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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.

Five meetings of the steering committee, established in fiscal year 2004, were held in fiscal year 2017
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 and now it is going to be
operated steadily. 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 institutions 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 (Kyoto University) Weeks.”

In personal affairs, Dr. Corrado CIGOLINI from Italy worked at Aso as a visiting professor from June
to September in 2017. As a postdoctoral associate, Dr. Toshimichi NAKANISHI joined us in April 2017.
and Dr. Keika HORIGUCHI moved to Meteorological Research Institute, Japan at the end of March 2018.
In December 2017, Dr. Abbou-Kebir KHADIDJA and Dr. Yu-Chih Huang moved to Hiroshima

University and National Center for Research on Earthquake Engineering in Taiwan, respectively. Dr.
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Masako YOSHIKAWA resigned an Assistant Teaching Staff and moved to Hiroshima University at the
end of March 2018.

Professor Keiji Takemura and Professor Tsunemori Kagiyama, who had been instrumental in
managing Institute for Geothermal Sciences over the years, were retired by the end of March, 2018. In the
final lecture of them held on March 21, 2018, many people including graduates of the institute and
professors and researchers in and outside Kyoto University attended and listened to the final lectures of
both professors at Kyoto University. The improvement and the enhancement of the educational
environment related to Institute for Geothermal Sciences in Kyoto campus owe it to both professors. To

take this opportunity, I would like to express my sincere gratitude to Prof. Takemura and Prof. Kagiyama.

As listed in the annual report, we carried out much collaborative research with domestic and
international organizations and science groups. Our institute also made a great contribution as a field
station of multi-purpose field sites for education and research in fiscal year 2017. These activities will
continue in collaboration with the Division of Earth and Planetary Sciences and the headquarters of

Kyoto University. We have to inherit the spirit of the establishment of our institute.

Kyoto, June 2018
Shinji OHSAWA,

Professor/Director of 2017 fiscal year
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2. WF32i58) Research Activities

2.1. ¥EENILFEAFZE Institution Collaboration

Scientific monitoring of hot springs in Beppu (VI)

Shinji Ohsawa, Taketoshi Mishima, and Keiji Takemura

Exploitation of hot springs (drilings 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).

After the accident at the Fukushima Daiichi Nuclear Power Plant in 2011, the
necessity of increasing the power supply using renewable energy was widely discussed
in Japan. Small-scale geothermal power generating facilities with =2000kW capacity
were assessed as a renewable energy resource. In Beppu-Onsen hot spring, where high
temperature hot springs discharge through a wide area, small-scale geothermal power
generation started as early as 2013. As shown in Fig. 1, almost all small-scale geothermal
power plants are situated in the upper parts of flow paths of high-tfemperature
sodium-chloride (Na-Cl) thermal water. Before full-fledged implementation of
small-scale geothermal power generation from January 2014, we started geochemical
monitoring of hot spring water at hot spring wells in January 2013 (Fig. 1). Almost all the
monitoring sites are near the area of intensive development of geothermal resources.
Monitoring data (discharge temperature, pH, EC, ORP, concentrations of Na, K, Mg, Ca,
Cl, SO4, HCOs3, etfc.) are being collected once a month.

We investigated the obtained data in this research by referring fo existing data such
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Fig. 1 Five geochemical monitoring site (A to E) for hot springs provided by us with
geothermal power stations and flow paths of underground thermal waters in the

Beppu-Onsen hot spring area.

as The Chemistry Magazine of Hot Springs in Oita (Oita-ken-kosen-shi) and The Hot Spring
Analysis Reports (Onsen-bunseki-sho). As a result, no significant changes were observed
at sites B, C and D, and the results at Sites A and E will be described below.

sAlthough there is an interruption of the observation halfway, hot spring well af site A
is a boiling spring in which Kyoto University has been confinuously monitoring
concentrations of Cl and HCOs since 1972. As shown in Fig, 2, since 2013, Mg
concentration, which had been decreasing until the end of 2016, decreased rapidly
from the beginning of 2017, and as if to respond to the change, Cl concentration and
pH which had been decreased moderately began to increase. Concentrations of HCOs,
which is known to be complementary to Cl, seems to have stopped a gradual increase
from this fime.

