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Preface

It is my great pleasure to publish the first issue of the annual report from the Institute for
Geothermal Sciences, Graduate School of Science, Kyoto University, which was established in April
1997, by unifying the Beppu Geophysical Research Laboratory (BGRL; established in 1924 at Beppu)
and the Aso Volcanological Laboratory (AVL; established in 1928 at Aso), for the purpose of
comprehensive studies of thermal phenomena in the Earth's interior. As the preface of this first annual
report, I would like to introduce the basic concept for and the progress of establishment of the new
institute.

Various phenomena occurring on the Earth's surface, such as tectonic evolution, earthquake,
volcanism and hydrothermal activity have been caused essentially by heat transfer from the Earth's core,
via mantle, to its surface. Instead of the common heat source for such surface phenomena, highly
specific skills have been applied for studying those phenomena, probably because their variable
time/space scales. This was true for two laboratories, AVL and BGRL. The AVL had conducted studies
mainly on volcanic activity, including prediction of volcanic eruption, based on seismology, geodesy and
-geoelectromagnetism etc., and the BGRL had done studies mainly on subsurface flow and circulation of
geothermal fluids based on hydrology, hydrodynamics and geochemistry etc.

The final goal of earth sciences is not only to elucidate individual phenomena, but also to
understand comprehensively the characteristics and the evolution of the Earth including the prophecy.
In order to achieve this, it is indispensable to conduct a comprehensive study of the Earth as a Heat
Engine by unifying hitherto subdivided branches and skills. We may further emphasize that the
comprehensive study on the Earth should provide deep insights into individual phenomena occurring
on the Earth.

In the summer of 1992, when Professor Emeritus Ichiro Nakagawa was holding the positions for
director both of BGRL and AVL, the plan of unifying two laboratories was first discussed as one of the
foregoing plans. It was the time when Japanese universities began to go forward the way of renewing
their organizations such as repletion of the graduate schools. Extensive discussions for realizing the plan
started at the beginning of 1994 and led to the first draft of "The plan to unify and reorganize BGRL
and AVL", in which the name, "Institute for Geothermal Sciences,” was first proposed. This plan was
listed up in the budget for the 1996 fiscal year of Kyoto University, and presented to the Ministry of
Education, Culture and Sports (Monbusho).

In 1996, the plan was investigated in full detail by Kyoto University and Monbusho in order to
prepare the final plan for getting advice from the Committee Exterior organized by intelligent persons
outside of Kyoto University. Through the progress, the new Institute was finally established on 1 April
1997. The Institute was attached initially to Faculty of Science and has belonged to Graduate School of
Science since April 1998.

The Institute has two main buildings at Beppu and Aso, which had been used as BGRL and AVL,
respectively. Although both buildings were rather old, they had been renewed almost all-out before the
start of the new Institute.

Here, I would like to express my cordial gratitude to the persons in organizations concerned, who
made great efforts to establish the Institute and to renew the buildings.

W& had also big changes in personnel affairs in 1997. Just the day before the start of the new



Institute, Professor Yoshimasa Kobayashi (Aso), who made great contributions to this renovation, retired.
In August 1997, Professor Yoshiyuki Tatsumi arrived at Beppu from Faculty of Integrated Human
Studies, Kyoto University. In March 1998, Assistant Professor Shigetomo Kikuchi (Aso), Technician
Toshihiro Yamada (Aso) and Technical Assistant Natsuko Oda (Beppu) were left from the Institute. On 1
April 1998, Associate Professor Yoshitsugu Furukawa arrived at Beppu from Division of Earth and
Planetary Sciences, Kyoto University, and Dr. Tatsuhiko Kawamoto was adopted as the Assistant
Professor at Beppu.

Thus, renovation of the institutional organizations has been completed and disposition of staffs is
now being fixed up. However, it is left to our activities wholly in the future how to replenish our Institute
and how to develop "the comprehensive studies of thermal phenomena within the Earth". I wish that this
annual report will be put to practical use for mutual understandings among staffs and daily activities in
study. At the end of the preface, I would like to entreat all people to understand our activities and to

look for guidance to further development of the Institute.

Beppu, May 1998

Yuki Yusa, Professor/Director
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Resistivity structure of Aso volcano |

Amita, K., Hashimoto T., Masuda, H., Mori, T., Nakaboh, M.,
Yamamoto, M., Kawakatu, H., Ide,S., Kaneshima, S. and Ohminato, I.

Kaneshima et al. (1996) inferred a water-bearing layer at the depth of 1 to 1.5km
beneath the active crater of Aso from broadband seismic observation since 1994. They
speculated that the aquifer is continually resonating with a dominant period of 15 seconds as a
result of interaction between ground water and heat from magma. We are going to detect the
aquifer as a pattern of contrast in the electrical conductivity by means of electromagnetic
method. On November 1997, ULF, ELF, VLF and broadband magnetotelluric surveys were
performed around Mt. Nakadake, Aso volcano, Japan, for getting resistivity structure beneath
the crater. An apparent resistivity curve obtained using a broadband equipment has following
features as shown in Fig. 1. (1) Apparent resistivity values over the full range of periods are
lower than several hundred ohm-m. (2) Minimal apparent resistivity is close to 10 ohm-m
around 1 Hz. Although error-bars are rather small in Fig. 1, it is obvious that the frequency
band around 0.1- 0.3 Hz is distorted by artificial noise and the sounding curves of this band is
somewhat shifted. We must eliminate the noise by the remote-reference process in order to get
precise resistivity structure by an inversion.
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Fig.1 An example of sounding curves obtained by the broadband-MT measurements nearby
an active crater of Aso volcano. Upper panel shows the apparent resistivity and the lower the
phase.



Magma acoustics and time-varying melt properties at Arenal Volcano, Costa Rica

Garces, M.A., Hagerty, M. T. and Schwartz, S.Y.

Acoustic and seismic signals recorded simultaneously during the Strombolian activity of Arenal
Volcano provide conclusive evidence that pressure waves are generated and propagated within the
magma-gas mixture inside volcanic conduits. These pressure waves are sensitive to the flow velocity
and to small changes in the gas content of the magma-gas mixture, and thus can provide useful
indicators of the time-varying properties of the unsteady flow regime and the chemical composition
of the melt. Steady fluid flow cannot generate seismic and acoustic signals, thus the fact that we
observe these signals implies that unsteady processes are quite prominent during volcanic eruptions.
The dominant features of the observed explosion and tremor signals at Arenal are attributed to the
source excitation functions and the acoustic resonance of a magma-gas mixture inside the volcanic
conduit. We postulate that explosions are triggered in the shallow parts of the magma conduit, where
a drastic pressure drop with depth provides a region where violent degassing can occur. Tremor may
be sustained by unsteady flow fluctuations at depth. Equilibrium degassing of the melt creates a
stable, stratified magma column where the void fraction increases with decreasing depth. Disruption
of this equilibrium stratification is thought to be responsible for observed variations in the seismic
efficiency of explosions and enhanced acoustic transmission from the interior of the conduit to the
atmosphere.

Travel times for infrasonic waves propagating in a stratified atmosphere

Garces, M.A., Hansen, RA. and Lindquist, K.G.

The tau-p method of Buland and Chapman (1983) is reformulated for sound waves propagating in
a stratified atmosphere under the influence of a height dependent wind velocity profile. For a given
launch angle along a specified azimuth, the ray parameter is redefined to include the influence of the
horizontal wind component along the direction of wave propagation. Under the assumption of
negligible horizontal wind shear, the horizontal wind component transverse to the ray propagation
does not affect the direction of the wave normal, but displaces the reference frame of the moving
wavefront, thus altering the observed incidence azimuth. Expressions are derived for the time,
horizontal range, and transverse range of the arriving waves as a function of ray parameter.
Algorithms for the location of infrasonic wave sources using the modified tau-p formulation in
conjunction with regional atmospheric wind and temperature data are discussed.



Hydrothermal and ground water system of Sakurajima volcano
Hashimoto, T., Tanaka, Y., Mogi, T. and Oba, S.

