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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.

Eight meetings of the steering commiittee, established in fiscal year 2004, were held in fiscal year 2018
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, Assistant Prof. Tatsuhiko KAWAMOTO moved to Shizuoka University as a
Professor at the end of October, 2018, and Assistant Prof. Akihiko YOKOO was promoted as an associate
professor of AVL from at the beginning of March, 2019. Prof. Daniele PINTI from Canada worked at Beppu
as a visiting professor from June to August in 2018. As a postdoctoral associate, Dr. Sabry ABDALLAH

from Egypt and Dr. Heejun YANG from Korea joined us in July 2018 and in February 2018, respectively.
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Dr. Toshimichi NAKANISHI moved to TONO Geoscience Center, Sector of Nuclear Fuel,
Decommissioning and Waste Management Technology Development, Japan Atomic Energy Agency at the

end of October, 2018.

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 2018. 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 2019

Shinji OHSAWA,

Professor/Director of 2018 fiscal year
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2. %258 Research Activities

2.1. BEANILFEFZE Institution Collaboration

Water level monitoring in two thermal-water wells
T. Shibata and K. Takemura (Prof. Emeritus at Kyoto Univ.)

Thermal water is the most precious tourism resources for Beppu geothermal area,
Japan. Thermal-water systems are dynamic and adjust continually to short-term and
long-term changes in tectonism, climate, and artificial use. Measurements of thermal-
water levels in wells provide the most fundamental indicator of the status of this resource
and are critical to meaningful evaluations of the quantity and quality. Long-term
systematic measurements of water levels provide essenfial data needed to evaluate
changes in the resource over time, to develop thermal-water models and forecast tfrends,
and to design, implement, and monitor the effectiveness of water management and
protection programs. Here, thermal-water level measurements have been made at two
wells in Beppu area since December 2014 (Fig. 1).

The two wells of BGL and OFC are with the depth of 300 m on southern and 350 m on
northern fault in Beppu, respectively (Yusa et al., 1994; Driling data). The water levels are
static conditions and are automatically measured by pressure transducers (Kadec?21-

MZPT, North One Co. Ltd) suspended below the water surface at the wells, which have

eppu Bay

| Py

an accuracy of 10 mm and measurement

intervals of 1 or 2 minutes (Fig. 2). The wells of BGL

and OFC are located at an altitude of 79 m and

Kamegawa

156 m, and water surfaces ranges at altitude of
Thermal zone

19-24 m and 89-99 m, respectively. The variation
of groundwater level of BGL is influenced by its
annual cycle, barometric pressure and Earth

tides, and the other well, OFC, is also seen by

only annual cycle.

On the 2016 Kumamoto earthquake, the  Fig. 1 Map of observation wells
groundwater level of BGL changes by 1.5 min  which is drawn on the bases of by

step-like increase, which corresponds to -6.3 X Yysa et al. (1994).



106 volumetric strain using the response of groundwater level for M2 tide. The tidal
response, which can be estimated by the BAYTAP-G and GOTIC2 software (Tamura et al.
1991, Matsumoto et al., 2001), is 0.24+0.08 mm/nstrain. The other hand, the volumetric
strain change of volumetric strain in Beppu can also be calculated by the fault model of
the earthquake (Yarai et al., 2016) and using with Okada's computer code (Okada, 1992).
The estimated value is -5.9 x 108 volumetric strain that is 2 order small than that estimated
by observation of groundwater level. Therefore, the step-like increase of groundwater
level could be suggested as coseismic changes by movement of Yufuin-fault (Yoshida,
2016).
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Fig. 2 Long-term measurements of thermal-water levels at BGL and OFC wells. The

water levels are cadlibrated to altitudes. The water surface of OFC well is about 70 m
higher than that of BGL well.

