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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 nine times in Kyoto campus, and the
cooperative relationship between our institute and Graduate School of Science was intensified. Taking
into consideration on the subjects related to remote institutions from main campus, we need to make
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
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constantly for seminars and special lectures.

In personal affairs, Dr. Akihiko YOKOO joined us as an Assistant Professor at Aso Volcanological
Laboratory in September 2010. Prof. Kang-Min YU from Korea worked at Beppu as a visiting professor
from December, 2010 to May, 2011. As a postdoctoral associate, Dr. Yorinao SHITAOKA joined in
June 2010, and Dr. Marie PYTHON left to Hokkaido University. Dr. Makoto YAMADA left to Nara
Women’s University. Dr. Masaya MIYOSHI moved to The University of Tokyo at the end of March 2011.
Dr. Yayan SOFYAN was adopted in Aso in December 2010, and Dr. Shogo KOMORI and Dr. Keiko
YAMAMOTO joined in April 2011. At the April of 2011, Prof. Tsuneomi KAGIYAMA promoted as a

new director of Institute for Geothermal Sciences.

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.
Beppu, June 2011,

Keiji TAKEMURA,

Professor/Director of 2010 fiscal year
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2. WF32iE8) Research Activities

2.1. BENILFERFZ  Institution Collaboration

CO2 bearing saline aqueous fluid inclusions in olivine of peridotite xenoliths of Pinaiubo

1991 ejecta.

T. Kawamofto, Y. Kumagai, M. Yoshikawa and 1. Kobayashi (Kagoshima Univ.)

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

Many fluid inclusions less than 30 micrometer in diameter are present in olivine. Raman
spectroscopy shows that those fluid inclusions are mainly composed of H.O, magnesite,
unidentified crystal and a bubble. Raman spectra indicate the presence of hydrous
mineral on a wall of host olivine, which can be chrysotile or talc. In addition o these
phases, CO2 vapor and liquid exist in inclusions. These suggest that the inclusions were
composed of HxO-CO2 and reacted with olivine to form talc, magnesite, and CO2 -
bearing aqueous fluids. Using a cooling stage, we determined meliing temperature of
ice or in some inclusions CO», clathrate, and estimated NaCl equivalent amount
dissolved in the fluid inclusions to be 1-14 weight %.

As a pioneer work, Roedder {1965, American Mineralogist) reported CO» inclusions
commonly observed in mantle xenoliths in worldwide. One exception was CO2-H20
inclusion from orthopyroxene in a peridotite xenolith of Ichinome-gata volcano, at
back-arc side in the northeast Japan arc. For last 15 years, H2O inclusions have been
reported from several peridotife xenoliths in subduction zones: from lraya, Bataan

{Schiano et al., 1995, Nature}, Linir, Papua New Guinea {Mcinnes et al., 2001, Earth and



Planetary Science Letter) and Avacha, Kamchatka (Ishimaru and Arai, 2008, Geological
Society, London, Special Publications). The present description of the fluid inclusions in
the Pinatubo peridotites indicates that CO2 bearing saline aqueous fluids can be

present beneath the volcanic front of Bataan arc, Philippines.

Genetic relationship between the post-caldera and caldera-forming magmas of Aso

volcano, SW Japan: Consfraints from $r isolope and frace element compositions

M. Miyoshi, T. Shibata, M. Yoshikawa,
T. Sano (National Museum of Nature and Science),
1. Shinmura (Kumamoto Gakuen Univ.)

and T. Hasenaka (Kumamoto Univ.)

We analyzed Srisotope and frace element compositions of the post-caldera volcanic
products of Aso volcano on central Kyushu so as to investigate the genetic relationship
between the last caldera-forming (Aso-4) magmas and post-caldera magmas. The
875r/8¢Sr of magmas are drastically changed from homogeneous (0.7041-0.7042)
caldera-forming stage 1o heterogeneous (0.7040-0.7044) post-caldera stage. In
addition, the obtained geochemical data suggest that the Aso-4 magma did not
contribute to the origin and compositional evolution of the post-caldera magmas (Fig.
1}). These observations indicate that the post-caldera magmas were probably

generated independently from the Aso-4 magma. {published in JMPS, Feb 2011)
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Recent seismic activity in and around the Beppu graben, Kyushu, Japan.

T. Ohkura, H. Mowatari and K. Takemura

Since July 2007, seismic activily in the Beppu graben has been monitored by real-fime
telemetry system using IP-VPN network. And since April 2008, seismic data of Hi-net, JMA,
and Kyushu Univ. have been combined to locate earthquakes in and around the
graben. Fig.1 shows epicentral distribution with seismic stations used in this study. In this
figure, dll the epicenters are plotted, which were automatically located within the RMS
residual fravel time of 0.15 second.

We relocated events in the rectangular area of Fig.1 using manually picked P- and
S-arrival fimes. In Fig.2, epicenteral distribution in the area is shown with the E-W and N-§
cross sections. As indicated in the previous works {Annual Report FY2000 and FY2002),
the lower limit of seismicity shown in the E-W cross section becomes shallower toward the
eastern flank of the active volcanoes; Mi. Garan and Mt Tsurumi and there is an
aseismic zone af a depth of 5 km, where a high electric conductive body is located by

electromagnetic surveys (NEDO, 1989).

Acknowledgements
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Fig. 1 of Miyoshi et al. 1/3r vs. 87Sr/86Sr diagram for the post-c aldera volcanic products.
(a) The dark shaded rectangle shows the compositional range of the estimated partial
melfs (from 1 to 100 % of modal batch melting) of mafic lower crust beneath Kyushu
{granulites and gabbros) The light shaded rectangle indicates the compositional
range of the estimated partial melt (from 1 to 100 % of modal batch melting) of silicic
upper crust {(granodiorites) from cenftral Kyushu. The area circled with thin line shows
the compositional range of Aso-4 pyroclastic flow deposits. (b) The magnified figure
of (a). The dotfed area shows the compositional range of Aso-4 dacites and rhyolites.
Two thin lines connecting the Aso-4 dacites and rhyolites and basalts are the mixing
lines among them. Arrows show the possible compositional evolution processes.
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Fig. 1 Epicenter disiributions (open circles) in the period from April 2008 o March 2011, as
determined automatically using IGS, Hi-net, Kyushu Univ. and JMA data. Solid squares
show seismic station. Solid lines are active fauits. A rectangular denotes the area which is

shown in Fig. 2.
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Fig. 2 Relocated epicenter distributions in the area shown in Fig. 1. period from April
2008 to September 2010 with E-W and N-S cross-sections. Triangles and solid lines

show active volcanoes and active faulls, respectiveiv.



Ideniificatlion of the maiier resuliing in the discoloration o brown of the blue-green lake
wafer in the summit crater of Mi. Shinmoe-dake, Kirishima Volcano in Southern Kyusyuy,

Japan

S. Ohsawa, T. Kagiyama, H. Yamauchi (JMA) and 1. Koeda (JMA)

1. Intfroduction

Active crater lakes on Holocene volcanoes display various colors, which result from
absorpiion and scattering of sunlight by dissolved and/or suspended materials in the
lake waters [Oppenheimer, 1997; Delmelle and Bernard, 2000; Onda et al., 2003).
Moreover, convective circulation, particle sizes and chemical precipitaiion in crater
lakes are possibly to enhance changes in color of the water bodies. For example, at
Crater Lake of Ruapehu Volcano, New Zedland, a transition in the lake's color from
blue-green 1o pale grey indicates remobilization of lakebed sediments due to vent
activity (Christenson and Wood, 1993; Christenson, 1994) and similar cases have been
reported in other craier lakes (Delmelle and Bernard, 2000). Temporary color change
from blue-green to solid green has been observed at Yudamari crafer lake of Aso

volcano, Japan, before eruption

occurred atf the lake bottom and the | sapansea JSro.
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was observed at the summit crater lake of Mtf. Shinmoe-dake called shinmoe-ike,
Kirishima volcano in southern Kyushu, Japan (Fig. 1A).

Kirishima Volcano is a quaternary andesitic composite volcano occupying an area
about 20km x 30km elongated in the northwest to southeast direction and containing
more than 20 eruptive centers, which have been repeatedly active. M. Shinmoe-dake
is a small stratovolcano situated at the central part of Kirishima Volcano, and more than
50 eruptions occurred mainly at this volcanic edifice and also Mt. Ohachi have been
documented since A.D.742 (imurg, 1992). Fumarolic activities have seen on the inner
slope of the crater of Mi. Shinmoe-dake and their gases have been geochemically
investigated well (Hedenquist and Aoki, 1992; Ohsawa et al., 1995; Ohba et al., 1997;
Sato et al., 1999). At a recent eruption occurred on August 22, 2008, an eruption fissure
frending E-W direction and about 0.8 km long opened from the inside of the summit
crater of Shinmoe-dake to the western upper slope, and volcanic ash erupted from the
fissure drifted to NE and covered an area extending more than 30 km from the volcano
{Geshi et al., 2010}. The discoloration of the crater lake water occurred about 8 months
later after the 2008 eruption and continued for about 2 months {from the end of April to
the begging of July, 2009}). Our aim in this study is to analyze the factors leading the
brown discoloration of the lake water body by means of geochemical analyses of
dissolved chemical components and suspension of lake water, and lakebed sediments.

This year, we will report the origin {cause matter} of the discoloration to brown of the

blue-green lake water.

2. Sampling and methods

The crater lake of Mt. Shinmoe-dake, whose diameter is about 200m and depth might
be 30m, has no regular surface inlets or outlets (Fig.1B). Chemical information of this
crater lake is scarce but it was reported in Ohsawa (1992} that the lake water was
acid-SO4 type ([SO2Z]=144mg/L, [CH=0.7mg/L} and pH was 3.1 on 24 July 1988. There will
be no subaqueous fumarole at the bottom of the lake, judging from that surface
temperature of the lake is seasonally varied in response to change in air femperature
{unpublished datfa of Kagoshima Local Meteorological Observatory).

