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Preface

The Institute for Geothermal Sciences was established in 1997 by combining the Beppu
Geophysical Research Laboratory (established in 1924) and the Aso Volcanological
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’s interior in terms of volcanism, geothermics, and tectonics using
fieldwork, laboratory experiments, and theory. Based on the fundamental scope of our
research, a variety of research activities can flexibly cooperate within this interdisciplinary
geothermal science research system. We have the following five research units: geothermal
fluids, geothermal tectonics, volcanic structure, volcano-dynamics, and geothermal
intelligence (visiting research scholars from abroad). In fiscal year 2004, Kyoto University was
reformed according to the juridical personalization of national universities. The situation puts us
under pressure to provide effective education and conduct efficient research with a limited

staff and funds.

Six meetings of the steering committee, established in fiscal year 2004, were held in fiscal
year 2015 at the Kyoto campus, and the cooperative relationship between our institute and
the Graduate School of Science was intensified. In April 2007, the Kyoto branch of our institute
was established at the Kyoto campus, and the effort for intensive education for students and
taking a role for Graduate school started. The Kyoto branch was a good first step toward
education for graduate students. The TV meeting systems connecting the Kyoto campus and
the Aso and Beppu Laboratories are used constantly for seminars and special lectures. Such

efforts to utilize the significant advances in communications technology are certainly



reducing the communication distance between the Kyoto campus and our institute.
Considering the subjects related to instfitutions remote from the main campus, we need to
make efforts to intensify cooperative work with the headquarters of Kyoto University. Many
people still annually visit our institute and attend lectures during the official events of Kyoto

University, “Kyodai (Kyofo University) Weeks."

In personal affairs, Dr. Tomoyuki SHIBATA, Assistant Professor, moved to Hiroshima University
as a Professor at the end of March, 2016. Prof. Corrado CIGOLINI from Italy left in May 2015.
Prof. Sheng-Rong SONG from Taiwan joined us as a visiting professor from June 2015 and then
left in September 2015. Dr. Susanne Martina Straub from USA joined us as a visiting associate
professor from October 2015. As a postdoctoral associate, Dr. Takuto MINAMI joined us in April
2015 and moved to Earthquake Research Institute, University of Tokyo at the end of March
2016.

As listed in the annual report, we carried out much collaborative research with domestic
and internatfional organizations and science groups. Our insfitute also made a great
contribution as a field station of multi-purpose field sites for education and research in fiscal
year 2015. These activities will continue in collaboration with the Division of Earth and Planetary

Sciences and the headquarters of Kyoto University.

Finally, | want to touch on the Aso Volcanological Laboratory (AVL) located at Minami-Aso,
which was damaged by the April 16 predawn earthquake (with a seismic intensity of 7), part
of a series of Kumamoto earthquakes that began on April 14, 2016. The AVL's main building
and the land suffered extensive damage by this earthquake, and the functioning of the AVL
was femporarily suspended. The AVL staff prioritized the restoration of the observation systems
of Aso volcano. They established a temporary office in Otsu, sifuated outside Aso caldera, at
the end of April, and resumed their research activities in a room of a former elementary school
building in Aso in July. As of September 2016, the restructuring of research and education
systems in the AVL has started to progress in earnest with the renovation of a former primary
school building in Aso. The AVL restoration was, and will be, greatly attributed to the hard work
and efforts of each district, performed with understanding and kindness. | would like to use this
opportunity to offer my gratitude. We have to inherit the spirit of the establishment of our

institute.

Beppu, September 2016
Shinji OHSAWA,

Professor/Director of 2015 fiscal year
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2. W92I5E) Research Activities

2.1. BEENILFIAFZ Institution Collaboration

A preliminary petrographical report for the crustal and mantle xenoliths hosted by
Himeshima and Kurose lavas (Kyushu, SW Japan)

K. Abbou-Kebir, Tomoyuki Shibata, Masako Yoshikawa
and K. Matsukage (Kobe Univ.)

Intraplate extentional zones in arc systems are nowadays the focus of thorough
investigations as their examples are spars and their magmatism modalities and chemical
imprints less well-defined, compared to those of other tectonic settings (e.g., continental
rift zones and oceanic islands). As such, Kyushu area, where a complex and highly
dynamic arc-magmatic configuration is encountered, offers valuable sites for the study
and constraint of the deep and shallow processes underpinning the evolutionary history
of the southwestern Japanese arc-system. So far, integrated volcanic, tectonic,
geophysical and geochemical approaches have been conducted and already
provided us with evidence on the complex multi-source origin of the erupted lavas,
implicating a paired supply from the mantle wedge and various subduction components
(i.e., fluids, sediments and altered oceanic crust). However, these assertions are mainly
built on the petrographical classifications and abundant chemical measurements
obtained on volcanic rocks, which primary signatures always cast doubts on their
reliability due to the interplay of post-melting and shallow processes (i.e., fractional
crystallization and crustal assimilation). Direct data are, in contrast, quite rare and
strongly needed, the isotopic ones in particular. The latter, once rendered available,
may seriously reinforce our confidence in building up a sustainable model for the
regional geotectonic and magmatic evolution and contribute to unraveling some
important aspects relative to the functioning of the active Japanese arc-system (e.g.,
mantle evolution and crustal accretion). Ultimately, this will allow large-sale correlations
to be achieved, from the northeast to the southwest. To overcome this dataset shortage,
the study of mantle and crustal xenoliths, dragged upwards by the ascending lavas of
Himeshima and Kurose volcanoes (Kyushu island), is currently undertaken, challenged by
the here-below arguments:

(1). Himeshima and Kurose areas are among the localities supplying the largest
amount and diversity of mantle and crustal xenoliths (e.g., Yoshikawa et al., 2010;
Shibata et al., 2013).

(2). If ultramafic xenoliths are an open window on the mantle, otherwise inaccessible,
the prospection and study of lower crustal xenoliths is also of a great necessity as the
contribution of crustal materials in the genesis of the magmas erupting along the



southwestern Japanese arcs is yet poorly understood and their involvement in the
resulting chemical and isotopic variability among lavas still controversial (e.g., Shibata et
al., 2013).

(3). In contrary of the big majority of mantle xenoliths which are dragged up within
continental rifts and oceanic hotspots related lavas, those provided by the Japanese
arcs are believed to derive from the mantle wedge (e.g., Takahashi, 1978), at different
tfimes and from two subduction zones with varying physical parameters.

(4). Based on the presence of metamorphic xenoliths (deriving from mafic crustal
material) within Himeshima lavas, the possibility of a belonging to the Ryoke
metamorphic belt (RMB) is envisioned (e.g., Shibata et al., 2014). Age dating based on
zircon or monazite grains found within a garnet-sillimanite-biotite gneiss is needed for the
confirmation of this presumption.