A banded self-potential (SP) anomaly was found in the western part of Sakurajima volcano,
southwestern Japan. This positive SP anomaly lies along the fissure of 1914 eruption and
probably corresponds to the upflow part of subsurface hydrothermal convection. A DC electric
resistivity sounding conducted along the survey line across the banded anomaly revealed that a
conductive part exists 50-100m below the positive SP zone (Fig. 3). These results suggest that the
hydrothermal fluid flow is more prominent in the fractured zone adjacentto a vent than in the vent
itself choked with the solidified lava.
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Fig.3. A resistivity cross-section across the banded SP anomaly obtained by two dimensional DC
electric sounding inversion (Uchida, 1993). The positive SP anomaly corresponds to the low
resistivity part.



Melting Temperature and Partial Melt Chemistry of Hydrous Upper Mantle
Kawamoto, T, Holloway, J. R. (Tempe, USA), Rubie, D. C. (Bayreuth, Germany)

A series of high pressure and temperature experiments on hydrous mantle peridotites

were conducted to determine the H,O-saturated solidus. The solidus of H,O-undersaturated
mantle peridotite have been calculated based on (1) the H,O-saturated solidus, (2) the pressure

dependence of hydrogen solubility in nominally anhydrous minerals, and (3) the assumption of

linearity between H,O-undersaturated solidus and H,O abundance at a given pressure (Figure

1). Previous studies of melt inclusions Temperature (°C)
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Continuous Observation of Ground Deformation Using

Water Tube Tiltmeters and Extensometers
in Underground Tunnel near Naka-dake

Kikuchi, S.

The tunnel for ground deformation observation located in 30m underground at about
1km south-west of Naka-dake crater and consists of horizontal tunnels forming equilateral
right-angled triangle. The remarkable ground deformation in 1997 was not detected on the
records observed in the underground tunnel near Naka-dsake.

Watertube tiltmeters of 25m span (WT1 and WT2) and Extensometers of 20m span
(E1 and E2, Fig.1) and 25m span (E3) have been installed in the tunnel.

Extensometers recorded annual variation with strain amplitude of 10°° order that is
contraction in summer season and expansion in winter season A

Watertube tiltmeter showed about 4 ¢ rad tilt northward (crater side) which continued

from the previous year. This tilt is compatible with the quietness of crater.
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Isotopic study on interaction between magmatic fluid and
meteoric water at Kuju-Iwoyama Volcano, Kyushu, Japan

Kitaoka, K., Ohsawa, S., Yusa, Y. and Kusakabe, M.
Magmatic fluids have to pass through meteoric water circulation systems to flow out from
the inside of the earth. The interaction between magmatic fluids and meteoric waters is highly
complex. Significant subsurface boiling of the deep circulating geothermal waters in Kuju-
Iwoyama Volcano, Kyushu, was demonstrated by the hydrogen and oxygen isotopic study of
hot spring waters and fumarolic steam condensates. Part of meteoric water is heated to the
critical point of water during a hydrologic cycle through the volcano, forming a single-phase
steam. The linear 8D-80, &D-
Cl, and 8'®0-Cl relationships for
fumarolic condensates appear to
have resulted from mixing at
depths of the volcano between a
magmatic steam and the super-
critical steam of meteoric water

origin.
Remarkable difference of
residence time between two-
phase and liquid water systems 570 (%)

was revealed through the tritium Oxygen-18 and deuterium relations observed for hot spring waters, cold spring waters, and
StUdy Of hOt spring waters and fumarolic condensates. Open triangles of fumarolic condensates are quoted from litarature.
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Discharge processes of deep thermal water in a non-volcanic region,
North Gunma, Japan, from the viewpoint of tritium

Kitaoka, K. and Sakai, Y.

Tritium contents in hot spring waters in a non-volcanic region, the northern part of Gunma
prefecture, have linear correlation with chloride concentrations and temperatures. Hot spring
waters are formed through the rapid mixing between a tritium-free thermal water derived from
depths and shallow circulating meteoric waters. The deep thermal water, which is of meteoric
origin from hydrogen and oxygen isotopic data, is shown to be old meteoric water more than
at least 45 years from its tritium content. Such the thermal water must be formed by water-
rock interactions through a deep circulation in fractured systems. The tritium content in hot

9



spring water is useful for discussing hot-spring conservation and discharge processes of deep

thermal waters.
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Recharge processes to groundwater system beneath the desert
of the United Arab Emirates from the viewpoint of tritium
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Kitaoka, K., Sakura, S., Machida, I. and Okada, M.

Groundwater occurs at about 30 m depth beneath the desert,
in the inland area (Kahil Area) of the United Arab Emirates,
although the environment is exceedingly dry as annual rainfall
of about 70 mm and potential evaporation of several thousands
mm. Tritium concentrations of the groundwaters collected in
November 1994 fall into a limited range from 0.3 to 2.7 TU,
which is relatively low compared with those of most ground-
waters in Japan, although tritium levels in rain water in the area
are similar to those in Japan. Some of the greater tritium con-

o : %, for Dubai
: @ Well sampled for Tritium | :
(inIU) B <
i o Well surveyed

@9

“for Swaihan

for Al Ain %

centrations of groundwaters in the area are
similar to those of stream waters in the moun-
tain region several tens kilometers away.
Groundwaters with several TUs concentration
distribute widely (mainly along wadi courses)
and the recharge to the groundwater system
occurs in many parts along wadi courses in the
area. It is likely that the recharge source was
rainstorm (flooding) during pluvial periods in
the past to the aquifer along wadi courses. By
comparing the tritium concentrations of the
groundwater with those in the rainfall, the tran-
sit time of meteoric water through the unsatu-
rated zone is estimated to be around 40 years.
The transit time corresponds to the annual re-
charge of around 120 mm for the water content

Solid lines indicate the 1.0 TU isoleth. Contours of
dofted lines are electrical conductivity in S/m.
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of 0.14. The mean residence time of groundwater in the aquifer is estimated to be 20 to 40
years.

Tritium hydrology in semi-arid areas around
the Tianshan Mountains, Western China

Kitaoka, K., Horiuchi, S., Watanabe, M., Okuda, S., Mu, G, and Zhou, Z.
To investigate the water circulation in the semi-arid region with glacier at the river head,
tritium study was made in Urumgqi and Turfan areas in Xinjiang, western China. Tritium con-
tents in river waters, groundwaters, spring waters, lake waters and glacier ice collected in
summers in 1992, 1994 and 1997 are in a wide range from 0 to 125 TU, most of which are
considerably high compared with those of most natural waters in Japan. Tritium levels in pre-
cipitation in the area are over ten times as high as those in Japan. Groundwaters, spring waters
and lake waters in the flat
@ WELL (SAMPLER)  TRITIUM . . .
o wewpwene ("™ 11 regions are mainly derived
© HOT SPRING L . ..
o cAcER s || from river waters origi-
nating in glacier regions.
Tritium contents in river
water show that river wa-
ters contain about 65%
{ melt glacier and the part

i T Loy e M S Y . . .
S Mmoo/~ of - circulating meteoric

G RIVER
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E5 4

T e N T T e L -] t b . t h
T - water in river water has
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. ] ™ .
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waters take several ten
TU values in 1992 and 1994 for river waters, spring waters,

groundwaters, lake waters, and glacier ice in Urumqi and Turfan areas, ~y€ars to pass the under-
Xinjiang, China ground to many springs

and wells in the flat re-
gions. The low tritium concentra-
tions in some groundwaters and
spring waters are corresponded to
those in river waters more than 40
years ago. For closed and semi-
closed lakes, the ratios of ground-
water inflow to salt lakes to precipi-
tation are relatively small as against
those in fresh water lakes, taking
into consideration for trittum en-
richment in lake water by evapora-
tion.

i

Distribution of tritium concentration (annual
mean) in precipitation in Eurasia (based on
IAEA data). Figure denotes a factor to be
multiplied by the annual mean at Tokyo.
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Building the network system at BGRL

Mawatari, H

The following network system is now available at BGRL (Fig 1) :

1 Since August 1997, Internet has been accessible through NTT-OCN with NAT+ and
packet-filtering for high security on our gateway.