Water samples for chemical analyses were collected from the crater lake on 14 May
2009. Measurement of water temperature was carried out at the site with taking

photograph of the lake by a digital camera. Moreover, sample of lakebed sediments



was collected on the same day. Color of the crater lake water, described in terms of the
chromaticifies x and y of the Yxy standard color system established by the Commission
infernationale d'Eclairage (CIE) in 1931, was converted from RGB data of the crater lake
on the digital photographs taken by means of a function of the Adobe® Phofoshop
Elements {the Photoshop histogram}. The digital photograph for 1988 was prepared from
a photo print obidined by a still camera using a flatbed scanner.

Major dissolved chemical components were determined with ion chromatography
and pH was measured with a digital pH meter. Total Fe [sum of ferrous and ferric ions
[Fez++Fed*)] was analyzed using spectrophotometry with the 1,10-phenanthroline
method after reducing Fe3* with hydroxylamine hydrochloride; Fe?r was determined
without Fe?* reduction using the specirophotometric method. The Fe3+* concentration
was obtained by subfracting the conceniration of Fe?* from that of total Fe. X-ray
flucrescence (XRF) and FT-IR analyses were conducted for filtered suspension in the lake
water sample (ca. 7mg from 340ml} obtained on 14 May 2009 using the 0.45 u m pore
size membrane filter. The XRF analysis was carried out using a JEOL {Nihon-Denshi)
JSX3220 energy-dispersive X-ray spectrometer with an X-ray tube of rhodium target (Rh).
The FIIR specirum of the suspension sample was recorded by a Nicolet 6700 FTIR
specirometer attaching a horizontal ATR accessory with a diamond crystal as reflection
element. Color measurement of the filtered suspension sample was carried out using o
model CM-503i colorimeter produced by Konica Minoruta Holdings Inc. Powder X-ray
diffraction (XRD) analysis of a fine part of the lake deposit sample was done using a
Rigaku Miniflex X-ray diffractometer with an X-ray tube of copper target {Cu} after

drying at an ambient temperature.

3. Results and discussion

As shown in Fig. 1C, the hue of the discolored lake water in brown, whose value is
extracted from the digital photograph taken on 14 May 2009, agrees with that of the
brown suspension collected from the water sample at the same time. This result
objectively shows that the brown discoloration was due to the brown suspension,
therefore identification for the suspension is equivalent to know the cause of the
discoloration. Moreover, the brown suspension is likely 1o be a sort or a variety of ferric
hydroxide minerals such as goethite (FeOOH) or jarosite (KFes(SOu4)2{OH)s) experientially

supposed from its color, and also pH and chemical composition of the lake water as the



Table 1 Surface tfemperature, pH and concentrations of dissolved materials
of water on May 14, 2009. “n.d.” is an abbreviation for not detected.

Tw Cl SO, Na K Mg Ca Fe** Fe*
pH
) (mg/L) | (mg/ll) | (mgL) | (mg/L) | (mg/L) | (mg/L) | (mgl) | (mg/L)
22 1276 2.0 343 4.0 1.0 4.0 63.0 32.2 n.d.
—. 6000
g Fexy
3 - % peaks from target (Rh)
O
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Fig.2 Result of X-ray fluorescence analysis of the brown suspension
sample collected on 14 May 2009.
mother solution (Table 1).

The result of the XRF analysis of the suspension sample shows that it has Fe as a
principle element (Fig. 2}, and then this strongly supports that the brown suspension will
be a kind of ferric hydroxide minerals as mentioned above. It also contains of S and S,
and the relatively large signal of S suggests that S is not a minor component (Fig. 2}. in
addition, Kis not detected, therefore it is inferred that the suspension will not be goethite
ond jarosite but should be Schwertmannite (FesOg(OH)sax(SQ4)x [1 =x=1.75]). The FI-IR
analysis gives one of persuasive evidences for the vdalidity of the inference (Fig. 3). As
shown in the IR absorption spectrum pattern, some typical spectrum from
schwerimannite can be seen at the wave numbers of somewhat larger than 1000cm-.
For your information, a fry by the Laser-Raman anclysis was not succeeded because
mineral structure change of the sample was occurred by heating of laser such as
suggested by Mazzetti and Thistlethwaite {2002). The other evidence is provided by a
chemical speciation of the sampled lake water as shown in Fig. 4., and schwerimannite

was oversaturated with the lake water discolored in brown. Consequently, we conclude
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that emergence of schwerimannite is the immediate cause of the discoloration fo
brown of the blue-green lake water.
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For elucidation sources of dissolved inorganic carbon (DIC) in hot spring waters
discharged from the non-voicanic region beiween Aso and Kirishima volcanoes of
Kyusyu District, Japan, and dlso in order fo search a deep-seated agueous fluid derived
from subducting oceanic plate in the region, we analyzed major chemical components,
8D and 680 of water and 63C and concentration of DIC of the hot spring waters.
Although water of every hot spring is originated from meteoric water shown by water
isotopic data (6D and 6180}, relationships between §13C and concentration of DIC
demonstrate that the DIC should be formed by mixing of soil and two kinds of
deep-originated COa. This idea is supported by isotopic data of rare gases (3He/4He vs.
‘He/PNe) and relation between concentrations of Ca and HCOs ions. 1t is confirmed
that the two kinds of deep-originated CO2 are mantle-derived CO» and CO- originated
from subducted marine carbonate by a calculation of contributions of source carbons
of selected hot spring waters. Moreover, we calculated respective contribution ratios of
deep-originated CO2 fo DIC of dll the hot spring waters on the basis of the linear relation
observed between contribution ratios of deep-originated CO2 and 613C values of DIC of
selected hot spring waters, and expressed hot springs showing high contribution rafios
{255%) on a published map showing crustal resistivity structure of this studied areaq,
thereby it appears that hot springs rich in DIC derived from the subducted marine

carbonate are roughly concenirated on low electrical resistivity zone extending NE

Kirishima

© Hot spring rich Inmantle-CO2 J TL-a : Olta-Kumamoto Tectonic Line

. J TL~b : Usuki~Yatsusiro Tectonic Line
@ Hot spring rich in CO2 fromsubducting oceanic plate fTL-c : Butsuzo Tectonic Line

O Hot spring poor in deep-originated COz S TL-d : Nobaoka-Shioyama Tectonic Line

Fig.1 Geographical distribution of hot springs showing high contributions of deep-originated CO,
overlaid on maps showing (&) resistivity distribution in 10-30km depth illustrated by Kagivama
and Munekane (2006) and (b) major tectonic lines and isopleth of depth of subducting
Philippine-sea plate.



direction from Kirishima volcano {Fig. 1). This result suggests the possibility that an
associated aqueous fluid of dehydrated fluid from subducting oceanic plate forms the
low electrical resistivity zone. On the other hand, distributions of high contributions of
mantle-originated CO2 of hot spring waters are concentrated in the Hitoyoshi Basin
which is thought to be a tectonic basin formed by fault movement, and this result
suggests that a passageway for rising of mantle-derived CO2 must be formed in the crust

under this area. (published in J. Hot Spring Science of Japan, 60, 418-433, 2011)

Preliminary report: for Thermoluminescence daling of lava rock from Oninomi

monogenetic volcane in ceniral Kyushu, Japan

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

and T. Nagatomo (Nara Univ. of Education)

Abstract

This study reports eruption age of basaltic rocks from Oninomi monogenetic volcano,
which is located in central Kyushu, Japan. The age was determined by
thermoluminescence (TL} method for quartz. Generally, quariz is disequilibrated with
mafic magma such as basaliic one. The present quariz grains are therefore crustal
xenocrysts captured during ascent of Oninomi magma. This speculafion is corroborated
by the occurrence of rounded or allotriomorphic shape of the quartz.

Paleodose and annual dose were estimated using a standard mutiiple-aliqguot
protocol and gamma ray spectrometer, respectively. The resulting TL age is 13.4 £ 6.0 ka.
The lava exists between two widespread tephras, which are Aira-Tanzawa ash (AT) {ca.
26—27 ka) and Kikai-Akahoya ash (K-Ah} {ca. 7.6—7.7 ka). Consequently, the TL age is

stratigraphically consistent and exhibits availability of quariz as a probe for dating of

mafic rock.

1. Infroduction

Oninomi monogenetic volcano (Fig. 1} in the Yufu-Tsurumi Graben in central Kyushu,
Japan consists of a scoria cone and two lava flows. The geochemical characteristics of

these lava flows are different from Tsurumi and Yufu Volcanoes [Ohta et al., 1992), which
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Fig 1. Location map of in this study. Loc. ] is sampling point of a lava flow of Oninomi
volcano. Loc.2 is observation point of stratigraphy, whicih is K-Ah on a lava flow of

Oninomi volcano {see Fig. 2).

are aclive volcanoes adjacent to Oninomi volcano. It likely suggests that magma of
Oninomi volcano has a different source from that of Tsurumi and Yufu volcanoes. Thus
eruption ages of the volcanoes are absolutely vital in considering evolutive process of
arc magma.

According to the stratigraphical approach, eruption age of Oninomi volcano was
estimated as follows. The lava flows of Oninomi volcano exist between two widespread
tephras (Ohta et al., 1992}, which are Aira-Tanzawa ash {AT) (ca. 26—27 ka) and
Kikai-Akahoya ash (K-Ah) {ca. 7.6—7.7 ka)} (Shitacka et al., 2011} (Fig. 2). Taking
radiocarbon ages (14C) for tephra layers on Tsurumi volcano info consideration, the age
of the lava flows of Oninomi volcano was estimated to be 29—10.5 cal ka BP (Fujisawa
et al., 2002). The stratigraphic constrains for the eruption age of Oninomi volcano had
been important to reconstruce evolutive history of the active volcanoes in this region.
The numerical age for the lava rock of Oninomi volcano, however, has not been
reported yet, because it is not easy to determine such a young age for mafic lava.

The lava rock of Oninomi volcano contains up to 0.6 vol.% of quartz whose size is ca.

0.5-1.0 mm {Ohta et dl., 1992). The quariz grains show rounded shape, which is due fo
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Fig 2. Strafigraphy at Loc.2. K-Ah is on a lava of Oninomi volcano.

resorption, suggesting that the quariz grains were crustal xenocrysts and were captured
during ascent of the lava. Xenocrysts can lose luminescence signals easily because of
heating by surrounding magma. Therefore the quariz grains in the lava flows of Oninomi
volcano might be applicable to thermoluminescence (TL) dating. In this paper, we
measure luminescence signal from quartz grains using TL method, and determine the

eruption age for the lava flow.