As a premise to the forthcoming chemical (major-element, trace-element and REEs)
and isotopic (Sr-Nd-Pb) measurements, here is the brief summary of the petrographical
identification of the xenoliths from both Himeshima and Kurose volcanic areas:

Xenoliths type Himeshima volcanic area Kurose volcanic area
Dunite
Mantle None Olivine-websterite

Plagioclase-clinopyroxenite
Mafic granulite

Diorite
Garnet-diorite

Crustal Microdioritic magma
globules Transitional  facies  from
Ortho-Amphibolite leucodiorite to anorthosite

(meta-gabbro protolith)
Garnet-biotite-sillimanite
augen gneiss

References

Shibata, T., Suzuki, J., Yoshikawa, M., Kobayashi, T., Miki, D., Takemura, K., 2013. Bulletin of
the Volcanological Society of Japan, 58, 43-58.

Shibata, T., Yoshikawa, M., Itoh, J., Ujike, U., Miyoshi, M., Takemura, K., 2014. Geological
Society, London, Special Publications, 385, 15-29.

Takahashi, E., 1978. Bulletin of the Volcanological Society of Japan, 41, 529-547.

Yoshikawa, M., Arai, S., Ishida, Y., Tamura, A., Shimizu, Y., 2010. Journal of Mineralogical
and Petrological Sciences, 105, 346-351.



Recent seismic activity in and around the Beppu graben, Kyushu, Japan.
T. Ohkura, H. Mawatari and K. Takemura

Since April 2008, seismic activity in and around the Beppu graben has been monitored
by IGS using seismic data of Hi-net, JMA, Kyushu Univ. and IGS.

In Fig.1, epicentral distribution in the area from April 2008 through August 2014 is
shown with the E-W cross section. In this figure, deep low frequency earthquakes during
the period from JMA catalogue are also shown. As shown in this figure, an aseismic zone
exists at depths more than 3.5 km beneath Tsurumi volcano, and cut off depth of
tectonic earthquakes increases with the distance from the volcanic center.

Tsurumi volcano has been active since 60 ka and the latest lava flow effused at 7.3-
10.5 ka. A recent petrological study on this lava flow suggests that deeper and
shallower magma reservoirs existed at depths about 16km and 6é.4km beneath the
volcano, respectively (DR and SR in Fig.1;Nagasaki et al., 2016) and that the latest lava is
the product of the mixing of at least three magmas: an andesitic melt derived from the
deeper reservoir, a dacitic melt derived from the shallower reservoir, and mafic melt
derived from the depth of lower crust and/or upper mantle.

The depth of the shallower magma reservoir corresponds to the aseismic zone
beneath Tsurumi volcano, where a high electric conductive body is detected by
electromagnetic surveys (NEDO, 1989). The existence of high temperature magma
could cause high conductivity and aseismic zone at the depth. The deeper magma
reservoir is also located in the aseismic zone and the deep low frequency earthquakes
are located below the depth of this reservoir. Therefore, it is possible that the deep low
frequency earthquakes are related to the current injection of mafic melt from the
lowermost crust and/or the upper mantle into the deeper reservoir.

In Nagasaki et al. (2016), it is also shown that the magma was injected into the
shallower magma reservoir from the deeper reservoir prior to the effusion of the lava.
Therefore, in order to detect precursory phenomena to the next eruption of Tsurumi
volcano, it is important to detect volume changes of both of the reservoir by geodetic
observation and it is also important to monitor whether any volcanic or low frequency
earthquakes take place between the both magma chambers.

Acknowledgements
We thank the National Research Institute for Earth Science and Disaster Prevention,
Kyushu University, and Japan Meteorological Agency for waveform data.
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Scientific monitoring of hot springs in Beppu (1V)

S. Ohsawa, T. Mishima, and K. 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 towards the lowlands, and infrusion of
steam-heated shallow water into the chloride water layer (Yusa et al., 2000).

A typical example of influences by the exploitation is the chemical variations with
time in a boiling well, Tenman Hot-spring in the southern part of Beppu (Fig. 1). As shown
in Fig. 1, a four-fold decrease in chloride concentration and a three-fold increase in
bicarbonate concentration since monitoring started in 1968. Since around 1985 little
drilling has been done, and the variations have been small, therefore the monitoring
was put an end in 1993. Recently, it comes to light that thermal water from this boiling
well has stopped natural flow by oneself since around February 2006, and at present, the
well discharging thermal water is pumped (air-lift).

In 2014, we have reopened the monitoring for understanding degree of the influence
of the stop of natural flow onto the water quality of the underground thermal water. The
new data including data obtained from stock sample solutions collected between 1993
and 1998 are added in Fig. 1. After the middle of 1980's, the concentrations of Cl and
HCOs has not significantly changed. It is evident that the stop of natural flow occurred
with the concentrations becoming the steady condition. However, as shown in Fig.1, we
can see that there is a tendency to increase on HCO3/Cl ratio in this period. As there is a
correlation between the HCO3/Cl ratio and the estimated temperature of thermal water
discharging from the observed hot spring well (Fig. 2), the increasing of the HCOs/Cl ratio
of the hot spring water may involve temperature rise of the underground thermal water.
For this reason, we have surmised that the stop of natural flow of the hot spring water at
Tenman Hot-spring was caused chiefly by the temperature decrease of underground
thermal wafter.

Fig. 1 Time variations in chloride (Cl) and bicarbonate (HCOs) concentrations, and
HCO3s/Cl ratio [wt./wt.] of thermal water discharging from the observed hot spring
well.

Fig. 2 Relationship between HCOs3/Cl ratio of thermal water discharging from the
observed hot spring well and underground thermal water temperature estimated
from the hot spring water by K-Mg geothermometer.
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Statistical approach to classification of hot spring water in the Oita Plane

Tomo Shibata and R. Kuroki

Hot spring water originates from deep water, which is heated by conduction from
surrounding rocks or by igneous fluids. The heated water flows slowly through geologic
formations, tends to convect upward because of density difference, and spreads
laterally to form aquifers. Some shallow waters and connate waters infiltrating intfo the
aquifers have altered their chemical compositions. As chemical characteristics of hot
spring water bring a clue of its origin and undergoing processes, based on major ion
chemistry, a multivariate statistical technique, Principal Component Analysis (PCA), have
been applied to classification of hot spring water in the Oita Plane.

The Oita plain is located at southern side of Beppu bay and involves with more than
200 wells for using hot spring. We used a dataset of ion chemistry organized by Oita
Prefecture which has 286 analytical data of hot spring water. The data were organized
info a data matrix of 286 rows (analytical data) and 7 columns (chemical parameters
such as Sodium, Potassium, Magnesium, Calcium, Chloride, Sulfate and Bicarbonate).
The matrix is subjected to a PCA technique which identify the natural clustering patterns
and group variables on the basis of similarities between the data. The PCA grouped all
the 286 data info five statistically significant clusters (Fig. 1).
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Radiometric age of Takasakiyama volcano, central Kyushu, Japan.

1. Infroduction

K.

Takemura and Tomoyuki Shibata

The eruptive age of Quaternary volcanoes is an important role of reconstruction of

volcanic history and related tectonic movement. Age data of lava domes related the
activity of Beppu graben is infroduced by two methods in this report.

