
Bre 1230 1216 1147 1597 60 21
Zr 59 57 68 60 8 1
Nb 8 10 6 7 12 0
Hf 11 11 10 14 22 1
Ta 2 3 3 4 18 0
Pb 10 7 10 13 196 12

Fig. 3 CL zoning in quartz from granitic MME in Zone 11 and

points ablated by laser for ICP-MS analysis of trace elements

shown in Table 1.
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Major element compositions of least alterd harzburgite form the Hayachine-Miyamori
Ophiolitic complex

M. Yoshikawa, K. Ozawa (Univ. Tokyo), T. Shibafa

Bulk-rock major element compositions of peridotite provide direct information on
partial melting, melt extraction, and melt fertilization processes in the upper mantle. However,
the original bulk-rock compositions, particularly those for frace elements, are quite susceptible
fo low-temperature processes such as serpentinization. There is a way to recover the primary
compositions for major elements or compatible frace elements. Niu et al. (1997}, for example,
attempted to reconstruct primary bulk-rock compositions of serpentinized abyssal peridotites
by mass balance calculation based on mineral chemical compositions and estimated
primary modes. Recently, Niu (2004) further reported bulk-rock mcajor and trace element
analyses on serpentinized abyssal peridotites and argued that magmatic sighatures could be
preserved in bulk-rock major and frace element compositions, although he admitted that
some of MgO is lost by sea-floor weathering. However, the approach was criticized by Walters
(1999) and Baker & Beckett (1999). Moreover, such reconstruction for incompatible trace
elements encounters enormous difficulfies. It is desirable to find fresh peridotites with limited
secondary alteratfion to avoid ambiguity in reconstruction of bulk chemical composition.

The Hayachine-Miyamori ophiolitic complex in the Kitakami Mountains, northeastern
Japanis located in the Hayachine Tectonic Belt, which is one of the oldest geological ferrane
in Japan and consists of ultramafic tectonite and cumulate members correponding to the
lower ultramafic sections of ophiolites (e.g. Ozawa, 1984; Ehiro, 2000). Peridofites in this

complex are extensively serpentinized (most of them contfains > 60 % serpentine; Ozawa,



1988). The tectonite member is divided into two suites on the basis of spinel Cr-number (Cr# =
100xCr/(Cr+Al}): aluminous spinel uliramafic suite (ASUS; Cr# <40) and chromite-bearing
ulframafic suite (CSUS; Cr# > 40; Ozawa, 1988). We found a least serpenfinized boulder of
peridotite belonging to CSUS. Peridotites belonging CSUS generally contain phlogopite and
K20-rich and TiO2-poor hornblend with rare occurrence of apatie (Ozawa and Shimizu, 1995).
The presence of primary amphibole in refractory peridotites (harzburgite and dunite) and the
major, trace element and Sr-Nd isotopic compositions of clinopyroxene and amhibole are
attributed to open-system melting with influx of slab-derived materials around 500Ma (e.g.
Ozawa, 1994; Ozawa & Shimizu, 1995; Yoshikawa and Ozawa, 2007; Yoshikawa et al., 2007).

Here, we report a bulk-rock major element composition of the spinel harzburgite boulder
(73003-1) by using new XRF method established by Sugimoto et al. (submitted), which is
applicable to wide range of silicate rocks from ultramafic to felsic rocks. The sample 73003-1 is
plotted in the field of the Horoman orogenic lherzolite complex when plotted in MgO
variation diagrams, excepting in the MgO-CaO and MgO-AlzO3 variation diagrams (Fig. 1).
The sample 73003-1 is characterized by high CaO and low AlzO3 contents than other orogenic
peridoftites. Similar feature was observed from the Victoria peridotite xenoliths {Yaxley et al.,
1991). Yaxely et al. {1991) suggested carbonatite metasomatism for the high CaO and low
AlOsz of the xenoliths from the following lines of evidence; (1) replacement of primary
orthopyroxene by clinopyroxene and olivine, which may be atiributed fo the reaction
between orthopyroxene and COq-rich melt to produce clinopyroxene and olivine, (2)
presence of accessory apafite, which can be produced by reaction from primary olivine +
diopside + cabonatite melt to secondary orthopyroxene + haloapatite, (3) high bulk-rock
CaO/AROs value and exireme large ion lithophile element (LILE) enrichment without
concomitant TiO2 enrichment, which are characteristics of carbonatite melt. CSUS peridoftites
have petrological and geochemical features consistent with (2) and (3), although the
replacement of orfhopyroxene by clinopyroxene + olivine has not been observed in CSUS
peridotites. They contain spinel with higher Cr#, indicating higher degree of melting than ASUS
peridotites underwent {e.g. Ozawa, 1988), because the Cr# of spinel is a good indicafor of
degree of melting (e.g. Dick and Bullem, 1984). Modal composition of clinopyroxene
generally decreases with increase in degree of melting (e.g. Dick et al., 1984). The modal
abundances of clinopyroxene in CSUS peridofites, however, are as high as or even higher
than in ASUS peridotites (Fig. 2), suggesting addition of clinopyroxene by influx of a CaO-rich
agent. Increase of modal composition of clinopyroxene by metasomatism  with
siicate-carbonatite melt derived from subducted slab was suggested from Puy Beaunit
peridotite xenoliths, Massif Central, which have high LILE/HFSE (high field strength element)
ratios {Fig. 2; Yoshikawa et al., in press). The Nd model age and Re deplefion model age of
sample 73003-1 are around 500 Ma {Yoshikawa and Ozawa, 2007; Yoshikawa et al., 2007). On
the basis of the above observations, we infer that CSUS peridotites underwent influx of a

