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(Beppu)

ICP mass spectrometer, ICP emission spectrometer, Thermal ionization mass spectrometer, Wavelength dlsperswe
electron microprobe, Energy dispersive electron microprobe analyzer, Wavelength dispersion type X-ray fluorescence
analyzer, Energy dispersion type X-ray fluorescence analyzer, Powder X-ray diffractometer, Liquid scintillation system,
lon chromatography, Gas chromatography, Automatic titration system, Full-automated micro-earthquake monitoring

system, Piston cylinder type high pressure apparatus, Externally heated diamond anvil cell, FT-NIR spectrometer, IR
microscope

(AsO)

Continuous seismic monitoring system for Aso and Kuju Volcanoes, Observation tunnel for ground deformation,
Borehole temperature monitoring system for Aso, Video monitoring system of Aso and Kuju Volcanoes, Proton and
fluxgate magnetometers, Geomagnetic absolute measurement system, Tiltmeters, Portable seismometers (broadband,
short-period) and data-loggers, Car-mounted seismic source, Gravimeters, Super-Conducting Gravimeter, Magneto-

Telluric measurement system (broad-band type, ULF, ELF, VLF-band), Electronic distance measurement system, Leveling
survey system (automatic reading)
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scope of the institute

The Earth can be viewed as an active heat engine
working to convert its internal thermal energy into
surface phenomena such as diastrophism, seismicity,
volcanism and hotspring activity. Because of
differences in time-scale, superficial features, or
practical aspects it has been normal to deal with these
phenomena independently. To work towards a
comprehensive understanding of the Earth's evolution
and its predictability, we believe that it is indispensable
to consider the Earth as a single heat engine by the use
of synergistic research techniques.

We regard central Kyushu, one of the largest volcanic
and geothermal fields in the world, as a natural
experimental facility. The Institute for Geothermal
Sciences is promoting a comprehensive approach to
geothermal science through fieldwork, laboratory
experiments and theoretical modelling. By analyzing
the thermal structure and the dynamics of the Earth
over scales ranging from the crustal surface to the
mantle and the core, we aim to construct the science
of geothermics in synergistic manner.
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research sections

We are conducting comprehensive research into
volcanism, geothermics and tectonics mainly by
fieldwork, laboratory experiments, and theory. The
fundamental scope of our research covers the thermal
structure and the dynamics of the Earth's interior. A
variety of research workers can flexibly cooperate
within this interdisciplinary Geothermal Science
research system. We have the following five sections.

®Research section for geothermal fluids

This section investigates the origin of chemical
substances in geothermal fluids as well as their local
and global circulation processes and the transport
processes of energy and materials through geothermal
fluids.

@Research section for geothermal tectonics

This section investigates the relationship between
volcanic or geothermal processes and tectonics,
subduction-zone magmatism and material circulation
processes through the whole mantle by the use of
magmatological approaches.

@®Research section for volcanic structure

This section investigates the dynamic, thermal and
hydrological structure of geothermal fields and active
volcanoes in central Kyushu such as Aso, Kuju and
Tsurumi, and the processes of generation, movement
and eruption of magmas.

@®Research section for volcano-dynamics

This section investigates the dynamic aspects of
volcanoes by developing techniques of monitoring
volcanic activity and of data analysis. It also
contributes to research into the prediction of volcanic
eruptions.

@ Geothermal intelligence section (from abroad)

This section exchanges and accumulates
interdisciplinary information relevant to geothermal
sciences. It also promotes international cooperative
work aimed at the development of new techniques in
geothermal sciences.
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A bird's-eye view of central Kyushu from Beppu bay
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The regional graben-like structure in central Kyushu,
which extends from Beppu bay to the Shimabara
peninsula via the Kuju and Aso volcanoes is
sometimes called the "Beppu-Shimabara graben". 1t is
about 200 km E-W long and 20-30 km N-S wide.
Active volcanoes such as Tsurumi, Kuju, Aso, Unzen,
and geothermal areas are found inside the graben. The
origin of the Beppu-Shimabara graben is still an open
question. Some investigators even refuse to consider it
as a real "graben". Others emphasize the difference
between the Hohi volcanic region and the western side
of the "graben'. In any case, subduction of the
Philippine sea plate has certainly played an important
role in tectonic, volcanic and geothermal activity in
central Kyushu and is inevitably related to the
structural origins of this region.

The Beppu hotspring is located at the eastern edge of
The Beppu-Shimabara graben and is one of the largest
geothermal fields in Japan. Fumarolic and hotspring
activity spreads out up from the Tsurumi volcanic
group down to the eastern coast of Beppu city, over a
5km (E-W) by 8km (N-S) range. The central part of the
hotspring field formerly subsided and was covered
with debris-avalanches from the mountains behind,
with the northern and southern edges of the field being
bounded by two fault systems striking along an
almost E-W direction, respectively. The number of hot
spring-wells drilled is ~3,000. Flow rate of the
hotspring water including fumaroles and heat flow
amounts to 50,000 tons/day and 350 MW, respectively.