The hot spring well at site E was drilled in 2015 in the vicinity of a hot spring well which
was seen to change concentration of dissolved components by the pressure drop of Cl
type thermal water. We started monitoring in March 2016 after drilling of the well was
completed. As shown in Fig. 3, there are noticeable changes in concentrations of
almost all the chemical components, regardless of the short period of about two years.

In late 2017, there was a change in Mg, which was gradually increasing the
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Fig. 2 Time variations of concentrations of chemical components in boiling water

discharged from hot spring well designated for the ministering site A.

concentration. At the same time, increases in Cl and Ca concenftrations, which showed
a downward trend until then, were observed. HCOs was gradually reduced, whereas
SO4 gradually increased. pH decreased by 0.5 units and seems to be changing to tune
with the SO4 concentration.

Fig. 4 shows temporal changes of underground thermal water temperatures at sites A
and E, estimated using the K-Mg geochemical thermometer (Giggenbach, 1988). At the
fimes of the changes of geochemical parameters around the end of 2016 for site A and
in late 2017 for site E, respectively, as mentioned above, the underground temperatures
of the thermal waters seem to become increasing.

Both of decrease in Cl concentration and increase in HCOs concentration with a
decrease in pH, which will mean increase of the addition of CO2, by the end of 2016 at
site A and decrease in Cl concentration and increase in SOs concentration with pH
decrease, which will mean increase of the addition of H2S, at site E by late in 2017 can
be seen as the effect of extraction of a large amount of Cl-type hydrothermal water on

the establishment of geothermal power stations. On the other hand, the recent
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increases in Cl concentration and the temperature of underground thermal water may

reflect the effects of the recent regulations to the geothermal development.

Salinity and Na/K ratios of subduction zone fluids

Tatsuhiko Kawamoto, Jun-ichi Kimura, Qing Chang (JAMSTEC), Masako Yoshikawa,

Mitsuru Okuno (Fukuoka University), and Tetsuo Kobayashi (Kagoshima University)

John Requa Holloway and | had worked on the melting temperature of H2O-safurated
mantle peridotite and found that there was no void in the quenched‘ experimental
products that contain >50 wi% H20 at 5 GPa (Kawamoto and Holloway 1997 Science).
This finding suggests that ultramafic melts and aqueous fluids can mix fogether at 5 GPa.
Synchrotron X-ray radiography allowed us to determine the critical endpoints between
aqueous fluids and peridotite, basalf, high-Mg andesite, and sediment at 2.5-3.7 GPa
(Mibe et al. 2007 JGR, 2011 PNAS, Kawamoto et al. 2012 PNAS). This pressure range is
shallower than or close to the depth of subducting oceanic plate underneath volcanic
fronts. This indicates that slab-derived fluids can be under supercritical fluids and
separate into aqueous fluids and silica-rich melts in the mantle wedge. We suggest that
such separation can explain the decoupling of slab-melt and fluid components.
Partitioning of alkali and alkali earth elements and Pb between aqueous fluids and
haplogranite/jadeite melts suggests that saline fluids are likely to deliver those trace
elements to the partial melting source (Kawamoto et al. 2016 Earth Planet Space). This
experimental suggestion is consistent with observation of saline fluid inclusions in mantle
peridotite xenoliths and jaditites in serpentine mélange (4-5 wi% NaCl equivalent:
Kawamoto et al. 2013 PNAS, Kumagai et al. 2014 CMP, Fukuyama et al. 2017 J Mineral
Petrol Sci, Kawamoto et al. 2018 Lithos). Recently we determine the Na/K ratios of sulfate
bearing saline fluid inclusions in Pinatubo harzburgite xenoliths (Kawamoto et al. 2018
JoGU abstract). The obtained Na/K ratios (NazKez) are comparable with those of
aqueous fluids in the generation of the Mariana trough (back-arc) magmas (Nas2Kis,

Stolper and Newman 1995 EPSL), H2O-rich components in Mt. Shasta (Naz7Kzs, Grove et all.



