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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 committee, established in fiscal year 2004, were held in fiscal year
2019 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.” This year, temporary auditor-audits were
scheduled on the theme of research environments and policies on risks at the research facilities in remote
areas of Kyoto University, and audits through questioning and answering with the auditors were

conducted at the Beppu Headquarters on October 8 and at Aso Volcanological Laboratory on October 9.

In personal affairs, as a postdoctoral associate, Dr. Chisato ANAI joined us in April 2019, and Dr.
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Sabry ABDALLAH moved to Earthquake and Volcano Research Center, GSES, Nagoya University on
June 30, 2019.

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 2019. 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 2020

Shinji OHSAWA,

Professor/Director of 2019 fiscal year
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2.2. WFEeHss  Scientific Reports

Geochemistry of Akamizu-type groundwaters in Mietsuka area in Aso Volcano

S. Ohsawa, T. Mishima, K. Amita (Akita Univ.), K. Horiguchi (MRI),
K. Kazahaya, H. Takahashi, N. Morikawa (AIST)

The three small hills of Hontsuka, Kitatsuka, and Haitsuka in Aso Caldera are called
Hontsu Volcano, and is classified in Aso Central Cones after Aso 4, the last caldera
eruption of Aso Volcano. Groundwaters containing Fe ion are widely distributed from
cenftral to the southwest of the Asotani Valley including Hontsuka Volcano. This chemical
type of water is called Akamizu-type groundwater in Aso (Akamizu means red water in
Japanese.) and the main chemical components are Ca and SO4. The Akamizu-type
groundwater has a relafively high acidity and water temperature compared fto
groundwater in other areas of Aso. In this study, isotope geochemical surveys of
groundwater were conducted in and around Honzuka Volcano, and we considered the
origin of groundwater quality. In this study, we conducted isotope geochemical surveys
of groundwaters in and around Hontfsuka Volcano and considered the origin of
characteristic groundwater quality.

Most of the groundwaters in the study area are well water and pumping is carried out
as agricultural water in summer season. When the pumpings are stopped during the
agricultural off-season in winter, many of them become artesian wells. From 2016 to 2017,
18 groundwater samples covering the entire study area were collected mainly from the
artesian wells. Moreover, because some spring waters were confirmed, they were
collected (2 samples). Water temperature, conductivity, pH, ORP were measured on site,
and water samples were collected for chemical analyses including Fe and Al and various
isotope analyses (6D, 6180, 613C, 6345, 3He/*He and 4He/?Ne) of dissolved components
including H20.

Groundwaters for the wells including spring waters in this study area are Ca-SO4 type
water containing Fe ion just like the information so far, and it was shown that H20 of the
groundwaters are meteoric origin from the hydrogen and oxygen isotope composifion
(6D-6180). Although the acidities of groundwaters are not so high, correlation between
concentrations of SO4ion and ferrous (Fe2*) ion were observed, suggesting the presence
of Fe elution process from rocks by sulfuric acid. When we examined the relationship
between concentration and sulfur isotope ratio (634S) of SO4ion, groundwater SO4in and
around Hontsuka Volcano was described as mixtures of three different endmembers (V,

S, A) as shown in Fig. 1.
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Fig.1 Relation between concentration and & 345 of SO4 ion in groundwater samples
collected from Mietsuka area, Aso Volcano. V, S, A are estimated three source

endmembers of mixing relationship on formation of groundwater SO4.

As DIC 6§13C of the groundwater samples corresponding the end members of SOu4, S
and A are lower than other sample waters (-15.5%o, -13.9%o, respectively), it is presumed
that both the endmember S and A are derived from soil organic matter. From a sulfur
isotope study on Akamizu-type groundwater in Asodani Valley, Ogawa et al. (2006)
assume an oxidation product of pyrite (FeSz) in black mud widely distributed in Asodani
valley and/or aerosol originated from volcanic gas dissolved in precipitation as the origin
SOs. Therefore, it is thought that the end-member S and A may be applicable to aerosol
and reduced sulfur compound such as pyrite, respectively. On the other hand, the end-
member V is very likely to be volcanic gas origin because the groundwater sample close
to it contains DIC which shows a high 63C value by mixing of magmatic CO2 and
dissolved He is affected by mantle component. The high 634S value is more likely due to
SO4 caused by the disproportionation reaction under hydrothermal condition of sulfur
dioxide (SO2) derived from volcanic gas.

It is natural to think that the groundwater of Hontsuka Volcano was strongly acidic af
the beginning of its formation due to sulfuric acid produced by the disproportionation
reaction of SOa. It can be thought that during the main activity period of this volcano,
the high sulfidation hydrothermal system, which is assumed to be formed under the

influence of high temperature and oxidized volcanic gas such as SO2, occurred. With the



decline of the hydrothermal activity, the neutralization reaction with rock became
dominant, and then it shifted to low-temperature groundwater system from weakly

acidic to neutral as seen today.