2. Experimentdals
2.1. Sample and geological background

The coexistence of Within-Plate (WP) type and Island-arc (1A} type magmas is a
common signature of magmatism within large graben system associated with
subduction zones (Leeman et al., 1990; Luhr, 1997; Kita et al., 2001). Beppu graben,
which is located in northern volcanic front of Kyushu, is one of the most active graben in
southwestern Japan. The magmatism in and around Beppu graben is quite complex,
because the IA-type, WP-type, High-magnesian andesite, and adakite-ike magmas
coexisted within the same region (Kamata, 1989; Nakada and Kamata, 1991; Sugimoto
et al., 2006).

Nakada and Kamaia {1991) indicated that the composition of volcanic rocks from
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northern Kyushu entirely varied from WP-type to |A-type with time after the subduction of
Philippine Sea plate started (6 Ma), and argued that this temporal change of magmatic
type shows progressive metasomatism of the source mantle by descended oceanic
slab components. On the other hand, Ohta et al (1992) pointed out that Quaternary
WP-type basalt exceptionally erupted from Oninomi monogenetic volcano in Beppu
graben. Thus the magmatism and its tectonic background in Beppu graben are sfill
confroversial.

To clarify the relationship between evolution of magma source and tectonics,
eruption ages of the volcanic products are essential. However, the reported absolute
ages of young volcanic rocks are significantly limited in Kyushu. In this paper, therefore,

we report the eruption age of WP-type Oninomi volcanic products by using TL method.

2.2. Sample preparation and instrumention

Samples used in this study were collected from a lava flow of Oninomi volcano (Fig. 1).
Surface layer of the rock samples, which had been exposed to sunlight resulting in
reduction of their luminescence, was removed with a diamond cutter. Then the samples
were sieved into a fraction of 250—50 pym using a crusher and standard sieves. The
sieved samples were treated with 20% HCI for 90 min. initially feldspar and the other
minerals excepting quartz were separated by etching with 20% HF for 90 min. The
eiched fraction {natural sample) was sieved into 150—75 um to remove any smaller
grains and partially etched feldspars.
TL measurements were performed using a Neoark TL/OSL reader NRL-99-OSTL
(Nagatomo et al., 2007) ot Nara University of Education. Samples were heated at a rate
of 5°C/sec from 100 to 400°C in atmosphere of nifrogen. TL from a sample is lead to PMT
(R1140P, Hamamatsu photonics Co., Lid., Japan) housed in a cooling unit (-20°C)
through twao condensing lenses and Schott BG39 filter. Additive doses were administered

using a Risg %0Sr/90Y beta-ray source at Nara University of Education.

2.3. Paleodose and annual dose estimation

A standard multiple aliquot additive dose (MAAD) protocol (Aitken, 1985) was applied
1o the freated sample. In the MAAD protocol, TL is measured for both natural sample
and addifive dose sample (artificially iradiated samples). The sample were divided info

20 fractions, then some fractions exposed to 25, 50, 75 Gy with the 90Sr/%0Y beta ray at a
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Fig. 3. TL glow curves [left) and TL growth curve {right). The equivalent dose (ED} and
the non-linearity correction were estimated by TL growth curve. The plateau areg

(integrated area) is 265-280°C.

dose rate of ca. 4.7 Gy/min (Shitacka et al., 2006). The equivalent dose of sample can
be estimated by fitting the data assuming linear dose dependence. Thus, for correcting
the non-linear portion in the low dose region, we measured TL of the samples annealed
at 350°C for 60 min.

The annual dose (dose rate] measurements were performed using gamma-ray
specirometer. The concentrations of U, Th and K in the sample were analyzed by a Ge
gamma-ray detector (EGSP 8785, Eurisys Measures) at Nara University of Education. The
annual dose was calculated using the dose-rate conversion factors ([Adamiec and
Aitken, 1998). Contributions of cosmic-dose rate to the annual dose were assumed as

0.15 mGy/a by following Prescoft and Hutton (1994} and Shitaoka et al. {2009).

3. Result and discussion

Fig. 3 {left) shows the result of TL measurement. The equivalent dose was estimated by
exirapolation of linear trend in diagrams of TL. growth vs. dose {Fig. 3, right). Temperature
region of 265—280°C is satisfied with plateau test (Aitken, 1985). The estimation method
for non-linearity correction (A in Table 1) is analogous to that of equivalent dose.
Paleodose of the sample is sum of the equivalent dose and the non-linearity correction.
The annual dose was obfained as sum of beta, gamma and cosmic dose rate. The

paleodose, annual dose and TL age obtained are listed in Table 1.
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Table 1. The result of TL dating

Equivalent dose Paleodose B ray v +Cosmic Annual dose TLage
1Gy) 216y (Gy) Ulepm) | Thippm) | KO WIZI | (Gyia) | ray mGyra) | (mGy/a) (ka)
34,6263 -7.9410.1 | 267119 | 0.90£0.08 | 5.50£0.35 | 1.41£0.10 | 1.19:%0.06 0.80:+0.03 1994007 13.4%6.0

Error of the paleodose was ca. 45% as shown in Table 1, which was caused by
scattering of data in the glow curves of additive dose samples (Figure 3 {left)). It is quite
likely caused by either instability of detector or imperfect zeroing of the sample. To
reduce the uncertainty of obtained paleodose, it will be necessary to repeat the TL
measurement or 1o develop the TL detection system.

Obtained TL age of the lava flow of Oninomi monogenetic volcano was 13.4 + 6.0 ka.
The lava flow exists between AT and K-Ah {Ohta et al., 1992}, which the TL ages of AT
and K-Ah are ca. 26—27 ka and ca. 7.6—7.7 ka, respectively (Shitaoka et al., 2011). Thus,
the TL age of the lava flow is strafigraphically consistent with the reference data of the
tephras. Fujisawa et al. {2002) proposed that the age of the lava flow of Oninomi
monogenetic volcano was a liftle older than ca. 10.5 cal ka BP, which is within the error
of the present TL age.

Consequently, it is safe to say that the xenocrystic quartz has a potential to elucidate

eruption age of host magma even if the magma has a mafic composition.

4. Conclusions

We performed TL dating for a basalfic lava flow of Oninomi monogenetic volcano,
which contains a small amount of xenocrystic quartz. We obtained the TL age of 13.4
6.0 ka, which is sfratigraphically consistent with the reference ages of surrounding

widespred tephras. The present result suggests that quartz serves as a probe for TL dating

even for mafic magma.
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Pyroclasiic flows from Aso Caldera, cenfral Kyushu, Japan - TL dating of Aso-4 and Aso-3

pyroclastic flows

K. Takemura, Y. Shitacka, T. Shibata and M. Mivoshi

1. Infroduction

Four fimes of gigantic eruptions from Aso Volcano are recorded by pyroclastic flows
and widespread tephras distributed in and around Japanese Island (Machida & Ardi,
2003 etc) during past 300 thousand years. Gigantic eruptions are called as Aso-1, Aso-2,
Aso-3 and Aso-4 pyroclastic flows in ascending order (Ono and Watanabe, 1985).
Scientific works such as petrology on volcanic products, geophysical prospecting in and
around caldera region, mode of eruption during caldera forming are progressing.

There are several main subjects regarding on the large eruption and materials related
with caldera formation at Aso Volcanic region. (1) volcanostratigraphical and
chronological subject (2) volcanological and volcanotectonic subject (3) petrological
and geochemical subject on volcanic rocks {4) Paleogeographical and
paleotopographical subject, and evaluation of natural damage by eruption (5) present
hydrological and geomorphological subject, and utility and resources of erupiive
product (Takemura et al., 2010).

In the report in 2010, we summarized the chronological assumption on the eruption

ages of four pyrociastic flows from Aso Caldera region, and we infroduce the tentative
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result of TL dating of Aso-4 and Aso-3 pyrociastic flow deposits in this report.

2. Chemical characteristics and reported ages of Aso-4 and Aso-3 pyroclastic flows

Chemical characteristics of Aso-4 and Aso-3 pyroclastic flows:

Geochemical characteristics of volcanics from Aso volcano show temporal variation
with time from pre-caldera, caldera, post-caldera stages (Furukawa et al., 2009; Miyoshi
et al, 2011). The temporal change is also observed from within caldera stage {Hunfter,
1998; Furukawa et al., 2007). According to Hunter (1998}, Aso pyroclastic deposits of
caldera stage have wide range of chemical compositions (SIO2 = 52.8 to 69.4 wt %). All
the unit of Aso 1 to 4 shows different chemical and isotopic variations. Although major
and trace element compositions of Aso 1 — 4 show similar frends at < 62 wt % SiO2, Aso 1
and 2 and Aso 3 and 4 show different tfrends at > 62 wt % SiO2. It can be observed, most
remarkably, form the variations of FeO*/MgO and SiO2. FeO*/MgO ratios decrease from
Aso 1to 4, and Aso 1 and 2 and Aso 3 and 4 classified to tholiitic and calc-alkaline series,
respectively, by the definition of Miyashiro {1974). The enrichment of large lithofile
elements and depletion of high field strength elements are observed form Aso 1 to 4,
which are the typical characteristics of island arc magma. Concenirations of those
incompatible elements tend to decrease from Aso 1 fo 4 (Furukawa et al.,, 2009).
Isotopic composition of Sr changes from heterogeneous (875r/86Sr = 0.70410 to 0.70445)
10 homogeneous (87Sr/86S5r = 0.70402 to 0.70412) with fime from Aso 1 to 4, while that of
Nd is relatively homogeneous through all unifs. Hunter (1998) explained those
geochemical characteristics of caldera stage magmas by fractional crystallization with
crustal assimilation {AFC}) model, and emphasized that the different chemical
compositions among Aso 1 and 2 and Aso 3 and 4 are caused by difference of
fractionating assemblages. Furukawa et al. (2009) suggested that frace and isotopic
compasitions of pre-caldera stage is similar to Aso 1, and those of post-caldera are more
heterogeneous compared 1o pre-caldera stage and Aso 1 [Miyoshi et al., 2011}. From
those observations, geochemical characteristics of Aso 3 and 4 magmas are most

closed to upper manile characters.

