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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, Dr. Tomo SHIBATA joined us as an Associate Professor at Beppu in April 2014.
Prof. Hassan M. HELMY from Egypt left in September 2014. Prof. Corrado CIGOLINI joined us as a
visiting professor from October, 2014. As a postdoctoral associate, Dr. Hideaki HAYAKAWA moved to
National Institute of Polar Research at the end of July 2014, and Dr. Sachie SHIOMI moved to Research
Institute for Sustainable Humanosphere at the end of September 2014. Dr. Manabu MORISHIGE joined
in October 2014, Dr. Abbou-Kebir KHADIDJA joined in December 2014 and Dr. Yu-Chih HUANG

joined in January 20135. Seiko KOYAMA, our secretary, joined from April 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, magmatic eruptions occurred in Aso Volcano on November 25 2014, after active phreatic
period. Aso Volcanological Laboratory conducted cooperative observations and research with other
research organizations, and cooperated with Japan Meteorological Agency which has responsibility on
prediction of volcanic eruptions. We detected significant phenomena before and during these eruptions.

The results will be presented later. We have to inherit the spirit of establishment of the Institute.
Aso, June 2015

Tsuneomi KAGIYAMA,

Professor/Director of 2014 fiscal year
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2. WreiEED Research Activities

2.1. ¥EANILFEMZ Institution Collaboration

Scientific monitoring of hot springs in Beppu (lil)

Shinji Ohsawa, Taketoshi Mishima, and 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 piezometric head of the
deep chloride 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 pboiling well in the southern part of Beppu (Fig. 1). As shown in Fig. 1, a four-fold

. Tenman boiling spring - 2006[Feb.]
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Fig. 1 Time variations
in chloride (Cl} and
-------------- e bicarbonate (HCOs)
concenfrations, and
HCOs/Cl ratio [wt./wt.]
of thermal  water
discharging from the
observed hot spring
15 well (KUB-1) shown in
Fig. 2.




decrease in chloride concentfration 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. However, it came fo 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 mentioned in the previous reports in
2012FY and 2013FY, 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 if.

On November, 2012, we reopened the monitoring for understanding degree of the
influence of the stop of natural flow onto the water quality of the underground thermal
warter. The new data obtained this physical year {2014FY) are added in Fig. 1. As clearly
shown in the figure, conspicuous variations in both of Cl and HCOs3 ion concentrations
cannot be recognized compared with data obtained in 2013FY.

Construction of hydrothermal power stations called "Onsen {Netsu) Hatsuden” has
accelerated in 2014 and we are aware of the 6 stations as of March, 2015 (Fig.2). Before
the beginning of the full-scale constructions, we started anew chemical monitoring of
hot spring waters at hot spring wells (KUB-2, -3 and -KUB-4) other than Tenman (KUB-1} as

shown in Fig. 2. The results will be reported accordingly in the future.

Fig. 2 Map showing
location of the geochemical
monitoring sites for hot spring
resources in Beppu with
hydrothermal power stafions
constructed from 2014 and
Suginoi geothermal power
plant, and *Jigoku” (@)

; 2 Monitering site for hot spring resource
: HU skyato Univ,
: 2 Hydrothermal power station

5 {Small geothermal power plant; > 10kW




Temperature profile of a thermal water well in the Southern part of Beppu.

Tomo Shibata, Shinji Ohsawa, and Taketoshi Mishima

Well temperature logs abruptly exhibit femperature changes over dropping several
degrees in hot spring towns. The femperature changes are usually caused by injecting
of cold groundwater info a thermal aquifer. The injecting is due to excess pumping of
thermal waters. Beppu area is located at the eastern edge of the Beppu-Shimabarg
graben, and is recognized as one of the largest hydrothermal systems in Japan.
Recently, a large amount of thermal waters have been used not only in bathing
purposes but generating electric power. Then, we obtained a temperature profile in a
well.

The well is located in the southern part of the Beppu hydrothermal field, and its depth
is 300m. In this well, Yusa et al. (1994) measured a temperafure profile in 1988, and
obtained the maximum {151.3°C) af the 230m depth. We measured temperatures from
water level to 200m depth in each one meter on March 2, 2015. The obtained
temperature profile is shown in Fig. 1. The femperature gradually increases unto the
135m depth, and then suddenly rises to reach the maximum {114.7°C) at the 200m

depth, which is about 17°C lower than that of 132°C at the 200m depth obtained by
0 4 { T T ¥ T l

Yusa ef al. (1994) 27 years ago. The geothermal
gradient unto the 135m depth is 0.15°C/m, and then

is 1.18°C/m. The geothermal gradients are significant
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Preliminary peirographical report for amphibolite xenoliths included in Darumayama

lava from Himeshima, Kyushu, Japan

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

Himeshima volcanic group (HVG) consists of seven Quarterly volcanoes, located at
4km eastward from Kunisaki peninsula, Kyushu, Japan. The volcanic rocks of HVG are
hormblende (Hb) dacite, biotite {Bi} - Hb rhyolite and garnet (Grt)-rhyolite (Itoh, 1990; ifoh
et al., 1997). Although it is suggested that crustal materials contributed to the magma
genesis of those volcanics (Ujke and ltoh, 1991; Shibata et al., 2013), nature of the
crustal materials are still unclear. Amphibolite xenolith (= 5 cm X 10 cm in size) was found
from Darumayama lava, one of the constituent of HVG volcanics, and we made a
preliminary petrographical description.