2. Age determination on Takasakiyama volcano in Beppu graben

The age data by two methods are obtained from Takasakiyama volcano (Figure 1).
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Age determinations were carried out by Fission track dating and U-Pb dating.

The fission track (FT) dating method used in this study was developed by Danhara and
Iwano (2009). U-Pb age data was obtained using ICP-MS combined with an excimer LA
sample introduction system. The U-Pb age of zircon sample was determined after
chemical leaching using 47% HF for 20 h at room temperature or after fission track (FT)
efching using a KOH-NaOH eutectic solution for 36, 43, or 45 h at 225°C.

The results of the FT dating and U-Pb age of zircon grains are summarized in Table 1.

Table 1. FT and U-Pb age date for zircon crystals determined by LA-ICP-MS.

Sample Name FT age (Ma) U-Pb age (Ma)

Grain Number Grain age Error 1o ggg;; Error 20 gg?é”b Error 20
2015121202

no.1 0.00 =+ *» 035 = 0.22 156 + 2.20
no.2 0.00 = > 0.56 * 046 18.47 + 12.68
no.3 0.00 x 045 * 0.24 129 % 1.93
no.4 124 % 125 011 = 0.13 1.81 £ 245
no.5 0.00 + = 0.97 + 040 568 * 459
no.6 000 * ™ 050 t 0.24 258 1 259
no.7 0.00 % »= 026 * 0.24 276 =+ 3.73
no.8 0.00 % ** 0.85 + 033 6.10 % 4.18
no.9 0.00 % * 033 = 0.27 (175) + #NUM!
no.10 0.00 & *» 0.10 + 0.11 136 + 2.03
no.11 0.00 = * 046 =+ 0.25 349 = 326
no.12 0.00  *» 037 =+ 0.24 1.00 = 1.83
no.13 140 2z 140 055 % 0.25 (000) £ #NUM!
no.14 000 = 0.18 x 0.16 (050) = #NUM!
no.15 000 ™ 1.29 + 035 . 3.35 + 262
no.16 000 =+ 167 = 057 358.90 + 55.10
no.17 000 021 % 017 4573 + 1235
no.18 141 % 141 1.74 = 046 (130) £ #NUM! i
no.19 0.00 =+ *= 043 =+ 028 (180) + #NUM! i
n0.20 000 3 * 037+ 021 (065} % #NUM!
no.21 000 + = 0.77 '+ 042 (206) = #NUM!
no.22 0.00 % *= 051 x 0.26 269 * 277
no.23 0.00: s, e 0.14 % 0.15 6425 + 1595
no.24 0.00 + 043 + 0.22 159 & 1.97
no.25 0.00 % *+ 094 = 037 1141) + #NUM!
no.26 000 t * 036 =+ 0.22 902 * 526
no.27 0.00 + *+ 022 % 020 0.00 =+ #DIV/O!
no.28 0.00 & *= 106 = 040 19.39 * 813
no.29 143 1 143 037 * 017 666 + 344
no.30 0.00 % == 0.36 + 026 000 * 000

The sample includes enough amount of colorless zircon crystals and suitable for age
determination. However, the 26 grains among a total of 30 have no spontaneous FT
shown in Table 1, and the sample is expected to have very young age.

FT age is calculated by following data (Total spontaneous track (Ns): 4, Total U content
(Nu) for sample: 14582, U standard: 27261, Concentration of U: 70 ppm).

In conclusion, we obtained the age data of volcanic rock sample from Takasakiyama
volcano by two methods. One is 0.2+0.1Ma (FT age: t10) and 0.30£0.06Ma (U-Pb age:
+20).
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Aqueous fluids and sedimentary melts as agents for mantle wedge metasomatism, as
inferred from peridotite xenoliths at Pinatubo and Iraya volcanoes, Luzon arc, Philippines

Masako Yoshikawa, A. Tamura, S. Arai (Kanazawa Univ.), T.
Kawamoto, B. D. Payot (Univ. of the Philippines), D.J. Rivera,
E.B. Bariso, Ma.H. T. Mirabueno (PHIVOLCS), M. Okuno
(Fukuoka Univ.), and T. Kobayashi (Kagoshima Univ.)

Mantle xenoliths entrained in subduction-zone magmas often record metasomatic
signature of the mantle wedge. Such xenoliths occur in magmas from Iraya and
Pinatubo volcanoes, located at the volcanic front of the Luzon arc in the Philippines. In
this study, we present the major element compositions of the main minerals, frace
element abundances in pyroxenes and amphiboles, and Nd-Sr isotopic compositions of
amphiboles in the peridotite xenoliths form Pinatubo volcano. These data indicate
enrichment in fluid-mobile elements, such as Rb, Ba, U, Pb, and Sr, and Nd-Sr isotopic
ratios relative to those of mantle. The results are considered in terms of mixing of
asthenospheric mantle and subducting oceanic crustal components. The enrichments
observed in the Pinatubo mantle xenoliths are much less pronounced than those
reported for the Iraya mantle xenoliths. This disparity suggests differences in the
metasomatic agents contributing to the two suites; i.e., aqueous fluids infilfrated the
mantle wedge beneath the Pinatubo volcano, whereas aqueous fluids and
sediment-derived melts infilirated the mantle wedge beneath the Iraya volcano.

(abstract of Lithos, 262, 2016)
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Optimized single-stage protocol for the simultaneous separation of lead and strontium
from silicate rocks for isotopic measurements using thermal ionization mass spectrometry
(TIMS)

K. Abbou-Kebir, Tomoyuki Shibata, and Masako Yoshikawa

Prior to the measurement and determination of the isotope ratios of silicate rocks,
using mass spectrometers (TIMS, ICP-MS), a long and fastidious process is needed to
separate the targeted elements from the natural samples (e.g., Koide and Nakamura,
1990; Shibata and Yoshikawa, 2004). The "extraction chromatographic material (ECM)"
procedure consists in the usage of a special basic anion-exchange resin (Sr Spec.) for
which Srand Pb have a high partition coefficient. This favors their chemical isolation from
other elements as well. However, achieving satisfactory yields and good analytical
conditions requires, upstream, an optimal purification, an enhanced element selectivity
of the ion-exchange resin and minimized blanks.

The method used so far is material- (e.g., reagents, resin, laboratory equipment) and
time-consuming as it is organized into two successive sequences, the first one for the
"Extraction” step and the second one, for the "Elution" step (e.g., Deniel and Pin, 2001).
Our main goal is to overcome this shortcoming by improving the existing procedure,
which is already in a good progress. Our preliminary results are encouraging as we
successfully managed to simplify the existing protocol by reducing it from two chemical
columns to a single one, with an efficient simultaneous collection of Sr and Pb (fig.1). The
experiments were first carried out using "NIST SRM 981" standard Pb solution (provided by
the U.S. National Institute of Standards and Technology) and, then, JB-2 (basalts from
Oshima volcano, Hokkaido) standard rock powder (provided by the Geological Survey
of Japan). The Pb concentration of the experimental aliquots has been fixed at 50ng.
Once the chemical and analytical calibrations will be finalized and their reliability
ensured, the measurement of the isotope ratios of the natural samples (upper-mantle
and lower-crustal xenoliths from Himeshima and Kurose volcanic areas) will be the final
step, using the 207Pb/204Pb double-spike method that we are developing in parallel to the
column chemistry described herein. On our agenda for the fiscal year 2016, few critical
points will have to be solved, though. They will consist in:

(1). Reducing significantly the blanks and the matrix effect of organic matter to obtain
a better Pb and Srrecovery from the eluted solutions. To do so, the material used during
the first frials has already been changed and new experiments are ongoing to test it.

