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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 volcanic structure, for volcano-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 systems connecting

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

In personal affairs, Prof. Jun KORENAGA from U.S. left in June, 2012. Prof. Hassan Ali Eliwa IBRAHIM
from Egypt joined us as a visiting professor from October to December, 2012. As a postdoctoral associate, Dr.

Yuki ABE joined in April 2012. Dr, Yayan SOFYAN moved to Kyushu University at the end of March 2013,



and Dr. Azusa SHITOH joined in April 2013. Mr. Taketoshi MISHIMA joined us as a technical staff in April
2012.

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 the Institute for Geothermal Sciences
completed in March 2013. In Aso Volcanological Laboratory, memorial event was carried out to celebrate the
registration as a Registered Tangible Cultural Properties in October 2012. We have to inherit the spirit of

establishment of the Institute.

Aso, August 2013
Tsuneomi KAGIYAMA,

Professor/Director of 2012 fiscal year
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2. 32158 Research Activities

2.1. BBENERPZE Institution Collaboration

Mantile wedge infiltrated with saline fluids from dehydration and decarbonation of subducting

slab

T. Kawamoto, M. Yoshikawa, Y. Kumagai, M. H. T. Mirabueno (Philippine Insi.

Volcanol Seismol), M. Okuno (Fukuoka Univ.), T. Kobayashi (Kagoshima Univ.)

Slab-derived fluids play an important role in heat and material transfer in subduction zones.
Dehydration and decarbonation reactions of minerals in the subducting slab have been
investigated using phase equilibric and modeling of fluid flow. Nevertheless, direct
observations of the fluid chemistry and pressure~temperature conditions of fluids are few. This
report describes COz-bearing saline fluid inclusions in spinel-harzburgite xenoliths collected
from the 1991 Pinatubo pumice deposits. The fluid inclusions are filled with saline solutions with
5.1 £ 1.0% (wt) NaCl equivalent, magnesite crystals, COz-bearing vapor bubbles, and a talc
and/or chrysotile layer on the walls. The xenoliths contain tremolite amphibole, which is stable
in temperatures lower than 830°C at the uppermost mantle. The Pinatubo volcano is located
at the volcanic front of the Luzon arc associated with subduction of warm oceanic plate. The
present observation is the first report suggesting hydration of forearc mantle and the
uppermost mantle by siab-derived
volcanoes

CO2 bearing saline  fluids. ocean hot springs
0 km

Dehydration and decarbonation

take place and seawater-like saline  sokm I ¥aaton
fluids migrate from the subducting

100 km
slab to the mantle wedge. The
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About a technique for dudl boot Linux on Macintosh hardware using "rEFIt".

T. Mishima, H. Mawatari

Recently, Apple has released the process of dual boot Windows on Macintosh (Mac)
hardware. However, the process cailed “Boot Camp' is not friendly to Linux because Macs do
not recognize it by default. Therefore, a technique for dual boot Linux on Mac hardware is
discussed in this report.

There are several ways to install Linux on Mac hardware. Those techniques were applied to a
Macbook pro (Mac OS X ver.10.6) for pracftical use. After severai trials, we decided to use
more efficient technique for dual boot Linux on Mac hardware. The technique is a process for
using the boot loader named "rEFIf". As shown in Fig. 1, "rEFIf" is a visually slick boot-interrupter
that allows you to choose OS for booting. Furthermore, "rEFit" is highly extensible boot loader
that supports not only dual boot (Mac OS X and Linux) but aiso triple boot (Mac OS X, Linux
and Windows). The technique will help you keep away from difficulties of dual boot Linux on
Max hardware. This report is expected to confribute for popularization of the Linux on Mac
hardware.

Please take a look at the technical report in this link (hitp://www.vgs.kyoto-u.ac.jp/) for detail.

Fig.1 The startup screenshot of
Macbook pro. From the "rEFit"
menu, you can choose to boot
Linux or OS X. The "rEFIt" will be
loaded each time when you
start up, asking you which OS

you want fo use. By default, it will

boot OS X after inactivity for 20 s.

Acknowledgement: We thank Drs. Y. Shitaoka & A. Shifo for their advices and discussions.



Geochemical characteristics and origins of acid hot spring waters in Tatun Volcanic Group,

Taiwan

Shinji Ohsawa, Hsiao-Fen Lee, Biging Liang, Shogo Komori, Chang-Hwa Chen

(Inst. Earth Sciences, Academia Sinica, Taiwan), Tsuneomi Kagiyama

Isotopic and chemical analyses were performed on water samples collected from some hot
springs in Tatun Volcanic Group, Taiwan (Fig. 1). The isotopic compositions {delta D and delta
180) of the hot spring water samples show that they are practically of meteoric origin though
some are influenced by evaporation of water, whereas it is recognized that volcanic gas from
andesitic magma will contribute to the hot spring water of Beitou Thermal Valley (Fig. 2. The
acidic hot spring water samples can be divided into two groups judging from relationship
between delta 345 of SO4 and CI/SO4 ratio. One group is characterized by high delta 345, Cl
concentration and ClI/SO4 ratio and the other group is distinguished by relatively low delta 345,
C! conceniration and Cl/SOs ratio (Fig. 3). The former is originated from magmatic
hydrothermal fluid, and the latter is of secondary source from the steam-heated thermal
water of acidic-SOs type derived from the magmatic hydrothermal fluid (Fig. 4). The
geographical distribution of CI/SOu4 ratio of acidic hot spring waters was performed using an
existing chemical data set and the map indicates that there will be more than one outflow
areas of the magmatic hydrothermail fluid of acidic-Cl-SO«4 type around Beitou hot spring, and
on the east side of Mt. Cising, and also to the east of Mf. Shamao. This view is in agreement
with a diagnosis from conductivity distribution of the surface layer in this region by VLF-MT

survey. [J. Hot Spring Science, 62, 282-293 (2013)]

Figure captions

Fig. 1 Map showing study area, locations of observed hot springs with some typical volcanoes
and faults, and geothermal manifestations

Fig. 2 Plot of delta D vs. delta 180 of collected hot spring waters with stream water in the study
area, ranges of volcanic gas from andesitic magma. Meteoric water line of Tatun volcanic
group is cited from Liu et al. (2011). A range indicating “Groundwater in study area” is

estimated from data points BYSU, HS and CG.
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Fig. 3 Relation between delta 345 of SO4 and Ci/SO4 ratio with dafa of CI- concentration of
acid hot spring waters sampled in this study. Explanations in the margin for delta 345 value
ranges of SO4in a typical volcanic hydrothermal environment are referred to Rye (2005).