Reported ages of Aso-3 and Aso-4 pyroclastic flow:

As0-3 pyroclasiic flow:

The reported radiometric ages of Aso-3 pyroclastic flows are listed below. They are
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103%4.2ka by fission frack dating (Okaguchi, 1978}, 110£3ka by TL dating (Nagatomo,

1990). The K-Ar ages measured using the lava flows between Aso-3 and Aso-4 cycles are
about 90-120 ka (ltaya et al., 1984). Matsumoto ef al. (1991) also obtained the K-Ar age
of 123+é6ka. Recent reports (Kamata, 1997; Ono, 1996 etfc) are mentioned about 120ka
as the age of Aso-3 pyrociastic flows. From the viewpoint of strafigraphic approach,
Aso-3 tephra is discovered af the horizon close to marine isotope stage 5.5, which is the
age of peak of the last interglacial period. Therefore, relationship between marine
fransgressive sediments and tephra horizon is imporfant information According to recent
information, Aso-3 tephra is located at the horizon between stage é and stage 5.5
{Shimoyama et al., 1999), and Nagahashi et al. {2004) calculated about 133ka as the

age of Aso-3 eruption.

Aso-4 pyroclastic flow

Reported radiometric ages are lisied below. In 1940's, 14C measurements on samples
related to Aso-4 pyroclastic flows were carried out. Those resulfs indicated that the Aso-4
eruption occurred at the age of about 30ka; however, these results are based on the
measurement of limitation of 1¥C method. Since late 1970’s, other radiometric methods
were used. Tamanyu {1978) reported fission track age of 84+25ka, and Omura &t al.
{1988) measured the age of 80xZka by U-Th method. Matsumoto et al. (1991) reported
the age of 89t7ka by K-Ar method. Recent reports (Kamata, 1997; Ono, 1996 efc) are
mentioned about 90ka as the age of Aso-4 pyrociastic flows. From the Stratigraphic
approach, recent information from long continuous record from ocean sediments and
Lake Biwa sediments indicate 87 ka {Nagahashi et al., 2004} and 87.1 ka (Aoki et al.,
2008}, though Machida et al. (1985} assigned the age of Aso-4 eruption as about 70ka
stratigraphically.

3. Samples and Petrography

Sampling locations of ASO-3 and ASO-4 pyroclastic flows are shown in Fig. 1. Samples
{size ca. 7 — 20 cm in size) were collected in the field with no special precautions against
exposure fo sunlight.

Aso-4 (Thin section No. 1.}):

The sample is densely welded iuff, and includes ~10 vol. % crystal content, as

plagioclase (4 vol. %, 0.6-1.6 mmj}, homblende {2 vol. %, 0.8-1 mm) plus minor (<1 vol. %)



133°20° E

133°22' E

Fig. 1. Sampling locations of ASO-3 (Loc.1; 32° 54’ 22.2" N, 131° 20" 32.1" E} and ASO-4

131°24' E

131926' E
{Loc.2; 33°

10" 44.5" N, 131° 24" 56.5" E}. This is the 1:50,000 scale topographic map of Takeda published by

Geospatial Information Authority of Japan.

Fig. 2. Photomicrographs of Aso-4 welded fuff. Abbreviations: pl=plagioclase; opx=orthopyroxene;

cpx=clinopyroxene; hb=hormblende.

orthopyroxene {0.4-0.6

minerals (0.4-0.6 mm) (Fig. 2a). Crystals

mm},

Significantly compacted essential lenses
deformed glass shards and microlites. 5
fragments are observed. The relatively
Fig. 2 b show

{iddingsifes, and

clinopyroxene (0.4-1.4 mm) and opacque

show euhedral 1o broken shape.
and matrix represent eutaxitic texture with
vol. % of sub-angular shaped basaltic lithic
fresh lithics include olivine pseudomorphs

intergranular fexiure in their groundmass.
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essential lense

Fig. 3. Photomicrographs of Aso-3 welded tuff. Abbreviations: pl=plagiociase; cpx=clinopyroxene;

v=vesicle.

Aso-3 {Thin section No. 2.):

The sample is densely welded fuff, and includes ~7 vol. % crystal content, as
plagioclase (4 vol. %, 0.4-2.0 mm) plus minor (<1 vol. %) orthopyroxene (0.4-0.6 mm),
clinopyroxene (0.4-0.6 mm) and opaque minerals (0.2-0.4 mm). Crystals show euhedral
fo broken shape. Partficularly vesiculated and banded essential lenses and matrix show
eutaxitic texture (Fig. 3 a, b). Matrix is composed of deformed glass shards, fragmented
crystals and microlites. Approximately 20 vol. % of angular- or sub-angular-shaped
andesitic lithic fragments is observed. The groundmass of relatively fresh lithics shows

hyaloophytic texiure with plagioclase and pyroxene micro-crystals.

4. Preliminary study on Thermoluminescence dating of ASO-3 and ASO-4 pyroclastic
flows

Ages of recent large-scale eruptions of Aso volcano (ASO-3 and ASO-4) are essential
to investigate stratigraphy in Kyushu Island because tephra of the eruption are widely
distributed over the island and serves as key beds. A previous study reports
thermoluminescence (1L} age of these pyroclastic flows as 110.5 + 3.0 ka for ASO-3, and
78.4 + 2.3 ka and 71.0 £ 2.9 ka for ASO-4 (Nagatomo, 1990). However, the estimation
seems o be unsound. Recalculation of the original data (Adachi, 1989) show that TL
ages of plagioclase were 122 + 3 ka for ASO-3 and 101 £ 3 ka and 95 + 4 ka, for ASO-4
{Table 1). Furthermore, these samples were collected at open site and were no-welded
tephra. Consequently there is room for further investigation of the TL ages of ASO-3 and

ASO-4. This study describes the TL measurements of feldspar in welded samples from
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Table 1. TL data measured by Adachi (1989)

Equivalent A Paleodose B ray v +Cosmic Annual dose L age
dose (Gy) (Gy) (Gy) (mGy/a) | ray (mGy/a) (MmGy/a) (kat)
345+10 0 345410 2.40 1.01 3.41 10143
ASO-4
321=13 0 32113 2.24 1.14 3.38 95+4
ASO-3 449+13 26 47513 2.98 091 3.89 12243
Table 2. Annual dose of ASO-3 and ASO-4
B ray ¥ +Cosmic Annual dose
U {prm) Th{ppm] | KO (wi%) (mGy/a) | ray (mGy/aq) {mGy/a)
ASO-4 | 3.8240.20 | 12.32+0.55 | 3.86£0.22 | 3.25+0.15 1.88+0.06 5.12+0.16
ASO-3 | 3.78+0.21 | 13.48%+0.62 | 3.54+=022 | 3.14x0.17 1.90+£0.07 5.04%+0.18

ASO-3 and ASO-4 pyrociastic flows. Combinafion of the TL measuremenis with

upcoming data of paleodose will reveal the eruption ages of ASO-3 and ASO-4.

Sample preparation:

Samples (size ca. 7 - 20 cm in size) were collected in the field indicated in Fig. T and 2
with no special precautions against exposure to sunlight. Marginal im of each sample
was eliminated with etching by 20% HF for 24 hrs. Remnants were crushed in the dark
using a vice and then sieved into 50 — 500 um fractions through standard sieves. After the
sieved samples were treated with 20% HCI for 90 min, feldspar was separated from
magneftic minerals using a magnet.

Treatments of the feldspar from ASO-3 and ASO-4 using 5% HF were 10 min and 15 min,
respectively. The residue of ASO-3 was ca. 75 mg. We obtained ca. 1.4 g of residue from

ASO-4 by sieving with 75 ~ 150 um fractions.

Annual dose rate measuremens:

The annual doses {dose rate) of samples were determined from low-background
gamma spectrometfry measurements. The rock fragment used for the gamma
spectrometry is the same as that for TL measurements, avoiding possible effects of local
heterogeneity in the dose rate. Concentrafions of U, Th and K in ASO-3 and ASO-4
samples were analyzed with high-pure Ge detfector (EGSP 8785, Eurisys Measures) at

Nara University of Education. The annual dose was calculated using the dose-rate
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conversion factors (Adamiec and Aitken, 1998). The annual dose was obtained as sum
of beta, gamma and cosmic dose rate. Coniributions of cosmic-dose rate to the annual
dose were assumed as 0.15 mGy/a by following Prescott and Hutton (1994) and

Shitaoka et al. {2009). The annual doses of ASC-3 and ASO-4 are shown in Table 2.

Future experimental plan: Table 3. SAR-TL protocol
L measuremenis were performed Step Treatment Observed

using a Neoark TL/OSL  reader 19 Give dose, Di -
NRL-99-OSTL (Nagatomo et al., 2007) at 2 Preheat (200°C for 10s) -

. . . 3  TLreadout from 0 to 400 °C Li
Nara University of Education. Samples .

4 Give fest dose, 30 Gy -

were heated at a rate of 5°C/sec from 5 Cutheat (200°C for 10s) .
100 to 400°C in atmosphere of nitrogen. 6  TLreadout from 0 to 400 °C Ti
TL from a sample was lead to PMT 7__Relumiol -
{R1140P, Hamamatsu photonics Co., Ltd., {a) Step1; For the natural sample,
Japan) housed in a cooling unit (-20°C) i =0 and Dois the natural dose.

through two condensing lenses and
Schott BG39 filter. Regenerative-doses and Test-doses (see Table 3) were administered
using a Risg 903r/90Y beta-ray source at Nara University of Education.

