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Preface

Institute for Geothermal Sciences was established in 1997 from Beppu Geophysical Research Laboratory
(established in 1924) and Aso Volocanological Laboratory (established in 1928). 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’
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, for geothermal
fluids, for geothermal tectonics, for voleanic structure, for voleano-dynamics and geothermal intelligence section
(visiting research scholar from abroad). In 2004 fiscal year, Kyoto University was reformed to juridical
personalization of national universities. The situation puts us under pressure to do efficient education and

research with limited staffs and funds.

Meetings of the steering committee set in 2004 were held eight 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 effort to intensify cooperative
work at Aso and Beppu. In 2007 fiscal year, the Kyoto Branch of our institute was established in Kyoto campus,
and the effort for intensive education for students and taking a role for Graduate school started, and Kyoto
Branch works well as a first step especially for education for Graduate students. TV meeting systemns connecting

Kyoto Campus, Aso and Beppu Laboratories used constantly for seminars and special lectures.

In personal affairs, Prof. Hassan M. HELMY from Egypt joined us as a visiting professor from October, 2013,
As postdoctoral associates, Dr. Azusa SHITOH joined in April 2013, and Dr. Hideaki HAYAKAWA joined in



July 2013, Dr. Yuki ABE moved to the University of Tokyo, and Dr. Yorinao SHITAOKA moved to Risho
University, at the end of March 2014. Machiko IMAMURA, our secretary, retired in March 2014,

As listed in annual report, we carried out many collaboration works with domestic and international
organizations and science groups. Our institute made a great contribution as a field station of the multi-purpose
field sites for education and research activity. These activities will continue under the collaboration with

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

At last, operation of seismic reinforcement for the main building of Aso Volcanological Laboratory
completed in March 2014. Both in Beppu and Aso Branch, memorial events were carried out to celebrate the
registration as a Registered Tangible Cultural Properties in October 2013. We have to inherit the spirit of

establishment of the Institute,

Aso, May 2014
Tsuneomi KAGIYAMA,

Professor/Director of 2013 fiscal year
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2. WrEiEE) Research Activities

2.1. #EINHERBFS  Institution Collaboration

Geochemical study on the mineral spring, Hyoshimizu at Himeshima Volcanic island,

North-East Kyushu, Japan and about color change of the spring water

Shinji Ohsawa, Taketoshi Mishima, Shuichi Hosokawa, Tsuneomi Kagiyama

Chemical and/or isotopic analyses were performed on water, accompanied bubble gas
and hot spring deposit samples collected from ihe mineral spring, named Hyoshimizu, at
Himeshima Volcanic Island, north-east Kyushu, Jupan {Fig. 1). The isotopic composition (8D
and 880} of the Hyoshimizu water sample shows that it is practically of meteoric origin and
incorporation of magma component (iskand-arc magmatic steam) was not observed (Fig.
2). The bubble gas consists of mainly COz and Includes Nz, Ar, CHs and others as trace
gases. The isotopic data of He and CO; shows that they have an origin similar to those
discharged from volcanoes and volcanic geothermal systems currently active (Fig.3) and
implies that this volcano is made to release magmatic gas even now affer hundreds of
thousands of years from the start of volcanic activity. From analyfical data of yellowish
brown hot spring deposit precipitated after gushing from Hyoshimizu spring water by XRF,
XRD and FT-IR analyses (Fig.4), the precipitate is mainly composed of amorphous ferric
hydroxide [Fe(OH)s], and this scientific knowledge is consisient with a resulf of
thermodynamic examination on relationship between agueous iron ions and iron minerals
using Eh-pH stability diagram. Further, we have started to investigate color change of
Hyoshimizu spring water and its reason. From the fact there is a change in main chemical
composition of the spring water {Ohsawa et al., in prep.), we are going to examine in detail

the relationship between precipitation of ferric ion and water quality.
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Map showing location of the observed mineral spring with sampling sites of rain (R}
and seawater (Sw). After gushing of the spring water, yellowish brown subsiance was
precipitated from colorless and transparent spring water in the pool provided on the
side of the springhead.

Plot oftD vs. 880 of collected water samples {Hyoshimizu spring water, rain water
and seawater) from Himeshima with cold spring waiers sampled from the Kunisaki
Peninsula for reference purposes and global meteoric water line.

Relation between carbon and helium isotope rafios of bubble gas af Hyoshimizu
spring Data of Beppu and Nagayu (the formers are data of fumarolic gases and the
latters are those of accompanied bubble gases.) were cited from Ohsawa {2000)
and Iwakura et al. (2000}, respectively. The original diagram was cited from Kusakabe
(1992).