The highland region spouts fumaroles and hydro-
thermal water, whereas the lowland region bears
hotspring water of diverse chemical composition. The
range of phenomena and the regularity of their spatial
alignment is a characteristc of the Beppu hotspring
field.

Aso Volcano is located in the central part of the
Beppu-Shimabara graben and consists of an elliptical
caldera measuring 18 km (E-W) by 24 km (N-S), and of
central cones with more than 10 volcanoes aligned in
the E-W direction. The Aso caldera has experienced
four great eruptions since 0.3 Ma (million of years
before the present). The Aso-4 pyroclastic flow, the last
of the major eruptions, which took place around 0.07-
0.09 Ma was mainly responsible for the present shape
of the caldera. The caldera rim is approximately 1,000
m in elevation, though the western edge of the caldera
has collapsed with fault movement and subsequent
erosion. At the outer flanks of the caldera, the Aso
pyroclastic flow deposits cover the Pre-Aso volcanic
rocks over a wide region. Central cones with a variety
of rock properties ranging from rhyolite to basalt were
formed at the center of the caldera after Aso-4. The
youngest one, Mt. Nakadake (1,506 m), is a composite
volcano of basaltic andesite and basalt. The crater of
Mt. Nakadake is composed of seven craterlets, which
are aligned in a N-S direction. Only the northernmost
craterlet has been active during the past 60 years, and
has erupted every few years. The mode of eruption has
frequently been of a strombolian type.
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Age of Beppu hotsprings: lifetime of hotspring water outflows
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Lateral flows of Na-Cl type hotspring water in Beppu a
relatively high potassium content. We estimate that the
duration time necessary for potassium deposition in a
flow layer to be ~50kyr, which represents a minimum
life-time of the flow. The discharge rate of depth-
originated chlorine can be estimated as 12,000 tons
per year.
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Flow pattern of hotspring
water in the Beppu area

Subsurface circulation processes of geothermal fluids in Kuju-Iwoyama Volcano
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In the Kuju-Iwoyama Volcano, magmatic volatiles
such as H:0 and HCl are regularly discharged by
mixing with meteoric steam in super-critical zones of
water. The circulation of meteoric water in the steam
system is very rapid within several years of mean
residence time. The liquid water, which is adjacent to
the steam system forming hotsprings, circulates slowly
over 100 years time scales and contains no magmatic

water. .
NEBRBELOKBERETIL

Meteoric Water P o
o~ ' Flux [ton/day]
( N N\ / . Magmatic H,0: 840 (360-1400)
. SO ! MagmattcHCl 60(:087) 1
wanan .
[SESENN
M
ARSSSSNN

 Fumarole

l\,, ' Hot Spring
, i1t

1

]

i
|
]

1
1

Two-Phase — | Ly |
1

5

1

Critical State—
(Criical Pressure: 22.1 MPa)

,‘ e

A

Liquid Water {
; Meteoric Steam |

Magmatic Steam |

Schematic Kuju-lwoyama Volcano

A schematic cross-section of Kuju-

Iwoyama showing the deep circulation
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Origin of nitrogen (N2) in magmatic gases of Aso Volcano

FIEER KU b S b~ 7 < T A DOREMSE Distinct spatial variety was found in the chemical
AR (Ne-He-Ar) X, dL¥(e s CEEE /2 contents of inert gases (N2-He-Ar) discharged from the
EBEWRE NS (BEOFBNIZET) . T Aso Volcano (N-rich in the southern part). This
FERIL, v~/ ~vHFOERIIEROHEBESLEK behavior suggests that the nitrogen in the magma
ANLERVAENTZHOTHY, TNETEZ originates in the sedimentary or altered rocks in the
T E LA IBEEHEREY I H 2 D TiX basements of the Aso region. This result runs counter
IRWNFTREM R R LTV D. to the idea that subducting oceanic sediments provide
nitrogen to the magma.
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Relative He, N2, and Ar contents in gases
discharged from Tarutama and Yunotani hotsprings
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The 1995 eruption of Kuju Volcano and its effect on rare gas abundance ratios
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The He/Ar ratio showed a sharp decrease at the time
of the phreatic explosion. This drop suggests air-
suction rates of 8.9x10° I/day as a result of sudden
increase in the discharge rate of magmatic fluid.
Following the explosion, the ratio gradually recovered
to the initial level.
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Gas sampling at Kuju-lwoyama, Kuju Volcano
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Submarine structure of Beppu bay
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Our work shows that a steep graben-like structure is
present beneath Beppu bay. Sediments on the graben
are highly fractured and folded. Another interesting
discovery is that the Sambagawa belt basement lies
under the Ryoke belt basement.