2 A new zone “vgs” has been used for e-mail and WWW-services.

Two name-servers
are running.

3 Two SMTP-receivers, main and back-up, are running by use of MX-records.

4 One file-server and one print-server are accessible from both Macintosh and Windows
PCs.

5 Two PPP-servers are running for the remote connection through NTT cables.

Server #1
:DNS (Primary)
1 WWW

Gateway(router) :SMTP (main)

NAT+ :POP

:Packet filtering :Fil'e

(Layer3,4) :Print

Server #2
:DNS (Secondary) PPPserver
:SMTP (Back-up) BGRL LAN (INS64)
:POP (PIAFS)
:NI?S { modem )
:Print

Fig 1 Summary of the network system at BGRL
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Seismic observation at a geyser in Tsuwano

Mori, T., Sudo, Y., Yoshikawa, S., Nakaboh, M., Gabriel, L.C.,
Hashimoto, T., Tsutsui, T., Kikuchi, §., Ono, H,, Masuda, H.,
Hoka, T., Sako, M., Yamada, T. and Tanaka, M.

A geyser was generated in Tsuwano town, Yamaguchipref. in May, 1997. It blows up the
hotspring water up to the height of 30m. It has already been known that seismic motion can be
generated by extrusion activity like a geyser. It is supposed that such seismic motion is a result of
the pressure changeaccordingto the movement of the geothermal fluid in the conduit. In August of

1997, we did a preliminary investigation on the relation between the hydrothermal eruption
activity and the seismic motion associated with it.

<mkine>

] . L. | ] ]
0 200 400 600 800 1000
<sec->

Fig.1 Seismictrace of vertical component observed at Tsuwano geyser.
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Short-period volcanic tremor observed at the crater rim of
Mt. Nakadake, Aso voleano

Mori, 1., Yoshikawa, S., Sudo, Y., Tsuisui, T., Hoka, T.

ey

Sako, M., Masuda, H., Yamada, T., Kikuckhi, 8., Ono, H.,
Tanaka, M., Nakaboh, M. and Hashimoto, T.

We have observed the short-period volcanictremor in the crater rim on the west side of 1st crater
of Mt. Nakadake since 1996. An array measurement at three points with short-period
seismometers was done with the observation by a lot of long-period seismometers in August,
1997. It was found that most of the volcanic micro tremors with dominant frequency at 10Hz take
place in the very shallow part beneath the 2nd crater. The initial motion of these volcanictremors
is unclear though volcanic earthquakes which occur beneath the craters have a clear initial motion.
Moreover, this volcanic tremor is different in frequency from general volcanic earthquakes.
Therefore, we think that this volcanic tremor is a seismic event with a different generation
mechanism from volcanic earthquakes.

2 — T T ¥ ‘ T T T l T T T ] T T i -

<

<{mkine>

S R TN

i ! 1 ] ] L 1 | 1 L L _—

0 2 4 6 8
{sec>

Fig.1 Seismictrace of vertical component observed in Mt. Nakadake. Upper trace is a record at
17:40 on February 2, 1997. Lower trace is arecord at 21:18 on February 2, 1997.
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Ground deformation of Kuju Volcano

Nakaboh, M., Ono, H., Sako, M., Sudo, Y., Kikuchi, S., Tsutsui, T., Mori, T.,
Tanaka, M., Masuda, H., Yamada, T., Hoka, H., Hashimoto, T. and Nishi, K.

Kuju volcano erupted on Octover, 1995
after 250 years dormancy. Fumarole activity
from new craters and ground deformation near
the craters have continued for 2.5 years after
the eruption. EDM surveys have been carried
out after the eruption.

Distances alongseveral base lines near the
new crater showed predominant contraction.
For example, the contraction for 30months
was -34cm to distance 1110m, SGM-HSS and
is correspond to -3x107* strain. It was
computed by Mogi's model that the source of
contraction located at 500m beneath the
crater. The deformed volume of ground
correspond with 20% of water emitted by
fumarole from the crater.

Figure 1. Location map of EDM base lines at Kuju Volcano
and new crater indicated by @
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Figure 2. Variation of distance SGM-HSS.
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Leveling survey at Aso Volcano

Nakaboh, M., Sako, M., Hoka, T., Masuda, H., Yamada, T., Yoshikawa, S.,
Hashimoto, T., Tsutsui, T., Sudo, Y., Ono, H., Mori, T. and Kikuchi, S.

Leveling survey is the most precise measurement to obtain vertical ground deformation
data. Since 1937, Aso Volcanological Laboratory (AVL) has made leveling measurements 14
times at Aso Volcano. The length of the survey line is about 17km. In May 1997, we made 15"
leveling survey after 4 years since 1993 . Vertical ground deformation from 1993 to 1997
indicates that there was a subsidence zone between Mt. Kishima and Furubouchu. This subsidence
zone is in accord with the trend of the vertical ground deformation from 1958 to 1997. The
leveling data, however, wasn't enough to relate the ground deformation to the volcanic activity
because we had no south-side leveling data of Aso Volcano. Hence, we made new leveling survey
at south-west side of Aso Volcano in November 1997 to estimate how the subsidence zone
extends. This leveling route was constructed by Geographical Survey Institute (GSI) in 1989. The
results of the measurement in 1997 are the followings.
1) The subsidence zone extends to Jigoku-Tarutama hot spring area.
2) With a Mogi (spherical chamber) model, the leveling data can be explained by a deflation

source between Kusasenri, Yunotani, Jigoku and Mt. Eboshi.

Fig. Vertical ground deformation by leveling survey from 1993 to 1997,
(Right panel shows survey route.)
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Geothermal exploration on Garan-dake, Ohita prefecture

Oba, S., Tanaka, Y. and Hashimoto,T.

We conducted self-potential (SP) mapping and DC electric resistivity sounding around
Garan-dake geothermal field. The self-potential measurements revealed that there existed a
prominent positive SP anomaly up to 1300mV in this region. The anomaly, which lies around a
fumarolic area of Garan-dake with radius of more than 300m, is supposed to be caused by the two-
phase flow just under the fumaroles. The DC electric resistivity sounding revealed that the
conductive zone corresponding to the fumarolic area reached to the depth of several hundred
meters. On the other hand, the summit area was found to be resistive. The resistivity difference is
probably corresponds to the geological difference between acid-alteration zone and non-altered
zone.

The positive SP anomaly extends out of the target filed. The size of the anomaly indicates
that of subsurface two-phase convection cell, and hence, it is important to extend the target area
and to grasp the whole profile of the anomaly. That will be a help in understanding the
hydrological and geothermal system around the area. The ground resistivity around Garan-dake
has spatially wide range of variety. It is suggested that the spatial variation of the resistivity
considerably affect the SP distribution. Self-potential modeling taking the resistivity structure into
consideration is required for further interpretation.
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Fig.l Self-potential profile around Garan-dake geothermal field. SP values are indicated in units
of millivolts.
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Isotopic Characteristics of Typhonic Rainwater :
Typhoons No. 13, 1993 and No. 6, 1996 Struck Japan

Ohsawa, §S.

The stable isotope ratios of hydrogen and oxygen were measured for rainwaters from
Typhoons No. 13 on September 1993 and No. 6 on July 1996 struck Japan. Rainwater was
successively collected every one hour over 2 or 3 days at Beppu, Japan (33°16'N,
131°29'E) located on the typhoon routes, while barometric pressure, precipitation and air
temperature were also measured. It became clear that d-excess parameters of the typhonic
~ rainwaters vary over wide ranges from 19.22 to 1.52 for Typhoon No. 13, 1993 and from
6.02 to -8.10 for Typhoon No. 6, 1996 respectively. From an examination of the time-
varying d-excess parameter of precipitation of the typhoons, it was shown that rainwaters
of high d precipitated in the forward area of the typhonic centers (Group I), whereas the
rainwaters of low d fell in the rearward area (Group II). This indicates that the water vapors
supplied by the counterclockwise bottom air currents from the front and the rear of the
typhoons should be formed by rapid and gentle evaporations of sea water respectively.
General trend of spatial 8D and &'*0 distributions of the typhoon precipitation, estimated
from the variations in the isotope ratios of the typhonic rainwaters, show that Rayleigh
distillations of water vapors with the bottom air currents in the forward and the rearward
areas of eye of typhoon may progress moderately and intensively respectively. Weighted
mean values of 8D and 8'%0 of the typhoon precipitations, which are smaller than those of
usual rainfall, suggest that isotopic influence of typhonic precipitation to surface waters ;
e.g. river, stream, lake and spring waters, would not be negligible.