Result of FT-IR analysis of the yellowish brown deposit sample collected from the pool

on the side of the springhead of Hyoshiimuzu mineral spring, Fh: ferric hydroxide
[Fe(OH)3], Gt: goethite [« -FeOOH]



Scientific monitering of hot springs in Beppu (11)

Shinji Ohsawa, Taketoshi Mishima, Keiji Takemura

Exploitation of hot springs (drillings of hof spring wells) in Beppu city started mainly in the
lowland areas as early as the 1880s, and by the 1920s the number of wells had increased fo
about 1000. According to Yusa et al. (2000), this caused the piezomeiric head of the
thermal groundwater to draw down. A second flurry of exploitation occurred during around
the 1960s, by which time there were over 2300 wells, and the mass and heat flows had
increased due mainly io the discharge of high-temperature chloride waters in the highland
areqs. This caused a decline in piezometric head of the deep chioride water, a decline in
the subsurface flow of chloride water fowards the lowlands, and intrusion of steam-heated
shallow water into the chloride water layer (Yusa et al., 2000).

A typical example of influences by the exploitation is the chemical variations with time in
a boiling well in the southern part of Beppu (Fig. 1). As shown in Fig. 2, a four-fold decrease in
chloride concentration and a three-fold increase in bicarbonate concentration since
monitoring started in 1968. Since around 1985 little drilling has been done, and the
varictions have been small, therefore the monitoring was put an end in 1993. Recently, if
comes to light that thermal water from this boiling well has stopped boiling by oneself since
around February 2006, and at present, the well discharging thermal water is pumped [air-lift}.
As we reported last year, the stopping of artesian well is not caused by stop boiling of the
underground hot thermal water but will be due to pressure drop of it.

In 2013, we have reopened the monitoring for understanding degree of the influence of
the stop of naturdal flow onto the water quality of the underground thermal water. The new
data obtained in this physical year [2013FY) are added in Fig. 2 with data obtained by
reanalyzing of stored sample waters collected in 1993, 1995, 1996, 1997, 1998 and 2005. As
clearly shown in the figure, conspicuous variations in both of Cl and HCOs: ion
concentrations cannct be recognized, but HCCs/Cl ratio is found to be elevated gradually.
This may indicate that the infrusion of steam-heated shallow water into the chloride water
layer as mentioned above has traveled surely, and the stop of the artesian of the Tenman

hot spring water must have occurred in the change.
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Fig. 1  Map showing location of the monitoring site in the southern part of Beppu (%) with
the flow paths of underground thermal waters {Na-Cl, Ca,Mg-HCOa, Na-HCOs types).
Fig. 2 Time variations in chloride (Cl) and bicarbonate (HCOs) concentrations, and

HCO3/Ci ratio [wi.fwi] of thermal water discharging from the observed hot spring

well shown in Fig. 1.
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Preliminary petrographical report for garnet beatring xenoliths included in dacite lava from
Himeshima, Kyushu, Japan

T. Shibata, M. Yoshikawa, K. Takemura, Y. Gsanai (Kyushu Univ.)

Himeshima volcanic group (HYG) is located at 4km eastward from Kunisaki peninsula,
Kyushu, Japan, and consists of seven Quarterly volcanoes. The volcanic rocks of HVG are Hb
dacite, Bi - Hb rhyolite and Gri-rhyclit (Ifoh, 1990; Itoh et al., 1997). Although It is suggesied
crustal materials contributed fo the magma genesis of those volcanics (Ujike and ltoh, 1991;
Shibata et al., 2013), nature of the crustal materials are still unclear. We found crustal
xenoliths from Kane lava, one of the constituents of HVG volcanics, and made a preliminary

petrographical description for garnet bearing crustal xenoliths,
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Fig. 1. Geological map of HVG, modified from itoh {1990)

The host rock is Hb dacite with Si02 = 69.16 wi%, Na20O + K20 = 7.36 wi%. The garnet
bearing xenolith is a garnet - sillimanite - biotite gneiss, and composed of garnet, sillimanite,
biotite, plagioclase and zircon. 1t is considered that the gneiss belong from Ryoke
metamorphic belt, which is thought to underline the studied area. Future analyses of frace
element ans Sr-Nd-Pb isotopic compositions make discussion for the effects of crustal
materials to the magma genesis of HVG, and give important informaiion to the geological

structure of north Kyushu.
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Fig. 3. Microphotographs of the garnet bearing crustal
xenolith. Grt, Sil, Bi. Pl and Zr mean garnet, sillimatine,
biotite, plagioclase and zircon, respsectively

Le Mditre, et al. (1989) A classification of igneous rocks & glossary of terms, Blackwell, Oxford.
[foh {1990} J. Miner. Petrol. Econ. Geol. 85, 541-558.

ttoh et al. {1997) Geological map. Himeshima, Geological survey of Japan

Ujike and toh (1991} J. Miner. Petrol. Econ. Geol. 85, 65-71.

Shibata el dl. {2013) In Orogenic Andesites and Crustal Growth. Geoal. Soc.. London, Spec.
Public., 385, 15-29.
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Preliminary report on post-IR IRSL daling of poly-mineral semi-fine grains exfracted from

Myojin volcanic body, Himeshima-island, Japan

Shitaoka Y., Miyoshi M., Yamamoto J., Takemura K.