AFFEIZHIFHTILTF - Fv
VRV RETEERE DR
An example of seismic
exploration in Beppu bay
using the multi-channel
reflection method
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Quaternary tectonics of central Kyushu
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The ground depression associated with the right-
lateral movements of the tectonic lines (the Median
Tectonic Line and Kurume-Hita Line) after 1Ma is a
promising causative mechanism of the large negative
anomalies in gravity (Beppu bay and Syonai).
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Mapping of the basement depth
together with an example of the
simulation of vertical displacement
of the crust caused by right-lateral
movement of two tectonic lines
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Whole mantle-scale material circulation and magmatic activity
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Magma is generated by material and heat transfer in
the earth. Magmatic activity in subduction zones and
hotspots is comprehensively analyzed focusing on the
use of materials of plate origin as tracers through the
whole mantle.
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Intermittent upwelling of superplumes, the
greatest fluxes known within the
geosystem, are likely to have played a key
E&=> ML role in the evolution of the Earth and its
biosphere over a timespan of 4.6 billion
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Formation of continental crust in subduction zones in the Archean
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Most of the continental crust was formed in the
Archean, a period of major influence on the chemical
evolution and dynamics of the Earth. In the Archean,
temperatures within the Earth were higher and active
magmatism could have occurred in subduction zones;
the continental crust was probably formed by such
magmatic activity. The important processes for the
formation of the continental crust are (1) melting and
dehydration of the subducting plate, (2) reaction

between mantle and the materials supplied from the
subducting plate, and (3) chemical evolution of the
crust by melting and fractionation. These processes
have been investigated based on an estimation of
mantle dynamics (convection temperature structure,
etc.) in the Archean and chemical compositions of arc
magmas.
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formation of the continental crust
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melting and fractionation of the crust

MAHAHTHDERERE TORERE & KEMFETE TR
Thermal structures in a vertical cross section of subduction zones
and the formation process of continental crust
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Ground deformation studies at Aso Volcano
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Aso volcanological laboratory has an observation
tunnel for the precise measurement of ground
deformations associated with the activity of Aso
Volcano. The 30m-deep tunnel is located at Hondo
observatory, 1km southwest from the active crater.
Water-tube tiltmeters and invar-rod extensometers are
working in the tunnel to monitor the ground
deformation of Aso. Remarkable dilatation was
detected during the eruption episode from 1989 to

1991. We also have a Super-Conducting Gravimeter
(SCG) in the tunnel, which measures the gravity
variation with a precision of 107 gals (gravity on the ; ; a
earth's surface is about 980 gal). Besides the tunnel g;:ﬁmoﬁiﬁﬂiﬁiﬁl:?&ﬁéhf:ﬁ{z‘:ﬁ
observation, we repeatedly perform Electronic Supf;roonducting gravimeter installed at
Distance Measurement (EDM), GPS measurement and the bottom of the observation tunnel
leveling survey with the aim of detecting crustal
movements associated with the transfer of magma or
geothermal fluid.

The amount of ground deformation of Aso is small
relative to other active volcanoes, in spite of the
continuous discharge of thermal energy by fumaroles,
mud ejections and explosions. It suggests free transfer
of heat and material within the Aso Volcano.
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Temperature variability at Aso Volcano
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Variation of ground temperature in a borehole of depth 150 m

using quartz thermometers (1989-1997)
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Variations in ground temperature have been observed
in a borehole drilled some 200m west from the Ist
crater of Aso. The temperature change at a depth of
150 m shows a peak during the active period of 1989-
90 and a gradual decline afterward. Repeated
measurements have also been made with an Infrared
Radiation Thermometer (IRT) since 1996. Temperature
changes of the crater lake and of the fumarolic area
were revealed to be in anti-phase.
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Thermal state below the active crater of Aso deduced from geomagnetic changes
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Magnetization of volcanic rocks tends to decrease as
their temperature gets higher. Hence we can infer the
thermal state of a shallow subsurface region by
geomagnetic observation around a crater. In a typical
case, magnetization beneath an Aso crater increases
as a vent opens with the heat being discharged. In
contrast, it tends to decrease after the vent is plugged
as a result of the appearance of a crater lake. The
geomagnetic response to the changes of surface
activity is rapid and implies the efficient heat transfer
by geothermal fluids.
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A=black essential porous lava
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Thermal remanent magnetization curves for several
kinds of bombs ejected from the active crater in Nov-
ember 1989 (after Tanaka, 1993)
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Structure of Aso Volcano inferred from geophysical observations
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S-P conversion illuminates the subsurface of Kuju Volcano

LEAILE ZDOEDTE N HETHIZIT A clear later phase appears preceding the S phase in
SEDBIRDOERNZARZZIMIARERT 2 6 the seismogram of some events in Kuju Volcano. The
OWRHDH. ZOISNABITH T ORERER@EIZE phase was shown to be converted P wave originating
TAHS-PEMETHLZ LEHEL, TOEK from the S component. Coverage of the estimated
RO EFNT. ZOEBRIINEKLLZ conversion points spreads beneath the Kuju volcanic
DEDIZOANR Y, HIFEH b A 1knAT#E DL S region and their depth ranges from 0 to 1km.
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Low velocity anomaly beneath Aso Caldera discovered by seismic tomography
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We have performed a seismic tomography study on
Aso Volcano using the data of AVL's seismic network.
We found a distinct S wave low-velocity perturbation
beneath the Aso caldera. Maximum velocity anomaly
exceeds 30%, which suggests the presence of a fluid
body.
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