The mineral assemblage is Hb - Bi — clinopyroxene(Cpx) — plagioclase (P} (Fig. 1).
Zircon and allanite are also found as accessory minerals. The amphibolite xenolith can
be considered to be metamorphosed basic igneous rock. Last year, we reported garnet
- sillimanite — bi gneiss, which might be metamorphic rock of Ryoke metamorphic belf
(RMB) underlining the studied area (Shibata et al., 2014). The amphibolite xenolith
studied in this report could also be considered as a metamorphic rock of RMB. To make
the origin of those xenoliths clear, radiogenic age is quite useful. It is expected that
enough amount of zircon for age determination can be collected from this xenolith,

because the amphibolite xenolith is relatively large size.

open nicol cross nicol

Fig. 1. Pefrography of the amphibolite xenolith.
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Crystal fractionation of garnel observed from the Quaternary magmas from

Pre-Komitake volcano

Tomoyuki Shibata, M. Yoshimoto (Mt Fuji Res. Inst.),
T. Fujii (M. Fuji Res. Inst.), and S. Nakada (U. Tokyo)

The Pre-Komitake volcano, which was discovered by Fuji scientific drilling, is a buried
old volcanic body beneath the NE flank of Fuji volcano {Nakada et al., 2004; Yoshimoto
et al., 2010). According to Yoshimoto et al. (2010), the Pre-Komitake is characterized by
hornblende-bearing andesite and dacite, in contrast to the hornblende free basaltic
rocks of Fuji and Komitake. They also suggested that incompdatible elements of magmas
of Pre-Komitake increase with increasing SiOz, whereas those of Fuji increase at nearly
constant SiO2 (Fujii, 2007). To befter understanding for the magma genesis of
Pre-Komitake, we anadlyzed frace element and Sr-Nd isotopic compositions of those
magmas.

The Sr and Nd isotope ratios show 0.703320-0.703476, and 0.512885-0.513087,
respectively. These are almost similar with those in lavas from Fuji and Komitake
volcanoes erupted affer Pre-Komitake activity. The enrichments of large ion lithophile
elements, Pb, and Sr are observed in the primitive mantle normalized multi-element
diagram in the Pre-Komitake, Komitake and Fuji lavas showing island arc lava signatures,
although mid to heavy rare earth elements are more depleted in the Pre-Komitake than
in the Fuji lavas. Positive Eu anomalies are observed and the extent of anomalies
decrease with increasing SiO2 in the Pre-Komitake lavas whereas this is not observed in
Fuji lavas. The Sr/Y ratios of Pre-Komitake lavas increase in basalt to basaltic andesite
then decrease in andesite to dacite. This occurs in combination with rapid increase in
La/Yb followed by gradual increase. Gradual decrease in Dy/Yb ratios is also seen over
the entire compositional range. These suggest deep (>12kbar) fractionation of garnet

and amphibole followed by shallow (i.e., =5 kbar) fractionation of amphiboie and



plagioclase. Such the variations are not observed in the Komitake and Fiji lavas for
which deep fractionations of clinopyroxene and shallow fractionation of plagioclase
have been suggested. All the lavas including Pre-Komitake show similar isotopic, major,
and frace element compositions in the unfractionated basalts. The different
geochemical frends found in the Pre-Komitake lavas would be due to different mineral
fractionation and can be originated from the hydrous Pre-Komitake basals in confrast
to the dry Fuji and Komitake basalfs.

(Published on JMPS)

Recent information on Holocene - Late Pleistocene wide spread tephras erupled from

caldera in South Kyushu, Japan.

K. Takemura and Tomoyuki Shibata

1. Infroduction

The eruptive age of widespread fephra is an important role of reconstruction of
volcanic history and control of horizon assignment of several phenomena over the wide
area as a contemporaneous time marker. There are several big calderas in Kyushu such

as Aso, Kakuto, Aira, Afa and Kikai.

2. Age determination on volcanic acftivity

There are two main methods for age defermination on volcanic activity. One is age
based on radiometric method and the other is age based on strafigraphical method.
{1) Radiometric method: The age is obtained by direct measurements of volcanic
materials and wood samples infercalated in the pyroclastic flows, and the radiometric
ages upper or lower samples. There are radiometric methods such as *C dating, K-Ar
dating, Ar-Ar dating, Fission-frack dating, TL dating etc.
(2) Stratigraphical approach: Stratigraphic horizon of volcanic materials such as
volcanic ash is determined within the sequence of lithostratigraphy and biostratigraphy,
and that horizon is correlated with the standard section, and we can get the age of
volcanic products. Especially, coignimbrite ash layers related with caldera forming

activity have wide distribution and their roles are very effective as correlation tool. (a):



Determination of stratigraphical position at volcanic region, {b): Discrimination of wide
spread tephra to pyroclatsic flows at erupted source. (c}: Determination of Stratigraphic
horizons of volcanic ash layers within the confinuous sequence and comparison to
chronological data; correlation between widespread tephra and marine isotope stage
in the marine sequence, correlation between widespread fephra layers in the long
lacustrine records with  paleoenvironmental change curves such as  micro-
paleontological data, and determination within the sequence of land loam and soil
segquence on land.

This report summarize recent information of the eruptive ages of two Holocene - Late
Pleistocene wide spread tephras from south Kyushu on the basis of 4C dating method.
3. Age of Kikai-Akahoya (K-Ah) and Aira-Tn {(AT) ashes

In this section, we summarize ages of K-Ah and AT tephras according to previous
reports from the radiometric ages (especially 14C dating) and recent information.