Fig. 4 A conceptual model of formation mechanism of acid hot spring waters in Tatun
Volcanic Group from an examination of the relation between delta 345 of SO4 and ClI/SO4

ratio
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A continuation of scientific monitoring of a hot spring in Beppu

Shinji Ohsawa, Taketoshi Mishima, Keiji Takemura

Exploitation of hot springs (drillings of hot 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 to
about 1000. According to Yusa et al. {2000), this caused the piezometric 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 to the discharge of high-temperature chloride waters in the highland areas. This
caused a decline in piezomeiric head of the deep chloride water, a decline in the subsurface
flow of chloride water towards 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 o
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 variations
have been small, therefore the monitoring was put an end in 1993. Recently, it 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). So, we have
reopened the monitoring for understanding degree of the influence of the stop of natural flow
onto the water quality of the underground thermal water.

The new data, with data obtained by student practices in 2004 and 2005, are added in Fig.
2. As clearly shown in the figure, conspicuous variations in both of Cl and HCOs ion
concentrations cannot be recognized, and in addition geochemical facies (chemical
composition) of the hot spring water after the stop of natural flow was not also drastically
changed (see the hexa-diagrams in Fig. 2). As shown in Fig. 3, estimated temperatures of the
underground thermal water calculated by K/Mg-geothermometer before and after the stop
of the natural flow did not change. Therefore, 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. It is
convenient that decreases of outflow rates of stfeam and hot spring water occurred along the
flow path of the same underground thermal water can be explained af the same time. it

appears that the same phenomena occur in the northern part of Beppu, therefore we will
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check up actual condition by field survey.

Figure captions

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-HCOs, Na-HCOs types). The
photograph in this figure is the observed hot spring well in this monitoring.

Fig. 2 Time variations in chloride (Cl) and bicarbonate (HCOs) concentrations of thermal
water discharging from the observed hot spring well shown in Fig. |

Fig. 3 Secular variation of temperatures of the underground thermal water estimated by

K/Mg-geothermometer before and after the stop of the natural flow of the observed

hot spring well shown in Fig. 1
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Along-arc geochemical variations in Quaternary magmas of northern Kyushu island, Japan

T. Shibata, M. Yoshikawa, J. lioh (AIST), O. Ujike (Toyama Univ.), M. Miyoshi,

K. Takemura

We analyzed major and frace elements and Sr-Nd-Pb isotope ratios of Himeshima,
Futagoyama and Aso volcanoes, northern Kyushu, Japan. The purpose of the study was to
investigate the petrogenesis of Quaternary arc magmas of the northern Kyushu arc, Japan,
through alongstrike variations. The northern Kyushu arc is underlain by the Philippine Sea Plate
which is divided by the Palau-Kyushu Ridge into the Paleogene West Philippine Basin segment
(60-40 Ma) and the Miocene Shikoku Basin segment (26-15Ma). The Sr/Y ratios of the arc lavas
decrease from north to south along the volcanic front. Mixing relations in Sr-Nd-Pb isotope
space suggest recycling of the subducted slab materials from the Philippine Sea Plate to the
arc. The 87Sr/88Sr ratios decrease with increasing Sr/Y and SiO2, which argues against a genetic
link of fractional crystallization between adakites and basaltic magmas. The observations
further suggest that partial melting of the hot and young Shikoku Basin slab produces the high
Sr/Y component visible in the arc magmas in the north, whereas dehydration of the older West

Philippine Basin slab produces the low Sr/Y arc magmas in the south.
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Preliminary report on post-IR IRSL dating of plagioclase exiracted from ASO-4 pyroclastic flow

Y. Shitaoka, K. Takemura

Recently, Thomsen et al. (2008) proposed a method to obtain stable luminescence signal
in feldspar. The stable signal, which is called post-IR infrared stimulated luminescence (IRSL), is
measured at an elevated temperature following a low-temperature IRSL measurement that
empfties unstable fraps. It is clearly desirable to use the post-IR IRSL of feldspar, which is less
prone to fading.

In this study, we tested the post-IR IRSL protocol for dating ASO-4 pyroclastic flow from Aso
volcano, central Kyushu, Japan. In addition, the post-IR IRSL ages were compared to the
conventional low-temperature IRSL age, SAR-TL age, and previous data using Fission track,
U-Th, K-Ar methods, and stratigraphic approaches.

This preliminary age was determined using plagioclase (75-150 um fractions) extracted
from ASO-4 pyroclastic flow. Paleodose measurements were performed using the post-IR IRSL
protocol. The post-IR IRSL measurement protocol is presented in Table 1. Preheating conditions
were 320°C for 60 s. Each sensitivity-corrected IRSL or post-IR IRSL for doses was calculated by
dividing the IRSL sighal measured at 60°C (Lirso) or the post-IR IRSL signal measured at 230°C
(Lposi-RIR230) by the respective Tirso Or Tpostrirz30 (i.€., L / T), respectively. Lireo and Lpost-RIR230 Were
derived from 40-80 s of each 100 s IR stimulation.

The paleodoses, annual dose, and IRSL or post-IR IRSL ages obtained are presented in
Table 2. Consequently, the obtained IRSL or post-IR IRSL ages of ASO-4 pyroclastic flow were,
respectively, 78+4 ka or 9415 ka. The IRSL age is underestimated compared to the post-IR IRSL
age because the anomalous fading of IRSL signal and the preheat temperature in this studly is
not the optimum condition (Shitaoka and Nagatomo, 2001) for IRSL measurements.