For age determination of ASO-3 and ASO-4, Paleodose should be estimated. We have
a plan to measure paleodose of each sample using single aliquot regenerative-dose
(SAR) method (Murray and Wintle, 2000). The detailed measurements of the paleodose

will enhance the time resolution of the eruption ages.
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2.2. W& Scientific Reports

Conduciivily dishribution of the surface layer in the norithern Aso Caldera
T. Kagiyama, 8. Yoshikawa, M. Ufsugi and T. Asano

It is interesting to clarify the movement of hydrothermal water beneath volcanoes.
Because electrical conductivity of ground sirongly depends on the conductivity of pore
water, VLF-MT survey is a powerful tool o clarify the distribution of hydrothermal water in
the shallow depth. Aso Caldera has acid crater lake in Nakadake Volcano, which is one
of the post caldera cones, and has many hot springs within the caldera such as
Uchinomaki, Akamizu (Fig. 1). lf is interesting to clarify the diffusion of hydrothermal water
around Naka-dake, and the relation between Naka-dake and hot springs within the
caldera. On this aspect, the authors have carried out VLF-MT survey around Aso Caldera
to clarify electrical conductivity distribution in the surface layer. This report briefly
describes the result in the northern part.

Distribution of conductivity is presented in Fig. 2. Conductivity distribution shows two
fypical features; caldera floor has almost homogeneous and high conductivity (>
100uS/cmj, while the post caldera cones show wide range. Most cones such as

Kishima-dake and Ohjo-dake have lower conductivity {<30uS/cm), except around

Post caldera cones
Naka-dake Kishima-dake Yoshioka &

Fig. 1 View of Aso Caldera from the northern rim.
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Fig. 2 Conductivity distribution around the northern part of Aso Caldera and post
caldera cones by VLF-MT. Unit: uS/cm

Naka-doke Craters and western flank of post caldera cones such as Yoshioka and
Yunotani (>300uS/cm). Kusasenri Volcano, located between Naka-dake and Yoshioka
has also rather high conductivity (30-100uS/cm). These areas locate along the E-W trend
of the major post caldera cones. Most part of the northern flank of the post caldera
cones shows low conductivity (<30uS/cm). However, higher conductivity was found
around Sensuikyo, just north of Naka-dake Craters. This suggests down flow of
hydrothermal water from Naka-dake Craters to the caldera floor.

Caldera floor has almost homogeneous conductivity. This feature is explained by the
fact that the caldera floor was under the lake unfil 9 ka and is covered by lake deposit.
However, exiremely high conductivity was found at three areas (>500uS/cm). Two of
them correspond hot spring areas; Uchinomaki in the north and Akamizu in the west. The
third area is distributed around old post caldera cones, Mietsuka (Fig. 3). The age of
these cones was estimated around 46 ka(Matsumoto et al., 1991), and no hot spring is
distributed. High conductive zones, Uchinomaki, Mietsuka and Naka-dake are located
along the NNW-SSE line. Hydrothermal water may be supplied along this line.

These results suggest that hydrothermal water is supplied along the E-W trend crack
from Naka-doke to Yoshioka, mainly supplied beneath Naka-dake, and expanded 1o

the northern caldera floor. The NNW-SSE frend from Naka-dake to Uchinomaki may
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Fig. 3 Precise distribution of conductivity within the northern part of Aso Caldera.

suggest a tectonic fault.
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Synchrolron Radialion X-Ray Fluorescence Analysis of Aqueous Fluids and

High-Magnesian Andesite Melt Under High-Temperaiure and High-Pressure Condifions

T. Kawamoio, K. Mibe {Univ. of Tokyo), K. Kuroiwa and 1. Kogiso (Kyoio Univ.)

1. Infroduction

Silicate melis and aqueous fluids are maijor fluids in subduction zones. Elemental
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partition among minerals and these fluids is a key to under-stand the elemental fransfer
from subducting slab to mantle wedge. Partition between minerals and melts is relatively
well known, while pariition between aqueous fluids and melts remains fo be

investigated.

2. Experiments

Synchrotron radiation X-ray fluorescence analysis is conducied o know elemental
distribution between aqueous fluids and high magnesian andesite melt under
high-temperature and high-pressure (HTHP) conditions. We put Cs, Ba, La, Sm, Gd, Ho,
and Yb-doped high-Mg andesite with water or a saline solution (2.5 mol NaCl and 2.5
mol KCI per 1 kg water) in a metal tube + single-crystal-diamond lids and brought it
under HPHT conditions. We achieved HTHP conditions with SPEED 1500 Kawai-type
large-volume press installed at BLO4B1, SPring-8, Japan. Incident X-ray is a white beam
with energy ranging from 20 keV to 150 keV. During heating at a given pressure,
synchrofron X-ray radiography fechnique allows us fo observe a melt globule
surrounded by aqueous fluids through the diamond windows (Mibe et al, 2004). SR-XRF
spectra are collected from the melt globule and the aqueous fluid using an SSD

detector placed with 6 degrees fo incident X-rays.

3. Resulis

A series of experiments has been carried out atf pressures of 1, 1.5, 2 and 2.2 GPa. The
spectra show characteristic X-ray peaks of the doped elements superimposed on a
continuous X-ray background. At 1 GPa, no characteristic X-ray peak from any doped
element is observed in Cl-free fluids and all the doped elements are partitioned into
melfs. At 1.5 GPa and greater pressures, only Cs is found in Clfree fluids, with one
exception of small X-ray peak of Ba at 2 GPa. In contrast, X-ray peaks of Cs and Ba are
observed in saline solutions at 1 GPa. In addition to Cs and Ba, a small peak of La is also
found in the saline solutions at 1.5 GPa and greater pressures. The other elements (Sm,

Gd, Ho, Yb} are found only in melts at all conditions.

4., Discussion
NaCl and KCI in aqueous fluids have large effects on elemental partition between

melts and fluids as Keppler suggested (Keppler, 1996). He measured distribu-tion
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coefficients between saline solution and andesitic melt based on quenched
experiments and reporfed D Ba and D La af 0.3, 1, 1.5 and 2 GPa. The present
observa-tion is quadlitatively consistent with reported values in his measurement (Keppler,
19946).

Elliott and his colleagues suggested two slab-derived components: a melt component
and a fluid component in order to explain trace element characteristics of ba-salts and
basaltic andesites in the Mariana arc (Elioft et al, 1997). Both componenis are
characterized by enrichment of alkali and alkali earth elements. The fluid component
shows rare earth element abundances relatively similar to- MORB, while the melt
component shows more light rare earth element rich pattern (Figure 3 in Elliott et al.
{1997}}. Such features can be consistent with a Clrich aqueous fluid and a melf that can
be formed through a separation of a slab-derived supercritical fluid during its migration
to the surface [Bureau and Keppler, 1999; Kawamoto, 2006). If this is the case, the melt
should be characterized by less abundance of alkali elements and more abundance of
alkali earth and rare earth elements than the aqueous fluid. The aqueous fluid and melt
components suggested as slab-derived components in the Mariana arc show features
consistent with a Clrich agueous fluid and a melt formed through a separation of a
slab-derived supercritical fluid. In order to address this hypothesis, more data sefs of
elemental partition under HTHP conditions are required. Chemical fractionation of

slab-derived supercritical fluids may play an important role in subduction zone

magmatism.
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Vertical mapping of hydrothermal fluids and alteration from bulk conductivity: Simple

interpretation on the USDP-1 site, Unzen Volcano, SW Japan

S. Komori, T. Kagiyama, H. Hoshizumi (AIST), S. Takakura (AIST)
and M. Mimura (DPRI, Kyoto Univ.)

Volcanic edifices often have hydrothermal systems in the shallow subsurface, and
these hydrothermal systems may discharge volcanic gases. Electrical conductivity
{resistivity) surveys have potential for the estimation of the fluxes of volcanic gases,
because interstitial water conductivity steeply increases when salinity increases by the
dissolution of volcanic gases. However, in the subsurface of volcanoes, there are
essentially two factors increasing butk conductivity: the salinity of hydrothermal fluids
ond conductive clays by hydrothermal alteration. Therefore, the estimation of the fluxes
of volcanic gases by electromagnetic methods requires to separate bulk conductivity
simply info pore water conductivity {of) and matrix conductivity {os), which are related
fo salinity and hydrothermal alteration, respeciively. The objective of this study is to
separate observed bulk conductivity simply into of and os by the use of drillcore
samples based on Revil's model and to map the vertical variation of these two
conductivity components for examination relation between bulk conductivity and
hydrothermal fluids as the first step toward demonstrating the feasibility and practicality
of using geophysical methods to constrain volcanic gas fluxes. As a case sfudy, this
study was conducted at the USDP-1 borehole site located on Unzen Volcano, SW Japan,
and the bulk conductivity was successfully separafed as shown in Fig. 1. The results
consistently explained the vertical profiles of temperature and core permeability and
suggested litfle hydrothermal alteration at this study site. The simple method of
separating bulk conductivity may be applicable to verlical or lateral mapping of
hydrothermal fluids and alteration at volcanoes, and separated values of of and s may

be of great help for the estimation of the fluxes of volcanic gases and the intensity of
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electrical conductivity based on Revil’s model.

hydrothermal alteration.

Pelrological and geochemical study for the Quaternary magma from Sokurgjima

volcano, southern Kyushu Island, Japan.

T. Shibata, J. Suzuki, T. Kobayashi (Kagoshima Univ.)
and D. Miki (DPRI, Kyoto Univ.)

The volcanic activity with caoldera formatfion is one of the most catastrophic
phenomena on the Earth so that geoclogical, petrological, geochemical and
geophysical studies have been accumulated (Furukawa et al., 2009). From those studies,
it is believed that huge amount of silicic magma chamber have been formed before
caldera formation and eruption of pyroclastics is occurred by any trigger {e.g. Hildreth
and Wilson, 2007}. To explain the genesis of the silicic magma, several models have

been proposed as follows, 1) fractional crystallization of mafic magma with crustal

36



assimilation (AFC model} { e.g. DePaolo, 1984; Caffe et al., 2002; Reagan et al., 2003), 2)
partial melting of basaltic lower curst (e.g. Takahashi, 1986; Bead and Lofgren, 1991)
and 3} partial melting of basaltic rocks, which have solidified just before the silicic
magama activity, settled on the lower crust (e.g. Sisson et al., 2005; Ban et al., 2007). Thus,
the genesis of caldera forming silicic magma is still controversial. To be elucidated the
maguma genesis, investigations of magmas of pre-, intra or post-caldera caldera stages
are useful, because there is a possibility that the producing of next caldera forming
eruptions is proceeding during those stages of volcanic activities {e.g. Furukawa et al.,
2009; Miyoshi et al., 2011}. Sakurgjima volcano is the post-caldera volcano of Aira
caldera, situate on volcanic front of Ryukyu arc, southern Kyushu lIsland, Japan
(Fukuyama, 1978). After the Aira caldera formation at ca. 25 ky (Miyairi, 2004}, the
volcanism of Sakurajima starfed at ca. 22 ky and still active at present (Okuno, 1996).
Therefore, Sakurajima can be considered as one of the suitable volcano to investigate
the genesis of caldera forming silicic magma. However, geochemical study for
Sakurgjima volcano is restricted to lavas erupted at historical ages. Therefore, we
collected volcanic rocks, mainly lava samples, from nearly all the volcanic unit defined
by Fukuyama (1978}, and carried out pefrological and geochemical study. In additions
to Sakurajima samples, investigation to basaitic rocks occurred closed to Aira caldera to
estimate the primary magma of Sakurajima volcano.