Fig. 1 Map showing routes of typhoons No.13, 1993 and No.6, 1996 in and around Japan
Islands with sampling and observational location. Black circles adjacent to dates on
the routes indicate via points of eye of typhoons at each 9 a.m. Small open circles
show points at which the typhoons turned into temperate cyclones. Words in
parentheses are American names of the typhoons.

Fig. 2 Changes with time of d-excess parameter, 5D and §'%0 of rainwater, barometric
pressure and precipitation as regards Typhoons No.13, 1993 and No.6, 1996.

Fig. 3 A conceptual model explaining variations in d-excess parameter, 8D and 8'%0 of
successively collected rainwaters from the typhoons.

(Submitted to Geochemical Journal)
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Chemical Compositions of Gases Discharged from Fumaroles and Steam Wells
in the Takenoyu Geothermal Area, Kyushu, Japan

Ohsawa, S., Yusa, Y. and Oue, K.

There are many fumaroles and steam wells in the Takenoyu geothermal area, which
are located about 10km in the west of Kuju volcano, Central Kyushu, Japan. Geothermal gas
samples for chemical analysis were collected there and eight components (H,O, CO,, H,S,
He, H,, Ar, N, and CH,) in the samples were analyzed. The gas samples have 0.35 -
0.87mol % of noncondensable gases. The chemical compositions of the noncondensable
gases are summarized as follows : 92% of CO,, 5.8% of Ny, 1.3% of H,S, 0.32% of H,,
0.26% of CHy, 0.10% of Ar and 0.0019% of He. He/Ar ratios of the Takenoyu geothermal
gases ranging 0.017 - 0.024 are lower than those of fumarolic gases discharged from Kuju
volcano : 0.034 - 0.31. Relative He, N, and Ar contents of the gases from the Takenoyu
area indicate that the geothermal gas nearly consists of meteoric gas such as air and/or
dissolved air in cold groundwater. This result of the geochemical analysis shows that there
will be a meteoric-dominated hydrothermal system under the Takenoyu geothermal area.
Data plotted on the log(CO,/Ar)-log(H,/Ar) diagram (Giggenbach and Goguel, 1989)
indicate that the gases discharged from the Takenoyu area are originally dissolved in a
equilibrium liquid with water vapor at 200 - 250°C. The estimated underground temperature
is comparable with the maximum temperature observed in geothermal drill holes (214C) and
is also nearly in accordance with estimated temperatures by other methods, for example
235C from chemical composition of thermal water and 200-250C from formation of
altered minerals.

Fig. 1 Location map of gas sampling in the Takenoyu geothermal area.

Fig. 2 Relative He, N, and Ar contents of gases discharged from the Takenoyu geothermal
area (TK ; Takenoyu, HG ; Hagenoyu).

Fig. 3 Hy/Ar—CO,/Ar diagram for gases discharged from the Takenoyu geothermal system
(TK ; Takenoyu, HG ; Hagenoyu).

(Submitted to J. Geotherm. Res. Soc. Japan)
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Entrainment of Atmospheric Air into the Volcanic System
during the 1995 Phreatic Eruption of Kuju Volcano, Japan

Ohsawa, S., Yusa, Y., Oue, K. and Amita, K.

After at least 333 years dormancy, on October 11 of 1995 Kuju volcano (Central
Kyushu, Japan) erupted steam and ash from new vents opened south of the active Kuju-
Iwoyama fumarole area. Since the last ash ejection of January 13, 1996 and up to the time of
this writing, heat flux measurements suggest that steam emissions at the new vents have
been slowly declining. The He/Ar atomic ratio of fumarolic gas discharged from Kuju-
Iwoyama, which is determined by the ratio of magmatic gas to air, suddenly decreased from
0.12-0.22 to 0.04-0.06 with the beginning of the 1995 eruption. Magmatic He flux from the
fumaroles soon after the eruption is calculated to be nearly 12 times as large as before the
eruption : values before and soon after the eruption are 57 x 107 kg/day and 694 x 107
- kg/day respectively. In contrast, air-derived He flux from the fumaroles after the eruption
increased by nearly 42 times compared with that before the event : values before and soon
after the eruption are 0.2 x 107 kg/day and 7.6 x 10~ kg/day respectively. The steep decline
of the He/Ar ratio suggests that atmospheric air may have been suctioned into the volcanic
edifice by a shallow low-pressure region formed by gas accelerating through a constriction in
a volcanic conduit. The volume of atmospheric air entrained by the increased flow of the
magmatic gas in the volcanic conduit is estimated to be nearly 20 cubic meters per day.

Fig. 1 Locationmap showing Kuju-Iwoyama, Kuju volcano. Unzen volcano on which
several lava domes were formed from 1991 untill 1995 s located about 100km in
the west-southwest of Kuju volcano. The 1995 eruption occured at the D-region
in the eastof Mt. Hossho. A-, A’-, B- and C-regions facing the D-region are
fumarolic areas which has been active before the eruption.

Fig. 2 Temporal variation of the He/Arratio of fumarolic gas discharged from Kuju-
Iwoyama before and after the 1995 eruption. Data in 1984 are quoted from
Mizutani et al. (1986). The He/Ar ratios of fumarolic gases should take on values
from 2 to 0.0006 depending on the mixing ratio between magmatic gas and air.

Fig. 3 A schematic model showing entrainment of atmospheric air (air-suction) into the
volcanic system during the 1995 phreatic eruption of Kuju volcano.

(Subnitted to J. Volcanol. Geotherm. Res.)
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Low N, /He Ratio Magmatic Gas Discharged from Ogasawara-Iwojima
in Izu-Mariana Arc along an Oceanic Subduction Zone -
between Pacific and Philippine-sea Plates

Ohsawa, S., Yusa, Y., Oue, K. and Kitaoka, K.

Fumarolic gas samples were collected from Ogasawara-Iwojima Island on the Izu-
Mariana arc, which is located along a convergent margin between Pacific and Philippine-sea
plates. Along the margin, the Pacific plate putting on thick oceanic sediments subducts
beneath the Philippine-sea plate, on which accretionary prism (sedimentary basement
and/or metamorphic rocks originated from sedimentary rock) is not well-developed. Trends
of inert gas compositions (He-Ar-N,) indicate that N,/He ratio of magmatic gas ascending to
the Ogasawara-Iwojima Island from deep is nearly 20, which is considerably lower than the
lowest value (170) observed in the Japanese main-land and is in the same order of the mantle
value (10). These characteristics strongly support the new model proposed by Ohsawa et al.
(1997), in which N,-poor magmatic gas ascending from mantle along subduction-zone is
given N, as contaminant from basement rocks containing nitrogen compounds. Variety of N,
contents (N,/He ratios) of magmatic gases in subduction-zones is not resulted from
difference of physical and chemical states of subducting plates, but will be reflection of
geochemical heterogeneity of crust.

Fig. 1 Map showing location of the Ogsawara-Iwojima Island (solid circle) and sampling
sites for chemical analyses of fumarolic gases in the island (solid quadrilateral) .

Fig. 2 Relative He, Ar and N, contents of fumarolic gases from the Ogasawara-Iwojima
Island. Data of fumarolic gases from Kyushu Island, Japan are also plotted on the
diagram. The solid rhombus indicates magmatic gas of Japan excluding Central
Kyushu interpretated from the estimated value by Kiyosu (1986) and the solid
asterisk shows magmatic gas of Central Kyushu inferred from Mt. Unzen Fugen-

dake collected by Hirabayashi et al. (1993).  The small open circle attaching A
represents estimated magmatic gas from the Ogasawara-Iwojima Island. The thick

and thin solid lines show mixing lines between the magmatic gases and air. Magmatic

gases in the whole world will be on the broken line. ASW means Air-saturated water.
(J. Balneological Soc. Japan in press)
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Volcanic earthquakes near Naka-dake, Aso Volcano
Ono, H.