The post-IR IRSL ages were compared to the conventional low-temperature IRSL age,
SAR-TL age, and previous data using Fission track, U-Th, K-Ar methods, and stratigraphic

approaches. The present post-IR IRSL age is within the error of those ages (Fig. 1).
References

Shitaoka, Y., Nagatomo, T. (2001): Studies on OSL of quartz and feldspar for dating of
sediments. Radioisofope, 50, 381-389. (in Japanese with English abstract)
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Table 1. Post-IR IRSL protocol using MARD in this study.

Step  Treatment Observed

1®  Give dose, D -
Preheat (320°C for 60 s) -
Stimulate by IR for 100 s at 60°C Lireo
Stimulate by IR for 100 s at 230°C -
Give test dose, 50 Gy -
Preheat (320°C for 60 s) -
Stimulate by IR for 100 s at 60°C Tireo

g Stimulate by IR for 100 s at 230°C T s twinoso

(2) Stepl: D =0 (natural sample), 300, 400, 500 Gy .

-~ N W B W

Table 2. IRSL or posi-IR IRSL dating results for ASO-4.

T Annual
method Paleodose Uppm) Thippm) K,0 (wi%) B ray +Cosmic dose age
(Gy) (MGy/a) ray (MGy/al (ka)
(mGy/a)
RSL 398.8£15.3 7814
3.82+0.20 12.3240.55 3.86+0.22 3.25:0.15 1.88:0.06 5.1240.16
postiR R 481.8%77.1 9415
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Figure 1. Present IRSL or post-IR IRSL ages compared to ages using other methods for ASO-4

pyroclastic flow.
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Repeated absolute gravity measurement for geothermal monitoring in Indonesia

Y. Sofyan, Y. Fukuda, J. Nishijima, Y. Fujimitsu (Kyushu Univ.), M. Taniguchi (RIHN)

A. Yani, Y. Kamah (Pertamina)

1. Introduction

In more than 25 years, repeated gravity measurements (RGM) for geothermal monitoring
have been applied in the Kamojang Geothermal Field (KGF), Indonesia. Perfamina has
carried out RGM using relative gravimeters at more than 50 benchmarks at KGF since 1984.
They used LaCoste-Romberg type G 653, G 655, and Scintrex CG-3 gravimeters 1o estimate
gravity variation. We identified the RGM uses relative gravimeter at KGF since 1984 have large
uncertainties problems due to some factors. We could not idenfify the uncertainty due to

regional gravity variation at the DG-0 reference base station in Bandung by RGM using

relative gravimeter.

2. Absolute gravity measurement

The first absolute gravity measurement in Indonesia was conducted definitely in November
2002 using FG-5 absolute gravimeter. According to unavailable location of DG-0 benchmark
for FG-5, the absclute measurement was conducted at a metal plate in an isolated room a
few meters away from the DG-0 base station. This gravity value has 300 pGal bigger than the
fixed absolute gravity value in 1977 at DG-0 base stafion.

Since the precise gravity data are required for geothermal monitoring, we consider
measurement using an absolute gravimeter at KGF to reduce the uncerfainties of regional
gravity variation. In 2009, we intfroduced a new microgravity network in twelve benchmarks
using A10 (#017) micro-g. a portable absolute gravimeter, which we re-occupied in 2010 and
2011.

The RGM using an absolute gravimeter infroduces new technology for geothermal
monitoring. Absolute gravity measurement will enhance the method of reservoir monitoring
using repeated precisely-gravity measurements. RGM using an absolute gravimeter is
independent of the possible temporal gravity change atf the reference base station and
actually does not require reference base station.

3. Result and Discussion

In the RGM using relative gravimeter, the gravity value of the reference or base station is
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assumed unchangeable. The uncertainty problem will arise when the DG-0 base station and
PG55 reference station actually have gravity changes between measurements due to local
and regional gravity variation. We discover the possibility of changes in DG-0 has increased
about 3 uGal/year of gravity change and at PG55 that is assumed similar fo PG48A, a
benchmark outside of the reservoir area, has decreased about -17.5 yGal/year of gravity
change. A brief graphical summary of gravity changes at KGF between 1984 and 1999 after
correction of base and reference station can be seen in Figure 1. The use of absolute

gravimeter is the best way to account for regional effect, and correct for changes at the base

and reference station over fime.
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Figure 1. Gravity variation at KGF between 1984 and 1999 after correction of base and reference statfion
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2.2. W54 Scientific Reports

Along-arc variation in water disiribution in the upper manile beneath Kyushu, Japan,

as derived from receiver function analyses
Y. Abe, T. Ohkura, K. Hirahara (Kyoto Univ.), T. Shibutani (Kyoto Univ.)

The Kyushu district, Japan, under which the Philippine Sea (PHS) plate is subducting in a WNW
direction, has several active volcanoes (Fig.1}. On the volcanic front in Kyushu, a 110 km long
gap in volcanism exists in the central part of Kyushu and volcanic rocks with various degrees of
contamination by slab-derived fluid are distributed. To reveal the causes of the gap in
volcanism and the chemical properties of volcanic rocks and fo understand the process of
magma genesis and water transportation, we should reveal along-arc variation in water
disfribution beneath Kyushu.

We investigated the seismic velocity discontinuities in the upper manfile beneath Kyushu,
with seismic waveform data from 65 stations of Hi-net, which are established by National
Research Institute for Earth Science and Disaster Prevention (NIED), and 49 stations of J-array,
which are established by Japan Meteorological Agency (JMA), Kyushu University, Kagoshima
University and Kyoto University. We used receiver function (RF) analyses developed especially
for discontinuities with high dipping angles (Abe et al., 2011). We obtained the geometry and
velocity contrasts of the continental Moho, the oceanic Moho, and the upper boundary of
the PHS slab. The obtained geometry is shown in Fig.1.