The volcanic rocks of Sakurajima volcano are consisted with andesite and dacite with
mineral assemblage of (olivine) - orthopyroxene - clinopryoxene — plagioclase, and
show porphyritic texture with hyaro - ophitic and hyaropilitic groundmass. Most of the
plagioclases have dusty zone. From the major element compositions, magmas of
Sakurgjima show a trend of calcaicaline rock series {Miyashiro, 1978}, and classified
medium - K {Gill, 1981). The liner frends are observed from Harker diagrams from most of
elements excepied for P205, Y and Cr. On the basis of model calculation, it is difficult to
explain those of frend by fractional crystallization, and magma mixing between mafic
and felcic magma seems suitable mechanism producing those magmas. MORB
normdalized frace element patterns show typical island arc character of depletion of
high field strength element and enrichment of large lithophile elements. From this
observation, primary magma of Sakurajima is generated by partial melting of mantle
wedge added the fluids derived from dehydration of subducted Philippines sea plate.

The variation of isofopic compositions of Sr and Nd obtained by this study, which lie on
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the fow component mixing curve between Shikoku Basin basalt {oceanic crust of
Philippines sea plate) and terrigenous sediments, support this explanation. It also can be
pointed out that basalt collected from besides Aira caldera possible to represent a
primary magma of Sakurajima, because the Sr and Nd isotopic composition is plotted

on the same mixing curve, although further detailed investigation is necessary.

TL daiing of marker tephras for 100 ka relevant to archeological chronclogy

Y. Shitaoka, K. Takemura, J. Yamamoto, $. Aoki (Nara Univ. of Education)

and T. Nagatomo (Nara Univ. of Education)

in order to defermine the age of an archeological site accurately, tephra as key bed
is one of the most important markers. i is effective to determine the age of tephra layer

samples collected from the area close o the source vent of the tephra. The fephra

Table 1. The results of TL dating for marker tephras

Tephra PO’?(‘S’%O“? "‘“('r‘r‘]’g;‘/jﬁse TLage (ky)
1a-Kw 309%17.6 1.12:£0.04 2816
N-Y 79.9+128 1.22:0.09 6612
Nr-N 1404104 1.59:0.08 888
Kih 140.8£5.3 1.53:£0.13 929
Yk-Y 748+7.7 0.96:£0.05 7849
Ac-Md 72.6x7.5 0.65::0.02 1124312
NI-S 27.2437 1.870.06 152
AsK 21028 1.28:0.06 162
As-YP 17.4£28 1.07:£0.06 163
host 25,643 1.14:£0.06 224
32033 1.62::0.06 207
As-BP 16.223.2 0.720.04 235
Group 463£67 1.98£0.11 234
MP 26.6%1.9 1.080.05 252
onpr 25045 2.5240.12 100418
338162 3.060.14 111253
SUK 357+6.6 1.89+0.09 194
st 182.5437.5 3.72:0.10 4910
Sun 279.3%:48.6 3890.19 72x3
sK 107.4%13.1 0.97:£0.03 11014
ik 147212 2.20£0.07 6.7:0.6
K-Ky 16.2%2.3 2,14£0.12 7.6%1.2
K-Ah 10.7+2.6 1.400.05 77220
52-13 22.6%7.3 2.12::0.07 107:£3.5
sz:5 242412 1792008 13.5£0.9
AT 53973 2.05£0.11 264
615128 232::0.21 2745
AT 74987 2912011 263
Adtw 627 0.860.06 7710
AsO-4 32113 0.34 94
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Fig. 1. TL age vs. calibrated 4C age for maker tephras

sample near by the source vent, which is coliected from a thick and less-altered layer,

give us the most provable age of the tephra.

In this work, we fry to determine the age of marker tephras using Thermoluminescence
{(TL} dating (Table 1). We make a comparison between TL age and cadlibrated
radiocarbon chronologies (Fig. 1). The data set of numerical ages of marker tephras will

constitute valuable contribution to the framework of the archeological chronology.
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Preliminary result of repeat gravity measurement on Aso volcano field, ceniral Kyushu

Y. Sofyan, S. Yoshikawa, J. Nishijima (Kyushu Univ.),
Y. Fukuda, T. Kazama {(Kyoto Univ.) and D. Oka (Kyushu Univ.)
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1. Intfroduction

Repeat gravity measurement {RGM)} or microgravity consists of the repeated
measurements of the earth gravity field in the same location with different times. The
RGM is generally used fo distinguish data in the range of 1 — 500 uGal from those in
geophysical prospeciing (Bouguer anomalies} which usually laid in the range 500-
100,000 pGal (0.5-100 mGail) {Hunt, 2000). The aim of microgravity surveys is to precisely
measure the value of gravity (g) at a point [x, v, z) at a specific fime (). This involves
the precise measurement of gravity and removal or correction for spurious temporal
effects that change the value of gravity. The principal of repeat gravity measurement
is fo measure temporal gravity changes during some period of times associated with
the change of reservoir subsurface.

We conducted relative gravity measurement on 28 benchmarks and absolute gravity
measurement on 7 benchmarks on west side of Aso volcano field. Total area of
measurement is about 50 km2. The most recent of relative gravity measurement was
conducted on April 11 - 14, 2011 and the most recent of measurement by absolute
gravimeter was conducted on June 2, 2011. Distribution of gravity benchmarks on Aso

volcano field is shown in Fig. 1.

2. Data acquisition and result
2.1. Relative gravimeter

Gravity measurements have been performed using a Scintrex CG5 gravimeter. This
gravimeter is automatic gravimeter with electronic advances. The basic of CG5 has a
readout resolution of 1 uGal with a standard deviation of less than 5 uGal (CG-5 Scintrex,
2008). CGS5 gravimeter demonstrates that residual long term diift is less than 0.02 mGal
/day. This relative gravimeter has high accu racy and low residual drift category. The
relative gravity measurements were also supported by LaCoste and Romberg type
G 1016 gravimeters.

The round measurement method of the earth gravity field in Aso volcano field was
conducted with AVL benchmark as o reference gravity point. The closed loop of the
gravity measurements was fied fo AVL. At each gravity benchmark, gravity
measurement was conducted adverse in the same closed loop. This round
measurement is useful for accurafe diift correction. The example of relative gravilty

measurement in one benchmark of Aso volcano field can be seen in Fig. 2.

40



Topogrephy (m)

Fig. 1. Gravity benchmarks on Aso volcano field

There are 28 relative gravity benchmarks which are tied to AVL benchmark. The

relative gravity data in April 2011 measurement can be seen in Table 1.

2.2. Absolute gravimeter

The A10 absolute gravimeter is a portable absolute gravimeter produced by Micro-g
LaCoste Inc. We used this absolute gravimeter for monitoring the subsurface condition in
Aso volcano field. This absolute gravimeter has accuracy factor 10uGal and good
precision. It operates on a 12VDC power supply (i.e. vehicle battery) and operating
temperature range between -15°C and 40°C. We can measure the absolute gravity
using the vehicle battery at the field. The principle of this instrument is simple. A test mass
is dropped vertically in a vacuum chamber, and then allowed to fall an average
distance 7cm. The A10 uses a laser, interferometer, long period inertial isolation device

and an atomic clock to measure the position of the fest mass very accurately. Fig. 3
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(Micro-g LaCoste Inc., 2006} shows the concept of the absolute gravity measurement. A
test mass, containing o corner cube refro-reflector, is dropped from the fop of the

vacuum chamber. A laser is split to reflect off the falling the test object and a fixed

Fig 2. Relative gravity measurement

Table 1. Relative gravity data on April 2011

X easting Y northing Grav. rel X easting Y northing CGrav. rel
Station . Station

m m mGal m m mGal

AVL | 687685.541 | 36403463.553 0.000 10415 688439.244 | 3638535.431 | 26.375
1890 | 686043.493 | 3641179.912 | 30.060 Aso CC 694943.415 | 3640059.765 | -153.464

1895 | 692407.680 | 3645961.120 7.575 AVL1 694206219 | 3644887.116 | -3.693
9822 | 489844.946 | 3640597.895 | -33.408 AVL10 691948.086 | 3640738.440 | -109.004
10401 | 687669.724 | 3639324.983 | 20.473 AVL 1T 692235.243 | 3640411.244 | -126.327
10402 | 688873.228 | 3640462.765 | -8.841 AVL 13 693177.374 | 3640096.860 | -120.824
10407 | 693637.410 | 3639930.609 | -122.664 AVL 14 694404.644 | 3639566.315 | -133.319
10408 | 694978.535 | 3640083.488 | -153.710 AVL3 693113.447 | 3644698.121 | -26.028
10409 | 693305.283 | 3638679.458 | -98.939 AVL5 694800.217 | 3643234.865 | -47.066
10410 | 691759.406 | 3637683.110 | -77.989 AVL5 [A10) | 694800.217 | 3643234.865 | -46.762
10411 | 690706.492 | 3637761.741 | -52.883 AVL7 693123.088 | 3642869.060 | -73.542
10412 | 690411.425 | 3637722.466 | -27.484 AVL8 692851.147 | 3642420.012 | -85.142
10413 | 490044619 | 3637907.303 | -1.808 HondoB | 694183.995 | 3639837.352 | -133.260
10414 | 688937.999 | 3637762.932 | 23.139 Museum | 692003.956 | 3640463.603 | -128.172
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Fig. 3. A10 Absolute gravimeter

reference which serves as a reference. The test object accelerates to the bottom of the
vacuum chamber under the influence of gravity. The raw fringe signal is detected by
the photodiode as the dropped object falls. The obtained gravity data are combined

into a set which usually consist of 100-150 drops. Our typical setup parameters are listed

below:
e Drop inferval: 1 second
e Number of drops/ 1 set: 100
e Sefinterval: 3 minutes
e Number of set: 10
The raw gravity data are processed with the software ‘g’ version 7. This software is.
designed to work with Micro-g LaCoste absolute gravimeter to acquire and process the
gravity data. And this sofiware needs the input of some parameters, including the
location of the site [Latitude, Longitude and Aliitude), geophysical corrections, and
other corrections. We can correct the effect of the earth fide, ocean load, barometric
pressure and polar moftion in acquiring the gravity data.
There are 8 absolute gravity benchmarks. The absolute gravity data in the recent

fime (May 2010, October 2010 and June 2011} of measurement can be seen in Table 2.
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Table 2. Absolute gravity data