We tested the post-IR IRSL protocol (Thomsen et al., 2008} for dating Myojin volcanic
body from Kane volcano, Himeshima-island, central Kyushu, Japan. This preliminary age was
determined using poly-mineral semi-fine grains {10-50 um fractions} (Nagatomo et al., 2005}
extracted from Myojin volcanic body. Palecdose measurements were performed using the
post-IR IRSL protocol. The posi-IR IRSL measurement protocol is following Shitaoka and
Takemura [2013). Preheating coenditions were 260°C for 60 s, Each sensitivity-corrected IRSL
or post-IR IRSL for doses was calculated by dividing the IRSL signal measured at 60°C {Lirso) of
the posi-IR IRSL signal measured at 230°C (Lpostirirazo) DY the respective Tirso OF T postarirazo (.., L
/ T). respectively. Lrew and Lposrrzae were derived from 40-80 s of each 100 s IR
stimulation.The palecdoses, annual dose, and post-IR IRSL ages obtained are 87.410.83 Gy,
3.2720.11 mGy/a, 2.7+0.3 ka, respectively. The present post-IR IRSL age is beyond the error of
K-Ar and “Ar/*®Ar ages (Mafsumoto et al,, 2010}, There is doubt an anomalous fading of
post-IR IRza0 signal. We are planning to measure post-IR IR at higher temperature than 230°C.

It needs further consideration.

References;

Matsumoto, A., Itoh, J., Hoshizumi, H., Ohta, Y. (2010}: K-Ar and “Ar/3 Ar ages of Himeshima
volcanic group, Kyushu, Japan. Programme and abstracts the Volcanological Society of
Japan, 132. (in Japanese)

Nagatomo, 1., Shitaoka, Y., Kobayashi, Y. (2004): Correction Factor for alpha dose rate in
Luminescence dating with semi-fine grain. Bull. Nara Univ. Educ., 53-2, 11-16. {in Japanese
with English abstract)

Shitaoka, Y., Takemura, K. {2013): Prefiminary report on post-IR IRSL dating of plagioclase
extracted from ASO-4 pyroclastic flow. Annual Report of Institute for Geothermal Sciences
(FY2012). Kyoto University, 15-16.

Thomsen, K.J., Murray, A.S., Jain, M. and Better-Jensen, L. {2008}): Laboratory fading raies of
various luminescence signals from feldspar-rich sediment extracts. Radiation

Measurements, 43, 1474-1484,
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Amphibole composition of the Pinatubo harzburgiie xenoliths and their host dacite

M. Yoshikawa, §. Aral (Kanazawa Univ.), A., Tamura (Kanawaza Univ.), T. Kawamofo,

7. Kobayashi (Kagoshima Univ.), M., Okuno (Fukuoka Univ.)

Calcic amphibole-bearing spinel harzburgites from the Pinatubo 1991 dacite are
characterized by deplefed mineral chemsitry and abundant fluid inclusions composed of
saline solutions and magnesite [Kawameto et al., 2013). The harzburgife xenoliths show more
or less modale metasormatized textures: fine-grained orthopyroxene-rich parts with amphibole,
olivine, spinel, and phlegopite that replace primary olivine and/or pyroxene. Some xenoliths
have zoned selvages in a boundary between harzburgite xencliths and host dacite. Their
outer zone consists of calcic amphibole, phlogopite and plagiociase, while their inner zone
consists of fibrous orthopyroxene, olivine and phlogopite growing perpendicularly to the
boundary.

We determined trace element compaositicn of amphibole of four pieces of harzburgite
xenoliths, an outer selvage and a host dacite using laser ablation-inductively coupled
plasma-mass spectrometry, using a 193 nm ArF excimer Microlas Gecl.as Q-plus laser and an
Agilent 75008 instrument at Kanazawa University. The amphibole show depletion in light rare
earth elements (LREEs) with various degrees of positive amomalies of Rb, Ba, U, Pb and Srin
primitive mantle (PM, McDonough and Sun, 1995)-normalized multi element patterns. In
confrast, LREE enriched amphibole shows negative anomalies of high-field strength elements
(HFSEs). Eu, Pb, $rand Ti from the outer selvage (Fig. 1}). PM-normalized patterns of amphiboles
in the host rock show two types: low AkQOs (< ? wi%] type show the pattern similar to those of
amphibole in the outer selvage and high AlOs {= 12 wi%] type show o convex upward
pattern wituout negative anomalies of Pk, Sr, and Ti (Fig. 1). These suggest that the harzburgite
was metasomatised before the enfrainment in the host dacite and the host dacite con‘rain.
two generation amphiboles. Previous siudies suggested that low AROs (6.3 ~ 8.8 wt %) and
nigh AlOz (10.5 -12.6 wt %) amphiboies in the Pinatubo dactie crystallized at low (220 MPa)
and high (400 — 940 MPa} pressure ranges, respectively (Rutherford and Devinine, 1996;
Prouteau and Scaillet, 2003} and esfimated frace element compositions show arc basalt
composition can be equlibrated with high pressue amphibole in dacite from Balay Bay, the
Phillipines {Ribeiro-Lauret et al., 2008). The LREE-depleted amphiboles has been observed in

peridotite xenaliths of continental arcs and interpreted as formation by hydration of pyroxenes