Volcanic earthquakes located beneath the active lst crater of Naka-dake. The
location of deeper source shift to east. Volcanic earthquake near the Naka-dake do not occur
below 3km depth under sea level. Earthquake activity precedes surface activity of volcano.
Shallow earthquake increase above 1km under sea level in the period of active stage. Most of
shallow earthquake are low frequency earthquake which has predominant frequency below
7Hz. High frequency earthquakes located under sea level and occur also in the period of calm
stage. The source area didn’t change for 20 years except the earthquakes under Kishima-dake
which occurred on September, 1978.

-1

~2

-3 -3

Figure 1. Source distribution of volcanic earthquakes near Naka-dake from 1977 to 1997.
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Voleanic activity of Kuju volcano, Kyushu in 1995
deduced from GPS surveys.

Ono, H., Kikuchi, S. and Nishi, K.

Kuju volcano erupted on October, 1995 after 250 years dormancy. Fumarole activity
from the new craters and ground deformation near the craters have continued for 2.5 years
after the eruption.

GPS surveys were carried out 12 times
around Kuju volcano from November, 1995 to
March, 1998. Predominant variation of dilatation
around Kuju volcano was not detected except
for decrease about two months after the eruption
that was estimated from the variation of slope
distances by GPS measurements. It is inferred
that deeper magma didn't intrude to new craters.

Figure 1. Location map of GPS survey

and new crater in 1995.
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Figure 2. Variation of dilatation for the triangle SNO-SOM-CJB.
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Ground deformation around Aso Volcano

Ono, H., Sako, M., Kikuchi, S., Hoka, T., Masuda, H., Yamada, T., Mori, T.,
Sudo, Y., Tsutsui, T., Nakaboh, M., Tanaka, M. and Hashimoto, T.

Electronic distance measurement(EDM) and grobal positioning system(GPS) survey were
carried out around Aso Volcano to detect the ground deformation related to volcanic activity and
the stress field of Aso caldera area.

Base lines over the crater tend to expand and base lines on west side area of the crater contract
according to EDM near the Naka-dake in 1997. But changes of distance were less than lcm for all
base lines.

On GPS survey of 1996 and 1997 westward displacement to Aso Volcanological
Laboratory(AVL) were observed at two stations located at the east of AVL in the Aso caldera and
Asaji station located at 44km ENE of AVL. But these changes were less than 5x107 strain.
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Accumulation Rates of Hot Spring Deposits Estimated by the *°Pb method
- Case Study at the Chinoike-Jigoku Hot Pool in Beppu Geothermal Field, Japan -

Oue, K., Ohsawa, §., Yusa, Y., Kitaoka, K.

The *'°Pb method developed for estimating accumulation rates of lake sediments was applied
to layered hot spring deposits from the Chinoike-Jigoku hot pool in the Beppu geothermal field,
Kyushu, Japan. Sediment core of 40cm long was taken by the use of a core sampler designed to
drill through sediments without disturbance. A plot of depth versus *'%Pb concentration shows
that the deposits had been accumulating almost regularly at the lower part but the accumulation
rate abruptly changed at 19cm deep ; the accumulation rates are 1.3 = 0.5cm/year for the upper
part (0 —19cm) and 0.2 £0.02cm/year for the lower part (19—40cm). The upper part is waterier
than the lower part so that the abrupt change is likely to be caused by declining of sediment
compression resulting from sudden decrease of the amount of the deposits around 10 years ago.
From the result of this study, the **°

hot spring sediment. The result also indicates that the deposits obtained can be traced back to

Pb method can be utilized for estimating accumulation rate of

about 100 years ago at least. We are planning to make clear secular mineralogical and chromatic
changes of the Chinoike-Jigoku hot spring deposits.
(Submitted to J. Geotherm. Res. Soc. Japan )
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Fig. 2 Sampling site of sediment core of hot spring deposits

Fig. 1 Location map showing the Chinoike-Jigoku

at the Chinoike-Jigoku hot pool (CC-2).
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Table 1 Results of *'°Pb determinations of the CC-2 core samples

from the Chinoike-Jigoku hot pool.

Depth (cm) 21%ph Activity (pCi/g)
8-10 | 5.940.3
12 - 14 5.2+0.2
18 - 20 4.6+0.2
24 - 26 2.1%0.1
30 - 32 0.86%0.08
36 - 38 0774008

1.5

Fig. 3 Depth versus *°Pp concentration plot of the CC-2 core samples
from the Chinoike-Jigoku hot pool.
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Study of Volcanic Tremor using Broadband Seismometers at Aso Volcano

Sudo, Y., Tsutsui, T., Mori, T., Yoshikawa, §8., Kawakatsu, H., Kaneshima, S.,
Ohminaro, T, Ide, S., Yamamoto, M., Hoka, T., Masuda, H., Sako, M.,
Yamada, T., Nakaboh, M., Tanaka, M., Kikuchi, S., Ono, H. and Hashimoto, T.

Broadband seismometers detected very low frequency volcanic tremor at Aso Volcano. These
origins may be at about lkm depth just beneath the active crater. The goal is to study the
characters of origins and of waves. In summer 1997, we installed many broadband seismometrs
around the active crater.

A research on the process of developing swarm activity,
occuring in the foot of Kuju volcano

Yoshikawa, M., Sudo, Y., Tsutsui, T., and Taguchi, S.

There is a high-seismicity region lies north to northwest foot of Kuju volcano. The purpose of
this research is estimate source mechanisms and declear the precise time variation of the seismicity

and hypocentral distribution. This year, we deployed a new station in the target area and then
collectingdata.
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Fig. 1 Examples of the seismograms with the later phase.

The later phases are indicated with arrows.
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A research on the subsurface structure in Kuju volcano area

by means of seismological approach

Tanaka, M. , Sudo, Y., and Tsutsui, T.

A clear later phase appears preceding S phase in the seismograph for events in north or northwest
adjacent of Kuju volcano. This phase is proved to be converted P wave from S wave and its
conversion points are estimated. This conversion points are estimated to distribute beneath Kuju
volcano and its adjacent and their depth rangeare about 1km below the surface.
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Investigation of thermal state using geomagnetic changes around active volcanoes

Tanaka, Y. and Masuda, H.

Thermal sensitivity of volcanic rocks lead us detection of thermal state underground by
geomagnetic changes observed at the ground surface. Some proton magnetometers are operating
near the active crater of Aso volcano to monitor of the mid-time scale activity. An fluxgate type
three components magnetometer and a proton magnetometer are running routinely at AVL as
references.

At the Unzen volcano, seven proton magnetometers were operated to study thermal diffusive
effect of the intruded magma. At Kuju volcano, six proton magnetometers operated since phreatic
eruptions occurred in the autumn, 1995, in cooperation with Kyushu university. The magnetic data
showed increase of magnetization at shallow part of Hossho-yama, and cooling rate of about
500MW was estimated by the help of remagnetization nature of volcanic rocks. This cooling rate
was roughly equal to the fumarolic energy of the new vents. It is supposed that a large quantity of
steam ejected from the new vents should be generated by the connection with ground water and
demagnetized high temperature volcanic rocks around the remagnetization source. At Tsurumi-
volcano, geomagnetic observation was started at the southern part of a small fumarole near the
summit in December,1997.

For detection of volcanomagnetic effects, daily or annual geomagnetic changes must be
eliminated from original data. Anomalous annual changes pointed out by JMA at Kijima survey
point must be clarified. Although the origin will be caused by the magnetized pyroclastics ejected
from Kijima volcano, as a first step four proton magnetometers set up to get the exact geomagnetic
annual changes close to the survey point. A key depth to trench will be revealed by a time lag
between the atmospheric temperature and anomalous geomagnetic change.