2002 CMP), and between two H20-rich components in Mt. Shasta (NazoKzo of melt or
supercritical fluid components and Nas7Kis of aqueous fluid components, Le Voyer et al.

2010, J Petrol). These saline fluids can be formed through seawater-rock interaction.

Degassing of CO:2 from the Horita-Asamigawa faults in Beppu geothermal area

T. Shibata, K. Ogawa, H. Sumino (Univ. Tokyo) and K. Takemura

Active faults have been considered to provide paths for the terrestrial gases to
escape to the atmosphere. Several volatiles in soil gases and spring gases have been
reported to be anomalously high at some active fault zones even during their quiescent
periods. Kennedy et al. (1997) presented that mantle-derived helium and COz in spring
and well fluids are released on the San Andreas fault, and the degassing mechanisms
are dependent on underground structures such as geological strata, faults and fissures.
Here, we have measured fluxes and carbon isotopic compositions of soil CO2 along the
Horita-Asamigawa faults in Beppu geothermal area, Japan.

Beppu is located on east end of subsidence of the Beppu-Shimabara Graben in
Kyushu Island, southwest Japan (Matsumoto, 1979), and is a famous area as a
geothermal system. The geothermal system is situated on the eastern flanks of the
Tsurumi-Garandake volcanic center and spread until the coastline to the east. The
geothermal activity is mostly concentrated in two areas, on the northern and southern
sides of the fan deposit.

Flux of CO2 was measured by the chamber method which accumulates emission gas
in the chamber placed on the soil. The contained gas was circulated through the
chamber and a LI-COR LI820 (WEST System Co Ltd.) infrared gas analyzer. Pressure and
temperature were coincidently measured by a pressure fransducer and a thermometer,
respectively. The gas was desiccated with Mg(ClO4)2 before entering the analyzer. The
flux is estimated by the gradient of CO2 concentration in the chamber. Soil gas sample
were collected for carbon isotopic analyses at 30-50 cm depth in pre-evacuated 10 ml

vials. Stable carbon isotfope ratios for CO2 were measured by continuous-flow mass



spectrometry (Finnigan MAT Delta S) at University of Tokyo.

Distribution of CO2 efflux is shown in Fig. 1, and anomalies are observed along the
Horita-Asamigawa faults and ifs northern parts. The 913C values of soil gas vary from
-16.7%0 to -8.3 %o, suggesting mixture between mantle-derived and biogenic CO.. Allis
and Yusa (1989) have reported that thermal fluid infrudes and flows in fault zone.

Therefore, some gases can be transported from the mantle through the fault fractures.

Reference

Allis R.G., Yusa Y. (1989) Fluid flow processes in the Beppu geothermal system, Japan.
Geothermics, 18, 743-759.

Kennedy B.M., Kharaka Y.K., Evans W.C., Ellwood A., DePaolo D.J., Thordsen J., Ambats
G., Mariner R.H. (1997) Mantle fluids in the San Andreas fault system, California,
Science, 278, 1278 — 1281, doi:10.1126/science.278.5341. 1278.

