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Preface

The Institute for Geothermal Sciences (IGS) 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).

When Kyoto University was reformed according to the juridical personalization of national
universities in 2004, the steering committee of IGS was established, and then 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 system
(video conferencing system), installed in 2006, has been used mainly for seminars and special lectures,
and has also been used flexibly for meetings held on the Kyoto campus, contributing to relieving the
physical and mental burden of long-distance travel for faculty members in remote areas. Such efforts to
utilize the significant advances in communications technology are certainly reducing the communication
distance between the Kyoto campus and our institute, consequently, efforts to strengthen organic
collaboration with Kyoto University Headquarters have become a reality.

At the end of the last fiscal year, when we began to feel that we were finally ready to play a role as a
window to Kyoto University, the global spread of the new coronavirus caused restrictions on the activities
of our research facilities, as well as on domestic and international economic activities, school education,
and medical activities. Field training involving overnight stays was cancelled, and seminars held via a
video conference system connecting Kyoto, Aso, and Beppu were switched entirely to online due to
restrictions on student access to the campus. The public access to research facilities and lectures held
during the Kyoto University Weeks every year have been reduced or cancelled. However, as we were
among the first to use the most advanced communication technology for events at our research facility,

we feel no discomfort in using the online meeting system for education and meetings, and we have
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managed to continue our research and education in the Corona disaster by making extensive use of it for
communication with students and collaborators and for cooperative writing of papers.

It has been a long time since securing competitive funds in addition to operating grants became
important from a financial standpoint for the operation of facilities, and not only this fiscal year, we have
been actively acquiring competitive funds such as JSPS Grants-in-Aid for Scientific Research and
Consigned Research Funds, the details of which are summarized in the Research Funds section of this
annual report. In terms of human resources, Professor Shigekazu KUSUMOTO coming from the
University of Toyama took up his position of Professor in Geothermal Tectonics Research Section on
October 2020, and as a postdoctoral associate, Dr. Shohei NARITA and Dr. Kei SAITO joined us in April
2020, and they have been engaged in research activities mainly in the fields of Aso and Beppu with the
faculty members of our institute. The restoration of the main building of Aso Volcanological Laboratory
(AVL) at Minami-Aso, Kumamoto Prefecture, which was damaged by the 2016 Kumamoto Earthquake,
was completed in February 2021, and the members in AVL moved out of the temporary research building
in Sakanashi, Aso City and resumed work in the AVL main building in Minami-Aso.

The activities of the IGS are expected to be actively continued in cooperation with the Department of
Earth and Planetary Science and the Kyoto University Headquarters. We renew our determination to
fulfill our educational and research roles as the window of Kyoto University to the local communities,

inheriting the original intention of the establishment of this Institute.

Kyoto, June 2021

Shinji OHSAWA,

Director of 2020 fiscal year
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2. W42 E) Research Activities

2.1. BFFE#4  Scientific Reports

Reappraisal Eruptive Age and Classification of Holocene Volcanic Products around

Nakadake Crater, Aso Volcano Using Paleomagnetic and Rock magnetic methods

C. Andi, Y. Miyabuchi (Kumamoto Univ.), M. Ustugi, S. Yoshikawa,
N. Mochizuki (Kumamoto Univ.), H. Shibuya (Doshisha Univ), T. Ohkura

Nakadake volcano, the current active center of the Aso central cones (Kyushu), is one
of the most active volcanoes in Japan. It has been active since ca. 22-21 cal ka, and has
formed the old edifice (22-21 cal ka), the young edifice (around 5 cal ka) and the
youngest pyroclastic cone (until present). The lava flows from the young edifice spread
on the flank of the volcano several fimes around 5 cal ka. These lavas are supposed to
give stratigraphic markers for constructing the eruptive history of Nakadake volcano, but
the similarity in chemical composition and lithology hampers distinguishing and
correlating them. We have conducted a paleomagnetic study fo distinguish and
correlate the lavas since the paleomagnetic secular variation (PSV) provides a high-
resolution age information. If lava units have a temporal difference of more than 50 years,
they could be distinguished by their paleomagnetic directions. The samples were
collected from 9 lava flows and 8 agglutinate layers and were subjected to the
paleomagnetic and rock-magnetic measurements. These samples, from visual
inspection, appear to be influenced by chemical alteration in the surface of the outcrop
by sulfides of volcanic gases. To check arock-magnetic effect of the chemical alteration
of the lavas and agglutinates, thermomagnetic analyses were made on chip samples.
The thermomagnetic analyses indicate that the core top and bottom samples show the
same behaviors, in spite of the difference in color, and the carriers of magnetization of
each core are fitanium rich (fitanium content, x, is about 0.6) and poor (x is about 0.1-
0.2) titanomagnetites. The natural remanent magnetization of each sample shows a
simple, single vector component in alternating field demagnetization experiments, which
well defines the primary component. Site mean directions can be categorized into three