Studies on electrical structure of the crust

Tanaka, Y., Hashimoto, T., Masuda, H., Ogawa, Y.,
Takakura, §., Amita, K. and Oba, S.

In considering the volcanic formation, synthetic knowledge of seismic, geodetic, geologic and
electromagnetic structures around a volcano is very important. In this view point the following
researches are being performed.

1) Studies on electromagnetic structure of the crust in central Kyushu

This research has been performed in cooperation with the Geological Survey of Japan (GSJ). In
this year, Very long-period (> 1000 seconds) magnetotelluric (MT) measure-ments aiming for the
deep crustal structure were achieved at 6 sites on the northern part of Hita-Miyazaki survey line.

Broad-band magneto-telluric measurements were conducted at 16 sites across the Aso caldera
along a NNE -SSW direction as a cooperative work with the GSJ. Preliminary analysis suggests
that no conductive body corresponding to a magma reservoir has been found at the depth
shallower than 10 km B.S.L. along the survey line of 1997 (Fig. 1).
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Fig. 1 Resistivity cross-section along the survey line. A solid line indicates the gravity basement
(Komazawa, 1995). The figure was provided by S. Takakura of GSJ.

The network-MT surveys were also
carried out in Ohita and Kumamoto
prefectures in cooperation with Tokyo
university. One of the important aims of
this project is mapping the electrical
conductivity of the crust and (hopefully)
upper-mantle of the whole of Japan. The
method employs metallic telephone lines
for telluric measurements and hence has an
advantage of long-spanned and two-
dimensional coverage than in the case of
standard type of MI. Measurement
networks of 12 areas in Ohita pref. and 8
areas in Kumamoto prefs. (Fig. 2) were
deployed in 1997.

Fig. 2 Distribution of the telluric netwok in Ohita and Kumamoto prefs.

2) MT surveys in Indonesia

MT surveys in Indonesia were carried out to study tectonic setting around subduction zone. The
surveys in central Jawa and southern part of Sumatra were performed in 1995, 1996 and in 1997,
respectively, in cooperation with RDCG, LIPI and Kyushu university.

3) Study of electric structure beneath the sea off Kyushu

The electric conductivity of sea floor is sensitive in deep MT analysis of the land area in Kyushu,
however the sub-marine data is lacking for this purpose. A use of retired submarine cable owned
NTT was taken rather than sea floor EM system at the west part of Kyushu island in cooperation
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with Tokyo university and Politic college Kita-Kyushu. They were Fukue-Nagasaki, Fukuoka-Iki
and Iki-Tushima. Preliminary results showed the electricity of the crust beneath the west part of

Kyushu is highly conductive as supposed by westward induction vectors obtained by geomagnetic
observations on the land.

Development of exploration techniques and instruments

Tanaka, Y., Mogi, T. and Oba, S.

Declination magnetometer

Magnetic changes originated in depths is smaller than 1nT and popular proton magnetometers are
no more useful. The fluxgate type magnetometer is more effective in this case. It is somewhat
expensive and unstable, however. Declination magnetometers were newly improved for
volcanomagnetism and put to the test around active crater of Aso volcano.
Aero-electromagnetic survey

An aero-electromagnetic survey was performed at Unzen volcano in 1994 by us. Although

information of deep subsurface was not obtained, it was very fascinating in quickness, easiness of
wide region and uniformity. A ground source aero-magnetotelluric method was proposed by
Dr.Mogi, Kyushu university, and high-quality fluxgate magnetometer system with sensitive
gyrocompass and high-quality proton magnetometer were developed in cooperation with Dr. Mogi
and T.Jomori, Morikawa and Kusunoki, by support of three years Monbusyo fund. A test flight
was performed around Mt.Garan-dake, Beppu.

Studies on electromagnetic signals associated with earthquakes

Tanaka, Y., Mogi, T. and Hase, H.

Varotsos et al., developped an earthquake prediction method using electrical signals in Greece.
Although our stance is that the magnitude of the earthquake is decided after the initial outbreak, we
agree the verification of SES in cooperation with Riken and Tokai university.

1) Telluric current observation in Liwa district in Indonesia
Self-potential observation with twin dipoles were started at five sites around active Sumatra fault,
and some co-seismic telluric signals were observed associated with local earthquakes (M>5).

2) Telluric current observations in Kuju geothermal area and Minou fault

Former system is same as Indonesia. Even in central Kyushu, the electric field was contaminated
by artificial noises caused mainly by electric railway in day time. Development of noise reduction
method is necessary to detect SES signals in the data. The latter system was framed with unused
commercial power line to avoid the cross-talk which occurrs on telephone lines. This line is set

across the active Minou fault. We expect to get some SP signals or resistivity changes associated
with the global stress changes.
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3) Development of measuring system for spherics

Dr. Sighn of Indian Institute of Geomagnetism believes the enhancement of spherics before large
earthquakes and want to develop an earthquake prediction system. Although the measuring system
for spherics was developed with our help, it will not be useful for earthquake prediction because
too many thunder storms occurred simultaneously in the world and the source can not discriminate
each other.

Y .
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The petrology of a melilite-olivine nephelinite from Hamada, SW Japan

Tatsumi, Y., Arai, R., and Ishizaka, K.
A melilite-olivine nephelinite lava flow  ® 7 e
occurring in Hamada, SW Japan, is the most silica- & °*™"* =, 1, FeaOs™ vt %)
undersaturated lava to erupt in Japan (SiO, content Cogine et Sets o
~ 37 wt.%), and may be a least-fractionated melt | , <f." I <M A PR
from mantle depths. The heterogeneity of elements ~ } .’ |t
such as Si, Al, Ca, and alkaline elements is one of  _t =~~~ ———3 | = | ‘
the characteristic features in the Hamada #o— 30 ey
nephelinites and is likely to be attributed to ,,f """ §of POstn)
hydrothermal alteration, because such element . IS el SR
concentrations are correlated with H,O contents. ™ pegdi o ] b TR e
Melting phase relations at high pressures on a least  nsf ‘s -5 . “1
altered nephelinite sample in the presence both of | N P
H,0 and CO, demonstrated that the nephelinite melt = = , 7 ‘
is multiply saturated with olivine and clinopyroxene o} “0"% Y (ppm)
but not with orthopyroxene, suggesting that the . R
nephelinite magma was not derived from a .} - -f;ﬁ""‘; K S = Y LR
lherzolite source, but possibly from a wehrlite | ° °° s 0 1
source. Such an unusual mantle material may have N
been formed by carbonate metasomatism of a = s — , :
lherzolitic upper mantle, which is a process | MO a0 £\ oomy ]
consistent with the geochemical characteristics of - .. [l B .
the Hamada nephelinite lava. ‘ .\.,30 °o ° SRR s TR
(submitted to J. Petrology) , Tet o T} s> e 7
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Fig. 2. Sr-Nd isotope composi-
tions of Hamada nephelinites
and Ceneozoic alkaline basalts
in the Chugoku district after
Kagami & Genbudo Research
Group (1990).
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Quantitative determination of gold and the platinum -group elements
in geological samples using improved NiS fire assay and tellurium coprecipitation
with Inductively coupled plasma - mass spectrometry (ICP-MS)

New fire-assay and tellurium
coprecipitation methods are

Ohguri, K., Shimoda, G. and Tatsumi, Y.