Matsumoto Y. (1979) Some problems on volcanic activities and depression structure in

Kyushu, Japan. The memoirs of the Geological Society of Japan, 16, 127-139.
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Paleoenvironment and sedimentation rate change of the latest Pleistocene to Holocene

deposits around the Beppu Bay, central Kyushu, Japan.
Keiji Takemura and Toshimichi Nakanishi

1. Introduction

Headquaters for Earthquake Research Promotion of Japan was performed about the
recurrence intervals of paleoseismic events for long term assessment of future seismic
disaster around the Beppu Bay (Ministry of Education, Culture, Sports, Science and
Technology, and Kyofo University, 2017). These results were presented at academic
conferences and compiled them as articles. As part of that, in order tfo obtain the
geological information of Funai fault, KUO-1 core was collected from the subsidence

side (Nakanishi et al., 2017). This result was introduced in below.

2. Paleoenvironments of the Oita Plain and tectonic movement of the Funai fault
Sedimentary facies, mollusc assemblages, and radiocarbon (14C) ages of 25 terrestrial
plants and 16 marine carbonates from a drilling core, 70 meter length, was determined
to estimate the activity of Funai fault, a part of the Oita Plain-Yufuin Fault Zone, normal
faults along southern margin of the tectonic basin. Based on the analysis, six sedimentary
facies, a braided river channel, estuary, prodelta, delta front, delta plain, and artificial
soil, were identified in ascending order. The average vertical slip rate of Funai fault was
calculated to 2.6-2.7 mm/yr based on the displacements of braided river channel
sediments in the last glacial and base of Kikai-Akayoya tephra. The results were
suggested in Figure 1. Moreover, 14C reservoir ages were determined from marine shell
and terrestrial plant pairs in the sediments of estuary, prodelta and delta front, and the

eight values were 280 £150 within 210 = 70 to 580 + 70 years during 6200-10950 cal BP.

Reference

Nakanishi, T., Takemura, K., Matsuyama, H., Shimoyama, S., Hong, W. and Okuno M.
(2017). Activity of the Funai fault and radiocarbon age offsets of shell and plant
pairs from the latest Pleistocene to Holocene sediments beneath the Oita Plain,
western Japan. Radiocarbon, 59(6), p.1737-1748.

Ministry of Education, Culture, Sports, Science and Technology, Kyoto University (2017).



Comprehensive Research Project for the Beppu-Haneyama Fault Zone (East part of

Oita Plain - Yufuin Fault Zone), 526p.
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2.2. W34 Scientific Reports

Shallow crustal velocity structures derived from an ambient seismic noise study in the

Aso caldera

Y.C. Huang, T. Ohkura, T. Kagiyama, S. Yoshikawa, and H. Inoue

The Aso volcano is located in central Kyushu and four caldera-forming mega
eruptions have occurred within 266-89 ka and created recent caldera. We derived the
shallow é-km-deep crustal S-wave velocity (Vs) structures underneath the Aso caldera
through analysis of ambient seismic noise signals. Daily verfical components of ~4 years
were collected from 25 seismic stations employing thirteen broadband (BB) and twelve
short-period (SP) seismometers (Fig. 1). Daily cross-correlation functions (CCFs) of BB and
SP station pairs were calculated separately with a 100 s lag time in the 1-10 s period
band for the BB station pairs and the 0.2-5 s period band for the SP statfion pairs. Daily
CCFs exhibiting high similarities were stacked into monthly CCFs fo further measure
Rayleigh-wave phase-velocity dispersion curves and to construct 1-5 s phase-velocity
maps with a 0.05° grid spacing.

Figs. 2 and 3 show the obtained Vs structures and are sensitive fo hydrothermal fluid
distributions. The post-caldera central cones are dominated by high velocities from the
surface to 1 km depth. In the west of the crater area on Mt. Nakadake, low velocities
prevail at the surface and extend to major anomalies at a depth of 1-3 km. These
low-velocity anomalies can be assumed to be shallow hydrothermal reservoirs, which
might be replenished by precipitations and hydrographic networks within the caldera
floors. High velocities prevail below 3 km and can be considered to correspond to
consolidated igneous rock. However, the low velocities observed at a depth of 5-6 km .
under the post-caldera central cones might indicate the tops of deep hydrothermal
reservoirs or magma chambers. Low-velocity belts situated at depths between 2 and &
km are likely pathways for hydrothermal fluids, volcanic gases, or melting magma giving
an easy transit to the surface.