siicate-carbonatite melt most probably from subducted slab around 500Ma.
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Fg.l. MgO-Ovide [wi %} variation diagrams for bullkerock. The broken lined area is as the fislds

of pendotites from the Horoman pendotite complex {Obota and Nagahara, 1987; Takazawa
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Fg. 2. Relotionship between Cr# [100 x
Cr/{Cr+Al in spinel and modal composition of
clinopyroxene, Symbcles are & , CSUS
persotites; {1, ASUS peridefitess &, the
siicate~carbonatite  metasomotized  xenoliths
from the Massif Central {Yoshikowa et al. in
press). Data of the ASUS and CSUS perdotites
are from Czawa and Shimizu {1995}, The range

of the Massif Central xenclitrs is also shown

{Yoshikawa et al., in press and reference is herein).
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E % # #H Routine Observations
Geophysical Monitoring Under Operation at AVL
Aso Volcanological Laboratory
Permanent Stations
Nakadake monitoring network
Seismic Stations: HNT, PEL, KSM, SUN, KAE, KAE, KAN, UMA, TAK (microwave telemetry)

Tiltmeters: HNT (water tilt 3-comp.}, SUN, KAE, NAR, UMA, KAK ({on-site logging)
Extensometers: HNT (invar 3-comp.)

Microphone: HND (microwave felemetry)

Geomagnetic Stations: C1, C3, S0, W1, CS, NGD, FF1 (profon; on-site logging)
C223 (fluxgate 3-comp.; on-site}, newC223 [fluxgate 3-comp.; online)

FF2 {proton; online)

Ground Temperature: KAK (boreholes of 70 and 150 m deep; microwave ftelemetry)

PR

. s KSM

Seismic, geodetic and geomagnetic stations in the central part of Aso.



Kuju moniforing network
Seismic Stations: HNG (radio-felemetry), AKG, CJB, IOY (on-site logging)
Tiltmeters: H283, KSR (on-site logging)
Geomagnetic Stations: N2, E1, SO, SE (proton; on-site logging)

Seismic, geodetic and geomagnetic stations in Kuju area.

Central Kyushu regional network
Seismic Stations: AVL{6), MAK, NBR, MKN, HDK, TAT, MGR (online telemetry)
ASJ, HNY, SKM, KBM (dial-up)

Seismic network in the central Kyushu.
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[Beppu]

ICP emission Specirometer

Wavelength dispersive electron microprobe
(lent to JAMSTEC)

Energy dispersive electron microprobe analyzer

Wavelength dispersion type X-ray Flucrescence
analyzer

Energy dispersionty type X-ray Fluorescence
analyzer

Powder X-ray diffractometer

Liquids scintilation system

lon chromatography

Gas chromatography

[Aso]

Continuous seismic monitoring system for Aso
and

Kuju Volcanoes

Observation tunnel for ground deformation

Borehole temperature monitoring system for
AsSO

Video monitoring system of Aso and Kuju
Volcanoes

Proton and fluxgate magnetometers

Geomagnetic absolute measurement system

Titmeters

Instruments and Facilities
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Automatic titration system

Piston cylinder type high pressure apparatus

Laser ablation system

Inductively coupled plasma mass
spectrometer(ICP-MS)

Thermal ionization mass spectrometer{TIMS)

Externally heated diamond anvil cell (at Kyoto)

Raman microscope (af Kyoto)

FT-NIR spectrometer

IR microscope

Heatings stage (at Kyoto)

Portable seismometers (broadband short
period)

Car-mounted seismicsource

Gravimeters

Magneto-Telluric measurement
system(broad-band type, ULF, ELF, VLF-band)

Electronic distance measurement sysfem

Leveling survey system (automatic reading)
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[Beppu]

An analysing system of frace element and isotopic compositions
Radiogenic sofope and frace element compositions of natural samples (e.g. rock and water,
etc.) provide usimportant information about source materials of a sample, generating processes
from the sources and age of the sample formation. Therefore isotope and frace element
compositions of natural samples are important for investigating the phenomena accompanied
with material fransfer, such as magma genesis and mantle-crust recycling. Hence, we established
an analytical method for determining frace elements by using an inductively coupled plasma
mass spectrometer (Fig. 1) and forisotopic ratios of Sr, Nd and Pb: employing a thermalionization
mass spectrometer (Fig. 2) of Beppu Geothermal Research Laborafory (BGRL). The system
presented here is made from collaboration with Instifute for Frontier Research on Earth Evolution.
The methods of chemical preparation for the each analysis were clso established. Al our chemical
procedures are performed under a clean environment, which is basically handmade with our
original design {eg. Fig. 3). The analyfical methods established at BGRL rediize the precise analyses
of frace and isotopic compositions of ulira frace amounts of the samples (Fig. 4). Furthermore, we
are developing methods fo redlize the mass production of the assay tests. By employing the
described analytical methods, we are progressing with the study of magma genesis and material
fransfer in the mantle, efc.
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) . Fig. 2. Thermal ionizattion mass spectrometer
Fig. 1. Inductively coupled plasma mass

spectrometer

Fig. 3. Sample evapordtion system under the ultra
clean envionment
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Fig. 4. Analytical method for isotopic and frace element compositions established af
BGRL