15



(Johnson et al., 1994). Effective fransfer of Rb, Pb and 3r from subducting oceanic crust to
wedge mantle by saline fluid has been suggested [e.g. Kawamoto et al., 2014}). We also infer
that the amphiboles in the Pinctubo harzourigite xenoliths were formed through a reaction
between pyroxene and subduciion-related saline aquecus fluids and the peridotite xenoliths

were entrained in basaltic magma at arouond 960 MPa.
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Fig. 1. Primitive-mantle normalized patterns of amphibole (ampj).
Hached area is range for amp of harzburgite xenoliths.
References

Johnson, K.E., Davis, AM,, Bryndzig, L.1., 19%6. Geochim. Cosmochim. Acta 60, 13467-1385.

Kawamoto, T., Yoshikawa, M., Kumagai, Y., Mirabueno, M.H.1., Okuno, M., Kobayashi, T. 2013.
PNAS, 110, 9643-9668.

Kawamoto, T., Mibe, K., Bureau, H., Reguer, S., Mocuta, C., Kubsky, S., Thiaudiére, D., Ono, S.,
Kogiso, 1. 2014 Earih, Planets and Space, 64, 61,

McDonough, W.F.. Sun, 5-8., 1995. Chem. Geol., 120, 223-253

Prouteau, G., Scaller, B., 2003. J. Petrol., 44, 2203-2241.

Ribeiro-Lauret, J., Benoit, M., Maury, R., 2008. Geol. Soc. America Abstracts with Programs 40,
249,

Rutherford M.J., Devine 1.D. 19%4. In: Newhall, C.G., Punongbayan, R.S. (Eds.}, Fire and Mud:
Erupfions and Lahars of Mount Pinatubo: University of Washington Press, Quezon City, pp
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2.2. HFFE#sE  Scientific Reports

Crustal structure beneath Aso caldera, Japan, as derived from receiver function analyses of

waveform data from densely distributed stations

Y. Abe, T. Ohkura, K. Hirahara (Kyoto Univ.), T. Shibutani (Kyoio Univ.),

S. Yoshikawa, H. Inoue

We calculated receiver functions from teleseismic waveform data obtained at nine stations
distributed in and around Aso caldera. Three of the stations are established by the National
Research institute for Earth Science and Disaster Prevention {NIED), three of the other stations
are established by Aso Volcanological Laboratory (AVL), Kyoto University, and the other three
stations are temporary ones we established in 2009 {Fig.1). We estimaied the crustal S-wave
velocity siructure beneath each station from the receiver functions with genetic algorithm
inversion {Shibutani et al., 1994). As a resuit, we detected low velocity layers {Vs ~ 2.5 km/s}
beneath the eastem flank of the central cones with dimensions of 5 km x 5 km at depths of 8-
15 km (LA in Fig.1) and beneath the other ared in and around the caldera at depths of 15-25
km (LB in Fig.1}). The upper boundary of LA is estimated to dip at 20° toward southeastern
direction. According to the study by Takel (2002), these low velocity layers are interpreted 1o
contdin 15 per cent of melt or 30 per cent of water at @ maximum. Just beneaih the low
velocity layer LA, a sill-ike deformation source has been detected af 15.5 km in depth with
analysis of GPS data (Geographical Survey Institute, 2004], and earthquake catalog of Japan
Meteorological Agency (IMA) shows that swarm of deep low frequency earthquakes (DLFEs)
exists at 15-25 krm in depth (Fig.1). Magma may be newly generated and accumulaied in the
low velocity layer LA by hot infrusions coming from below it, which may cause DLFEs and the

crustal deformation.
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Fig.1 Map of Aso caldera (top) with a E-W section (bottom) at o latitude of 32.9°N explaining
distribution of a sill-like deformation source, hypocenters of deep low frequency earthquakes
(DLFEs} and low velocity layers we detected. Black sclid line (top) indicates rim of Aso caldera.
Black sguare (top} and line (bottom) indicate location of the sillHike deformation scurce
detected by Geographical Survey Institute (2004). Gray circles indicate the hypocenters of

DLFEs. The defected low velocily layers are shown by black dashed rectangles (bottom).
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Gravity variafion nearby the crater of Aso volcano and gravity contribution of precipitation

H. Hayakawa, T. Kagiyama, T. Ohkurd, 8. Yoshikeawa

We investigated the gravity variation continuously measured near the active crater of Aso
volcano. At the period of low volcanic activity, the gravity variation is dominated by the
contribution of water mass movement arisen from percolation of rainwater and discharge in o
permeable layer under about 100 m.