Tidal response changes in groundwater level during the 2016 Kumamoto earthquake

K. Fukushima and T. Shibata

There are several case histories describing changes in groundwater level in boreholes
and wells, associated with earthquakes. The mechanisms of changes in groundwater
level can be explained by changes in physical and hydrogeological parameters of the
aquifers, such as the pore-pressure response to coseismic static elastic strain, permeability
changes caused by seismic waves and fluid migration along seismogenic dilatant cracks
or crustal ruptures. These changes are sometimes measurable in wells even located at
thousands of kilometers from the earthquake epicenter.

The 2016 Kumamoto earthquake sequence consists of a series of shallow, moderate to
large earthquakes with associated strong aftershocks occurred on April 2016 in central
Kyusyu Island, Japan (Kato et al., 2016). After the first M6.5 earthquake on April 14th 2016,
a mainshock of M7.3 occurred on April 16th 2016, provoking numerous collapses and
burning of houses on the Kumamoto Plain, which is an alluvial fan formed by the
Shirakawa and the Midori River. The plain receives rainfall of over 2000 mm/y, and keeps
abundant groundwater which provides all the drinking water for Kumamoto city.
Kumamoto Prefecture and related organizations have independently observed
groundwater levels since 1980s, so that we here used these data.

The data of groundwater levels have effects of tidal, atmospheric rainfall and artificial
pumping components. Atmospheric pressure and rainfall data were from the nearest
observation sites of the Automated Meteorological Data Acquisition System (AMeDAS:
Japan Meteorological Agency). We estimate the response to the M2 tidal constituent by
removing effects of tidal and atmospheric components from observed groundwater
levels by using the BAYTAP-G tidal analysis software (Tamura et al., 1991).

The phases and amplitudes of the responses appear to change during the
earthquakes, although they have seasonal fluctuations. We show the changes in the
responses of the well, SS-110, located 2.2 km north of the epicenter of the main shock in
Fig.1. The phases were almost constant before the earthquake, and the amplitudes
similarly were except for seasonal fluctuations. However, the both displays significant
variation after the earthquake. The variation would be considered to be the destruction

and deformation in the aquifer of the well during the earthquake.
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Reference:
Kato, A., Nakamura, K., Hiyama, Y. 2016, Proc. Jon Acad. Ser. B Phys. Biol. Sci. 92, 358-371.
Tamura, Y., Sato, T., Ooe, M., Ishiguro, M. 1991, Geophys. J. Int. 104, 507-516.



A new inversion scheme to recover blocky, and sharp boundaries based on ADMM
method
M. Utsugi
The aim of the inversions of the potential data, such as gravity and magnetic data, is
to reveal the subsurface structure. For this problem, one important practical point is how
to detect the blocky structure and clear boundaries in order to make it easy to interpret
them in geophysically or geolosically. However, the fraditional inversion schemes tend to
provide quite blurred and unfocused model because many of them rely to a sort of
smooth regularization. Recently, to overcome this problem, the sparse regularization
method is positively infroduced info the potential data inversion. Utsugi (2020) proposed
a new inversion scheme that incorporate the combination of the L1 norm and total
variation (TV) penalty:
minimize L(B) = lly — XBII? + AIB| + A Xjes, 1B — Bil. (1)
where subsurface space is
divided info regular grid cells.
y is the data vector, X is the
fransfer matrix, and B is the
model vector. E; is the
group of the indexes of the
grid cells that are adjacent
to the i-th grid cell. A is the
regularization parameter
which conftrols the strength
of the penalties. The last term
of the right hand-side of the
above equatfion is TV
penalty which provides the
blocky features info the
derived model.. This problem

is known to be able to solved

p— using alternating direction
] (A/m) method of multipliers

Fig.1 Result of a synthetic test. (ADMM, Boyd et al., 2011).
The subsurface space (NS6.4km, EWé.4km, and depth of up to Fig. 1 shows the result of a
3.2km) was subdivided into é4 x é4 x 32 regular grid cells. Two synthetic test that

magnetized blocks (1km x 2km x 1km) are buried. demonstrate the ability of



the magnetic inversion that solved the problem of eq. (1) using ADMM method. In this
synthetic fest, it was assumed that, two magnetized blocks are buried in the
(demagnetized) subsurface space, and the magnetization of these blocks are 2 (left:
western) and 1 (right: eastern block) A/m, respectively. The left panel of Fig. 1 shows the
cross-section along EW direction, and right panel shows the cross-section of the resultant
model derived by the proposed magnetic inversion with ADMM based on eq. (1). This
synthetic result shows the proposed inversion method can reproduce the blocky feature
of the true model, and sharp bounday can also recovered, that shows the proposed

method has high ability to recover sharp boundary of the subsurface structure.

Boyd, S., Parikh, N., Chu, E., Peleato, B., and Eckstein, J. (2011), Distributed optimization
and statistical learning via the alternating direction method of multipliers. Found. Trends
Mach. Learn., 3(1):1122.