(2). Undertaking the measurement of Pb isotope ratios of the JB-2 standard rock by
TIMS under new conditions of higher ion currents in order to test the accuracy and
reproducibility of the TIMS results for Pb concentration of 50ng.

(3). Undertaking experiments aiming to decrease the detection/collection threshold
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of Pb for concentrations below 50ng (down from 10ng fo less than 1ng, if possible). The
challenge here is to separate the lowest, but yet sufficient enough, concentration of Pb
to obtain an ion beam for precise isotopic measurements by TIMS. The implications will
be highly valuable as to the analysis of mantle-derived rocks (i.e., ultramafics), which
concentrations in frace-elements are way much lower than those of crust-derived ones,
hence their quite challenging evaluation.

Resin % Spec. 10mi
Cleaning 10 drops HF 1.0 mi Fig.1. Single-stage column
+ ¥ mil H O ;
# hemistry fo and Sr
O el C stry for Pb and S
simultaneous separation
amEacoei A P ek (in progress for validation)
Sampie joading 3.0 HNCy 0.1 mi
(0.1 — 0.6 mi} 0.1 mi
Gimi
0.3 i
O m
0.1 mi
Waoshing BAMBEMO: 0.8 mi
0.3 i
0.3 mi
0.1 i
0.3 m
0.3 i
Woshing OB HRO 20 ml
Zr coliection CUOERA HROD: 08 erd
P collection B.08 B 0.3 ml
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Determination of lead isotope ratios by thermal ionization mass spectrometry (TIMS) using
a 207Pb /204Pb double-spike method

K. Abbou-Kebir, Tomoyuki Shibata, and Masako Yoshikawa

Isotopes are known to be essential geochemical and cosmochemical tracers. In
contrast to the broadly used isotope pairs (e.g., Rb-Sr, Sm-Nd), Pb ones require a
relatively long-lasting calibration to overcome the instrumental fractionation during
measurements by thermal ionization mass spectrometry (TIMS) (e.g., Compston and
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Oversby, 1969; Gale, 1970; Hamelin, 1984; Galer, 1999; Miyazaki et al., 2003). This main
difficulty is due to the absence of internal stable isotope ratio for the mass fractionation
correction, hence the recourse to external synthetic standard solutions (e.g., NIST SRM
981) and natural standard rocks (e.g., JB-2) for which the absolute isotope ratios are
accurately determined and available for the geosciences community.

Double-spike (DS) methods have already proven their efficiency in determining the
isotope ratfios when paired with appropriate numerical programs and algorithms for the
data reduction and mass fractionation correction (e.g., Krabbenhoft et al., 2009; Shibata
and Yoshikawa, 2004). For the Pb double-spike measurements to be performed by TIMS,
two analytfical runs are required: one with unspiked sample solutions (isofopic
composition), and one with sample solutions that have been spiked (isotope dilution)
with two different isotopes (204Pb and 207Pb in our case), in a given DS/standard material
or DS/natural rock sample mixing ratio.

After the collection of Pb by the "column chemistry" procedure, the eluted solutions
were chemically treated with appropriate reagents to get rid of organic components,
evaporated till dryness, dissolved and, finally, split into two aliquots of 50ng Pb each, one
being spiked with 204Pb and 207Pb isotopes and, the other one, remaining unspiked. A
given volume (ul) of HsPO4 solution was added to all the aliquots prior to their second
evaporation. Once the latter were completely dry, a given volume (ul) of silica-gel
activator was added to them prior to their final loading onto Rhenium-single filaments.
Using a binocular microscope, under the laminar flow of filtrated air, the sample solutions
were dried up under a heat lamp by the induction of a filament current that was
gradually increased from 0.8 A up to 2.0 A (£0.2-0.4). At the end of the process, thin
deposits were obtained on each Rhenium-single filament. The latter were placed onto a
revolving magazine ready to be inserted within the TIMS machine for the measurement
of the isotope ratios.

Here-below is a summarizing table of our preliminary data for both Pb standard
solutions and JB-2 standard rock, compared to other results from the literature after
correction of the fractionated ratios. The latter are in a good accordance with those
obtained by other researchers.

288 ffb ;294933 207Ph fﬁ%y& 208P 4y ;284?b

,saker etal. 1. (2004) (i isades | dssely T oEoved
Ishizuka et al. (2003) 18.3390 15.5610 38.2720
‘Miyazakietal. (2009)  18.3419 155622 382814
This study (averages) 18.3450 15.5623 38.2793
25D 0.0079 0.0125 0.0281
Thisedy, 120l L oos T I Riosa T 00657
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Komatiite and Boninite: a timing of occurrence inferred from a chromitite -dunite
-orthopyroxenite suite in the Wadi Rajmi area (northern Oman ophiolite)

K. Abbou-Kebir, S. Arai (Kanazawa Univ.),
and A. Hassan Ahmed (King Abdul Aziz Univ.)

The native geotectonic environment of the Oman ophiolite (a worldwide reference in
terms of on-land preserved portions of fossil oceanic lithospheres that witness the closure
of paleo-oceans) is a long standing issue, still debated. To date, two main hypotheses
exist and sustain, respectively, either a mid-ocean ridge setting (e.g., Python and
Ceuleneer, 2003) or a supra-subduction zone one (e.g., Ishikawa et al., 2005). In this
context, the northern part of the mantle section offers unrivaled and unique occurrences
that shed some light on this pending matter. Indeed, this region is known to record a high
degree of melt flux, melt extraction and mantle refertilization. The multiple and variably
extended reactions between the migrating melts and the peridotitic country-rock
generated many occurrences worth considering such as the peculiar high-Mg,
spinel-free dunite veins of a komatiitic affinity, discovered at 2 km below the Moho
transition zone, in the Wadi Rajmi area (Abbou-Kebir et al., 2015). These dunites where
found associated with a podiform chromitite orebody in a clearly discordant and
asynchronous relationship, the dunitic occurrence post-dating that of the chromitite.
Additionaly, a veinlet of orthopyroxenite (2cm wide) was found in the medium part of
dunitic vein, with a parallel and sharp contact. The aim of this study was thus to examine
the chemical affinity of the chromitite pod and the orthopyroxenite and to decipher
their genetic and chronological relationships to the komatiitic dunites, if any exists. Is the
orthopyroxenite resulting from an independent, younger, melt activity or is it the final
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product of fractionation of the komatiitic melt involved in the genesis of the spinel-free
dunitese Are the orthopyroxenite and the chromitite of a boninitic affinity as it is
dominantly the case for most of the chromitites and pyroxenites found within the Wadi
Rajmi mantle section? In fine, this lithological suite may bring new constraints on the early
stages of the Oman ophiolite history.