In this study, it is used time series data measured by a superconducting gravity meter, CT-200,
which installed in Hondo tunnel under 30 m located in about 1000 m southwest of Nakadake
first crater. An analysis period is for 3 years from February, 1998 to January, 2001. Aso volcano
was guiet low active at this period. The hot lake in Nakadake first crater, Yudamari, which its
state is an index of the volcanic activity, had been in high water level. There were no events of
drying up and eructation of volcanic ash. The measured gravity variation shows large
seasonal change, increasing 20 to 40 micro gal at July and August after rainy season and
decreasing gradually after those. If also has some minor changes in response to precipitation,
for example, the increase of about 10 micro gal after autumnal rain,

It is generally known that precipitation causes some gravity change. However, the effect
near the crater of Aso volcano did not understand in more detail. We computed underground
water flux using a kind of a physical model of storage function method known as tank model.
tnput to the model is the amount of precipitation measured at Asosan meteorclogical station
by Japan Meteorological Agency. We suppaose a subsurface structure with two layers, a
permeable layer under about 100 m found by borehcle cores at the west slope of Nakaiake
crater and an upper layer from surface to another layer. Rainwater percolates in the upper
layer and then discharges from the permeable layer. The change of water volume contained
in underground is computed from the input-output difference of tank. The gravity contribution
is obtained from the corresponding density change in the region of 1400 km in nerth-south and
1400 km in east-west around the gravity meter. Coefficients of the outflow resisiance of tank
decide so that the gravity contribution fits in the measured gravity variation as much as
possible.

As a preliminary result, our modzl result correlates highly with the measured gravity variation
in the coefficient of 0.9. The values of root mean square are 10.5 micro gal for the measured

gravity and 11.4 micro gal for the model computation, and 4.8 micro gal for difference
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between these. The model computation overestimates to a certain degree. It is considered
for the reason of the discrepancy that percolation and ground water flow in general are
complicated and non-linear phenomena in contrast to cur simple linear model. However, the
model result represents sufficiently the measured gravity variation and explains it in accuracy
of 14.4 micro gal in 3 sigma RMS of the difference. In the case that any volcanic activity is
noneg, the contribution of water mass movement in shallow underground from surface fo 100

m depth is the main component of gravity change near the crater.
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Figure: Gravity variation measured by CT-200 superconducting gravimeter (gray) and the
gravity contfribution at the gravimeter site obtained from our water mass movement mode!
{black]).
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Magma genesis of Miocene basalls from OQotsu disirict, Yamaguchi Prefecture, SW Japan arc

Y. Higashiyama, T. Hasenaka (Kumamoto Univ.), T. Shibata, M. Yoshikawa

The geological, petrological and geochemical studies of Miocene Ootsu basalts, distributed
in Tsunoshima and Yuyashima istands along the coast of the Japan Sea, reveal the femporal
and depth-wise changes in manile melling processes. Based on their volcanic stratigraphy
and petrological data, Ootsu basalts were grouped info; (1) clinopyroxene-olivine basalt
(COB), {2} olivine basalt magnetite-rich type 1 (MRB1}, (3} olivine basalt magnefite-rich type 2
(MRB2), and {4) olivine basalt magnetite-poor type (MPB). MRB1 and MRB2 are rich in FeO”
and TiOz contents, and MPB is rich in SiO2 and AlzOa contents, MRB1, MRB2 and COB are alkalic
and MPB is tholeiific.

Phase diagram and mass balance calculations indicate that four groups were derived from
different primary magmas, and had experienced polybaric crystallization. The compositions of
primary magmas for four groups suggest that MRB1 and MPB are generated at the deepest
and shallowest depihs by the lowest and highest degrees of melting, respectively, when the
same mantle source is assumed. Multi trace-element plots (normalized fo the primitive mantle
values) of Ootsu basalfs show the strong enrichment of LILE (Rb and Ba), and distinct negative
anomaly of Nb and Sm. The compositions of coexisting olivine and spinet (OSMA) suggest that
MPB's mantle socurce is the most fertile among four groups. The different ratio of LREE/HREE
among four groups suggests different mineral assemblages in mantle source in addition to the
degree of partial melting. B/Nb ratio of four groups is becoming higher with decreasing

segregation depth.
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Fig. 1. Distribution of Qotsu basalts (modified from Nagasaki, 1988MS). K-Ar age data are from Uto (1989).
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(1996).

These systematic differences in B/Nb ratfic indicate that the upper mantle beneath Qofsu
district is chaoracterized by an increased degree of metasomatism toward shallow level. We
concluded that the diversities of chemical composition in Ootsu basalts atfribute largely fo
different segregation depth and heterogeneous mantle source.
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Large ion lithophile elemenis delivered by saline fluids to the sub-arc mantle

Kawamoio, T., Mibe, M. (Tokyo), Bureau, H. (Paris), Reguer, $., Mocuta, C,, Kubsky, §.,
Thiqudiére, D. (Synchrofron Soleil), Ono, 3. (JAMSTEC), Kogiso:T. (Kyoto)