(1) Kikai-Akahoya tephra (K-Ah)

K-Ah is the co-ignimbrite ash related to the Koya pyroclastic flow erupted from Kikai
caldera located off south Kyushu. According to Machida and Arai {2003), total volume
is >150km3 {pyroclastic:50km3, air fall: >100km3). The “C age data unfil 1992 are
distributed from 4000yr BP to 000yBP measured at lower and upper horizon of ash layers.
In 1992, Machida and Arai adopted the 6,300 yBP from the viewpoint of concentration
of one third data of “C dating. Machida and Arai {2003) proposed the age of 7.3 ka
taking account of age cdlibration. Recently, Smith et al. (2013} reported the age of
7165-7303 cal. yrs BP using the contfinuous varve sediment record from Lake Suigetsu
located at north-central Kinki Region.

(2) Aira-Tn tephra (AT)

AT tephra is the co-ignimbrite ash related 1o the Ito pyroclasitc flow erupted from Aira
caldera located in south Kyushu. This ash is the first described as wide spread tephra in
Japan {(Machida and Arai, 1976). Volume of this tephra is calculated about 200kms3
{(Machida and Arai ,2003). The “C age data in earlier stage was about 21-22 kyBP
{(Machida & Arai, 1976 etc). Mafsumoto et al. (1987} reported the age of 24,720£290
yBP using the data of peat samples at lower and upper horizon of ash layers in Kinki area.
In 1995, lkeda et al. reported the age of 24,510220 yBP using the data of charred
wood by AMS system. Machida and Arai (2003) summarized the age of AT tephra as

26-29 ka considering calibration age. In 2007, Yokoyama et al. reported the age of



29,365 cal yrBP as the calibration age. Recently, Smith et al. {2013) reported the age of
30,009 +189 cal. yrs BP using the continuous varve sediment record from Lake Suigefsu

located atf north-central Kinki Region.
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Trace-element compositions of fluid-inclusion bearing olivines in Pinaiubo harzburgite

xenoliths

Masako Yoshikawa, Tomoyuki Shibata, T. Kawamoio, S. Arai (Kanazawa Univ.), D.J. Rivera,

E.B. Bariso (PHIVOLCS), M. Okuno (Fukuoka Univ.), and T. Kobayashi (Kagoshima Univ.)




Peridotite xenoliths are present in dacite blocks in the 1921 pyroclastic flow deposit of
Pinatubo volcano, which is located at the volcanic front of the Luzon arc, Luzon Isiand,
the Philippines. The Luzon arc is associated with eastward subduction of the South China
Sea plate along the Manila Trench. The xenoliths are mainly spinel-bearing harzburgite
containing olivine (Fosos2), orthopyroxene (Mg# (Mg/{Mg + Fe))= 0.90-0.93), amphibole
{magnesiohornblende fo fremolite), spinel (Cr# (Cr/{Cr + Al)})= 0.17-0.67), phlogopite
and rarely clinopyroxene. These xenoliths were probably o be derived from the
uppermost mantle on the basis of the absence of serpentine minerals and their narrow
olivine Fo variations {(Kawamoto et al., 2013). Numerous fluid inclusions occur in olivine,
orthopyroxene and amphibole, and Raman spectroscopy and microthermometry on
these inclusions indicate that they are composed mainly of saline agqueous solution (5.1
+ 1.0 wi% NaCl equivalent}, magnesite and vapor bubbles containing CO2 (Kawamoto
et al., 2013).

Trace element data for fluid inclusion-bearing olivine separates in a Pinatubo
harzburgite xenolith (sample P-3) were obtained using a guadrupole inductively
coupled plasma mass spectrometry (Thermo Scientifix X2) at Institute for Geothermail
Sciences, Kyoto University. Primitive mantfle normalized frace element patterns of the
olivine are illustrated in Figure 1. The most noteworthy feature of the trace element
compositions of the olivines is positive anomaly of Pb relative to neighboring rare earth
elements, and enrichment of highly incompatible elements such as Ba, Th and La. Such
a characteristic is similar fo the frace element pattern of estimated fluids in equilibrium
with amphiboles in the Pinatubo harzburgite xenoliths. This similarity suggests a genefic
link between the fluid to form amphiboles, and the fluid inclusions in olivines. Trace
element and Sr-Nd isofopic compositions of the amphiboles suggested that these
amphiboles were formed by the fluids involved in their formation were derived from
subducted oceanic crust (Yoshikawa et al., 2013). Olivines containing melt inclusions in
harzburgite xenoliths from Iraya, the northern Luzon arc {e.g. Vidal et al., 1989), are
similar in frace-element characteristics to olivines in the Pinatubo xenolith. A modelling
based on the frace element confents of the glass inclusions and inclusion-bearing
olivines in the Iraya xenolith suggested that the metasomatic agent in the mantle
beneath the Iraya volcano was an aqueous fluid exiracted from subducted basalts
(Eiler et dl., 2007). The similarity in trace element patterns of olivine between the

Pinatubo and the Iraya harzburgites reveals that the supercritical fluids within the mantle



beneath the two volcanoes share the same geochemical character.
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Gravily change by water mass movement near the crater of Aso volcano

H.Hayakawa, T. Kagiyama, T. Ohkura, and $. Yoshikawa

We investigated gravity change continuously measured near the active crater of Aso
volcano. A superconducting gravity meter, CT-200, was installed in Hondo tunnel under
30 m located in about 1000m southwest of Nakadake first crater, and it started at
December 1994. And then, it could be conducted relatively stable observation for 3
years from February 1998 to January 2001. Aso volcano was quiet low active for this
period. The gravity value subiracted tide and air pressure response from continuous
data series shows large seasonal change, increasing 20 to 40 micro gal at July and
August after rainy season and decreasing gradually after those. It also has some minor
changes, an increase of about 10 micro gal. The gravity increasing arises after a few
months from rainy season. it is considered that the observed gravity change has a strong
correlation with precipitation.