different direction groups. These data suggest that the eruption producing lava flows



and/or agglutinates occurred at three different ages. Furthermore, the paleomagnetic
directions of one group is not consistent with the directions of the eruptive ages of
Nakadake young edifice assigned from the previous strafigraphic studies. Comparing
these directions with the paleomagnetic secular variation curve (Fig.1) which has been
drawn from basaltic volcanoes in the northwestern part of Aso central cones, the ages
of the direction groups can be assigned to around 6.0-4.3 cal ka and 3.5 cal ka,
respectively. This result demonstrates that paleomagnetic studies can greatly contribute
for establishing the eruptive histories of volcanos.
(This report has been accepted for publication in Bull. Volcanol. Soc. Japan, in press.)
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Fig.1 The PSV curve of Nakadake young edifice with Aso paleo secular variation curve
preliminary (Aso-PSVC-pre.). Black solid line is secular variation curve which
counterclockwise rotation. Ages of Komezuka (blue dashed line) and Akamizu (green
dashed line) lavas are from Miyabuchi (2010) and Miyabuchi (2017), respectively.
Black dashed line is newly added curves based on the results of this study. Black circle
symbols are mean direction of each units of this study, and gray circle symbols are
those of basaltic lava flows (Shibuya et al., 2018) one. Star symbols show the mean
directions of Direction A and C. Yellow dashed lines are NKO1 and NKO3 (Shibuya et
al., 2018) which units assigned to Karikawa lava (Watanabe, 1991). The color bar

indicates the assign age with calibrated “C dating.



Reference:

Miyabuchi, Y. (2010), Eruption Age of Komezuka at Aso Volcano, Japan, Bull. Volcanol.
Soc. Japan 55, 219-225. (in Japanese with English abstract)

Miyabuchi, Y. (2017), Eruption History of Janoo Volcano in the Northwestern Part of Aso
Caldera, Japan, Bull. Volcanol. Soc. Japan 62, 1-12. (in Japanese with English
abstract).

Shibuya, H., Haruta, A., Mochizuki, N., and Miyabuchi, Y. (2018) Paleomaguentic
directions of 3-5 ka basalfic volcanoes in the Aso central cone, Kyushu Japan: Further
extension of the paleosecular variation curve. Japan Geoscience Union 2018 Meeting
Abstract, SIT22-42.

Watanabe, K. (1991) Volcanic activity of Nakadake, Aso Volcano. J. Kumamoto Geosci.

Assoc. 98, 2-13 (in Japanese).



Submarine hot spring discharges along the coast of Beppu Bay as observed by radon

towing survey

S. Ohsawa, T. Kishida, H. Honda (RIHN), T. Mishima,
R. Sugimoto (Fukui Prefectural University), M. Taniguchi (RIHN)

In order to verify the possibility of submarine hot spring discharges along the coast of
Beppu Bay, we used a radon (Rn) towing survey method using a small vessel, which has
been frequently used inrecent years to survey coastal submarine groundwater discharge
(SGD) (Fig.1). Analysis of the data using the "Rn concentration and salinity mixing
diagram," which includes data from hot springs, groundwater (springs and well water),
and river water in the land area along the coast, showed that there were four areas with
a high mixing ratio of groundwater. As a result of investigating the relationship between
these four locations and estimated hot spring flow paths and subsurface structure of the
terrestrial area, and the relation between radon concentration and water temperature
in these four locations, it was shown that two of the locations may be submarine hot

spring discharge areas. (Submitted to Japanese Society of Physical Hydrology)

Fig. 1 Towing observation scene and continuous measurement system for
dissolved radon, salinity and water temperature of pumped-up

surface seawater.