Utsugi (2020), The sparse inversion of the magnetic data to recover subsurface blocky
structure, JpGU2020.
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JEZE 36 3C Articles, Transactions, and Reports

peer-reviewed

Hosono T., Yamada C., Shibata T., Tawara Y., Wang C.-Y., Manga M., Rahman A.T.M.S.
and Shimada J. (2019) Coseismic groundwater drawdown along crustal ruptures
during the 2016 Mw 7.0 Kumamoto earthquake. Water Resources Research,
10.1029/2019WR024871, 55, 5891-5%903.

Kanda, W., Utsugi, M., Takakura, S., and Inoue, H. (2019) Hydrothermal system of the
active crater of Aso volcano (Japan) inferred from a three-dimensional resistivity
structure model, Earth, Planets and Space, 71:73, doi: 10.1186/540623-019-1017-7.

Nikpeyman Y., Hosono T., Ono M., Yang H., Ichiyanagi K., Shimada J., Takikawa K. (2019)

Sea surficial waves as a driving force that enhances the fresh shallow coastal
groundwater flux into the oceans. Environmental Earth Sciences. 78(252),
https://doi.org/10.1007/s12665-019-8258-4.

AR L, VAR, HEATERRY, BV, MHEfZE, B, KIREZ (2019) BEEKILOES
DAL « RNLASHHA. ki, 64, 1-9.

Utsugi, M.(2019) 3-D inversion of magnetic data based on the L1-L2 norm regularization,
Earth, Planets and Space, 71:73, doi: 10.1186/s40623-019-1052-4.
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GBI 5 TEE S O MR ZZ B D Y — 2 DR, ki, 64, 103-119.

Mabher, S., Matoza, R., de Groot-Hedlin, C., Gee, K., Fee, D., and Yokoo, A. (2020)

Investigating spectral distortion of local volcano infrasound by nonlinear

propagation at Sakurajima volcano, Japan, Journal of Geophysical Research, 125,
e2019JB018284, doi:10.1029/2019JB018284.
Matsu'ura, S.R., Umino, N.Tamura,Y., lio, Y., Kasahara, M., Ohkura,I. (2020) The

Achievement of Archiving Analog Seismograms in Japanese Institutes for 15 Yr,
Seismological Research Letters, 91, 1452-1458, https://doi.org/10.1785/0220190301
Ohkura, T. and K. Nogami, K. (2020) Five-Year Achievements of Volcano Program

Promotion Panel. J. Disaster Res. 15, 106-111, DOI: 10.20965/jdr.2020.p0106
Pinti D.L., Shouakar-Stash O., Castro M.C., Lopez-Herndndez A., Hall C.M., Rocher O.

and Shibata T. (2020) The bromine and chlorine isotopic composition of the mantle

as revealed by deep geothermal fluids. Geochimica et Cosmochimica Acta,
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doi.org/10.1016/j.9ca.2020.02.028, 276, 14-30.

Shibata T., Takahashi R., Takahashi H., Kagoshima T., Takahata N., Sano Y. and Pinti D.L.
(2020) Coseismic changes in groundwater level during the 2018 Hokkaido Eastern
lburi earthquake. Earth, Planets and Space, 72:23, doi.org/10.1186/ s40623-020-
01152-y

Yuasa, Y., Matsumoto, S., Nakao, S., Matsushima T.and Ohkura, T.(2020) Inelastic strain
rate and stress fields in and around an aseismic zone of Kyushu Island, Japan, inferred
from seismic and GNSS data, Geophysical Journal International, 221, 289-304,
https://doi.org/10.1093/gji/ggaca008

non-reviewed or reviewed inside

MRz, BARER, KREZ, ZEBHAE (2019) BN o BERIEOBURE. Ko RiRR
PAEN RS, 70, 23-39.

FiNHET-, BRIEURORRR, SeMAn., ZRHEERR, P (2019) R BEAO KIS O LFHE
B - SN FIfZRLE (4) JudEl. ROy BERFI AT e @, 70, 47-51.

Ohkura, T., Yokoo, A., Miyabuchi, Y., Fairley, J., Cigolini C. and V. Acocella, V.(2019)

Special issue “Advancement of our knowledge on Aso volcano: current activity and
background”, Earth, Planets and Space, 71.
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CIGOLINI C., Yoshikawa S., Shibata T., Laiolo M. and Coppola D., Radon measurements

at Aso volcano: an experimental automatic radon station operative within the
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9. EHBIH 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)

=77
A, 7

w

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

39



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°
0 10 20 30

Seismic network in the central Kyushu.
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3£ Instruments
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Instruments and Facilities

[Beppu]
ICP emission Spectrometer
Energy dispersive electron microprobe analyzer
Powder X-ray diffractometer
Liquids scinfillafion 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 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)
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