From the geomelry of these discontinuities and contrast in § wave velocities, we interprefed
that the oceanic crust of the PHS slab has a low S wave velocity and is hydrated to a depth of
70 km beneath north and south Kyushu, and to a depth of 80-20 km beneath central Kyushu.
We dlso interpreted that the fore-arc mantle beneath central Kyushu has a low velocity region
(Vs < 3.2 km/s} that can contain hydrated materials and free agqueous fiuid. The fore-arc
mantle beneath north Kyushu can contain a little hydrated material. Such a low velocity
fore-arc mantle does not exist beneath south Kyushu. Beneath south Kyushu, water
dehydrated from the slab could move to the back-arc side and cause arc volcanism, while it
could move to the fore-arc side and cause a gap in volcanism and hydration of the fore-arc

mantle materials beneath cenifral Kyushu.
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Slab-fluids: saline fluids in fore arcs and supercritical fluids under volcanic arcs

T. Kawamoto, Y. Kumagai

Chemical features of slab-fluids are essential to understand the geo processes in subduction
zones. We studied the amphibole and phlogopite bearing harzburgite xenolith collected from
the Pinatubo 1991 eruption. The harzburgite has coarse olivine having many fluid inclusions.
The fluid inclusions are composed of HoO-CO2 -Cl fluids with 5.1 +/- 1 wi% NaCl. The Pinatubo
volcano is located at the volcanic front of the Luzon arc subducted by South China Sea plate.
We suggest that such CO2 bearing saline fluids are infilfrated in the forearc mantle. We also
studied plagioclase Iherzolite xenoliths collected from the Ichinomegata volcano, Notheast
Japan arc. The xenoliths have orthopyroxene grains having many CO2-H20-CI-S fluid inclusions
with 3.7 +/- 0.8 wi% NaCl. We suggest that such fluids can be formed through degassing of arc
magmas. We estimate that slab-fluids to produce the arc magmas have 1.1-1.4 wi% NaCl with

assumption of Cl pariitioning between basaltic magmas and agueous fluids.

The origin of such saline fluids remains unanswered at this moment. If the slab-fluids are saline
fluids, their percolation processes may differ from pure H20O fluids. Pressure-temperature
conditions of critical endpoints between magmas and fluids may be different from those in
the pure H20 systems. There still remains to be investigated to answer for those questions. The
chemical analyses of fluid inclusions in mantle rocks and melt inclusions in volcanic rocks
should be conducted in more locdlities with more elements. And high-pressure and
high-temperature experiments using saline solutfions should be conducted to understand the

role of saline fluids in subduction-zone processes.
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The Sr isofopic compositions of spring waters from Kuju and Aso area
T. Shibata, M. Yoshikawa, T. Fujii (RRI), S. Fukutani (RRI)

Spring water fransports deep-seated materials to the surface, so it can yield valuable
information on the Earth's interior (Notsu et al., 1991). Therefore, numerous studies of chemical
and isotopic (especially stable isotopes) compositions of spring water have been reported.
No’réu et al. (1991) emphasized that Sr isotopic composition is essential to identify the source
materials of soluble components in spring water, and reported 88r/8¢Sr ratios of spring water
collected from nine springs of Japanese island. However, accumulation of data for Srisotopic
composition of spring water is still poor. Therefore, we are analyzing Sr isotope ratios of several
spring waters from northern Kyushu area every year, in the field and laboratory experiments for
undergraduate students (DC). In this report, the result of the Sr isotope ratios of the springs of
Winas, Aso shrine, Oike and Hakusui together with surface volcanic rocks of Kome-Tsuka and
Kuro-dake.

Sr isotope ratios of spring water were analyzed following by Yoshikawa et al (2001) and
Shibata et al. (1997). The measurement was done by thermal ionization mass spectrometer,
Triton, at Research Reactor Institute (RRI), Kyoto University. The results are shown in figure as
solid circles, with data of Notsu et al. (1991) with horizontal solid bars. Srisofope ratios of spring
waters show similar values of volcanic rocks near each spring. This observation is consistent
with Notsu et al. (1991). From the results, it may be suggested that most of the Srin the studied

spring waters is dissolved from volcanic rocks.
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Development of a laser-interferometric gravity-gradiometer at the Aso Volcanological

Laboratory

S. Shiomi, T.

As reporfed in the Annual Report FY 2011, we have
been planning fo measure gravity gradients af
observation sites near Mt. Aso, using a new type of
gravity gradiometer developed af the Insfitute for
Cosmic Ray Research (ICRR} of the Tokyo University.

In the gravity gradiometer, two test masses that
are set at two different heights are thrown up in a
vacuum tank and differenfial  accelerations,
between the test masses in free fall, are measured
by an interferometer. Differential measurements
make the gravity gradiometer insensitive to
accelerations of the observation points;
accelerations that are common to both of the test
masses are cancelled out to the first order. That is to

say, this type of gravity gradiometer is thought fo

Kagiyama, Y. Sofyan, S. Yoshikawa

Figure 1. The prototype of the gravity
gradiometer installed at the AVL. The
box on the top was fabricated fo
protect the opftical system against
volcanic ashes.

have a good resolution even when it is used in areas of active volcanoes with seismic

vibrations, or when used on a moving vehicle, such as ship and aircraft. As a first practical

application of the instrument, we consider of using it in a rather quiet volcanic area of Mt. Aso.

A more detailed description of the instrument is given in Shiomi et al 2012.

We have cleaned up a lumber room on the first floor of the Aso Volcanological Laboratory

(AVL) to use it as a laboratory for the gravity gradiometer; water leaks of the room were fixed

and the flooring was repdaired. A prototype of the gravity gradiometer, fabricated af the ICRR,

was moved to the prepared laboratory in the AVLin July 2012 (Fig. 1). We have carried out trial

measurements with the profotype at the laboratory and found several improvements that

seemed necessary to make the instrument fit for practical use. The main improvements carried

out in the academic year of 2012 are summarized in the following.
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(1) Improvements of the opftical system

in order to adjust the laser optical axis of the inferferometer, we used to take out the optical
components from the vacuum tank using a crane; the optical adjustments were carried out
in the air. However, af the ALV we have not got any eguipment to lift up the opflical
components from the vacuum tank. So, we have invented a new method to adjust the
optics in vacuum, without taking out the opftical components from the vacuum tank. As a
result, the time needed for the optical adjustments was reduced to one hour from a week.
Also, drifts of the optical alignments that were observed at the ICRR were reduced to a

negligible level with the new opfical system.