The Aso Valley shows obvious lateral velocity variations across sections. To the west

and northwest of the Aso caldera, rather thick low-Vs anomalies appear near the
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stations), respectively. Inset shows the locations of study region (red box) in Kyushu of

Japan.

surface, possibly related to the Futagawa-Hinagu fault system. More densely and
homogeneously distributed seismic stations will be required to observe the deep velocity

structures of the volcanic conduit systems beneath the Aso caldera in greater detail.

12



Vs (km/s)
w B

N

Depth (km)

apnybuo

8'0¢l 6'0¢L 3% Liel el
9 : : : f

vlEL

s,

G4

~
X

®

e

™
(s/w) sA

-

apnijeT
8ce 6c¢

Lze

92z¢

) o IS w N

(uny) ydeg

o

- 32,

Depth (km)

&

1308

0.05° grid po

15 I
i

.y b fa « g ¥

i

ﬁ%——f}—-——h——i—-——i—_-

6

130.9

-

~N

w

5

1313

6 T -
130.8 130.9 131.1 13

Longitude

(s/w) sA

14

Fig.2 Four Vs profiles transect the Aso caldera in the shallow é km depths. (q)

Latitude 32.9°N across crater area on Mt. Nakadake; (b) Longitude 131.1°E across

crater area on Mt. Nakadake; (c) Latitude 32.95°N across the Aso Valley; (d)
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discussed in the texts.
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A new potential data inversion method based on sparse regularization
M. Utsugi

ecentry, some new potential field data insersion methods were proposed to reveal
the subsurface structure. Some ot these were based on so-called sparse regularization,
which is to restrict the number of non-zero model elements to be small. By infroducing
the sparse regularization, especially in the case of the potential field data inversion, the
ambiguity of the solution due to the ill-posedness of the problem is reduced, and the
obtained model is tend to be constructed with only the model elements that are truly
necessary to reproduce the observed potential data.

In this study, a new inversion method of linear simultaneous equations system s
proposed. The objective function which is minimized by our inversion scheme is the

following functional which involves L1 and L2 norm of solution vector:

1
L=5l|y—Xl3||2+/11|ﬁ|1+/12||ﬁ||2 (1)

Where y is the observation vector, X is a kernel matrix of the linear equations system
which is to be solved, and O is the solution vector. The parameters 21 and A2 are the
regulatrization parameters for L1 and L2 norm penalty, respectively. By infroducing the
penalty of the L1 norm of the solution vector, it is promising that a model which has a
sparse nature is obtained. However, because L1 norm penalty is not differentiable, the
solution which minimizes eq. (1) cannot be obtained by the conventional inversion
method. Therefore, in this study we introduced a new technique to divide the solution
into positive and negative parts. That is, B is splitted into positive and negative part: p =u
—v, (u>0, v>0) where u = max(, 0) and v = max(-B, 0). By this modification, eq. (1) is

rewitten as
1
L=—lly=X=v) [ +ACGu+ v+ 2 [(@-v)|*  subjectiou>0,v>0

This functional is (strictly) convex, smooth, and differentiable, and it can be solved by
conventional technique for non-negativity constrained quadratic programming. In this
study, GPSR(Gradient Projection for Sparse Reconstruction, Figueiredo et al., 2007) was
used. Figure 1 shows the result of a syhthetic test of the magnetic inversion. On this

calculation, three magnetized blocks are assumed. The dimensions of two shallow
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Fig.1 Cross section of the syhthetic model (left) and obtained model by sparse

regularized inversion (right) through the x = 0 km profile.