In Abbou-Kebir et al. (2015), the possibility of a parentage between the komatiitic
melt generating the spinel-free dunites and the high-Ca boninitic lavas (e.g., Ishikawa et
al, 2002) was advocated, based on the geographical vicinity between these two
end-members and their apparent chemical continuum, likely to have been ensured by
the olivine fractionation process within the mantle. The major- and trace-element
the
orthopyroxenite revealed highly refractory and magnesian characters, similar to those of

chemical compositions of the minerals constituting the chromitite and

boninites (Fig. 1). The REE patterns of the melt in equilibrium with the orthopyroxenite, for
instance, support an origin by influx melting induced by a LREE- and LILE-enriched
fluid/hydrous the subducted the
chromitite-dunite-orthopyroxenite suite falls within the field of the Lasail-Alley volcanic

melt, probably expelled from slab.  Finally,
unit (arc-affinity), erupted after the Geotimes lavas unit (MORB-affinity). The three
corresponding high-Mg melts were generated from a mantle source in a progressive
depletion (i.e., multi-stage partial melting), under heratic conditions (e.g., thermal
gradient, water flux, degree and number of partial melting episodes, redox state). The
geotectonic setting of the Oman ophiolite may have evolved from an oceanic ridge

systfem to a supra-subduction zone one (may be of a fore-arc type), prior to its final

obduction.
Melt in equilibrium with orthopyroxenite Fig. 1. Trace element and
00§ REE compositions (ppm) of
the melt in equilibrium with
the orthopyroxenite.
. \\ Py
= 10 ks - \
2
g (Chondrite data are from
4 - Sun and McDonough
2 1} ' (1989), and  cpx/melt
\ partition coefficients (Kd)
, . Orthopyroxenite from Jizi Block
\‘ng;;:ff;“‘g}fﬁg {(Tamura & Arai, 2006) are from Sobolev et al.
SR G T S S (1996), obtained between
Ba la Ce St Nd Smo T Dy Y £r Yb low-Al, high-Mg cpx and
boninite-like melt, under a temperature of 1100-1190°C and a hydrous fluid
pressure of 1 kbar).
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Shallow crustal velocities and possible volcanism obtained from ambient noise study of
dense broadband seismic network in the Tatun Volcano Group of Taiwan

Y. C. Huang, C. H. Lin, and T. Kagiyama

The Tatun Volcano Group (TVG) situates adjacent to the Taipei metropolis and was
predominantly active around 0.8-0.2 Ma (Pleistocene). Recently various researches
evidenced that TVG is a potentially active volcano and cannot exclude the possibility of
volcanic eruptions in the future. The faults dominantly constrain geothermal activities but
the relationships with the volcanism and detailed velocity structures are not well
understood. We analyzed ambient seismic noise of daily vertical component data in
2014 with a dense seismic network of 40 broadband stations. We select 0.02° grid
spacing to construct 2D and 3D phase velocity maps in the period band 0.5-3 s (Figure 1
and 2).

The footwall of Shanchiao Fault is dominant with low velocity and may relates fo the
Tertiary bedrock buried by andesitic lava flows with dozens or hundreds of meters thick.
The hanging wall of Shanchiao Fault, locates the recently major volcanic activities. Low
velocity zones in the southeast of Dayoukeng (DYK) can be interpreted as hydrothermal
reservoirs or water-saturated Tertiary bedrock related to Cenozoic structures in the
shallow crust. High velocities obviously dominate in the east of TVG, which locates the
earliest stage of volcanism in the TVG and recently without distinct surface
hydro-geothermal activities. Between Shanchiao Fault and Kanchiao Fault also appear
high velocities and then converge below Chishingshan (Mtf. CS). These high velocities
maybe relate to early stages of magma conduits and gradually consolidated. The
seafloor volcanic activities adjacent to Keelung coastline should also pay more
attention.

20



ot 4] g
NN Y- 4 A L .

1215 12155 1216 12165 1217 12175 1205 42185 1216 42486 1217 42175

Figure 1. Phase velocity maps at six periods in the TVG. White dash lines are 90% recovery
rate of 0.025° CRT model. The abbreviations are JS: Jinshan, KF: Kanchiao Fault, KL:
Keelung, SF: Shanchiao Fault and YLC: Yehliu Cape.
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Figure 2. The 3D phase velocity maps with horizontal profiles at 1.2, 1.8, 2.4 and 3.0 s and
vertical profiles tfransit Mt. CS at latitude 25.17 N. Red coloris 1.4 km/s and blue color is
2.3 kms;

21



Chemical composition of mantle wedge fluids, a review

T. Kawamoto

Subduction-zone magmatism is triggered by the addition of H20-rich slab-derived flux:
aqueous fluids, hydrous partial melts or supercritical fluids from the subducting slab
through reactions. Whether the slab-derived flux is an aqueous fluid, a partial melt, or a
supercritical fluid remains an open question. In general, with increasing pressure,
aqueous fluids dissolve more silicate components and silicate melts dissolve more H20.
Under low-pressure conditions, those aqueous fluids and hydrous silicate melts remain
isolated phases due to the miscibility gap. As pressure increases, the miscibility gap
disappears and the two liquid phases becomes one phase. This vanishing point is
regarded as critical end point or second crifical end point. X-ray radiography
experiments locate the pressure of the second critical end point at 2.5 GPa (83 km
depth) and 700 °C for sediment-H20, and at 2.8 GPa (92 km depth and 750 °C for
high-Mg andesite (HMA)-H20. These depths correspond to the depth range of a
subducted oceanic plate beneath volcanic arcs. Sediment-derived supercrifical fluids,
which are fed to the mantle wedge from the subducting slab, may react with the mantle
peridotite to form HMA supercritical fluids due to peritectic reaction between silica-rich
fluids and olivine-rich mantle peridotite. Such HMA supercritical fluids may separate into
aqueous fluids and HMA melts at 92 km depth during ascent. HMA magmas can be
erupted as they are, if the HMA melts segregate without reacting to the overriding
peridotite. Partitioning behaviors between aqueous fluids and melts are determined with
and without (Na, K) Cl using synchrotron X-ray fluorescence. The data indicate that highly
saline fluids effectively transfer large-ion lithophile elements. If the slab-derived
supercritical fluids contain Cl and subsequently separate info aqueous fluids and melts in
the mantle wedge, then such aqueous fluids inherit much more Cl and also more or less
amounts of large ion lithophile elements than the coexisting melts. In contrast, Cl-free
aqueous fluids cannot effectively transfer Pb and alkali earth elements to the magma
source. Enrichment of some large-ion lithophile elements in arc basalts relative to
mid-oceanic ridge basalts has been attributed to mantle source fertilization by such
aqueous fluids from a dehydrating oceanic plate. Such aqueous fluids are likely fo
contain ClI, although the amount remains to be quantified. If such silica-rich magmas
survive as andesitic melts under a limited reaction with mantle minerals, they may erupt
as HMA magmas having slab-derived signatures. (Kawamoto in Journal of Geography,
2015)
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3D fluid migration in subduction zones due to the permeability anisotropy of serpentinite
and slab geometry