2010/05/13 2010/10/27 2011/06/02
Y Northing X Easiing Elev.
Station Gravity Error Gravity Error Gravity Error
m m m uGal pGal uGal uGal uGal uGal
AVL05 | 3,643,234.00000 | 694,800.00000 | 744 | 979371912.01 | 10.78 | 979371910.95 | 10.90 | 979371954.64 | 10.86
MUSIUM | 3,640,463.60292 | 692,003.95607 | 1,142 | 979290409.81 | 10.61 | 97929042435 | 13.89 | 979290433.51 | 10.61
ASO.CC | 3,640,059.76517 | 694,943.41504 | 1,269 | 979265072.56 | 10.96 | 979265047.04 | 10.72 | 979265084.34 | 11.04
HONDO | 3,639,837.35168 | 694,183.99532 | 1,178 | 979285085.39 | 10.73 | 979285173.11 | 10.70 | 979285163.40 | 10.67
SKI 3,640,394.45824 | 693,121.92152 | 1,117 | 979297843.43 | 10.88 | 979297849.94 | 10.90 | 979297866.96 | 10.79
10411 3,637.761.74128 | 690,706.49157 | 926 | 979366093.79 | 10.59 | 979366090.41 | 10.92 | 979366110.72 | 10.63
AVL 3,640,363.55300 | 687,685.54104 | 1,494 | 979418798.1 | 10.56 | 979418810.36 | 10.86 | 979418818.80 | 10.55
3. Discussion

Gravity measurements are an indispensable component for any volcano monitoring
sirategy (Battaglia, 2008). A key assumption behind gravity monitoring is thot changes in
earth’s gravity reflect mass-fransport processes at depth {Dzurisin, 2003). The monitoring
of the subsurface condition by gravity data needs continuous measurements. Gravity
relative data of April 2011 will be compared to other gravity data in the future
measurements at the same benchmarks. These data also will be linked to absolute
gravity data in near benchmarks.

We conducted repeated gravity measurement in Aso volcano field by A10 absolute
gravimeter in 3 different fimes. These have a short different period of data. However, we
have interesting evidence during small eruption on May 15, 2011. The gravity change
before eruption and after eruption shows g different mass fransport. We assumed this
mass changes come from hydrothermal fluid in the subsurface. The gravity changes in
Aso volcano field before eruption (May 13 - Oct 27, 2010) and after eruption (Oct 27,
2010 - June 2, 2011) can be seen in Fig. 4.
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Development of new simple hydrostatic equilibrium model for sustainable evaluation in

geothermal reservoir with limited recharge

Y. Sofyan

1. Infroduction

Geothermal energy is renewable energy but sustainability is not self-evidence.
Renewable describes an atiribute of the energy resource, i.e. the energy removed from
a resource is contfinuously replaced by more energy on time scales similar to those
required for energy removal and those typical of technological/societal systems {30-300
years), rather than geological fimes (Rybdch L. and Mongillo M., 2006; Rybach L., 2003).
Sustainability is the doctrine that economic growth and development must take place
and be maintained for long time {Ruckelshaus, 198%}. Sustainable geothermal utilization
should refer fo how geothermal energy is utilized and Axelsson et al. (2005) discussed this
for 100-300 years utilization. Axelsson {2010} clearly explained that the main modes of

sustainable geothermal utilization.

2. Conceptual model

Sustainable geothermal

utilization will be evaluated by

Massout=P-(I+8)

new simple hydrostatic
equilbrium model (Fig. 1).
Hydrostatic  equilibrium occurs
when compression due to gravity
is balanced by a pressure
gradient force in the opposite
direction. In the physical sciences,

Pascal's law or the Principle of

fransmission  of  fluid-pressure
states that pressure exerted Figure 1. Simple model development of hydrostatic equilibrium

anywhere in a confined incompressible fluid is transmitted equally in all directions
throughout the fluid such that the pressure ratfio {initial difference) remains same.

Regarding 1o sum of pressure forces, we develop a simple hydrostatic equilibrium model
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between two reservoirs. The objective of model development in this paper is to simplify a
fluid movement in the subsurface. We did not consider rock permeability, boundary
condition or geological structure factor in this model, but we sure that are some
important factors for this fluid flow. Some important factors like these factors are not
addressed in this research.

Axelsson et al. {2010) discussed some examples of equilibrium model in some
geothermal fields between production rate and recharge rate. Increased production
rate was followed by decrease of water level. According to similar idea, we also build
two reservoirs in the subsurface that are production and recharge reservoir for this
model. Mass balance between production and recharge reservoir is tied by hydrostatic
equilibrium law. Initial condition in the hydrostatic equilibrium model between these two
reservoirs is has same pressure. Regarding to high mass extraction from some production
wells, the pressure of production reservoir will decline. The pressure difference between
these two reservoirs can cause a fluid movement from recharge reservoir o production
reservoir. The final condition when increased fluid mass recharge balances the
discharge mass acquires a new hydrosiatic equilibrium. These processes continuously
work throughout a period production activity to achieve the latest hydrostatic
equilibrium. The alteration of hydrostatic equilibrium in these periods has a strong
correlation with mass change in the same time. Some mass changes will be expected in
these two reservoirs during this fiuid flow. Mass changes in the subsurface reservoir can
be estimated using repeat gravity measurement method in geophysical technique.

Calculation of mass change could be determined using a Gaussian method.

3. Result and discussion
The developed equation from new simple equilibrium model is:
(P-y=-(1+RFJMC +S§
which P is production rate, | is injection rate, MC is mass change, S is enfered fluid from
surface and RF is recharge factor. Recharge factor (RF) of the above equation is quite
related fo recharge rate of the discharged reservoir and mass changes rate.

This developed model is applied to geothermal reservoir with limited recharge that is
Kamojang geothermal field, Indonesiac. Some papers have data of Kamojang
geothermal field (Sofyan et al., 2010; Sanyal et dl., 2000; Kamah et al., 2000; Moeljanto,
2004; Pertamina, 2008; Suryadarma, 2010). Regarding to data of production rate,
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injection rate and mass change rate from repeat gravilty measurement, Kamojang

geothermadl field has a recharge factor about 2%.
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Tentative Resulis of AMT Survey on Taiun Volcanic Areg, 2010

M. Utsugi, T. Kagiyama, C-H. Chen (Academia Sinica, Taiwan),
W. Kanda (Tokyo Inst. of Technology), R. Yoshimura {DPRI, Kyoto Univ.),

S. Komori, H. Inoue and T. Asano

Tatun volcanic group (TGV) is located at northern Taiwan. This volcanic group s
consists of more than 20 volcanic domes and cones. These volcanos have been
created within and around Tatun Graben, which is bounded by Chinshan Fault in the
north and Kanchiao Fault in the south, and they have no historical record of eruption.

In our study, we carried out AMT [Audio frequency Magneto-Telluric) survey around
TVG to clarify subsurface electrical conductivity distribution, which is the sign of
degassing around volcanoes. On Oct. 18 — 22, 2010, we made AMT survey around
“Seven Star Volcano” {Fig. 1}. However we planned to observe by 8 points on this area
{site001 ~siteQ08), only 5 points {site001, 002, 005, 006 and 007} were able to be observed
because of a huge typhoon that hit Taiwan. Furthermore, the data obtained by these
surveys was limited one because of the heavy rain. Fig.2 shows sounding curves of
apparent resistivity and phage change. From these datq, subsurface resistivity structure
of site005, 006 and 007 were obtained (Fig. 3). Because of the long frequency noise

occurring by the confact-resistivity change due to the rainfall, we used 1000Hz — 10Hz

Fig.1 Site map of the AMT survey on Tatun volcanic areq, 2010.
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band data and the resistivity structure of the shallower part can be obtained. From
these resulls, a low resistivity layer (1-0.1 Ohm-m) is commonly seen on 100 - 300m depth.
This result suggests that, hot spring water or highly alternated layer exits on this depth.
The more detailed information about the distribution of the subsurface hydrothermal

system can be obtained by continuing the AMT survey on this area
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Retentivity of CO: in fluid inclusions in mantle minerals

J. Yamamofto, K. Olsuka (Yale Univ.}, H. Ohifuji (Ehime Univ.),H. ishibashi {Univ. of Tokyo),
N. Hirano (Toholw Univ.) and H. Kagi (Univ. of Tokyo)
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To assess the capacity of fluid inclusions in mantle minerals for CO> retention,
annealing experiments were conducted for two mantle xenoliths with CO2 inclusions for
8 days af 1000°C under atmospheric pressure and fO2 of 1011 MPa. The resulis show no
marked decrease in the COz density of the COz2 inclusions for any examined mineral—
olivine, orthopyroxene, clinopyroxene, or spinel. It is noteworthy that no appreciable
decrease in CO2 density was observed during the annedling experiments. The CO»
density of COz inclusions in olivine in the present mantle xenoliths is lower than that in
pyroxenes or spinel. Results of previous studies indicate that the low CO» density in olivine
is affributable o plastic deformation of olivine around COz inclusions during annealing in
ascending magma.