(2) Shielding electromagnetic disfurbances

After improving the opftical system as described above, we have carried out measurements
continuously for more than 300 rise and falls. In the data, we have observed disturbances
that increased with the number of rise and fall. We have concluded that the disturbances
were due to electromagnetic effects; the test masses were charged up by friction atf every
rise and fall, so that the charges of the test masses were increased with the number of the
falls. The charged test masses fall in the magnetic fields produced by the actuator that used
to rise and fall the test masses. After covering the surface of the test masses with silver paint,
the disturbances were reduced fo a negligible level. We will prepare a new set of fest masses

with metal surface to shield the electromagnetic disturbances.

(3) Protections against volcanic hazards
We have designed and fabricated a box to protect the opfical system against volcanic
ashes (Fig. 1). Also, we have prepared a clean booth fo cover the whole instruments. To
protect the instruments and related electronic devices from power cuts due to thunder, we

have installed an uninterruptible power supply.
References Shiomi, S., Kuroda, K., Terada, S. Tsubokawa, 7. and Nishimura, J. {2012)

Development of a laser-intererometric gravity-gradiometer, Journal of the Geodetic Society

of Japan, Vol. 58, No. 4, pp.131-139.
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Mass variafion beneath Aso Volcano, southwest Japan

Yayan Sofyan, Shin Yoshikawa, Yoichi Fukuda (Kyoto University), Tsuneomi Kagiyama,

Takahiro Ohkura, Jun Nishijima, Yasuhiro Fujimitsu (Kyushu University)

1. Infroduction

At the end of 2010, volcanic activity in Aso volcano infensely increased and water level in
the Nakadake crater had been decreasing until early of 2011. The decreased water level then
was followed by a small eruption in May 2011. Affer the eruption and heavy rain, the volcanic
activity subsides to calm period level and crater bottom are again filled with water and the
water level increases in the Nakadake crater. The mass variation of this phenomenon will be

estimated using gravity changes data.

2. Gravity changes

We initfiate the gravity measurements for monitoring this Crater Lake phenomenon in relation
fo hydrothermal dynamics in the subsurface of Aso volcano using a portable absolute
gravimeter in 2010 and relative gravimefer in April 2011. Relative gravity measurements were
performed with Scinfrex CG-5 (549) and LaCoste Romberg type G-1016 gravimetfer at 28
benchmarks in one month before the eruption and a series of gravity monitoring data after
the eruption in every three to five months. It covered the area more than 60 km? in the west
side of Aso caldera. A new microgravity network was dalso installed on May 2010 at seven
benchmarks using A10-017 Absolute gravimeter, which re-occupied in October 2010, and
June 2011.

The distribution of gravity changes in short periods {from April 2011 fo August 2011, to
November 2011, to April 2012, fo August 2012, to December 2012, and fo May 2013} help to
give pictures of the mass movements as a volcanic activity. The gravity changes distribution
between April and August 2011 significantly rise near to Nakadake crater. About 60 uGal of
increased gravity is located around the crater. This broad positive anomaly can reflect
increased hydrothermal mass in the vicinity, magma intrusion or other volcanic activities. The
next period gravity monitoring from April to November 2011 shows the broad posifive anomaly
near the crater shifted to the southwestern area of Nakadake crater. The distribution of gravity
changes has a larger variatfion in the second period. Almost one year after smaill eruption, the

gravity changes between April 2011 and April 2012 has very small variation. The hydrothermal
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mass moved to deep zone or out of the research area. Positive gravity changes return in
southwestern area of Nakadake crater in the next two periods (from April 2011 fo August 2012
and from April 2011 to December 2012). The oscillation phenomenon of gravity changes in
southwestern area of Nakadake crater shows a negative gravity changes between April 2011
and May 2013. Distribution of gravity benchmark and gravity changes of each benchmark in

Aso volcano as shown in Figure 1.
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Figure 1. Distribution of gravity benchmark and gravity changes of each benchmark

We interpret the 4-D gravity data to consfruct the 3D model of density change distribution
’rhrough 3D inverse modeling software. This GRAV3D inversion method was developed af the
UBC Geophysical Inversion Facility. Inverse modeling of 4-D gravity data that estimate mass
variation between measurements at Aso volcano has good validation from Nakadake
dynamic crater during these periods. Hydrothermal reservoirs beneath Aso volcano are

detected by these inversion models.

3. Result and Discussion
As a result, the gravity changes detect hydrothermal flow in the subsurface which has a
correlation to water leve! fluctuation in the crater. Large residual gravity changes between

the surveys are found at benchmarks around Nakadake crater. The 3D inversion models of 4-D
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gravity data deduce the density conitrast distribution beneath Aso volcano. The inversion
models have good validation from Nakadake dynamic crater during these periods. The
inversion model of hydrothermal dynamics generated the oscillation result. The mass changes
are guantitatively estimated using two methods, which is Gaussian method of gravity change
distribution data and density confrast of the simulation result. The largest increased mass
about 21 MTon by density contrast or 30 MTon by Gaussian method occurred between April
and August 2011. This is the calm period, a 6 month affer the eruption in May 2011. The largest
decreased mass about -36 MTon by density contrast or -35 MTon by Gaussian method
occurred between April 2011 and May 2013, about 2 years after the eruption. This result will
contribute to understanding the process of eruption. The mass variation of Aso volcano in two

vears between April 2011 and May 2013 can be seen in Figure 2.

40 7 MTon

30 B

20 %

10

) P N AR !