M. Morishige and Peter E. van Keken (Carnegie Institution for Science)

Episodic Tremor and Slip (ETS) is a coupled phenomena of non-volcanic tremors and
Slow Slip Events (SSEs). It mainly occurs at the plate interface at around 30-40 km depth,
where the slip behavior changes from stick-slip to stable sliding. It has been shown that
the activities of ETS and the geometry of subducting slab have a good correlation at
least in Cascadia and SW Japan where relatively dense seismic and geodetic
observations are available. In Cascadia, the total slip by SSEs is largest at the bend of
slab (Schmidt and Gao, 2010). In SW Japan, non-volcanic tremors are less active in Kii
Channel and Ise Bay, where the geometry of the slab changes significantly. Considering
that fluid plays an important role in generating ETS through increasing pore-fluid pressure,
these observations may reflect the along-arc variation in fluid flux caused by 3D slab
geometry. To test this hypothesis we investigate how fluid migrates in 3D by using the
numerical approach based on a theory of two-phase flow (e.g., Spiegelman, 1993).

The model domain is divided into three regions: continental crust with the thickness of
30 km, mantle wedge, and subducting slab. In the mantle wedge, we set a thin
serpenfinite layer just above the slab from 30 to 70 km depth. We assume that the fluid
released from the slab migrates in the direction subparallel to slab surface due to the
permeability anisotropy of serpentinite (Kawano et al., 2011). First, we compute fluid
migration in 2D and find that fluid can reach the region of ETS when a strong
permeability anisofropy is assumed in the serpentinite, that is, the permeability in the
direction parallel to slab surface is 50 times higher than that in the direction normal to the
slab surface. Next, we extend the model to 3D and assume the slab geometry which is
similar to that in Cascadia. In 3D we assume that the permeability is the same in any
direction parallel to the slab surface. Results show that the fluid migrates in the
maximum-dip direction of the slab, not parallel to the direction of plate motion. As a
result, fluid paths concentrate at the bend of the slab. We also find that the spatial
change in permeability at the bend of slab leads to the increase in porosity (i.e., volume
fraction of fluid) there. If we simply assume that pore-fluid pressure increases where
porosity is high, we can explain the region with a high ETS activity in Cascadia in terms of
3D fluid migration and the associated porosity increase. We also compute 3D fluid
migration for the case where slab geometry is concave and find that fluid paths diverge
and porosity decreases. The gap in non-volcanic tfremors observed in Kii Channel may be
explained by the porosity reduction, although we need to get a better constraint of the
slab geometry in this region for a further discussion.

References

Kawano et al. (2011), Geology, 39, 939-942.

Schmidt and Gao (2010), J. Geophys. Res., 115, BOOA18, doi:10.1029/2008JB006045.
Spiegelman (1993), J. Fluid Mech., 247, 17-38.

23



sr-Nd isotopes compositions of the Hikami granitic Rocks and Paleozoic granitic rocks

J. Sasaki, N. Tsuchiya ( Iwate Univ.), Tomoyuki Shibata, Masako Yoshikawa,
T. Adachi, N. Nakano, I. Kitano, and Y. Osanai (Kyushu Univ.)

On the basis of U-Pb zircon geochronology, the Japanese Islands has been
defined and classified into the Late Cambrian Granite (ca. 500Ma), the Late
Ordovician Granites (ca. 450Ma) and the Late Carboniferous-Permian Granites (ca.
300Ma) (Isozaki et al. , 2015). These three Paleozoic Granites display the chemical
characters of calc-alkaline, I-type Granite by whole rock chemical composition

(Kobayashi, et al. , 2000) . Since a small amount of Sr isotopic data of Paleozoic
granitic rocks obtained in previous study (e.g. Shibata, 1974; Asakawa et al., 1999),
nature of parental magmas and source materials are not well known. We have
examined Sr-Nd isotope compositions the genetic the paleozoic granitic rocks in Japan
arc.

The Hikami granitic rocks can be divided lithologically into nine rock types on the
basis of mineral assemblage, texture and petrochemistry. Rock type A is characterized
by the presence of hornblende. Rock type A-1 are located at southwest part of Hikami
granitic rocks. Rock type A-1 has low §iO2 content ranging from 61 to 63 weight percent.
Rock type A-2 is located at central of Hikami granitic rocks. This type has high Zr content
ranging from 117 to 247 ppm. Rock type A-3 is located at northeast part of Hikami
granitic rocks. This type show Porphyritic fexture. Rock type A-4is located at south part of
Hikami granitic rocks. Rock type A-4 has medium SiO2 content ranging from 68 to 71
weight percent. Rock type B(Ono-type) are located at north part and east part. This type
has high Rb content ranging from 96 to 121 ppm.Rock type C are located at around
group Rock type A-2. This rock type has high Ba confent ranging from 352 fo 1226 ppm. D
are located at southeast from the Mt. Hikami and west from Ono. This rock type has low
Al203 content ranging from 13.7 to 14.9 weight percent. Rock type E includes the east
part of Tsubonosawa Metamorphic rocks. This rock type has high Y content ranging from
22 to 26 ppm. Rock type F includes the west part of Tsubonosawa Metamorphic rocks.
This rock type has low Y content ranging from 11 fo 13 ppm. We analyzed Sr-Nd isotope
compositions from each group, Tsubonosawa Metamorphic rocks and these stages of
Paleozoic granitic rocks listed below.

500Ma (Cambrian granitic rocks):  Shoboji Diorite (south Kitakami Mountains),
Isawagawa Tonalite(south Kitakami Mountains), Trondhjemite of the Kagura Complex
(south Kitakami Mountains), Daiouin granitoid (southern margin of the Abukuma
Mountains), Hikawa granitoid (Higo belt), Horei tonalite (south Kitakami Mountains).
450Ma (Ordovician granitic rocks): Hikami granitic rock (south Kitakami Mountains),
Mikuni granitic rock (the Kurosegawa Tectonic Zone
300Ma (Late carboniferous-Permian granitic rocks): Wariyama granitic body(eastern
margin of the Abukuma Mountains), Kinshozan Quarfz diorite (Kantou Moutains),
Usukigawa Quartz diorite (eastern Kyushu district).
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The &Srl values for Hikami granitic rock range from 14.0 to 59.1. The €Srl value for
Tsubonosawa Metamorphic rocks is 104.9. F group have higher €Srl (59.1) than other
groups (eSrl=+25.9~+42.9). This tendency similar to that of the Srl date obtain from
Asakawa et al(1999). B group(Ono-type) have lower €Sri(14.1) than other groups
(eSr1=+25.9~+42.9). This tendency are similar to that of the Srl obtain from Shibata 1974.
eNdl values for Hikami granitic rock are concentrated (eNdI=-2.7~-6.1) .Cambrian
granitic rocks have €Sl values from 0 to 10.4 and eNdl values from 4.2 to 7.6.