Table 1 Analytical results (ppb) of PGEs for reference
materials MINTEK2/77, WPR-1, UMT-1, and WMG-1

developed for precise determination

Number Measured

RSD(%) Ref.

of Ru, Rh, Pd, Ir, Pt, and Au in  —ron
geological samples by using ICP-MS.  MINTEK 2/77
Fusion was repeated for two times a Ru 5
sample, and was carried out under ?Q g
reduced conditions. Te- Ir 5
coprecipitation was aslo operated two Pt 5
times a sample in consideration of Au 5
heating temperature and time. These WPR-1
improvements offered near- gg g
quantitative recoveries for most Pd 5
elements (>90% for worst element) as Ir 5
a result of applying this procedure to Pt 5
some reference materials SARM-7, Au 5
MINTEK2/77, WPR-1, UMT-1, and ML/ 5
WMG-1. Total blanks were less than Rh 5
42pg per 1g sample except for Ru and Pd 5
Au, and detection limits were within Ir 5
2-53ppt (rock) for all elements. The Pt 5
present procedures can be applied to WM?S% 5
wide range of concentrations with Ru 5
high precision and reproductivity Rh 5
without losing simplicity compared Pd 5
with traditional method. Ir 5
(submitted to Chem. Geol.) /F;L g

957.8 4.0 1020+100
507.8 2.7 520480
14497 7.7 1590190
205.5 4.1 180+40
2905.2 3.7 3110+140
20.7 3.2 20
19.1 3.5 22+4
12.2 4.4 13.4+0.9
208.7 3.4 235%9
15.3 2.1 13.5+1.8
273.0 2.8 285112
41.8 5.8 4243
8.7 8.8 10.9+1.5
8.8 4.0 9.5+1.1
95.6 3.9 10643
10.0 7.9 8.8+0.6
132.0 6.8 129+5
50.5 3.6 4842
30.8 3.1 35+5
26.9 1.4 2612
394.8 2.8 382+13
51.6 1.7 4644
735.5 2.0 731435
108.7 6.8 11011

RSD (%), relative standard deviation to average value
Ref., reference value

Polynesian mantle plume from the core-mantle boundary:
evidence from noble metal elements geochemistry

Tatsumi, Y., Ohguri, K., Shimoda, G. and Barsczus, H.G.

The source of a mantle plume has been believed to
underlie the Earth’s lithosphere. Such a deep plume
thus offers opportunities for pursuit of the structure
and evolution of the interior of the Earth. Polynesian
hotspots in the South Pacific are characteristic both in
the occurrence of HIMU basalts with extremely high
lead isotope ratios and the presence of whole-mantle-
scale low-velocity anomaly beneath the region,
suggesting the upwelling of chemically distinct and
very deep mantle plume. The first complete data set of
platinum group elements (PGEs) and Au abundance in
Polynesian hotspot lavas shows higher concentrations
of such elements in the HIMU than the normal, non-
HIMU reservoirs, providing new evidence for the
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location of the Polynesian HIMU source at the base
of the mantle where such elements may be added
from the metallic core to the silicate mantle through
core-mantle interaction.

(submitted to Nature)
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Fig. 3 Noble metal concentrations in partial
melts from a hypothetical mantle source,
which is produced by addition of outer core
materials to an inferred primitive mantle of the
source of non-HIMU magmas. The involve-
ment of <1 wt.% core materials could explain
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Fig. 2 MgO-PGEs variations for HIMU, non-
HIMU and MORBs. HIMU and non-HIMU OIBs
show different slopes with increasing degrees of
magma differentiation, suggesting S-saturation and
-undersaturation for these magmas, respectively.
An important conclusion derived from these varia-
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» Canr tions is higher concentrations of noble metal ele-
fﬁ;rglglc;imons of PGE-enriched HIMU ments in HIMU than non-HIMU primary magmas
) with ~16 wt.% MgO.

Setouchi high-Mg andesites revisited:
geochemical evidence for melting of subducting sediments

Shimoda, G., Tatswmi, Y., Nohda, S., Ishizaka, K., and Jahn, B.M.

In order to evaluate the mechanism of production of
unusual high-Mg andesite (HMA) magmas, Pb-Nd-Sr
isotopic compositions were determined for HMAs and
basalts from the Miocene Setouchi volcanic belt in the SW
Japan arc. The isotopic compositions of Setouchi rocks form
mixing lines between local oceanic sediments and Japan Sea
backarc basin basalts, suggesting a significant contribution
of the subducting sediment component to the HMA magma
generation. Mixing calculations using compositions of an
inferred original mantle and local oceanic sediments suggest
that a sediment-derived melt, neither an H,O-rich fluid nor

an amphibolite/eclogite-derived melt, could have been
produced first and served as a plausible metasomatic agent
for the HMA magma source. The unusual tectonic setting,
including subduction of a newly-borne hence hot plate, may
be responsible for melting of subducting sediments.

Fig.1 Pb, Sr, Nd isotope compositions of Setouchi and oceanic
samples. Pb isotope compositions of Setouchi HMAs overlap those of
terrigenous sediments from the Shikcku Basin, supporting the
mechanism including transportation of subduction components with
slab-melts rather than hydrous fluids.
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A plausible process of production of HMA magmas in 208Pp/204Pb
the Setouchi volcanic belt, SW Japan, which is consistent 1930 1835 1840 1845 1850 1855
with unusual tectonic settings, melting phase relations of  1seaf
HMAs and isotopic/trace element compositions of HMAs
and coeval basalts, is initial melting of subducting
sediments on the young lithosphere, subsequent reactions
of those hydrous silicic melts with overlying mantle
peridotites, and final equilibration of a rising melt with
uppermost mantle materials. Although the nature of
Archean plate tectonics is uncertain, HMAs may have
been more commonly produced in the Archean than at
present simply due to possible slab melting associated
with higher temperature distributions both in the
subducting lithosphere itself and upper mantle. As
Setouchi HMAs have compositions similar to igneous
rocks that form a recognizable part of the continental crust

‘,@\5 02

207Pb/24PD

208P/294P

[6,7], major parts of Archean dacites or tonalites, which 10 — T
are more common than andesites, may have formed by 8t : — 1
differentiation of Setouchi-type HMA (sanukitoid) ol S Sediment ]
magmas. _ . Lo Zvegetin | |
(Earth Planet Sci. Lett., in press) 3 |
Fig.2 Results of mixing calculations. Isotope compositions of s
Setouchi HMAs can be explained by addition of several percents of or 1
sediment melts to an inferred original mantle, not by fluid addition. 2t 4
Involvement of basaltic crust in forming slab-derived component may ]
not be likely, because such slab components are more depleted than i
expected.
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Generation of rhyolite magmas by melting of subducting sediments
in Shodo-shima Island, SW Japan,
and its bearing on the origin of high-Mg andesites

Tatsumi, Y. and Shimoda, G.

Geochemical characteristics of
rhyolites from the Miocene Setouchi
volcanic belt in the SW Japan arc were
examined. The following observations
may be best explained by derivation of
rhyolite magmas by melting of
subducting sediments: (1) Sr-Nd-Pb
isotope compositions of Setouchi
rhyolites are well within the range of
those of the local trench-fill sediments;
(2) major element compositions of
rhyolites are close to those of
experimentally-produced sediment
melts; (3) high Sr/Y ratios in rhyolites
(ca. 30) are consistent with the presence
of garnet and the absence of plagioclase [ andesitebasale
in the melting residue, suggesting byt
melting of subducting, not intra-crustal
sediments. Furthermore, trace element . .
and isotope signatures of Setouchi high- Fig. 1 Location of Miocene Setouchi volcanic rocks (stars) and

: : felsic rocks (filled) in the SW Japan arc. In the Shodo-shima
Mg and?SIteS can be also ?I.uCIdat?’d by Island, are distributed collectively Setouchi volcanic rocks
mteraCt_lon of Su,Ch rhyolitic spdupent including rhyolites, high-Mg andesites, calc-alkaline andesites,
melts with overlying mantle peridotites.  and basalts.
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Rising such rhyolitic sediment melts react with the
overlying mantle to form HMA and finally basalt
magmas with more olivine-component-enriched,
hornblende-component-depleted, and depleted
isotope compositions. The Setouchi volcanic belt was
built under anomalously high temperature conditions
in asseciated with subduction of newly-borne, hence
hot plate into the hot mantle caused by spreading of
the Japan Sea backarc basin. Generation of felsic and
HMA magmas by melting of subducting sediments
may thus be an important mechanism for Archean
magma genesis and crustal formation due to higher
temperature distributions both in the subducting
lithosphere itself and upper mantle than the present
Earth.
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Fig. 3 Major element compositions of Setouchi rhyolites,
experimentally determined sediment/amphibolite/gneiss
melts, and terrigenous sediments in the Nankai Trough sub-
duction zone.
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Fig. 4 Sr/Y ratios in Setouchi rhyolites and inferred partial
melts from sediments, amphibolites and gneiss.
Compositions of Setouchi rhyolites are best explained by
melting of subducting sediments in the presence of residual
garnet.
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An investigation of seismicity in and around Kuju volcano
Tsutsui, T. and Sudo, Y.