_II§O\ -10Feb-11Jun-11 Sep-11 Dec*ll%Agg?fz Jul-12 Oct-12 Jan- %%May*li%Aug'lS
20 - %}%
-30 - @ Gaussian Method %1}*
-40 =% Density contrast 1 2
50 =g Density contrast 2

Figure 2. Mass variation of Aso volcano between April 2011 and May 2013
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The temporal changes of the shallower resistivity structure associated with the eruption on

2011 at Aso volcano

M. Utsugi, N. Tokumoio, T. Kagiyama, H. Inoue

On May 2011, a small eruption occurred on Nakadake 1st crater of Aso volcano, central
Kyushu island, Japan. During April 2011 to April 2012 that contains the period of this small
eruption, we performed repeated observation of the shallow resistivity structure beneath
Nakadake crater. On these survey, we used ACTIVE observation system which is a sorf of TDM
observation system, we measured vertical magnetic signal induced by the artificial dipolar
electric current emitted in the ground. From these observations, the found that, the deeper
part resistivity was decreased on the eruption of May 2011, and after that eruption, shallower
parf resistivity also decreased.

When volcanic activity is quiet, Nakadake Tst crater is covered with hot water and crater
lake is appear. But this crater lake will be disappeared when volcanic activity becomes active.
The lake water began to decrease from the beginning of 2011,and almost disappeared in
April. In beginning of May, volcanic ash was emitted from the crater and it was recognized as
a small eruption. This activity lasted about one month.

This volcanic activity becomes sluggish in June, and crater lake was appeared again in
heavy rain of rainy season. Using ACTIVE observation system (Terra Technica Co., Ltd.), we
performed repeatedly resistivity observation in Nakadake crater. On this system, rectangular
currents are emitted in the ground from the current transmifting station and we measure the
induced vertical magnetic field. Its amplitude of each frequency is related to the resistivity of
each depth. On our observation, fransmifting station was installed on tkm NNW from 1st crater,
and we lay electric current cable of 250m and placed elecirodes on both ends. The contact
resistance was about 1.2kQ, sending current was about 0.6AWe also installed four induced
magnetic field receivers around Ist crater. From these observations, we obtained the data
which suggest a temporal change of the subsurface resistivity structure. Fig.5 and 6 shows the
response function between source current and induced magnefic field which indicates the
subsurface resistivity structure. From these figures, we can see that, during April and May, the
response function varies in the low- frequency side (1-15Hz}, and in July, response function was

changed in high-frequency side (40-100Hz). The low-frequency of the response function shows
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the deep resistivity, and high-frequency side indicates the shallower resistivity. So, the resistivity
decreased in deeper part during April and May volcanic activity were active. And in July after
the eruption has subsided, resistivity decreased on the shallower part beneath the first crater.
The result of the 1-D analysis of the resistivity structure shows that, the resistivity was changed
beneath the crater during the period of May to July including the eruption. This resistivity
change was occurred on 200 to 300 m depth and this is corresponding fo the depth of the
upper end of the localized low resistivity area beneath the crater which was found by Kanda
et al. {2008). The resistivity change in the shallow part is caused by the crater lake that was

re-appeared by the heavy rain in the rainy season.
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Fluid Injection ai Craier Lake of Aso Volcano

A. Yokoo

An active crater at Aso volcano, Japan, is typically filled with green colored hot water,
which is seen as a crater lake. The water is sometimes dried up and then an eruption occurs.
Although these two stages seem 1o be quite different, both may be same in essential quality.
The author applied the cross correlation method of infrasound and seismic signals to data
observed af the small events of gas emissions in 2011, and also the data after the eruption
period. As a result, clear patterns of cross correlation functions (CCFs) during the erupftive
period, May-June 2011, could be recognized; a stable node of the cross-correlation functions
was positioned around t=0, and the seismic data had a n/4 phase delay relative fo the
infrasound. It suggests that infrasound signals were generated at the gas emissions and they
thus induced ground motions at local area around the station, although we could nof identify
the signals from the original infrasound wave traces. Characteristic patterns of CCFs were also
identified several times after the eruptive period, when the crater was perfectly refiled with
hot water. The patterns in these post-eruption periods had different features from the ideal
ones; the maximum value of the CCFs was seen at the lag fime far from the expected n/4
phase delay of the seismic data, and the position of the node was not same as those during
the eruptive period. In some cases, the seismic dafa had a phase ahead of that of the
infrasound. Using numerical calculations, it was confirmed that these seemingly-peculiar
features are owing to imposing a background continuous tremors. When the patterns of CCFs
were observed, whether they were affected by the background fremors or not, the source
location of the infrasound signals were determined as the central part of the crater based on
analysis of infrasound network data. Thus one possible explanation of the strange signals could
be that an injection of thermal fluids into the lake from beneath, made the water surface just
above the vent swing. However, the physical relationship between the seismic tremor and
banded signals is still unclear. In order to confirm the proposed hypothesis, carefully analyze
both the seismic tremor signals and temporal change of the precise condition of the crater

lake is needed.
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Preliminary resulls of rare earth element analysis of hot spring and rain water at Beppu

M. Yoshikawa, T. Shibata

Recent studies have been proposed that rare earth element (REE) compositions are
powerful ool to infer the flow process of natural water (ex., Sanada et al, 2003). We analyzed
REE compositions of hot spring and rain water collected on 13 Feb 2012 and 13 Dec. 2012,
respectively, at the institute of Geothermal Sciences (IGS). Water samples were filtered
through a 0.2 micrometer polyethersulphone membrane filter (Nalgene® Rapid-Flow™ Filter
Units). The filtered water samples were adjusted to 0.5 M HNOs with 20 % HNOs3
{TAMAPURE-AA-10, impurity <10 ng L1, Tama Chemicals Co. Ltd., Kanagawa, Japan) and
added the infernal standard solution of In and Bi. REE compositions were determined
employing the inductivity coupled plasma mass spectrometry at IGS (Thermo SCIENTIFIC,
XSeries 2) with a low flow rate (20 I/min) giass concentric nebulizer.