An underground water mass movement by precipitation and percolation generally
has strong influence for gravity change. A water mass movement in soil is described by
soil physics. We need information on physical property and structure of soil to
understand water mass movement. However, it is difficult to investigate underground
near the crater of an active volcano. Gravel which mainly constitutes ground near
crater is out of range of soil physics. In this study, we evaluated the underground water
mass movement near Nakadake first crater by percolation of rain water into
underground and discharge of ground water from a permeable layer using a kind of
physical model of storage function method known as fank model, which not required
underground information. Input to this model is amount of precipitation measured at
Asosan meteorological station by Japan Meteorological Agency. The volume change
of water in underground is computed from input-output difference of tank model. The
gravity change is obtained from the corresponding density change in a region of 1400
km in north-shouth and 1400 km in east-west around the gravity meter with thickness

from ground to 100m depth. It assumes that there is no gravity change by any volcanic
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activity. Coefficients of outflow resistance from a tank are decided from fitting in the
measured gravity variation. The modeled water mass movement is able fo cause a
gravity change of 30 to 40 micro gal. If is wide wave length range for the gravity change.
For instance, the affer downtfrend has longer period than empirically assumed fime
(about one month). Heavy autumn rain causes large gravity change until winter. In
contrast, the gravity change of 10 micro gal arises for a month.

We can obtain gravity change by water mass movement at any period of time and
any depth or ground surface because input of this model is practically amount of
precipitation only. Converfing it fo on ground, the model prediction is available for use
in correction of values measured near the crater in the repeated gravity survey at Aso
volcano area having been continuing for a long fime. Figure 1 shows the gravity change
on ground by water mass movement (black dot and line), gravity values measured at
AVL14 by the repeated gravity survey (gray circle and line), and the corrected gravity
values at AVL14 (gray square and line). Our model suppresses variation of the measured
gravity values, but emphasizes in heavy rain years, 1993 to 1994. Gravity data by
high-frequent measurement and its correction using our model are expected to

understand a relation between Aso volcanic activity and water.
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Figure 1: gravity change at AVL14 and gravity contribution from water mass movement.

Model values of water mass movement is shown at period from 1970 to 2013.



Ambient seismic noise study in the Tatun Volcano Group of Taiwan

Y.C. Huang, C.H. lin (Academia Sinica) and T. Kagiyama

The Tatun Volcano Group (TVG) is located in the northern tip of Taiwan and also
beside Taipei metropolis. TVG is one of the potentially active volcano regions on the
Taiwan Isiand and was predominantly active in the Quaternary. Besides, an active fault
(named Shanchiao Fault) fransits the center of the TVG dalong the northeastern
orientation. Since the major geothermal activities expose on the surfaces along the
hanging wall of the Shanchiao Fault, it is thought to be a passage for hydrothermal gas
and fluid. But the magma chamber and detailed velocity structures below the TVG are
not well resolved.

Studying continuously ambient seismic noise to obtain S-wave velocity structure
beneath a densely seismic array is well performed around the world in the past decade.
Seismic activity at TVG has been monitored by a dense seismic array with around 20
permanent broadband stations operated by Taiwan Volcano Observatory at Tatun
(TVO). Since 2014, there are 20 more temporal broadband stations widely and evenly
installed at TVG, supported by Central Geological Survey (CGS) of Taiwan. It is a good
opportunity to study ambient seismic noise fo investigate more detailed S-wave velocity
structure in the shallow crust and searching for possible candidates of magma chamber

beneath TGV.

Role of saline fluids in sub-arc mantle and subducting slab

1. Kawamoto

Chemical fractionation of slab-derived supercritical fluids can play an important role
in elemental transfer from subducting slab to the mantle wedge and arc magmatism
[Kawamoto et al., 2012, Proceedings of the National Academy of Sciences, U.S. A., 109,
18695]. Recent findings of saline fluids from sub-arc mantle peridotite indicate that
aqueous fluids in mantle wedge can contain 3.7 wi% NaCl in Ichinomageta, Northeast

Japan arc [Kumagai et al., 2014, Contributions to Mineralogy and Petrology, 168, 1056]
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to 5.1 wi% NaCl in Pinafubo, Luzon arc [Kawamoto ef al, 2013, Proceedings of the
National Academy of Sciences, U. S. A, 110, 9663]. It is, therefore, imporfant to
determine the effect of Cl on the trace element partitioning between agueous fluids
and melts. Synchrotron radiation X-ray fluorescence {XRF) analysis is conducted to know
Rb, Sr, and Pb partitioning between aqueous fluids and melfs [Kawamoto et al., 2014,
Earth, Planets and Space, 66, 61.]. There is a positive correlafion between partition
coefficients and pressure, as well as salinity. Two slab-derived components, melt and
fluid compeonents, are suggested to explain frace element characteristics of arc-basalts
in the Mariana arc [Pearce et al., 2005, Geochemistry, Geophysics, Geosystems, 6,
QO07006]. The fluid component is characterized by enrichment of alkali and atkali earth
elements. Such features can be explained if the fluid component is a saline fluid,
because alkali earth elements and Pb are much less mobile with Clfree fluids than
Cl-rich fluids [Kawamoto et al., 2014]. We suggest that slab-derived components have
compositional features consistent with a saline fluid and a melt, which can be formed
through a separation of a slab-derived supercritical fluid [Kawamoto et al., 2012].
Slab-derived supercritical fluids contain Cl, and agueous fluids inherit much of the ClI
and some of the large-ion lithophile elements. Saline fluids are also found in jadeitites of
serpentinite mélanges placed in Southwest Japan [Drs. Mori and Shigeno in progress].
Transfer mechanism of such saline fluids from downgoing slab recorded in jadeitites of
serpentine mélanges to the uppermost part of mantle wedge recorded in

spinel-peridotite xenoliths remains to be understood.