Reference:
Matsumoto, K., Sato, T., Takanezawa, T., Ooe, M. 2001, J. Geodet. Soci. Jpn, 47, 243-248.
Okada, Y. 1992, Bulle. Seismol. Soci. Am. 82, 1018-1040.
Tamura, Y., Sato, T., Ooe, M., Ishiguro, M. 1991, Geophys. J. Int. 104, 507-516.
Yarai, H., Kobayashi, T., Morishita, Y., Fujiwara, S., Hiyama, Y. Kawamoto, S., Ueshiba, H.,

Miura, Y. Miyahara, B. 2016, J. Geospa. Informa. Author. Jpn, 128, 169-176.

Yoshida, S. 2016, Earth Planets Space, 68:176, doi:10.1186/540623-016-0552-8.
Yusa, Y., Kitaoka K., Kamiyama, K., Takemura, K. 1994, J Balneol.l Soci. Jpn, 44, 39-44,



2.2. B4R Scientific Reports

Chemical and Isotopic Compositions of Fumarolic Gases from Yakedake Volcano,

Japan

T. Saito, S. Sawamura, R. Tamura, S. Seki(Shinshu Univ.),
K. Amita(Akita Univ.), T. Mishima, S. Ohsawa

Since the latest phreatic eruption in 1962-1963, Yakedake volcano has remained
dormant, but fumarolic activity around the summit area has confinued steadily during
the past hundred years. Temperature, chemical, and isofopic compositions of fumarolic
gases were ascertained for 2013-2017. Discharge temperatures of the most active
fumarole were 113-123°C: much lower temperatures than those during the active period.
Lower concentrations of HCl and H2 and a lower SO2 /H2S ratfio coincide with this relative
quiescence of the present Yakedake volcano (Fig. 1). The apparent equilibrium
temperatures estimated from the sulfur reactions were about 250-280 C , which
decreased by about 200°C shortly after the latest eruption and which were lower than
the critical temperature of water, suggesting the formation of a volcanic hydrothermal
system beneath the summit region. The isotopic compositions of water (D, 180) show that
the fumarolic fluids were probably formed by mixing of the magmatic fluids and local
meteoric water (Fig. 2). The contribution of magmatic fluid to the sampled fumarolic fluids
was estimated as about 80-90 %, which is higher than the values obtained shortly after
the latest eruption. The estimated volcanic hydrothermal system under the volcano is
possibly less influenced by local meteoric water, in spite of the low discharge
temperature and low concentrations of gas species derived from high-temperature

volcanic gas.
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Fig. 2 Oxygen and hydrogen isotope compositions of steam condensate from
fumaroles and water samples from river, crater lake, and hot spring around the volcano.
Data from 1965-1977 were referred from Sugiura and Mizutani (1978). In addition, the
meteoric water line (MWL: 6D=8 §'80+10), the box defining andesite magmatic fluid
(Giggenbach, 1992), and the regression line calculated from all values (6D=3.5 §'80-39)
are shown. A star represents the mean value of water sampiles. Isotopic fractionation
due to incomplete condensation of fumarolic gases was calculated at the atmospheric
temperatures and isotope compositions with varying condensation ratio are shown as
solid lines with small bars. Estimated isotope compositions are denoted by open crosses.

(Bull. Volcanol. Soc. Jpn., 2019, 64, 1-9)



Paleoseismic events of Asamigawa Fault, south margin of Beppu Fan, central Kyushu,

Japan

K. Takemura (Prof. Emeritus at Kyoto Univ.) and T. Nakanishi

1. Intfroduction

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 to obtain the
geological information of Asamigawa fault, HMP and YMP cores were collected from the
subsidence side. And ground-penetrating radar (GPR) profile was recorded across one
of these drilling sites to improve our understanding of subsurface structures. These results

were infroduced in below.