Chondrite-normalized REE paftern of the IGS hot spring water shows light REE (LREE)
enriched compared than heavy REE (HREE)(Fig. 1}. Although most REE concenirations of rain
water were below the detfection limits, they are generally depleted in LREE than HREE. The
pattern of the IGS hot spring water is generally similar to those of Yamadaya hot spring water
and Tsurumi volcanic rocks (Fig. 1), although the concentrafions were quite distinct. It was
interpreted that REEs of Yamadaya hot spring water was provided from host Tsurumi volcanic
rocks by ground water-rock interaction (Sanada et al., 2003}. Our result is consistent with
previous suggestion. Similar 87Sr/8Sr ratios between the IGS hotf spring water and Tsurumi
volcanic rocks (Yoshikawa and Shibata, 2011) also support that lithophile elements including

REE and Srin hot spring water were mainly derived from host rock.
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WAL, BBRKEHKERL AT AMEE ¥ —, FEAWER

BRI, FUEDKEEDS ST — SRS, TREBXKILICR T 2 BN AERRAE)

THRIEE, SEHEEKREL O®XFEME, [OSLEE AW EERHERY OFMRRIEICBE T 2915

THRIEE, ERSBEETHAEEES - KIWKBHFHRAF L 0XEITE, [EERE BEPNEE
LT HERE DV 2 R v & v A ERBIE)

THRIEE, &HREWRERAEN CERAEESHFMAE) & oXEPR, HugEEHFREOME
BT D EARHEE

TRIERE, LAIES, FERt, REMG, ZA%L, ABHFE, ZHE S, L oXRFEZRE, [T
2 Y 7 ROEKESERRE  EROBEBEECENERAEIC X2 FEHEER L

TRIEE, 2R3 bEEEMMEE OLRBZE, (EEH - mEEEHNBIE L= HEY O OSL FRRIE )

TRIEE, EEREHRETHEZES (BIOKUREHZHEH) & OXEHTE, EIHFREED
WCBEE L7=BER (FBR) o TLHEIE]

R, R SR ZERT, MRty

MERE, REKEHSFRT (KIEEFEE 2 —), HIEES

MREEE, ERREMERERIT—RIFPZ, [RUEEESIC L 5 ZXIRBRAICE T 0%

ERE (nierngtional)

#IEE, BEFERENENRE, (Ao K LIMEROBEICET 25T IR : SE R
FeRE I ER B SR FTRT) |

TRIEE, (5) BARBRREZEHES N —T1EEHR (7 U7 O BABERENFE ("R B
09E) ] CHSHEE : R X& v, Yy — - TT Ko+ 75 4 —TK¥F)
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THIEE, (5#) ¥k 24 EEMEEASRAITEDESHEM RN THARAEOBAE - B
M4 5 BRIV L— R OBPF-/F2FZL - U RHT 4= - U7 L—HIRKEBEEOE &5
ROFRZE ) GRHERE : "X R4 v, vy — - TT oL 557 4 —TKRF)

Yr¥1E ., ICDP Project, Lake Biwa and Lake Suigetsu: Recorders of Global Paleoenvironments

and Island Arc Tectonics)
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3. Bf%E%E Funding

BLEEHREEE &

FEMEER ((RF), BB (B), MEICRZEFEARORERE L ERMER S OBIEICET 552 3,200 TH

gUEE (R, PERMFHIFEE, [EHARBRIC X 2 KUREOCBEIMmMER] 1,600 TH

NAEE (REF), EBHE B), EARALEORBEE AT T —< MR TOHREADBEE
EARFEARR | 3,100 FH

NAEE ((RF), BERABEIE, (27 7REOHMERS TREHESEELEXBRTEOHINT
%) 1,300 FH

NAEE (O#H), Freiagmrs FREmRRE), MBREORRE Y (RE: TERE - #
Bi% - NREHE) ), 1,000 FH

KREZ (o) , EBREE (A, [ZHEEDEDE AV ERREEEOEZBME (RE =8
R - & - FHES)) , 300 TH

femmz (REK), EEWHRE (C), MMPHUNMBOENLAKLTZ e bOT X hA VEBID
FTEHA NE~ T~ ORKE], 600 TFH

Wiy (), EEPE (C), IHElE—/L - 0 v F—RIUHICET 5 2 Ly evdE LEIGERCA
DKFRIEBE & BRI (R BARKT - HegdR - 8HEE) ), 200 TM

MREL (RFK), BEFHE (A), kLSO EHAERE), 3,100 TH
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THRIEE ((RF) , HFHE (B), HHERBFENR L OMELEIC L DKLV IRy & ZERBIEE
DFEEREE) , 1,000 FH

MREZE (RK), PEMOHEENE, DOUEERSOEENEMIC T 2 ESIREFE OB, 500
FH

FIHET (RK), EBBIE (C), AT 7THRRREICL S LH~r M OBMBREETYRPAL A
EREE O OFIF], 1430 TH
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BB KI8T 2 B AERE], 1,000 TH

THEIEE, ) smUEERZERFEE, [OSUTLERBIEORBRBESMESTIEOMT, , 700FH
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BREEE (RF), HIUKEHEMEF—RERFZ, [KUEEES)IC L 2 2RI ICE Y 20
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FINFEF (RF), LEBEEHRESHE, THRCFHFEE AV CHERAE T 0 2OMHA, 561 FH
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4. #HEIEE Education
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41. L - 2% Academics

(FFE) BAER (Bt EBRERFRELHIER)
(FEEB) WER (Bt FEMRERFEREEFHER)
(FEER) BEHT (Bt FERERZFREZFER)
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WE - YIF—

HERBFER A REHEED
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FREEEE DA REBEED
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M DC  TEHEE (apa Y-S ES

SRRENFZE DC HIEEE KEWEIED

BEME DD REF RIUE ZiEA
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| k¥mEtne |
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RRAE ZIEH

HIERBVE 2B

AEZ, #IEE, RREZ
PMREZ, #UEE, RIREZ
gIEE, HIER, KEBE
BEE, MHEZ, KEWE
REZ

LB ERE BB R - BRI R

SUEEHER BRI - WERE

[ KERETEER LU R URE |

BRI - HBFIREE S 7~ 1
HEBREAE - HUBATR(RSEE S S~ T

Bk ERFEEI ST — 1B
HERAMEEE I 71

B AR Y X T L
HEFEI 11
KEHERHESFY I —/ T
EHEFEI S 1, O
BHEE
BRI R FEEE B

H E&mIE,

BHE—, MTNEZ, 2z, EHEFE

TEEEBIEN
LB HIREBR Fi% - FHHEKMEE EEES, KREZ, aBTAL

MMEZ, gERE, RREZ, JIXEES, KfEMZ
|IMEE, MTRED, TIERE, KE®E, FELRK,
HERE

ANAIERR, EBEE, KHEmZ
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BHE—, ERE—, HHEZIED