Geofluid processes in subduction zones and manile dynamics

T. Kawamofo, J. Nakajima (Tohoku Univ.}, B. Reynard (ENS Lyon),
and H. Toh (Kyoto Univ.)

H2O affects almost all physico-chemical characteristics of the earth forming materials.
H20 has been playing a role of Maxwell's demon as N. L. Bowen mentioned at 1928; H20
does just what a petrologist may wish it fo do {p. 282 in The evolution of the igneous rocks
(Bowen, 1928)). Not only in petfrology, in the last decades, but also it has been proved to

be the case in every single field of solid earth science.



H20 is the most abundant fluid in the earth except for liquid iron alloys in the outer core.
Volcanoes emit magmas and volatiles, which include C-H-OxStN species, halogens (F,
Cl, 1, Br), rare gases {He, Ne, Ar, Kr, Xe), fluid-mobile elements such as alkali element (Li,
Na, K, Rb, Cs), B, and possibly Pb and U and less likely Th. In the earth’s interior, such
volatile components exist as geofluids, affecting various phenomena and being good
fracers of them. Seawater and atmosphere are accumulated geofluids on the surface
and they hydrate and carbonate lithosphere through reactions and depositions.
Geofluids get liberated from subducting lithosphere, migrate upward, and play vital
roles in various subduction-zone phenomena, such as magma genesis, earthquake
mechanisms, rock deformation, and electromagnetic response. Geofluids also affect
the mantle dynamics, including global material circulation and chemical differentiation,
and the entrance of mainly C-H-O fluids info the Earth's interior.

We edited a special issue on “Geofluid processes in subduction zones and mantle
dynamics” in the Earth, Planets and Space. This special issue is composed of the thirty
works on the topics including (1) fluids originated from the subducting slab info the
mantle wedge and crust, {2} the 2011 Tohoku-oki earthquake: friction, strength, and
post-seismic deformation, and (3} geofluids detected with magnetotelluric and seismic
observations.

All the papers are open for public at http://www.earth-planets-space.com/series/GPSL.

Development of a 3D thermal struclure due to a thin, low viscosity layer at the plate
interface

M. Morishige

In order to befter understand the migration of fluids in the subduction zone, it is
essential to constrain its detailed thermal structure. In northeast Japan subduction zone,
the interplate earthquakes occur down o ~50 km depth (Kita et al., 2010). On the other
hand, slab and mantle may need o be decoupled down to ~75 km depth to explain
the observed heatflow in this region (e.g., Wada and Wang, 2009). These observations
suggest that in northeast Japan, the slab and mantle are decoupled by brittle failure
down to ~50 km depth and by non-britfle deformation from ~50 down to ~75 km depth.

We investigated the effects of rheology at the plate interface on the thermal structure in
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the subduction zones.

We used 3D finife element models to compute the flow and temperafure. In order to
decouple the siab and mantle effectively, we set a thin, low viscosity layer (LVL) on the
slab surface from 50 down to 70 km depth based on the observations mentioned above.
We find that a 3D flow gradually develops inside LVL and it leads to the along-arc
temperature variation. The obtained wavelength of the variafion is ~80 km, which s
similar to the observed characteristic wavelength of the clusters of Quatermnary
volcanoes in northeast Japan (Tamura et al., 2002). We aiso find that when the viscosity
of LVL is low, the onset of the 3D flow becomes early. This finding suggests that the
viscosity of LVL strongly affects not only 2D but also 3D thermal structure in the
subduction zone.

It is proposed that the LVL considered in this study exists globally (Wada and Wang,
2009). Therefore, the model proposed here can be applied fo many other subduction

zones in the future.

References

Kita et al. (2010}, Earth Plonet. Sci. Lett., 290, 415-426.

Wada and Wang (2009), Geochem. Geophys. Geosysi., 10, Q10009, doi:10.1029/2009
GC002570.

Tamura et al. (2002), Earth Planet. Sci. Lett., 197, 105-116.

First observation of gravity gradients using a laser-interferomeiric gravity gradiometer,

on the volcanic island of Mi. Sakurajima, Kyushu, Japan

S. Shiomi and T. Kagiyama

We have developed a new type of gravity gradiometer for volcanological studies af
the Aso Volcanological Laboratory of Kyoto University, since 2012. The detfection
principle of the gravity gradiometer is based on the Mickelson interferometer. A detailed
description of the device is given in the reference of S. Shiomi ef al, 2012.

We have installed the gravity gradiometer at the Sakurajima Volcanological

Laboratory of Kyoto University, located on the active volcanic island of Mt. Sakurajima,



Kyushu, Japan, in August 2013. After the installation, we carried out maintenance of the
device, optical adjustments for the inferferometer, and several-week toss-up tests. After
the tfoss-up tests, we calibrated the device by using about 200 kg of lead bricks. The
calibration was completed in March 2014, and we took data every ten minutes for
several weeks.