blocks are 75 x 75 x 75 m and that of the deep block is 100 x 100 x 100 m. The center of
each blocks are located on (0 km, -0.25 km, -0.075 km), (0 km, 0.25 km, -0.075 km), and
(0 km, 0 km, -0.25 km). A cartesian coordinate system is infroduced, and x and y axes are
ditected toward north and east, and z-axis is ditected upward, respectively. An area
-0.5km <x<0.5km, -0.5km <y <0.5km and -0.5<z<0km s divided into 80 x 80 x 40 grid
cells, and magnetic declination and inclination of each cell is assumed to be an uniform
direction (I=500, D=N7°W). Thus, model parameter is the intensity of the magnetization
of each cell. Fig. 1 shows the cross sections through the x = 0 km profile of the syhthetic
model and resultant model obtained by the proposed sparse regularized inversion. As
can be seen in this figure, resultant model recovered the tfrue model very well, not only
the magnetization intensity but also the dimension and location of the magnetized
blocks, and this result shows that the proposed inversion scheme is efficient to the

magnetic inversion.

Pb isotopc ratios of crustal xenoliths in Kinpo volcanic rock from Kyushu, Japan

Masako Yoshikawa, M. Miyoshi (Fukui Univ.), Abbou-Kebir, K.,

and Tomoyuki Shibata (Hiroshima Univ.)

Various crustal xenoliths were observed in Pleistocene calc-alkali andesite from Kinpo
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volcano, which is located at east side of Ariake Sea (Yokose and Yamamoto, 1996;
Yokose et al., 1999). We obtained whole rock Pb isotopic data of two gabbro xenoliths
by double-spike methods following Abbou-Kebir et al. (2014). The Pb isotopic ratios of
these xenoliths plotted on a mixing line between Shikoku Basin basalt and Philippine Sea

Plate sediments and differ to those of the Oki-Dogo lower crustal xenoliths (Fig. 1).
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LIDAR BLANZ X 5 Kk (LME 4 DBELFE) |
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2017411 A 6 B BEWHUERIFES (KG-R) BEAHAT
201711 A30 H 2EEMEHSS VRV Y LASBEa—F 4 F—F—
2017412 A7 B BURFTH o g BRAR R E
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2017 % 6 A 2 B Experimental and natural subduction-zone fluids: Implication for
subduction-zone magmatism, & I F—, KIKKFEEFZEER FHHERE S
B, REFEF I,

20179 H 18 A HEROT D~ I~ LKEBTHL S, PELLHZEBRA~—Z O-Labo (4
— 7 &), K&,

2017410 A 20 B Sulfates (SO42) in saline fluid inclusions of mantle wedge peridotite
xenoliths, Seminar in Chinese University of Science and Technology, Hefei,
People's Republic of China

2017 £ 10 A 24 B Geochemical features of subduction-zone fluids based on in-situ
observation of fluids and melts under high-pressure and high-temperature
conditions, Seminar in Chinese University of Science and Technology,
Hefei, People's Republic of China.

2017 11 A1 B #ERT~ CHKE CTA DI T OHiE, WiTec Workshop 2017: 4S5
SRVEMET —7 v a v T, RN bY A U RN— 7, )BT,

20184 1 A 19 B Sulfates (SO42) in saline fluid inclusions of mantle wedge peridotite

xenoliths, Seminar in Guangzhou Institute of Geochemistry, Chinese
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Academy of Sciences, Guangzhou, People's Republic of China

20184E 1 A 26 B Geochemical features of subduction-zone fluids based on in-situ
observation of fluids and melts under high-pressure and high-temperature
conditions, Seminar in Guangzhou Institute of Geochemistry, Chinese
Academy of Sciences, 26 January, 2018, Guangzhou, People's Republic
of China.
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201842 H 12 H

20184 2H 14H~2H 15H
201842 H 19 H
201842 H 22H~2H 23 H
20184% 3 A1 H~3H2H
201843 H4H~3 H8H
2008 A3A5H~3H7H
2018 H3H 5 H

201843 H5H~3H9H
2018 H3H 6H~3H7H
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9. 8 H 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 ftelemetry)