Late Cambrian Granite has lower Rb than Late Ordovician Granite. Late
Carboniferous-Permian Granite has lower Nb than Late Cambrian Granite and Late
Ordovician Granite. Ordovician granitic rocks have &Srl values from 14.0 to 59.1 and eNdl
values from 4.2 to 7.6, the Late Carboniferous-Permian granitic rocks have &Srl values
from -3.9 to -2.91 and eNdl values from +5.2 to 6.2. Late Carboniferous-Permian granitic
rocks have slightly lower €Srl than Cambrian Granites. These observations indicate that
the granitic rocks of the same period have similar Sr and Nd isotope ratio. These Sr-Nd
isotope data from Ordovician granitic rocks deviate from the Mantle array to the lower
righit. Thus, we consider that parental magmas of Ordovician granitic rocks are
continental crust. Carboniferous granitic rocks and Cambrian granitic rocks have similar
Sr and Nd isotope ratio. They may be derived from depleted source (probably basic
igneous rock). Some late Carboniferous-Permian Granite typical a re adakites (Tsuchiya
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Fig. 1. Plot of eNd(T) vs. £5r (T} for the Paleazoic granites in Japan

et al., 2014). Adakitic magmas are derived from direct partial melting of subducted
oceanic lithosphere. This tendency similar to that of Sr-Nd isotope data of late
Carboniferous-Permian  Granite. The similarity of petrochemistry and zircon
geochronology between Hikami Granitic Rocks and the granitic rocks in the Kurosegawa
Belt is consistent with the correlation between the South Kitakami mountains and
Kurosegawa Belts (Kobayashi et al., 2000; Osanai et al., 2014) . The Ordovician Granite
probably formed matured arc granitic belts or active margin (Kobayashi, et al., 2000) .

However, the Late Carboniferous-Permian Grannite probably formed immature arc
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granitic belts (Kobayashi, et al., 2000). This tendency similar to that of the Sr and Nd date
obtain from this study.
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Preliminary report for the determination of boron contents in silicate rock samples using
by ICP-MS$S

Tomoyuki Shibata, Y. Higashiyama (Kumamoto Univ.), Masako Yoshikawa,
' and T. Hasenaka (Kumamoto Univ.)

It is well known that Boron (B) is one of the useful geochemical tracer. | pecomposition (80°C)
We examined a simple calibration method for determining boron e
concentration in silicate rock samples, although it is expected that '“*S'F(gzim'g”
the isotope dilution mass spectrometry (IDMS) or calibration method }
with internal standard can be realize more precise measurement for Centrifugation

(3100 rpm, 5 min)
B content. The powdered rock samples were decomposed by !
HF-mannitol method (Ishikawa and Nakamura, 1990), and | Drying up (80°C)
evaporated on a hot plate at 80°C to be dryness. The dried samples D‘ssjuﬂ

i on

were diluted with mixed acid of 5% HNO3s and 0.1% HF, and used for 5%HNOs and 0.1%HF
the measurements. Concentrations of B were determined by Thermo 1

| 1cP-MS analysis

Scientific X2 Series quadrupole inductively coupled plasma mass
spectrometers (Q-ICP-MS), which is installed at the Institute for Fig. 1. Flow chart

. ; : y ; . showin the
Geothermal Sciences, Kyoto University, Japan. The calibration line proced%re of
Boron

was determined by standard solutions concentrated from 0.1 to 50 N
determination by
ppb of boron, which were prepared from 10ppm boron standard solution (SPEX).
Reference rock samples of JB-2 and JB-3 from the Geological Survey of Japan were
measured to assess the analytical accuracy. The boron content of JB-2 and JB-3
determined by this study were 30.0 £1.4 ppm (1o, n=12) and 18.1 £ 0.2 ppm (1 &, N=2),

respectively. These values are similar to the recommended values within analytical
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uncertainties (JB-2: 30.2 ppm, JB-3: 18.0 ppm; Imai et al., 1995). Analytical reproducibility
of our boron determinations were 4.5 % (RSD; relative standard deviation) for JB-2 and
0.8 % for JB-3, respectively. Our reproducibility of the measurement of B content is similar
to the value of obtained by IDMS (Nagaishi and Ishikawa, 2009). Therefore, our method
established by this study can be applied to the investigations using B concentrations as a
geochemical tracer.
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The magmatic evolution of Quaternary lavas of Sakurajima volcano, Kyushu Island,
Japan

Tomoyuki Shibata, Masako Yoshikawa, T. Kobayashi (Kagoshima
Univ.), M. Miki (Kyoto Univ.), and K. Takemura

Sakurajima volcano is situated at the volcanic front of the Ryukyu arc, Kyushu Island,
Japan (Fukuyama, 1978, J. Geol. Soc. Jpn.), where the Philippine Sea Plate (PSP) is
subducting. Shibata et al. (2013, Bull. Vol. Soc. Jpn) emphasized that the mixing of
andesitic and dacitic magmas played an important role in the genesis of Quaternary
lavas of Sakurajima volcano, and that multiple dacitic magma chambers with different
geochemical characteristics once existed beneath the Sakurajima area at relatively
shallow levels in the crust. However, detailed processes of magmatic evolution of
Sakurajima still contfroversial. We discuss the magmatic processes on the bases of newly
analysed frace element and Sr-Nd isotopic compositions together with those of previous
data and Pb isofope ratios.

Although most of the major element compositions show a single linear trend on each of
the Harker diagrams, two different trends are discernible on each of the P205, and TiO2
vs. silica diagrams, and are subdivided into low-P and high-P geochemical groups. Those
two groups show deferent trend in the relation of Srisotope ratios and silica contents. Sr
isotope ratios of the both groups increase with increasing silica contents, and the
difference of Sr isotope ratios decrease with decreasing silica contents. Sr-Nd isotope
ratios of the most silica poor andesite are relatively less radiogenic, but displaced
towards more radiogenic Nd isotope compositions from the mixing curve of MORB-type
mantle and subducting PSP. From these observations, it is considered that 1) source
materials of primary magma of Sakurajima volcano are MORB-type mantle and slab
derived materials, 2) andesite magma might be evolved from the primary magma by
AFC process, 3) further AFC or magma mixing of initial andesite and two individual acidic
endmember generated the magmas of low-P and high-P groups. The erupted areas of
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low-P and high-P groups are also different. Therefore, it can be considered that those
two groups erupted through individual magma-plumbing system, as emphasized by
Iguchi (2013, Bull. Vol. Soc. Jpn)

Integrated Research for Beppu - Haneyama Fault Zone (East part of Oita Plain - Yufuin
Fault) (Research in 2015)

K. Takemura and Research Group for Beppu — Haneyama Faulf Zone
(East part of Oita Plain - Yufuin Faulf)

<Introduction>

Integrated 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 Integrated
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
area. 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 fault, 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 2015 fiscal year>

Sub-theme 1: Seven sediment core sampling from Beppu Bay was carried out in August
2016 (Fig. 1). Those are BP-1 to BP-7. BP-1 and BP-2 are 20 m long. The columnar section
and several information is shown in Fig.2.
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Fig.1. Coring sites in 2015 from
Beppu Bay, Kyushu Japan
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Fig.2. Subbottom sediment core BP15-1 and BP15-2. Core photograph, CT-Scan images,
Color information detected from photograph (L*, a* b*), and magnetic susceptibility.
Two sections are correlated by solid lines and broken lines.
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Sub.theme 2: Seismic reflection was carried out from west to east in Oita Plain in Fig.3.