Our preliminary results of the data analysis have indicated that the gravity
gradiometer has high robustness against seismic vibrations; the estimated resolution was
better than the target sensitivity of a few pGal/m (=108 1/52). We are in the process of
further data analysis.

We would like to thank dll the staff at the Sakurajima Volcanologial Observatory of

Kyoto University for their help during the measurements.
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Scaitering and intrinsic attenuation in Kyushu

A. Shito, S. Maisumoto (Kyushu University), and T. Ohkura

Aftenuation of seismic wave energy is caused by two factors: scattering and intrinsic
absorption. The former is the scattering of seismic wave energy due fo random
heterogeneities in seismic wave velocity and the density of the medium, while the latter
is the conversion from seismic wave energy to heat energy by internal friction due to
anelasticity of the medium. Quantifying scattering and intrinsic afttenuation is important
to understanding the structure of the lithosphere in terms of seismotectonic features.

We separately estimate scattering and intrinsic attenuation by applying the multiple
lapse time window analysis (MLTWA) technique [Hoshiba et al., 1991]. This technique is
based on a comparison between observed and calculated seismic wave energy

density obtained using radiative fransfer theory in several successive lapse time windows.



In the present study, we measure the integrated seismic wave energy as a function of
distance and frequency for three consecutive fime windows with a length of 15 s
following the S-wave onset. The window length is chosen in such a way that the first
window contains a significant contribution of the direct S-wave energy and the last two
windows mainly contain the contribution of the scattered energy. The observed energy
is calculated in three steps. First, we filter the waveforms using a third-order Butterworth
band-pass filter at the following frequency bands: 1-2, 2-4, 4-8, 8-16, and 16-32 Hz
Second, we obtain the envelopes by taking the sum of squares sum of the
three-component amplitudes of filtered waveforms. Third, we integrate the root mean
square amplitude of the envelopes in the three fime windows. By comparing the
observed and calculated energy distributions in terms of the misfit function, we obtain
the best pair of scattering and intrinsic attenuation. We use the Lavenberg-Marquard
algorithm, a non-linear least squares fitting procedure, to find the minimum of the misfit
function.

We estimate the scattering and infrinsic attenuation in Kyushu, which is the site of
active volcanoes and seismic activity within the Beppu-Shimabara rift valley and
elsewhere. We collect waveform data from the Hi-net network operated by NIED. During
the period from 2004 to 2014, we choose 180 earthquakes with magnitudes (Mjma) of
0.5-3.5 and with depths of <20 km. We select event station pairs with epicentral
distances of <100 km recorded at 78 Hi-net stations.

In all the studied areaq, infrinsic absorption dominates over scattering loss at low
frequencies (1-2 Hz}, whereas scattering loss predominates af high frequencies {16-32
Hz). The resulfs show strong spatial variafions in scattering and intrinsic attenuation that
depend mainly on the tectonic setting. For frequencies of 1-2 Hz, areas with sirong
scattering loss correspond mainly to the locations of the volcanoes, while areas with
strong intrinsic absorption correspond to the locations of volcanoes and active faulls,

which are marked by low-velocity anomaclies.

Acknowledgments

We used the data provided by NIED and JMA.

References

Hoshiba, M. (1991) Simulation of multiple-scattered coda wave excitation based on the



energy conservation law. Phys. Earth Planet. Inter., 67, 123-136.

Integrated Research for Beppu-Haneyama Fault Zone (East part of Oita Plain-Yufuin Fault)

Keiji Takemura and

Research Group for Beppu-Haneyama Fault Zone (East part of Oita Plain-Yufuin Faull)

<Infroduction>

infegrated Research for Beppu — Haneyama Fault Zone (East part of Oita Plain — Yufuin
Fault) in central Kyushu started on 2014 (three years program) as one of infegrated
Research Project for Active Fault Systems of MEXT. We need more precise study on fault
distribution, latest event in and around Beppu Bay region and relationship with western
end of Median Tectonic Line for understanding of Beppu — Haneyama Fault Zone.
<Purpose of project>

We carry out geomorphological, geological and geophysical researches on the basis
of existing research findings. Obtained new data on geomorphology and geology will
let us know new findings on precise location and activity of fault in and around Beppu
Bay areqa. Moreover, new geophysical data on subsurface structure indicate size and
motion of earthquake fault reached to the earthquake occurrence layer, and we also
calculate precisely ground motion on the basis of precise subsurface structure and
earthquake fault model.
<Research groups and contents of observation and survey>

Research group consists of about 40 researchers of Kyoto University, Kyushu University,
Advanced Industrial Science and Technology and related Institutions, and also three
sub-groups on the basis of methodology and science target. Sub-theme group 1:
Research on precise location and shape of active faull, and average slip rate and
event age. Sub-theme group 2: Research on three dimensional structure and subsurface
structure of fault zone and the area. Sub-theme group 3: Research on establishment of
subsurface structure model and evaluation of ground motion.
<Several topics of research during 2014 fiscal year>

Sub-theme 1: Sea botfom topography is clarified by multi-beam method along the

coast from Beppu to Oita via off Takasakiyama. Land slide topography related to
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earthquake or flood events is found at three locations (off Beppu, off Takasakiyama and
off Oita River).