Resulis of this study present fundamental implications for deformation mechanisms
that arise from internal pressure of fluid inclusions in silicate minerals. We calculated the
stress field in minerals having a COz inclusion. Results show that the crystal lattice around
the COz2 inclusion has a steep stress gradient. Such local stress in the mineral induces a
local rise in the density of dislocations around the CO: inclusions. The orthopyroxene
used for this study showed sparse distribution of dislocations around a CO:2 inclusion,
although olivine showed dense dislocations around COz inclusions, implying that the low
CO2 density of the COq inclusions in the olivines resulls from volume expansion of the CO»
inclusions during annealing of the host mantle xenoliths in ascending magma.

in this respect, constancy of CO2 density during the anneadling experiments for all
minerals is an interesting finding. Regarding olivines, the reduction of internal pressure of
the COs inclusions or interaction of the dense dislocations possibly inhibits decrepitation
or further volume expansion of the CO2 inclusions during annealing experiments.
However, pyroxenes and spinel show higher and similar CO2 density, which reflects the
resistance fo plastic deformation and which indicates the effectiveness of CO2
inclusions in the minerals as a depth probe for mantle xenoliths.

The combination of the depth probe with chemico-physical information of mantle
xenoliths will elucidate both the geochemical and geophysical structure of the
shallower mantile. Furthermore, accuraie study of the volume change of COz2 inclusions

during an annedling experiment will constrain the rheological properties of host

minerals.
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Prior processes of outburst of explosive eruplion: A case siudy of Sakurgjima volcano,

Japan

A. Yokoo and M. iguchi (DPRI, Kyoio Univ.)

Showa crater of Sakurgjima volcano have been re-active since June 2006, after 58
years quiescence. Annual numbers of explosive eruptions accompanying 210 Pa excess
pressure on infrasound recorded ARM are recached to 580 in 2009. From our
multi-parametric observations in 2009, typical prior processes of outburst in explosive
eruption have been revedled as follows.

Al a few hours before the eruption onset, magma starts to migrate and storage in the
depths of a few hundreds meters. It is cleatly recognized in record of strain change as a
shallow inflation process. On the contrary o the strain record, characteristic tilt changes
before occurrence of each eruption are not so clear. Since a few fens minutes before
the eruption, SO2 gas emission rate is gradually decreasing which indicates that a
sealing process progresses at the crater bottom toward the eruption. In the time around
10-20 minutes before the eruption, inflating rate of the volcano starts o accelerate due
to a construction of a plug above the conduit thus a formation of a gas pocket beneath
the crater. They are also observed as the weakening then disappearing of volcanic
glow in night-fime events. At a few minutes before the eruption, small tremor starts to
emerge and then its amplitude becomes larger with strain changes of inflation turning to
be deflating. This is considered as the gas release through fractures newly constructed
within the plug for a gas pocket. Seismic signals also shows that expansion process starts
o occur at only one second before the eruption. It is probably the time when effect of
the depressurization process reaches to the depth of magma head and sudden
expansion of magma with degassing starts. About a half of a second later, such
expanding magma rises and pushes the gas pocket up, which also detected in
seismograms. It leads to swelling of crater ground for radiating weak infrasound
preceding phase as of the case of summit eruption. After the failure of the plug due to
its deformation, the accumulated gasses and expanding magma itself ejects fogether

from the crater as a start of the eruption surface phenomena.
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Trace element compositions of amphibole of the fresh ophiolitic harzburgiie from the

Hayachine-Mivamori-ophiolitic complex, Japan

M. Yoshikawa, T. Shibalta and K. Ozawa (Univ. of Tokyo)

The Hayachine-Miyamori (HM) ophiolitic complex in the Kitakami Mountains,
northeastern Japan is located in the Hayachine Tectonic Beli, which is one of the oldest
geological terrane in Japan and consists of uliramafic tectonite and cumulate
members corresponding to the lower ulframafic sections of ophioclites (e.g. Ozawa,
1984). Peculiar feature of the refractory peridotite in the HM complex is presence of
primary amphibole (Ozawa, 1988). Additionally, the major, frace element and Sr-Nd
isotopic composifions of clinopyroxene are atiributed to open-system melting with influx
of slab-derived hydrous materials around 500Ma (e.g. OCzawa, 1988; Ozawa & Shimizu,
1995; Yoshikawa and Ozawa, 2007; Yoshikawa et al., 2008).

Coltorti ef al. (2007) demonsirates that Nb and Ti confents of amphibole in
mantle-derived peridotites represent a robust new tool to constrain the tectonic nature
of different mantle domains, that is suprasubduction (the mantle wedge above
subduction zones) or infraplate tectonic environments.

We present ifrace-element concenirations including high field strength elements
{HFSE; e.g. Nb, Zr, Hf and Ti) of amphibole in the fresh 73003 harzburgite from the HM
ophiolitic complex fo conform open-system meliing at the arc setfting.

Trace element concentrations of amphibole were determined in situ on thin polished
section using a 266 nm UV Nd YAG laser (CETAC LSX 200} connected to a ThermoFisher
X2 quadruple inductively coupled plasma mass specirometer (Q-ICP-MS) system
housed af 1.G. S. at Beppu (Yoshikawa et al.,, 2010). The amphibole of 73003 shows
exiensive right rare earth element and large ionic lithophile element enriched primordial
mantle -normalized patiern {e.g. Lan/Ybwn =9) with depletion of HFSE and Pb (Fig. 1). This
pattern is parallel 1o whole rock pattern measured by solution ICP-MS and similar o
clinopyroxene pattern analyzed by ion microprobe (Yoshikawa and Ozawa, 2007). Our
data shows that amphibole is major budgets of the incompatible elements of the
peridoiite as suggested by Eggins et al. {1998).

In discrimination diagram as proposed by Coltorti et al. (2007, Fig. 2}, amphibole of
samplte 73003 plot within the field of suprasubduction amphibole, suggesting that the
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Fig. 2. Zr/Nb vs Ti/Nb diagram for amphibole (Coltorti et al., 2007) of sample 73003 from the
Hayachine-Miyamori ophiolitic complex. Primordial Mantle (PM) values are from McDonough
and Sun (1995).

HFSE depleted amphibole produced as a result of melting and/or dehydration of the
oceanic crust and sediments. Trace element compositions of the amphibole 73003
strongly support open-system melting at subduction zone as presented by the previous

studies.
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9. EEEH Routine Observations

Geophysical Monitoring Under Operation af AVL

Aso Volcanological Laboraiory
Permanent Stations

Nakadake monitoring network

Seismic Stafions: HNT, PEL, KSM, SUN, KAE, KAE, KAN, UMA, TAK [microwave telemetry)
Tiltmeters: HNT {water tilt 3-comp.}, SUN, KAE, NAR, UMA, KAK {on-site logging)
Extensometers: HNT (invar 3-comp.)

Microphone: HND {microwave telemetry)

Geomagnetic Stations: C1, C3, S0, W1, CS, NGD, FF1 (proton; on-site logging)

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

FF2 (proton; online)

Ground Temperature: KAK {boreholes of 70 and 150 m deep; microwave telemetry)

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

96



Central Kyushu regional network
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Instruments

[Beppul

ICP emission Spectrometer

Wavelength dispersive electron microprobe
{lent to JAMSTEC)

Energy dispersive eleciron microprobe analyzer

Wavelength dispersion type X—ray Fuorescence
analyzer

Energy dispersionty type X-ray Fluorescence
analyzer

Powder X—ray diffractometer

Liquids scintillation system

lon chromatography

Gas chromaiography

[Aso] _

Continuous seismic monitoring system for Aso
and

Kuju Volcanoes

Observation tunnel for ground deformation

Borehole temperature moniioring system for
AsSO

Video monitoring system of Aso and Kuju
Volcanoes

Proton and fluxgate magnetometers

Geomagneiic absolute measurement system

Tiltmeters
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Automatic fifration system

Piston cylinder type high pressure apparatus

Laser ablation system

inductively coupled plasma mass
spectrometer(iICP-MS)

Thermat ionization mass spectrometer(TIMS)

Externally heated diamond anvil cell [af Kyoto)

Raman microscope (at Kyoto)

FT-NIR specirometer

IR microscope

Heating and cooling stage (at Kyoto)

Portable seismometers (broadband short
period)

Car-mounied seismicsource

Gravimeters

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

Elecironic distance measurement sysiem

Leveling survey system [automaiic reading)
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[Beppu]

An analysing system of frace element and isotopic compositions
Radiogenic isofope and trace element compositions of natural samples (e.g. rock and water,
efc.) provide usimportant information about source materials of a sample, generating processes
from the sources and age of the sample formation. Therefore isofope and frace element
compositions of natural samples are important forinvestigating the phenomena accompanied
with material fransfer, such as magma genesis and mantie-crust recycling. Hence, we established
an analytical method for determining frace elements by using an inductively coupled plasma
mass spectrometer {Fg. 1) and forisotopic ratfios of Sr, Nd and Pb: employing a thermal ionization
mass specirometer (Fig. 2) at Beppu Geothermal Research Laboratory (BGRL). The system
presented here is made from collaboration with Institute for Frontier Research on Ecirth Evolution.
The methods of chemicadl preparation for the each andlysis were also established. All our chemical
procedures are performed under a clean environment, which is basically handmade with our
original design (eg. Fig. 3). The analytical methods established af BGRL redlize the precise analyses
of frace and isofopic compositions of ulira frace amounts of the samples (Fig. 4). Furthemrmore, we
are developing methods to recdlize the mass production of the assay tests. By employing the

described analytical methods, we are progressing with the study of magma genesis and material
fransfer in the mantie, efc.
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Fg.2.Th | ionzationm fr ter
Fig.l. Inductively coupled plasma mass 9. < Ihemalt 0S5 specirome

specirometer

Fig. 3. Sample evaporation system under the ulfra
clean environment
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Fig. 4. Anaivtical method for isotopic and frace element compaositions established at
BGRL
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Institute for Geothermal Sciences

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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BWam. 0977-22-0713
77 w7 AR 0977-22-0965
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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5280

BaG: 0967-67-0022

777 A:0967-67-2153
Homepage: hitp://www.aso.vgs.kyoto-u.ac.jp/

Front Cover Image: A strombolian explosion in the 1st crater of Mi. Nakadake, Aso volcano in
October 1979. (Photo by M. Sako}
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