Fig.3. Seismic reflection survey in 2015 at Oita Plain, Kyushu Japan
Upper fig. shows survey line and result of analysis seismic reflection and refraction survey.
Lower fig. shows integrated seismic reflection survey result at Oita Plains along the Oita
River, Ohno River and result in 2015.

Trace element compositions of crustal xenoliths in Kinpo volcanic rock from Kyushu,

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

Lower crustal xenolith in volcanic rock provides direct information of present and/or
fossil lower crust (Rudnick, 1992). Felsic to mafic crustal xenoliths were observed in
Pleistocene calc-alkali andesite of Kinpo volcano, which is located at east side of Ariake
Sea in Central Kyushu (Yokose and Yamamoto, 1996). We analyzed trace element
compositions of whole rocks of three gneiss and two gabbro xenoliths from the Kinpo
volcano by solution-mode inductive coupled plasma mass spectrometry.

We present chondrite-normalized rare earth element (REE) patterns (Fig. 1) and
Primitive Mantle (PM)-normalized multi element diagram (Fig. 2). Newly obtained REE
patterns show light REE enrichment relative to heavy REE with positive or negative Eu
anomalies. These pattern features differ from previous reported ones (Fig.1) and these
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results represent lower crust under the Kinpo volcano is heterogeneous. The trace
element concenfrations of the Kinpo xenoliths are higher than those of the
lchinomegata mafic xenoliths. Multi element PM-normalized patterns of Gabbro xenoliths
are strikingly similar to those of volcanic rocks from the Tsurumi volcano, that is located at
volcanic front of northern Kyushu (Fig. 2)
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Fig. 1. Chondrite-normalized REE patterns of the Kinpo gabbro (GB) and gneiss (GN)

xenoliths. Basic metamorphic rock and hornblend (Hb) gabbro xenoliths and host
andesite data (Yamamoto and Yokose, 1993) are shown for comparison.

We thus believe that these samples probably represent an unfractionated andesitic
to dacitic melt rather than a cumulate. Similar results are reported from between the
Ichinomegata mafic xenoliths and frontal tholeiite of the NE Japan (Aoki and Yoshida,
1986) and beftween gabbro xenoliths and San Francisco volcanic rocks from San
Francisco Volcanic Field, northern Arizona, U.S.A (Chen and Arculus 1995).
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Fig. 2. Primitive mantle (McDonoough and Sun, 1995)-normalized multi element diagram
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of the Kinpo xenoliths. Data of Rb, Ba, Nb, and Zr concentrations are from Miyoshi et al.,
(2008). Symbols are same as Fig.1. Pale and dark grey fields are range of the Tsurumi
volcanic rocks (Sugimoto et al., 2006) and the Ichinomegata mafic xenoliths (Aoki and
Yoshida, 1986), respectively.
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9. ‘BEBIZ 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 telemetry)
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 (proton; online)

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

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

Cenftral Kyushu regional network

Seismic Stations : AVL(6), MAK, NBR, MKN, HDK, TAT, MGR (online telemetry)
ASJ, HNY, SKM, KBM, TRM (dial-up)
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10. ¥EfE B3 Facilities and Instruments
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HEfEEE

Instruments

(7]
BTRR, LB LGRS 2 7 2
MRS G
7a b RHE
75 v 25— ViR
T ot [T N
BRI

[Beppul

ICP emission Spectrometer

Energy dispersive electron microprobe analyzer

Wavelength dispersion type X-ray Fluorescence
analyzer

Energy dispersionty type X-ay Fuorescence
analyzer

Powder X-ray diffractometer

Liquids scintillation system

lon chromatography

Gas chromatography

Automatic titration system

[Aso]

Continuous seismic monitoring system for Aso
and Kuju Volcanoes

Observation tunnel for ground deformation

Proton and fluxgate magnetometers

Geomagnetic absolute measurement system

Titmeters
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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

Raman microscope

FT-NIR spectrometer

IR microscope

Heatings stage

Portable
period)

Gravimeters

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

Electronic distance measurement system

Leveling survey system (automatic reading)

seismometers  (broadband  short
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Ee, A=V 7a7#8RL-ZLicdy, Mty ¥—nk, 5FREFIR (rokiFh) Kk
HHZDOWTHUE FZRNCE 2 R AR ESN-S2H 5. Zhik, MET R kO RO kR EZHEST S
ECTHLEERERTHS.

[Beppu]
An analysing system of frace element and isotopic compositions

Radiogenic isotope and trace element compositions of natural samples (e.g. rock and
water, etc.) provide us important information about source materials of a sample,
generating processes from the sources and age of the sample formation. Therefore isotope
and frace element compositions of natural samples are important for investigating the
phenomena accompanied with material transfer, such as magma genesis and
mantle-crust recycling. Hence, we established an analytical method for determining trace
elements by using an inductively coupled plasma mass spectrometer (Fig. 1) and for
isotopic ratios of Sr, Nd and Pb: employing a 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 preparatfion for the each analysis were also established. All our chemical

procedures are performed under a clean environment, which is basically handmade with
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our original design (eg. Fig. 3). The analytical methods established at BGRL realize the

precise analyses of frace and isotopic compositions of ultra frace amounts of the samples.

Furthermore, we are developing methods to realize the mass production of the assay tests.

By employing the described analytical methods, we are progressing with the study of

magma genesis and material transfer in the mantle, etc.

Fig. 2. Thermal

Fig. 1. Inductively coupled plasma mass OETOMEIE

spectrometer

Fig. 3. Sample evaporation system under the
ultra clean environment
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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

BIIF
T 874-0903 R4y BRI E A5
Ean: 0977-22-0713
77y A 0977-22-0965

Homepage: http://www.vgs.kyoto-u.ac.jp

Aso Volcanological Laboratory
Minamiaso, Kumamoto 869-1404, Japan
Telephone: +81-9676-7-0022

Facsimile: +81-9676-7-2153
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T 896-1404 REAS P AR AR R BT &R ASIRI 5 5280
Han: 0967-67-0022

77 v R:0967-67-2153

Homepage:

http://www.aso.vgs.kyoto-u.ac jp/

Front Cover Image:

A strombolian explosion in the 1st crater of Mt. Nakadake, Aso volcano in April 2015. (Photo by
A. Yokoo)
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