Geochemical signatures of arc basalfs can be explained by addition of aqueous fluids, melts,
and/or supercritical fluids from the subducting slab to the sub-arc mantle. Partitioning of
farge-ion lithophile elements between agueous fluids and melts is crucial as these two liquid
phases are present in the sub-arc pressure-temperature conditions. Using a micro-focused
synchrotron X-ray beam, in sifu X-ray fluorescence (XRF) spectra were obtained from agueous
fluids and haplogranite or jadeite melts at 0.3 to 1.3 GPa and 730°C to 830°C under varied

concentrations of (Na, K)CI {0 to 25 wt.%). Partition coefficients between the aqueous fluids

Dﬂuidlmcil
Pb, Rb, Sr

fluid/melt fluidZmelt
between pr’ Rb, St values and pressure, as well as Dl’b,Rb. o

to the saline fluids with 25 wt.% {Na, K)Cl, the Cl-free aqueous fluids can only dissolve one tenth

and mells were calculated for Pb, Rb, and Sr { }. There was a positive correlation

values and salinity. As compared

{Pb, Rb} to one fifth (Sr) of the amount of large-ion lithophile elements when they coexist with

the melts. [n the systems with 13 to 25 wt.% (Na, K)Cl, Dﬁ;i‘gg‘““ values were greater than unity,

which is indicative of the capacity of such highly saline fivids to effectively tfransfer Plb and Rb.
Enrichment of large-ion lithophile elements such as Pb and Rb in arc basalts relative 1o
mid-oceanic ridge basalts [MORB) has been atiributed fo mantle source fertilization by
aqueous fluids from dehydrating oceanic plates. Such aqueous fluids are likely to contain Cl,

although the amount remains to be quantified.
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Evolution of carbon dioxide bearing saline fluids in the mantle wedge beneath the Northeast

Japan arc

Kumagai, Y., Kawamoto, T., Yamamofo, J.

Lherzolite xenoliths containing fluid inclusions from the Ichinomegata volcano, located on the
rear-arc side of the Northeast Japan arc, may be considered as samples of the uppermost
manile above the melting region in the mantle wedge. Thus, these fluid inclusions provide
valuable information on the nature of fluids present in the sub-arc mantle. The inclusions in the
Ichinomegata amphibole-bearing spinelplagioclase lherzolite xenoliths were found to be
composed mainly of CO=HM2O-CI-3 fluids. At equilibrium femperature of 920°C, the fluid
inclusions reserve pressure of 0.66-0.78 GPa, which corresponds to depths of 23-28 km. The
molar fraction of HzO and the salinity of fluid inclusions are 0.18-0.35 and 3.71 £ 0.78 wi% NaCl
equivalent, respectively. These fluid inclusions are not believed to be fluids derived directly
from the subducting slab, but rather fluids exsolved from sub-arc basalfic magmas that are
formed through partial melting of mantle wedge triggered by slab-derived fluids (Figure).
volcanoes  non-volcanic hat springs

b A A . ocean

crust

50 km

100 km

«; serpentine
. v CO, saline fluids

=s Y™ S bearing CO, saline fluids
0 infiltrating CO, saline fluids

§ fluid-induced basait mett

Figure A schematic cross-section image of the subduction zone beneath the [chinomegata
volcano. The proposed origin of fluid inclusions in the Ichinomegata mantle xenoliths is as
follows: (1) the release of aqueous fluids from the serpentinite mantle or the subducting siab,
{2) the generaticn of magmas beneath the Ichinomegata volcano induced by the released
aqueous fluids, (3} the exsolution of COz-H20-CI-S fluids from upwelling volatile-saturated
magma, and (4] the enirapment of CO-HO-CI-S fluids as the fluid inclusions in the

[chinecmegata mantle xenoliths.
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Development of the laser-interferometric gravity gradiometer and its traial measuremnts at the
Sakvurajima Volcanological Observatory

S. Shiomi and K. Kagiyama

We have been developing a new type of lasar-interferometric gravity gradiometer (Shiomi
et al., 2012a} for volcanological siudies af the Aso Volcanological Laboratory (AVL) since July
2012 (Shiomi et al, 2012b). In this gravity gradiometer, a pair of test masses set at different
heights (separated by about 70 cmy} is thrown up at the same time in a vacuum tank. As a
result, they freely fall in the local gravitational fields. Then, the differential accelerations
between the test masses in free fall are measured by a laser interferometer. Vertical gravity
gradients are estimated from the measured values of differential accelerations.

Through traial operations of the gravity gradiometer at the AVL, it was found that charging of
the test masses was a majour disturnbace in the measuremnts. To reduce this disturbance, we
have designed a new type of test masses. These new test masses were verified by measuring
ineir centres of masses using @ weighbridge method developed at Bureau international des
Poids et Mesures (BIPM] (Davis, 1998).

During the seismic retrofit of the AVL building, carried out from September 2013 to March
2014, the gravity gradiometer was moved to the Sakurgjima Volcanological Laboratory {SVO)
of Kyoto University. Calibrations and measurements were carried out using the new tfest
masses. We are on the process of the data analysis.
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Construction of a new avtomated luminescence measuring system

Shitaoka Y., Hatano S., Tanabe K., Sakae O. (NEOARK Corp.), Takemura K.