Growth of CO2 bubbles in groundwater induced by seismic waves
T. Hattori and T. Shibata

Inland earthquakes change chemical compositions or water levels in groundwater,
which is thought to be caused by permeabilities and rock-water interactions induced by
strain changes of the earthquakes. However, some unexplained changes in groundwater
have been observed during inland earthquakes. Crews and Cooper (2014) have
suggested that groundwater level changes at the 1992 Landers, California, earthquake
are induced by changes of pore pressure in groundwater due to bubbles formed by
seismic waves, indicating that microscopic mechanisms yield macroscopic phenomena.
To confirm whether bubble growth induced by seismic waves, we simulated the CO2
bubble growth at varying frequencies, amplitudes, and durations, based on the modified
bubble growth model of Tisato et al. (2015).

The growth of single bubble in water with dissolved volatile components is considered
for pressure perturbation, P;=P;-AP;sin(2nft), where Py, P;, AP; and f are the fluid
pressure (Pa), the initial pressure (Pa), the amplitude (Pa), and the frequency (Hz),

respectively. The bubble dissolution rate (mol s1) is shown as

dn _ Ps+2y/r
5 ~4nrDy (Cwo' I ) (1)
Hpc

where ris the radius of the gas bubble (m), D,, the CO2-H20 diffusion coefficient (m2s1),
Cwo the initial gas concentration (mol m-3), y the CO2-H20 surface tension (Pa m), and
Kipe the CO2-H20 Henry's law constant (Pa m3 mol). The rate of change of the bubble

radius is

dr _ (3RT dn _dPs 1
e G Py (2)
dt 4mrs dt  dt ) 3Pg+4y/r

where R is the gas constant (8.31446 m3 Pa K- mol!), T is the temperature (K). The gas

initial concentration (mol m-3) ¢, is

Cwo= Pf;il;/:m (3)
where r,; is the initial bubble radius (m) .
Combining equations (1), (2) and (3) and the Runge-Kutta method with fourth-order

accuracy can have the time variation of the bubble radius varying frequencies,
amplitudes, and durations by the sine waves of pressure perturbation. We used the
parameter of Pﬂ=2.OO><1Oé (Pa), y =0.0400 (Pa m), kypc=2941 (Pa m3 mol'),
DW=1.06><1O‘9 (m2 s1), rim=2.50><10"6 (m) and T=350 (K), respectively. Then, the bubble



radius at the end of the vibration, rs, (m) and the bubble volume growth rate (s /ring)®
were finally obtained.

The bubble radius and the bubble growth rate at the end of the vibration can be
seen larger at the smaller frequency and exponential increases as the larger amplitude,
when frequencies and amplitudes are varied from 0.010 Hz to 1.0 Hz in every 0.010 Hz,
from 0.050 MPa fo 1.0 MPa in every 0.050 MPa, respectively. Changes of duration of the
sine waves from 0.050/f to 180 seconds in every 0.050/f seconds make growth rate of
bubbles increase as the duration of sine waves increased but some bubbles shrank once

they had grown (Fig.1).
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Fig.1. The Bubble volume growth rate varying the vibration time. The fg.q represents

duration of vibrations (s). At f=0.30 and AP;=1 .0x10°, the bubble growth rate becomes
maximum around f¢,4=80, then the bubble volume gradually decreases.

Reference:
Crews, J.B., Cooper, C.A. 2014, J. Geophys. Res., 119, 7079-7091, doi:10.1002
/2014JB011398.
Tisato, N., Quintal, B., Chapman, S., Podladchikov, Y., Burg, J.-P. 2015, Geophys. Res. Lett.,
42, 3880-3887, doi:10.1002/2015GL063538.



Estimation of Underground Geothermal Water Flow Path Based on Latest Data of Hot

Spring Water Quality

K. Saitoh, T. Mishima, S. Ohsawa

In recent years, a decline in the temperature of hot springs and the amount of steam
in Beppu hot springs has become noticeable. it is important to understand the current
activity and quality of the hot springs in Beppu. In this study, a new geothermal water
flow pathway was discussed based on the results of hot spring quality analysis in 2019. As
a result, Na-HCOs type geothermal water was found regardless of the depth, and the
nature of its flow was different compared to other geothermal water. The depth of the
Ca, Mg-HCOs-type geothermal water flowing to the Tanoyu hot spring in the southern
part of the Beppu fan region changes significantly near the Kyoto University Institute for
Geothermal Sciences. The flow pathways from Shibaishi Hot Spring to Kamegawa, from
Kannawa Hot Spring to Hirata River, and from Ogura area to Jissoji Mountain were
revealed, and the geographical gaps were complemented (Fig.1). Finally, acidic springs
could not be re-identified as a series of flow pathways because some sources could no
longer be confirmed to exist during the 2019 survey. (Submitted to Geographical review

of Japan)
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Fig. 1 Major Flow path of Geothermal water in Beppu alluvial fan