2. Paleoseismic events of Asamigawa Fault

Analyses of sediment cores and GPR cross-section showed the following sedimentary
facies: the Middle Pleistocene Otobaru lava, a lower fluvial sediment, marsh to shallow
marine sediment, and an upper fluvial sediment, in ascending order, and an overlying
layer of artificial soil. The vertical offsets at the fault of an uplifted marine terrace and the
Kikai-Akahoya volcanic ash indicate an average vertical slip rate on the Asamigawa
fault of ca. 5 mm/yr since 7300 cal BP. Floodplain sediments observed 3-4 m below
present sea level indicate that the latest fault slip probably occurred after 600 cal BP,
and may have been related to the 1596 CE Bungo-Keicho Earthquake (Fig.1). Evidence
of rapid accumulation of floodplain sediment and faulting-related filting of strata near
the fault indicate that the latest faulting event was at ca. 1900 cal BP, so the minimum

interval between these two events was about 1300 years.
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Fig. 1 Geologic cross-section across the Asamigawa fault (Kimura et al., 201 9).

Reference

Kimura, H., Nakanishi, T., Katsuki K., Hong, W., Matsuyama, H. and Takemura, K. (2019).
Holocene activity of the Asamigawa fault detected from sediment cores and ground-
penetrating radar cross-section in the Beppu area, southwestern Japan. Quaternary
International, 503, p.87-96.

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.



3D magnetic structure beneath Honzuka, old volcanic bodies in Aso caldera

M. Utsugi

As part of the student training in 2012 and 2014, magnetic surveys were conducted in

the area around Honzuka, which consists of three old volcanic bodies located on the

Fig. 1 Observation points.
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Fig. 2 Magnetic anomaly above Honzuka area.

The coordinate system is UTM (km).

north of Aso cenfral cones
(Figure 1). Using this data, we
constructed a magnetic model
through the 3D magnetic
inversion based on L1-L2 norm
regularization (Utsugi, 2019).

To create an input data for
the 3D magnetic inversion, the
upward continuation method
(Nakatsuka and Okuma, 2005)
is applied to the observed data.
In this method, many equivalent
sources, that are vertical
dipoles, are distributed below
the observation surface, and
the intensites of  each
equivalent source is estimated
torecover the observed data. It
is reported by Nakafsuka and
Okuma  (2005) that  the
magnetic anomaly above the
observation surface produced
by these equivalent sources
accurately matches the actual
magnetic anomaly when the
spatial density of the observed
points is enough dense. In the
case of the data observed in
Honzuka, the equivalent

sources are placed on 50 m

below of each observation points, and magnetic anomaly was estimated at the regular

grid on a flat plane with the altitude of 150 m. Figure 2 shows the magnetic anomaly




above Honzuka area obtained by the upward continuation, which is also applied the
corrections of topographic effect and trend surface correction. Using this data as an
input, 3D magnetic inversion was performed using L1-L2 norm regularization method
(Utsugi, 2019). In this calculation, the region of NS 3km x EW 3km, depth of up to 1.5km,
which includes Honzuka, is divided into 50m x 50m x 50m square grid cells (thus, the total
number of grid is 60 x 60 x 30), and the magnetization intensity of each grid is estimated
with assuming the magnetization direction is parallel to that of the current geomagnetic
field(inc. = 48.28, dec. = -7.02 deg.). Figure 3 shows the subsurface magnetic model
derived by this inversion. From this result, it was revealed that a high magnetization region
exists beneath the center of Kita-tsuka, Moto-tsuka and Hai-tsuka, and it continues to a
depth of 200 to 600 m. It may be considered that, this area is corrsponding the old

solidified magma that was supplied by the past volcanic activity.
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Fig. 3 Subsurface magnetic structure beneath Honzuka area.

Nakatsuka, T., and Okuma, S., 2006, Reduction of magnetic anomaly observations from
helicopter surveys at varying elevations, Exploration Geophysics, 37,121-128.
Utsugi, M., 2019, 3-D inversion of magnetic data based on the L1-L2 norm regularization,

E.P.S. (accepted)



Residence time of unconfined groundwater in Beppu alluvial fan
H. Yang and T. Shibata

Groundwater plays an important role in not only water circulation system but also water
resource, so that understanding of groundwater flow is needed for residence time and
appropriate usages of groundwater. The residence fime is estimated by investigating a
groundwater level and Darcy's law.