We designed and constructed an original TL/OSL system  (NRL-99-OSTL2-KU}. A basic
measurement chamber can be equipped with a variety of modules for luminescence
stimulation and detection, and irradiation {Fig. 1). The TL/OSL system measures the TL and OSL
up to 32 aliquots automatically. Sample heating for TL and preheat of OSL can be performed
up fo 550°C. For OSL measurements, an excitation assemblage with 20-470 nm light emitting
diodes (LEDs) is installed. It is interchangeable with another assemblage with 20-890 nm LEDs.
Luminescence from a sample is led to a PMT (H7360-02; Hamamatsu Photonics Co., Ltd.,
Japan) fnrough two condensing lenses and opfical filter set. The measurement chamber is
designed for vacuum/inert gas use. Iradiation was conducied using a small X-ray irradiator
(Varian VF-50J X-ray tube} built into measurement chamber {Hong et al., 2005). To eliminate
the photon energies below a few keV, the optimum fhickness of 50 um aluminum absorber
(Mong et al., 2005} was established.

We are planning to install measurement software of multiple aliquot protocol of TL and OSL,

single dliguot protocol of TL, OSL and post [R-IRSL, and X-ray iradiation.

Fig.1 luminescence measurement system.
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Po/So waves fraveling in the Philippine Sea plate

A, Shilo, D. Suetsugu (JAMSTEC), T. Furumura (Univ. of Tokyo)

The Po/So waves which have high-frequency content, large amplitude, and long-duration
propagate for large distance (up to 3000 km]) across the cceanic lithosphere. In our previous
study, we analyzed Po/So waves from earthquakes occurring in the subducting slab beneath
Japan, recorded by broadband ocean bottom seismometers (BBOBSs) at northwestern
Pacific [Shito et al., 2013]. We demonsirated that the Po/So waves are developed by multiple
forward scattering of P and § waves due to laterally elengated heterogeneities in both the
subducting and laterally extending cceanic lithosphere. Following this study, the question
when and where do the small-scale heterogeneities form in the oceanic lithosphere comes
about. In order to answer this question, the Po/So waves in younger oceanic lithosphere need
to be analyzed. Therefore in this study, we investigate the Po/So waves In the Philippine Sec

piate {15-60 Mal), which is much younger than the Pacific Plate (130 Ma).

The Philippine Sea is one of the marginal seas of the Pacific Ocean. It is fundamentally
divided into two regions bounded by the Kyushu-Palau Ridge. It is thought that these two
regions were formed in different episodes of back-arc spreading and that western part {45-60
Mal) is older than eastern part (15-30 Ma) [e.g., Seno and Maruyama, 1984]. The comparison of
Po/So waves propagation in the different ages of the oceanic lithosphere is expecied to

reveal the origin of the small-scale heterogeneities.

Seismological observaiions using BBOBSs was conducted in the Philippine Sed from 2005 to
2008, and high-gquality Po/So waves from earthquakes in subducting Philippine Sea plate were
recorded very clearly. The findings from the observed Po/So waves in the Philippine Sea plate
are summarized as foliows. {1} The Po/So waves propagate much effectively in western part
than eastern part of the Philippine Sea. (2} The Po/So waves propagate even in youngest

ocedanic lithosphere {15 Ma) near the past spreading center of the Shikoku Basin.

In order to reveal the structure of the oceanic lithosphere and propagation efficiency in the
Po/So waves, we pearformed numerical FDM simulations of 2-D seismic wave propagation in a

redlistic cceanic lithosphere model. In the oceanic lithosphere model, we introduce laierally
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glongated small-scale heterogeneities, which are described by von Karman type stochastic
random distribution function. Because the thickness of the oceanic lithosphere is considered
to comrelate with the age [e.g.. Kawakaisu, et al. 2009], we vary the thickness of the oceanic
ithosphere from 80 km to 20 km. To evaluate the fif of the computed waveforms to the data,
we uUse the spatial aitenuation of the seismic wave energy along the record section (up to
1500 km}. The model with the thickness of the oceanic lithosphere of 60 km and 30 km
successfully expldin the spatial attenuation of the Po/So waves record section observed at
waestern and eastern parts of the Philippine Seq, respectively. The thicknesses are consistent
with those obtained by previous studies [Kawakatsu et al., 2009]. This result suggests that the
cceanic lithosphere including small-scale heterogeneities grow as it ages. The small-scale

heterogeneifies may form af the bottom of ihe lithosphere as it cools.
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The 3D magnetic imaging using the L1 regularization and variable setection procedure

Utsugi M.