Process to Analyze Radiometric JPEG Files Taken by a Thermal Infrared Camera

A. Yokoo and K. Ishii

The procedure for estimating the surface temperature and heat discharge rate from a
radiometric JPEG file acquired by a FLIR thermal infrared camera has been identified,
using photographs taken at the first crater of Aso volcano. For thermal infrared cameras,
FLIR Systems Inc. has the largest share of the global market. In contrast, Nippon Avionics
Co. Ltd. has the largest share only in Japan. Since these companies' header structures of
the JPEG file are different, the method shown this year cannot be directly applied to the
JPEG files of Nippon Avionics. However, as in the case of FLIR, if the file structure and the
equations and parameter values used in the dedicated software of the AVIO can be
estimated by reverse engineering, it will be easier for researchers to perform their analysis
by themselves.

Our study did not consider the non-uniformity of the line-of-sight distances in the
thermal infrared image. In order to calculate the atmospheric correction for each pixel,
it is necessary to calculate the exact line-of-sight distance for each pixel. Since this also
requires information on the orientation and tilt of the thermal infrared camera (roll, pitch,
and yaw), a geometric correction method such as digital photogrammetry would be
helpful. Although digital photogrammetric analysis using thermal infrared images is
somewhat increasing in recent years, there seems that no accurate pixel-by-pixel
atmospheric corrections have been performed yet. In order to improve grasping the
thermal status of volcanic activity and estimating heat discharge rate, more accurate
3D ferrain modeling and surface temperature data mapping is needed, and for this
purpose, such atmospheric correction calculations should be appropriately
incorporated.

For estimating the total heat discharge rate from the whole first crater of Aso volcano,
it is necessary to consider both those from the crater lake and those by fumaroles at the
crater center in addition to those from each thermal anomaly. Therefore, in the future,
we should quantify these factors separately using thermal infrared images and discuss

the volcano's mid- the long-term thermal activity.



2.2. AF#X Publications

JRE L Articles, Transactions, and Reports
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Geshi, N., Browning, J. and Kusumoto, S. (2020) Magmatic overpressures, volatile
exsolution and potential explosivity of fissure eruptions inferred via dike aspect ratios.
Sci. Rep., 10, 2406. https://doi.org/10.1038/541598-020-66226-z

Ishii, K., Yokoo, A., Iguchi, M., and Fujita, E. (2020) Utilizing the solution of sound diffraction
by a thin screen to evaluate infrasound waves attenuated by volcano topography,
Journal of Volcanology and Geothermal Research, 106983, doi:10. 1016/]. jvolgeores.
2020. 106983.

Matsushima N., Utsugi M., Takakura S., Yamasaki T., Hata M., Hashimoto T. and Uyeshima
M. (2020) Magmatic-hydrothermal system of Aso Volcano, Japan, inferred from
electrical resistivity structures, Earth, Planets and Space, 72:57, 10.1186/540623-020-
01180-8.

Narita S., Ozawa T., Aoki Y., Shimada M., Furuya M., Takada Y., Murakami M. (2020)
Precursory ground deformation of the 2018 phreatic eruption on Iwo- Yama volcano,
revealed by four- dimensional joint analysis of airborne and spaceborne INSAR. Earth,
Planets and Space, 72:145, doi: 10.1186/540623-020-01280-5.

Sano, Y., Onda, S., Kagoshima, T., Miyajima, T., Takahata, N., Shibata, T., Nakagawa, C.,
Onoue, T., Kim, N.K., Lee, H., Kusakabe, M. and Pinti D.L. (2020) Groundwater oxygen
anomaly related to the 2016 Kumamoto earthquake in Southwest Japan.
Proceedings of the Japan Academy, Series B, 96, 322-334.

Sano, Y., Kagoshima, T., Takahata, N., Shirai, K., Park, J.-O., Snyder, G.T., Shibata, T.,
Yamamoto, J., Nishio, Y., Chen, A.-T., Xu, S., Zhao, D. and Pinti D.L. (2020) Groundwater
Anomaly Related to CCS-CO2 Injection and the 2018 Hokkaido Eastern lburi
Earthquake in Japan. Frontier in Earth Science, doi: 10.3389/feart.2020.611010.
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Scattering Seismic Attenuation Structures Beneath Kyushu, Japan, Journal of
Geophysical Research, 125. https://doi.org/10.1029/2019JB018742

Yang, H. and Shibata, T. (2020) Aquifer classification and pneumatic diffusivity estimation

using periodic groundwater level changes induced by barometric pressure.
Hydrological Research Letters, 14, 111-116.