We measured water tables in unconfined groundwater from Aug.-2017 to Jul.-2018 in
Beppu alluvial fan, Japan and estimated a residence time by combining previous
researches. They revealed that the groundwater flows from western fo eastern area, the
hydraulic gradient was about 0.03, and the hydraulic conductivity was 2.3x10°° m/s in
and 6.5x104 m/s in the center and edge of the fan, respevctively. The lithology of the
unconfined aquifer is consisted of gravel and sand layers (Nomitsu, 1938; Seno, 1941; Yusa
et al., 1994).

Calculated residence time of the unconfined groundwater was 48 + 22 year from
recharge to discharge area. lfs velocity can be estimated by Darcy's law. Because of
low hydraulic gradient and conductivity on the cenfer area, the velocity was slower than
that on the edge. On the other hand, the water tables deceased comparing them in
1970s. The calculated residence time in 1970s was 31 + 18 year and it is faster than present
one. It would be caused by difference of water table.

The reason of the deceasing water table is considered that the evapotranspiration has
increased by the increasing of the air temperature and the recharge rate has decreased
due to urbanization. Further investigation is necessary to quantify the decreasing rate of

the water table and the recharge rate.

Reference

Nomitsu K. (1938) Distribution of the tide rate on Beppu hot spring. Earth physics, 2(1), 24-
31.

Seno K. (1941) Distribution of the cold head on Beppu city. Earth Physics, 4(4), 280-289.

Yusa Y., Kitaoka K., Kamiyama K., and Takemura K. (1994) Detection of stratified structure
of thermal groundwaters by a drilling in the Southern part of the Beppu

hydrothermal system, Japan. Journal of hot spring sciences, 44(2), 39-44.
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2.3. AnFEFHL Publications

JFEE5RC Articles, Transactions, and Reports

peer-reviewed

Cheung, R.C.W., Yasuhara, M., Mamo, B., Katsuki, K., Seto, K., Takata, H., Yang, D.Y.,

Nakanishi, T., Yamada, K. and Iwatani H. (2018) Decadal- to centennial-scale East

Asian Summer Monsoon variability over the past millennium: an oceanic
perspective. Geophysical Research Letters, doi: 10.1029/2018GL077978.
Cigolini, C., Coppola, D., Yokoo, A., and Laiolo, M.(2018) The thermall signature of Aso

Volcano during unrest episodes detected from space and ground-based
measurements, Earth, Planets and Space, 70, 67, doi:10.1186/s40623-018-0831-7.

Hasegawa, W., Watanabe, Y., Matsuoka, H., Ohsawa, S., Brahmantyo,B., Anwar

Maryunani K., and Tagami. T.(2018) Environmental parameters controlling

stalagmite growth in tropical areas: New insights from cave monitoring at Petruk

Cave, central Java, Indonesia.  Journal of Cave and Karst Studies, 80, 19-27.
Hotta,K., Iguchi, M., OhkuraT., Hendrasto, M. and Gunawan H.(2018) Method for

estimating the end of the deflation initiated in 2014 at Sinabung volcano, Indonesia,

under the assumption that the magma behaves as a Bingham fluid, Earth, Planets
and Space, 70, 107, https://doi.org/10.1186/540623-018-0884-7.

Huang, Y.C., Ohkura, T., Kagiyama, T., Yoshikawa, S.. and Inoue H.(2018) Shallow

volcanic reservoirs and pathways beneath Aso caldera revealed using ambient
seismic noise tomography. Earth, Planets and Space, 70,169, 10.1186/s40623-018-
0941-2.

Ichimura, M., Yokoo, A., Kagiyama, T., Yoshikawa, S., and Inoue, H. (2018) Temporal

variation in source location of continuous tremor before the ash-gas emissions in
January 2014 at Aso volcano, Japan, Earth, Planets, and Space, 70, 125,
doi:10.1186/540623-018-0895-4.