Sub.theme 2: Re-analysis of seismic reflection data by Kyoto University, Geological
survey of Japan and Oita Prefecture since 1989 was carried out (Fig.1). Bird-eye view of
subsurface structure surrounding Beppu bay is shown in Fig.2. Precise gravity

measurement is useful for understanding subsurface sfructure in Oita Plain.

Fig.1 Reanalysed seismic reflection survey lines

Fig. 2 Bird-eye view of seismic reflection profile surrounding Beppu Bay area (Beppu

Bay and Oifa Plain) from southeast
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The 3D magnetic imaging using the L1 regularization
Utsugi M.

The common approach of the parametric 3-D magnetic inversion is to divide the
subsurface space info number of slight grid assuming each grid are homogeneously
magnetized and direction of the magnetization is equal and previously known. In this
situation, the equation which is solved becomes simultaneous linear equations and the
magnetization of each grid is obtained by the inversion minimizing a specific objective
function. The total magnetic field f resulting from a magnetization distribution in the
volume V can be written as the following vector-matrix form simulfaneous equations:
f=Xp where the (lj)-th component of A; x; Is the magnetic totfal field on i-th
observation point due to an unit dipole located on the center of the j-th grid. Because of
the ambiguity of the solution caused by the inherent non-uniqueness, we have 1o solve
the above equation rely to the regularization technigue. In our study, we proposed new
reqularization method based on the L1 and L2 norm combined penalty as shown in eq.

(1), which is same as that proposed by Zou and Hastie (2005):

B=argmin, ||y -XB | +2, || B’ +/112|ﬂj |- (1)

This problem is equivalent to the traditional Tikhonov regularized problem with L1 norm
constraint. The eq. (1) is now, non-linear problem because L1 norm penalty is not
differentiable on B =0. In generally, non-linear problem is solved by sequential
quadratic programing which needs expensive computational effort. However, imposing
the L1 norm constraint to a linear system is equivalent to the soft-thresholding operation
(Fiedman, 2010}, which leads the small components of solution B to exactly zero.
Therefore, eq. (1) can be solved by using ordinaly algorithm to solve linear equations
with small modification: that is, firstly solve Tikhonov problem setting A, = 0of eq. (1),
and next, apply the soft-thresholding operation to the obtained solution. This strategy is
widely used in the published solver for L1 norm regularized problem. This suggest that,
the optimization of the L1 and L2 norm problem can be performed separately, namely,
the regularization parameter 4,and A, can be optimized in separately. Based on this

idea, we proposed two step optimization procedure of A, and A, :Firstly, solve eq. (1)
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setting A, = 0and optimize A,.Because eq. (1) with 1, = 0is a conventional Tikhonov
problem, L-curve method (Hansen, 1978) can be used to obtain /?:2 ; the optimal
A, Next, optimize A, with fixing 2, = ,{2. For this optimization, we can use BIC (Bayesian
Information Criterion; Schwarz, 1978) for L1 pendlized problem, because it is suggested
that the BIC is empirically better regularization parameter selector (Zou et al., 2007).

In figure 1, we shows the magnetic inversion result obtained by our proposed method
using synthetic data. In this simulation, we divide 2 x 2 x 2 km subsurface area as 50 x 50 x
20 grid. We assume dipping slab-like magnetized body. It's strike-direction points to the
north, continuing from x 0.25 to y 1.25 km. The magnetization infensity is uniform within
the slab and is equal to 8 A/m. Figure 1 Shows (a) L-curve, (b) curvature of L-curve, (c)
BIC profile and (d) resultant model. Figure 1(d) shows the slice of the slab through the x =
0 km profile. The black solid line of figure 1{d) is the slice of true model. From this figure,

we can see that our proposed method welly reconstruct the frue model.
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Sr-Nd isotope systematics of crustal xenoliths in Kinpo volcanic rock from Kyushv, Japan

Masako Yoshikawa, M. Miyoshi (Fukui Univ.), and Tomoyuki Shibata

Various crustal xenoliths were observed in Pleistocene calc-alkali andesite of Kimpo
volcano, which is located at east side of Ariake Sea (Yokose and Yamamoto, 1996;
Yokose et al., 1999).

We present whole rocks Sr-Nd isotopic data of a granitic rock, two gneiss and two
gabbro samples. Major and trace element compositions of these samples were
presented in Miyoshi et al. (2008). Major element compositions of two gabbros and
gneisses are generally consistent with previous reported data by Yokose and Yamamoto
(1996}. However, a granitic xenolith (KMP10} has more silicic (=75 wi%) and exiremely
low Fe20s (<1 wi%) compositions compared than previous reported granitic xenoliths
{Yokose and Yamamoto, 1996) and basal Tamana biotite granodiorites (Yokose and
Yamamoto, 1996; hitps://www.gsjjp/data/50KGM/PDF/GSI_MAP_G050_14082_2008_D.pdf).
Sr-Nd isotfopic compositions of these xenoliths show enriched character (higher Sr and

lower Nd isofopic ratios) compared than those of mid ocean ridge basalts {Ito et al,,

1987)(Fig 1.). 0.56134
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Fig. 1. Sr-Nd isofopic compositions of Kinpo xenoliths {solid circle), Aira sisicic pumices