Yang, H., Shimada, J., Shibata, T., Okumura, A. and Pinfi, D.L. (2020) Freshwater lens
oscillation induced by sea tides and variable rainfall at the uplifted atoll island of
Minami-Daito, Japan. Hydrogeology Journal, 28, 2105-2114.

Yang, H., Kagabu, M., Okumura, A., Shibata, T. and Pinti, D.L. (2020) Hydrogeochemical
processes and long-term effects of sea-level rise in an uplifted atoll island of Minami-
Daito, Japan. Journal of Hydrology, 31, 100716.

Shingubara, R., Tsunogai, U., Ito, M., Nakagawa, F., Yoshikawa, S., Utsugi, M., and Yokoo,

A. (2021) Development of a drone-borne volcanic plume sampler, Journal of
Volcanology and Geothermal Research, 107197, doi:10.1016/j.jvolgeores.2021.
107197.

Yamada, T., Kurokawa, AK., Terada, A. Kanda,W., Ueda,H., Aoyama, H., Ohkura, T.,
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9. EEEH Routine Observations

Geophysical Monitoring Under Operation at AVL

Aso Volcanological Laboratory
Permanent Stations

Nakadake monitoring network

Seismic Stations (Short period): HNT, KAF, KAW, SUN, KAK, UMA, TAK2, KAE2
Seismic Stations (Broadband): HND, HNT, SUN, KSM, UMA, KAE2

Tiltmeters: HNT (water tilt 2-comp.), SUN, KSM

Extensometers: HNT (invar 3-comp.)

Microphone: HND, SUN, UMA, KAE2, KAF

Geomagnetic Stations(proton): C1, C3, W1

GPS: ASOM, HOND, MONT, OHJO, SUNS
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N i 3 W $ e bt & X, ’ =
\ \"\_ /‘ 2 \ o, m. 1178 a128) 4 ; ‘} AN 3 =
A . > == pe LY i
(4 e 7 O s f Rt | 558 ' )‘500"‘! 3
T ML A (s
- N 9N i Sad ' = \ ) Gkt
Eialeey 55 \:5 ,‘f\; : i suys YA = 5
” (% 7 = A . P 1207 g z > h 7
Y e .”“,- Sog i /},‘a == ¢ = AW ‘/'f_i—\" { [ . 0 P T e : : e 7 =% i)
ok {0 = | AR T e | ] W o Z
. Eﬁos_h:dake S ‘ B 4 $PN s ,\‘\i- ]
PR & ey ) i o\t e X . l ’ gy Rk ““J('x,‘ S ) R

Seismic, geodetic, geomagnetic and infra-sound stations in the central part of
Aso. Created by editing GSI Tiles(Topographic maps).
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Central Kyushu regional network
Seismic Stations: AVL, UCM, MAK, NBR, MKN, HDK, TAT, MGR, AKG, CJB, ASJ, HNY,
SKM, BEP, KRK, TSK, AMM, TRM (Online telemetry)

131°

131° | - =
0 10 20 30 (km

Seismic network in the central Kyushu.
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[Beppu]

Metal monitor

Radon detector

Dissolved hydrogen meter

COz2 probe

COg2, CHs fluxmeter

lon chromatography

Gas chromatography

Automatic fitration system

Piston cylinder type high pressure
apparatus

Very low frequency electromagnetic field

detector
Leveling survey system

[Aso]
Continuous seismic monitoring system
for Aso and Kuju Volcanoes
Observation tunnel for ground deformation
Proton magnetometers
Fluxgate magnetometers
Geomagnetic absolute measurement
system
Tiltmeters
Portable seismometers
(broadband 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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Beppu Geothermal Research
- g Laboratory
ik _ Noguchibaru, Beppu, Oita 874-0903
' 7 Japan
Telephone: +81-977-22-0713
Facsimile: +81-977-22-0965
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Homepage: http://www.vgs.kyoto-u.ac.jp

Aso Volcanological Laboratory
MinamiAso, Kumamoto 869-1404, =

Japan
Telephone: +81-967-67-0022
Facsimile: +81-967-67-2153
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Homepage: http://www.aso.vgs.kyoto-u.ac.jp/
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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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Editional compilation by S. Kusumoto and Y. Doi
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