Kawamoto, T., Hertwig, A., Schertl, H.-P., Maresch, W. V. (2018) Fluid inclusions in jadeitite

and jadeite-rich rock from serpentinite mélanges in northern Hispaniola: frapped
ambient fluids in a cold subduction channel. Lithos, 308-309, 227-241.
Minamil, T., Utsugi, M., Utada, H., Kagiyama, T. and Inoue, H. (2018) Temporal variation in

the resistivity structure of the first Nakadake crater, Aso volcano, Japan, during the
magmatic eruptions from November 2014 to May 2015, as inferred by the ACTIVE
electromagnetic monitoring system, E.P.S., 70:138.

Muramatsu, D., Aizawa, K., Yokoo, A., Iguchi, M., and Tameguri, T.(2018) Estimation of vent
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radii from video recordings and infrasound data analysis: Implications for Vulcanian
eruptions from Sakurajima volcano, Japan, Geophysical Research Letters, 45, 12,829-
12,836, doi:10.1029/2018GL079898.

Ohsawal, $.(2018) Serious Matters Related to Development of Small-scale Geothermal
Power Generation in Beppu-Onsen Hot Spring After 2011. In: The Water-Energy-Food
Nexus, Human-Environmental Security in the Asia-Pacific Ring of Fire, Part IV
Governance and Management of Resource System, Chapter 15, 209-223.

Shinohara, H., Yokoo, A., and Kazahaya, R. (2018) Variation of volcanic gas composition

during the eruptive period in 2014-2015 at Nakadake crater, Aso volcano, Japan,
Earth, Planets and Space, 70, 151, doi:10.1186/540623-018-0919-0.

Siev, S., Yang, H., Sok Ty, UK S., Song, L., Kodikara, D., Oeurng, C., HUL, S., Yoshimura, C.
(2018) Sediment dynamics in a large shallow lake characterized by seasonal flood
pulse in Southeast Asia. Science of the Total Environment, 631-632, 597-607.

Tsukamoto, K., Aizawa, K., Chiba, K., Kanda, W., Uyeshima, M., Koyama, T., Utsugi, M.,
Seki, K. and Kishita., T.(2018) Three - Dimensional Resistivity Structure of Iwo - Yama
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9. ©E#EH Routine Observations

Geophysical Monitoring Under Operation at AVL

Aso Volcanological Laboratory
Permanent Stations

Nakadake monitoring network
Seismic Stations: HND, HON, KSM, SUN, KAE, KAF, KAFT, UMA, TAK, TAK2 (microwave
telemetry)
Tiltmeters: HON (water tilt 3-comp.), SUN, HON, KSM (on-site logging)
Extensometers: HON (invar 3-comp.)

Microphone: HND, KAF (microwave telemetry)
Geomagnetic Stations: C1, C3, W1 (proton; on-site logging)

Seismic, geodetic and geomagnetic stations in the central part of Aso.
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Central Kyushu regional network ‘
Seismic Stations: AVL, UMK, MAK, NBR, MKN, HDK, TAT, MGR, AKG, CJB, ASJ, HNY, SKM,
BEP, KKS, TSY, AMM, TRM (online telemetry)

131°

131° P p— —
0 10 20 30

Seismic network in the central Kyushu.
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Instruments and Facilities

[Beppu]
ICP emission Spectrometer
Energy dispersive electron microprobe analyzer
Powder X-ray diffractometer
Liquids scinfillation system
lon chromatography
Automatic titration system
Gas chromatography
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 tfunnel for ground deformation
Proton and fluxgate magnetometers
Geomagnetic absolute measurement system
Titmeters
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)
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Institute for Geothermal Sciences
Graduate School of Science, Kyoto University

AR FRZGEZOTIER I8 Bk B AR JE fEx

Beppu Geothermal Research Laboratory
Noguchibaru, Beppu, Oita 874-0903,
Japan

Telephone: +81-977-22-0713

Facsimile: +81-977-22-0965

BT
T 874-0903 K43 BRI TS 1O R
HEanh. 0977-22-0713
77 v 7 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

FrgR CKILAFZEE o 2 — ; IREURAFFEAR)
T 896-2611 feA R [l fg i — D B HT Y24 3028
Eah: 0967-22-5000
77 v 7 X:0967-22-5500
Homepage: hitp://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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