ERFIE, TE—E, ARBETF, KR
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VIR ZiEH

(BIFF, 9A3B~9ASH) MHED, RKREZ, Rz, RERZ, NFXEE
(B BESER ZBHE, FIHET)

BRI BRI FEE A
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(8 A 27 H~30 H) g#ILEE, FTHEARE, REMZ, HERE
(B4 FEEZ)

Ry hEIEE

(F#&%, 8 A 20 H~23 H) #IEE, REBE, TEAR, HERE
(B F)IE, HLEEZ)

ot

#ILER, RBAKRE, IEFEHEA, 201246 A

#IER, BIRBXRE, EHEEEEM, 201249 A

TRIEE, BIFRS, JEEEREN, 2012 £EaH (BhHER)

4.2. = I} — Seminars

HhEREVE - HERBARAY S SV T GEREVER S )
TUESHY AT L& AR, FE, FEICERE
SRR 24 4 (2012 4F)
48118 TR LV —"EEEAVTHLMR LEMNMT D7 4 VL EAT T
BQPREN TS
5898 HMEREFIIEMERALRG RS
TIRNEE FIAR AR O HI SRR 2
TRINEE Uk L 4 DERRIE
5H 30 B HEREVEWTIEMERR L ESTSe
EHmMZ KGR OHER{LFE D D OILIIABLTITI T 2 W EEER OFERA
68 68 HIERBVEIFRHER LRI SR S
SIS IR O K STHVE SRR ST
KFIED kOO IR B2
6 A 13 B HEREVEH SRR LR e
REWE BIFFHIE O Bl O HURTEE

7R 48 Yayan Sofyan Hydrothermal dynamics beneath Aso volcano : view from
4-D Gravity data

7HA1 A FEARK HEALICEIT A< ViR LEPBEIEE (2007 £ £V 2011 4)

108 38 FIHTF 74 VT Y RKIUTONA DL ARRESTRIESRE

10A 10 H #1 EE FEBAKIUEE - FREOE K L ERE

104 24 H Hassan lbrahim  Neoproterozoic Evolution of the Northernmost Arabian-
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Nubian Shield; insights into Volcano-sedimentary Successions, NED, Egypt

10HA 31 R TEEA LY — NEEAATIC K o THL I LI AU D&% i~ bkl
BT DWRAED S

1WH7HA MHEZ RORRFEOHBERY : TREXSFBORREZRZITT

11A21H WAL FIRRIC 3T 2 EHAIE M T E S E AELE OB

11 H28H HMERE FEICRIT 5 HEREIRE AN

12A12R THRIEE Bk LHORIE/ERFERRE @2 2 ) 7 EOFENREE

K 25 £ (2013 £F)

1A9H SEmENY BB KB IRES O~ 7 < BIREME ROk 2 b FEEEE T
" Sr-Nd-Pb RIALE#RE BWE=T e —F

BRle 2 F— (B
2012 12 818 B BHEY (BAREX), EABFZEEBTAT 77 0&E & KLEBET —F
— A DIEE

HIEREAS: - HIBRBRE P IS — 1 1 (EE T —)

TR 24 45(2012 &)

48208 WEAEZ RERET VT & D KL O HE B HERE

4827 A FHEEE ~v MUBEEENOHET D PERILEOEEEE

5811 B fE&{C#E Migration of carbon dioxide bearing saline fluids in the mantle wedge

beneath northeast Japan arc
58180 HMEE < MUHESHOHEET S FERICHOREEE
5A18R WHIHT BAOENBEETTVOMEHMBES~DEA
6ATH UHEHEKRE BIEICEIT 5iEE 3000 EEOA X HHEREY
6 A8 R HRIEZ KILEEOREE & R P E A O B
6 A 158 TEAEE ACTIVE BEIC X A MEFEF— K0 B0 REFFEFFHZEL
6H 228 FHHEEE FEBIGHO~ . MAHESIZET 5H5E
7H6B HIIE— EBMERBEROKEFEOCEARTFOEE
7 A 13 B WIEE diamond anvil cell DA & ZhE Wz EEBRIZOWT
7A13 8 (AR ERERENT O OHEET DY A — K O KA
10 A 12 A fEAEH  ACTIVE BHENC X 2 FER K L A D O BES ELIR T O R R 21
10 B 12 B #RaFiEE KU O iE I L "8 I E O BIfR
10 A 19 B {Eith  CREFMBITH DHET D v A — /L kL O XS
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10 A 19 H EFHAK
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NMA2F =EFAK
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11 B 16 B TIKE Anfigorite % OB RIFER TORERRIIE

11 A 30 B James Ashworth  Analyzing small-scale ground deformation at Sakurajima volcano

12878 mR-#
12 A 14 B $EEHOFE
12 A 21 B fAEH
R 25 £5(2013 4F)
1A 11 H =g
1A 11 B Rt
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1A 18H EFMAE
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2A1H K EE SRESHIEEIC LML ERDICRT 5 ERLIEFEEORAEL
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BT 4 —
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5. L TEE)  Activities in Scientific Societies
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BAKILZELERER
Indonesian Journal of Physics & Editor

JNAEE - AARBENFESFEER
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20124E7 A 9 B JICA KL% - A& TR REMK 2 — R, DAUEE - BE)
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FERE S 0 — S VAEFEREREE T 0 7T 5, AKX v 7 - KeRlER, 201247 A31~8 4 3 H
RIFFE R HIEREAE (7 4 —/V FiEEE) PV T —a—2 NI X7 a—x) a7 V4E
B, 2012410 B (http://peppumuseum.jp/field.niml)
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