Recenily some new method to obtain 3D subsurface structure from the potfential data, such
as gravity, geomagnetic data, was proposed. Some of them have a goal to obtain a stable
and most simple model which reproduces the observed data
in high accuracy. In generally, to obtain the subsurface
structure, the crust is divided in number of cubic blocks and
the intensity of density or magnetization of each blocks are
esiimated by inversion technique. However, most of ihe
fraditional inversion method for the potential data provides

distorted or unfocused images of real gravitational or

magnetic structures. In this study, we propose a new method

i

infroducing an L-1 norm penadlized least square procedure ) .
Figure.i. in the case of Ridge

and tried to obtain a simple, and therefcre high-resolution ' .
(min L2 norm} regression, the
model. ) ]
solution that "nearly zero" is

Lasso (Tibshirani, 1995) is o linear regression and variable )
obtained. In contrast, in the

selection procedure based on the L1 pendadlized least square. )
case of Llasso, the solution

L1 pendlty has an effect of shrinkage the value of model rexactly 0" can be obfained,
parameter (e.g. intensity of density or magnetization of each
block) which has only weak coniributions fo be 0. So, the Lasso does both continuous
shrinkage and automatic variable selection simulfaneously. On the other hand, Lasso has
some limitations and restrictions. Cne of them is, at most Lasso algorithm can select nonzero
variables of same number of observed data. So, in the case of p << n problem, i.e. in the case
of number of unknown parameters (n) is larger than the number of observations (), this
algorithm cannot be adopted or overly shrinkage model will be obtained. To overcome this
limitation, Zou and Hastie {2005) proposed a new L-1 penalized method named Elastic Net.
This method is a compromise of the L-1 and L-2 regularization method with two conirol
parameters. Using this method, we can treaf p << n problems in the framework of L-1
pendlized method. In cur presentation, we will show the results of applying this method to the
synthesized and real magnetic data.

Now we consider the magnetized medium V, and subdivide V into numibber of cubic blocks

and assume these blocks are uniformly magnetized. In this case, the cbservation equation
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which we have to solve has the following form: y = S“]XB, where y is a vector of observed

data, X is a matrix and its elements mean the magnetic field on observed points produced by

each cubic blocks and B is the vector of unknown parameters. The matrix S is the inverse of
sensitivity which is introduced to improve the depth resolution of B (Portnianguine and

Ihdanov, 2002). Applying Elastic Net method to above equation, the problem which we have

o solve becomes the following form: B =argmin , [|y—S™'XB|I* +4, | Bi* +4, )| B, |.
J

T modet Estended BIC i - 075 Figure 2 shows the

results  of  applying
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Figure 2. The results obtained by inversion based on Elastic circles of figure 2{b}
are the total magnefic
anomaly produced by figure 2{a} and using this as input dafa, we reconstruct the magnetic
structure. The equation of Eiastic Net has to regularization parameters A, and 4,. To
esfimate the most optlimal values of these parameters, we used eBIC {extended Bayesian
information Criterion) proposed by Chen and Chen {2008). Figure 2{c) shows the optimal
structure obtained by Elastic Net method. This result shows that the consistent results can be
obtdined by Elastic Net + eBIC in theoretically.
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Sr isotopic ratios of the Puning hot spring water and the crater lake water of Mt Pinatubo,

Philippine

M. Yoshikawa, M. Okuno (Fukucka Univ.), T. Kobayashi (Kagoshime Univ.),
T. Shibata, M. Torii (Kumamoto Univ.), D. J. Rivera, E. B, Bariso (PHIVOLCS)

Monitoring of composition of crater lakes can be used fo evaluate the aciivity of the
underlying magmatic systems (Stimac et al., 2004).

We determined concentration of B and Ce, and Sr isotopic ratios of water (Table 1)
sampled from the Puning hot spring close to the Sacobia River and crater Lake of Mt. Pinatubo
(Fig. 1) to compare with the previous chemical compositional study of crater lake at Mt.
Pinatubo {Stimac et al., 2004). Samples were collected from waterfall {hot spring 1} and river
{hot spring 2} at the Puning hot spring in 3 Dec. 2013 and Crater Lake in 4 Dec. 2013.

Boron composition was determined employing the inductivity coupled plasma mass
specirometry at IGS {Thermo SCIENTIFIC, XSeries 2} with a low flow rate (20pl/min) glass
concentiic nebulizer. The analytical procedure for Srisotopic ratio basically followed Shibata

et al. (2007) using a thermal ionization mass spectrometer (TIMS} ThermoFisher MAT 261.

Puning

Crater Lake hot spring
v v 3

Fig. 1. Sampling locations of Mt. Pinatubo area. After Arai and Kida (2000]
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Srisotopic ratio of Crater Lake water is concordant with those of andesitic dome {875r/86Sr
=0.70426, 0.70426; Casfillo et al., 1994).  Although Srisotopic ratios of hot spring samples are
iower than those of them, they are consistent with that of rhyolite (87Sr/85r = 0.70414;
DuFrane et al., 2006).

Table 1. Boron concentrations and ¥ Sr/*Sr isotopic ratios.

B(na/g) Ysr™sr 20,

crater lake 1.26 0.704249  £0.000014
hot spring 1 7576 0.704145  £0.000013
hot spring 2 232 0.704152  £0.000017
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