{open squear; Arakawa etal., 1998) and a Higo metamotrphic rock {grey square,
Hamamoto et al., 1999). Solid and dashied lines represent mixing curves between
depleted mantle and Aira silicic pumice, and between depleted mantle and Higo
gneiss (Hamamoto et al., 1999). Data for northern Kyushu volcanic rocks are from
Chen et al., 1993; Kakubuchi et al., 1995; Sugimoto et al., 2007; Shibata et al., 2013]).
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These xenolith data can be divided into two different tfrends, one is relative enriched Sr
isotopic ratios compared than frend of the Kyushu volcanic rocks at given Nd isotopic
ratios, and the other one is enriched Nd isotopic ratios with relatively constant Sr isotopic
ratios. Former trend is consistent with the mixing line between depleted mantle and Higo
gneiss and later trend is consistent with mixing between depleted mantle and Aira silicic
pumices. The granitic xenolith has similar Sr-Nd isotopic and major element compaositions
to the Aira silicic pumices, which were interpreted o be originated from a partial meltf of
lower crust (Tsukui and Aramaki, 1990; Arakawa et al., 1998). These observations suggest
that the granitic xenolith is likely originated from silicic magma derived from the lower

crust.
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9. BEHEH Routine Observations

Geophysical Monitoring Under Operation at AVL

Aso Volcanological Laboratory
Permanent Stations

Nakadake monitoring network
Seismic Stations: HNT, PEL, KSM, SUN, KAE, KAE, KAN, UMA, TAK (microwave telemetry)
Tiltmeters: HNT (water filt 3-comp.), SUN, KAE, NAR, UMA, KAK (on-site logging)
Extensometers: HNT (invar 3-comp.)

Microphone: HND {microwave felemeiry)

Geomagnetic Stations: C1, C3, SO, W1, CS, NGD, FF1 (proton; on-site logging)

C223 {fluxgate 3-comp.; on-site), newC223 (fluxgate 3-comp.; online)

FF2 (profon; online)

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

Seismic, geodetic and geomagnetic stations in the central part of Aso.
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Ceniral Kyushu regional network

Seismic Stations: AVL{6). MAK, NBR, MKN, HDK, TAT, MGR, KBM (online telemetry)
ASJ, HNY, SKM
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Seismic network in the central Kyushu.
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Instruments

[Beppu]

ICP emission Spectrometer

Wavelength dispersive electron microprobe
(lent to JAMSTEC)

Energy dispersive electron microprobe analyzer

Wavelength dispersion type X-ray Fluorescence
analyzer

Energy dispersionty type X-ray Fluorescence
analyzer

Powder X-ray diffractometer

Liquids scinfillation system

lon chromatography

Gas chromatfography

[Aso]

Continuous seismic monitoring system for Aso
and

Kuju Volcanoes

Observation tunnel for ground deformation

Borehole temperature monitoring system for
Aso

Video monitoring system of Aso and Kuju
Volcanoes

Proton and fluxgate magnetometers

Geomagnetic absolute measurement system

Titmeters
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Instruments and Facilities
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Automatic fifration system

Piston cylinder type high pressure apparatus

Laser ablation system

inductively coupled plasma mass
spectrometer(ICP-MS)

Thermal ionization mass spectrometer(TIMS)

Externally heated diamond anvil cell {at Kyoto)

Raman microscope (at Kyoto)

FI-NIR specirometer

IR microscope

Heating and cooling stage (at Kyoto)

Portable seismometers (broadband short
period)

Car-mounted seismicsource

Gravimeters

Magneto-Teliuric measurement
system(broad-band fype, ULF, ELF, VLF-band)

Electronic distance measurement system

Leveling survey system {automatic reading)
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[Beppu]

An analysing system of frace element and isofopic compositions
Radicgenic isofope and trace element compositions of natural samples (e.g. rock and water,
etc.) provide us important information about source materials of a sample, generaling processes
from the sources and age of the sample formation. Therefore isotope and frace element
compositions of natural samples are important for investigating the phenomena accompanied
with marterial fransfer, such as magma genesis and mantle-crust recycling. Hence, we established
an analytical method for determining frace elements by using an inductively coupled plasma
masss spectrometer {FAg. 1) and for isofopic ratfios of Sr, Nd and Pb: employing o thermal ionization
mass spectrometer (Fig. 2) at Beppu Geothermal Research Laboratory (BGRL). The system
presented here is made from collaboration with Institute for Frontier Research on Earth Evolution.
The methods of chemical preparation for the each analysis were also established. All our chemical
procedures are performed under a clean environment, which is basically handmade with our
onginal design (eg. Fig. 3). The analytical methods established af BGRL realize the precise analyses
of trace and isotopic compositions of ulira frace amounts of the samples (Fig. 4). Furthemrmore, we
are developing methods fo redlize the mass production of the assay tests. By employing the
described analytical methods, we are progressing with the study of magma genesis and material
franster in the manile, efc.
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Fg. 1. Inducfively coupled plasma mass

spectrometer

Fig. 3. Sample evaporation ssfem under the ulira
clean environment

Fig. 2. Themal ionization mass specirometer

Present analysis capabhility

Isotope Ratios
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Fig. 4. Analytical method for isotopic and frace element compositions established at
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Graduate School of Science, Kyoto University
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Beppu Geothermal Research
Laboratory
Noguchibaru, Beppu, Oita 874-0903
Japan
Telephone: +81-977-22-0713
Facsimile: +81-977-22-0965
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Homepage: hitp://www.vgs.kyoto-u.ac.jp

Aso Volcanological Laboratory
Minamiaso, Kumamoto 869-1404,
Japan

Telephone: +81-967-67-0022
Facsimile: +81-967-67-2153
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Front Cover Image: A strombolian eruption at the Nakdake 1st crater of Aso volcano in April 2015.
(Photo by A. Yokoo)
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