Seismic, geodetic and geomagnetic stations in the central part of Aso.
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Central Kyushu regional network
Seismic Stations: AVL(6), MAK, NBR, MKN, HDK, TAT, MGR, KBM (online telemetry)
ASJ, HNY, SKM

131°

131°

p— e p—
0 10 20 30

Seismic network in the central Kyushu.
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10. #EE - &

¥EE Instruments

[511F]

ICP F&tomtomtrisiE
TRNFX—BRE T T —T v a7 F T4
R X SlEHTEE

TR o FL—2a VAT A

AFra<w NT77

BB E

A< NTZ7

VR v o F RIS ERAE

NEXE A TEL RT U ENL

S RS

77— ) =B RLTRINV S O EE R
ORI 65)

WER « IENI AT —

[Brr#%]

Frlgg, JUEE KBS HIEELIS AT A
MBI TE

7'v NRESE, 7T v o A — NEESE
HRESHEHAIE > AT 2

fiES

AIHEAIHERT (Bsk, A

B

MRS BT EERE (g ULF, ELF, VLF#Y)
e IR
IKYERIES AT A (BEERL)

% Faciliies

(G

HTERYUE (PERK LS AsBhERLE)

Instruments and Facilities

[Beppul
ICP emission Spectrometer
Energy dispersive electron microprobe analyzer
Powder X-ray diffractometer
Liquids scintillation system
lon chromatography
Gas chromatography
Automatic fifration system
Piston cylinder type high pressure apparatus
Externally heated diamond anvil cell
Raman microscope
FT-NIR spectrometer
IR microscope
Heating and cooling stage

[Aso]

Continuous seismic monitoring system

for Aso and Kuju Volcanoes
Observation tunnel for ground deformation
Proton and fluxgate magnetometers
Geomagnetic absolute measurement system
Tiltmeters
Portable seismometers

(broadband and short period)
Gravimeters
Magneto-Telluric measurement system

(broad-band type, ULF, ELF, VLF-band)

Electronic distance measurement system
Leveling survey system (automatic reading)

FlEFH R — KO DR 1 km @, #F 30 m IZ381T bz, BEASAROKEYGET, 1987 &0k
T U7z BifEL, AKEEREE 25m), fBfEst (20, 25m), MEEHESl, ERMHES, askEst

BLUSRE N HRE SN TNA.
KILFGEE 2 —HENHERERIS AT A

KILBFEE 2 — BN TIE, 18- b U Z A MK DHEBIIEIT > TE/20S, Rk 13RS, /A
AEHDZ, K200 DOR—Y 7 FA AAGEHIL, FURICHIEESHZEA Lz, ZAuc kv, S/N Ehidk
IRCEEESH, TEIRITE A > e P EORERMENMRIN SN D L) 1keot. F, A=V T a7
ERRLIZZ LIZLY, Bttt #—0R, BRI (h0RiEha) KL oW CHIE SN ET= 750
ABEoho0H%. Zhud, FIEEIuk O EOEAREIZET 2 ECHEERERTHS.






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
B
T 874-0903 K43 BRI EF A JR
Bah: 0977-22-0713
77 v A:0977-22-0965
Homepage: http://www.vgs.kyoto-u.ac.jp

Aso Volcanological Laboratory
Sakanashi, Aso, Kumamoto 869-2611,
Japan

Telephone: +81-967-22-5000
Facsimile: +81-967-22-5500

fMIEE (CKILAFE® v 7 — ; SRELR BT ZE4H)
T896-2611 REARFARTT — D= HTHE! 3028
BEah: 0967-67-0022

Ty o A 0967-67-2153

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

Front Cover Image: A strombolian eruption at the Nakdake 1st crater of Aso volcano in April 2015.
(Photo by A. Yokoo)
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