This investigation aim to declear undergraound volcanic activities through the data obtained with
the seismic network. A major task in 1997 was classify seismic events associating with evidences
of volcanic activity. We achieved that the tremor, so-called "USS-LF" type, is a sort of low

frequency earthquake which have been reported in other volcanic area.

Seismic survey and investigations of subsurface structure of the volcanoces
by means of controlled source

Tsutsui, T., Sude, Y., Mori, T., Nakaboh, M.,

a group for controlled sourceseismics in Unzen volcano,

a group for controlled source seismics in Kirishima volcano, and
a group for controlled source seismics in Bandai volcano

Controlled source seismic surveys have been carried out in four times for three volcanoes,
Kirishima, Unzen, Bandai, since 1994. We have joined and cooperated to obtain and processing
data in every projects. Bandai volcano was the target of th project and data acquisition and
processings were carried out this year.

Here also later phases is a target of interest. Later phases contains various information of deeper
part than first arrival in volcano. T. TSUTSUI have processed the later phase obtained in the
project Unzen and the paper on this topic is under production. Data obtained in the project Bandai
also contains some clear later phases and these are also a target of an investigation. Processing
have been continued in next year.

Moreover, a preparation for a new experiment was made in this year. the project Aso will be
carried out in 1998. Some theoretical considerations on its field design were made with simulation

of the wave field in inhomogenious medium.
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Continuous recording of gravity using a superconducting gravimeter (SG)
near the active crater of Aso Volcano

Yoshikawa, S., Mori, T., Nakaboh, M., Sudo, Y., Tsutsui, T.,
Masuda, H., Hoka, T., Sako, M., Yamada, T.,
Tanaka, M., Ono, H., Kikuchi, S. and Hashimoto, T.

Near the active crater of Aso Volcano, SG was installed in 1994. We have been troubled about
the continuous observation. From the end of 1996, we could acquired the continuous data. We
now expect the good correlation between the volcanic activity and the change of gravity.

! Recording & ] 12nit 24bit
Monitoring System Digital Recorder Digital Recorder
% 1.2.3.4.5 A ?
1.2.7
24bit 1.234.5
A/D Converter é
24bit [
Digital Volt Meter (
1.2.34.5.6.7 Depth of 30m
. B Lacoste &
Super Conducting Signal . ,% Gravimeter Romberg
Gravimeter Electronics Package Gravimeter

1.Tide 2.Mode 3.Tilt-X 4.Tilt-Y S.Barometer 6.GGP 7.L&R Gravimter

Fig.1 Recording system of super conducting gravimeter at Hondo observatory.

Temperature observation at the 1st crater of Aso Volcano

Yoshikawa, S., Mori, T., Sudo, Y., Hoka, T., Masuda, H.,
Yamada, T., Sako, M., Kikuchi, S., Ono, H.,
Hashimoto, T., Nakaboh, M. and Tanaka, M.

The 1st crater of Aso Volcano has a crater lake which has survived since 1993 to 1998.
During this period Aso Volcano experienced some mud eruptions in 1994. In 1996 the south wall
of the crater was heated to red. No prominent surface activity has not been seen after that. We
began to measure the temperature of the crater lake and of the fumarolic area of the south wall
since August in 1996. Measurements were repeatedly made with an infrared radiation thermometer
at a fixed point located 150m southwest of the center of the 1st crater, under which a video camera

was installed by Aso Volcano Museum for monitoring the activity. The following observations are
reported.
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1) The crater lake gets hotter and the fumarolic area gets cooler towards the summer season.
2) The crater lake gets cooler and the fumarolic area gets hotter towards the winter season.
3) The temperatures of the two are in anti-phase for the periods shorter than 1 year.

4) Both crater lake and fumaroles are slightly cooling down in long term.

These results lead us to the following hypothesis. The surface of the crater lake gets warmer
as a result of temperature increase of the atmosphere towards summer. On the other hand the
fumaroles tend to be cooled down by the increase of precipitation in the season. In contrast, the
lake surface gets cooler as a result of the temperature decrease of the atmosphere towards winter.
And the fumaroles get hotter because they tend to come out without cooling by rain water in the
dry season. Aso volcano has been in a calm state for recent four years, and hence, the results
presented above are those of a quasi-steady state. It is still unknown how the temperature will
change when the volcano gets to be more active. It is also important to collect the data during the
active state for understanding the thermal system below the crater lake.
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A brief report on the activities of Aso and Kuju volcano in 1997
and
routine observations of AVL

Purpose of routine observations

A major activity of AVL is research for volcanoes through geophysical approaches. Geophysical approaches enables us
to monitor a status of a volcanic activity at a present. We intend to make clear dynamic mechanisms of volcanic
activities through these observations.

In order to recognize volcanic processes exactly, it is nesessory to have data not only on the active state but also the
quiet state through continuous routine observations. These data enables us to define present status of the activity and
forecasting forthcoming state of the volcano exactly. Occurence of individual phenomena is not able to be forcasted and
data already obtained have a potential to be a great discovery which can achieve an great advance in volcanology. Then
data obtained with routinely observations are very important resource and can be a start point of our volcanological
study.

We have defined that our routine observation is very important facility and our foundation of research. All AVL staffs
spends most of their official time to support routine observation under the concept described above.

Routine observation crew
< Research staffs>

Yasuaki SUDO, Shigetomo KIKUCHI, Hiroyasu ONO, Tomoki TSUTSUI, Takeshi HASHIMOTO, and Yoshikazu
TANAKA.

<Technical staffs>

Teruaki HOKA, Toshihiro YAMADA, Hideharu MASUDA, Mikio SAKO, and Shin YOSHIKAWA
<Postgraduate course students>

Takehiko MORI, Makoto NAKABOH, Maki TANAKA, and Miyuki YOSHIKAWA

Functions of routine observations
<Seismology>
A control of the broad area network; Y. SUDO
Analysis with the broad area network; Y. SUDO
A control of the summit network in Aso; H. ONO
Analysis with the summit network in Aso; H. ONO and T. MORI
Maintenance works on instruments;
T. HOKA, M. SAKO, H. MASUDA, T. YAMADA, and S. YOSHIKAW,
Maintenance works on the field;
T. HOKA, M. SAKO, H MASUDA, T. YAMADA, and S. YOSHIKAWA
Maintenance works in Kuju seismic network;
T. TSUTSUIL, T. HOKA, H. MASUDA, and S. YOSHIKAWA
Analysis with Kuju seismic network;
T. TSUTSUI, M. TANAKA, and M. YOSHIKAWA
Volcanic tremor accumulator; Y. SUDO and M. SAKO

<Ground deformation>

Tiltmeters and extensiometers in Aso; S. KIKUCHI and M. SAKO
Tiltmeters in Kuju; M. SAKO

GPS and EDM in Aso; H. ONO, and M. SAKO

EDM in Kuju; H. ONO, M. SAKO, and M. NAKABOH

GPS in Kuju; H. ONO and S. KIKUCHI

Leveling survey in Aso; M. NAKABOH and all

Super conductivity gravitymeter; Y. SUDO, S. YOSHIKAWA, and T. MORI

<Geomagnetism>
Fulltime monitoring of total force in Aso; . HASHIMOTO
Fulltime monitoring of total force in Kuju; ¥. TANAKA
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Self-potential observation in Kuju; 7. HASHIMOTO and H. MASUDA

<Miscellaneous>
Geothermal observation by the active crater in Aso; Y. SUDO and M. SAKO
Visual monitoring of the new vents in Kuju; Y. SUDO and M. NAKABOH

Aso voleano in 1997
The soive crarer:

Recent and historical activity of Aso concentrates in the summit crators. The first crater, northmost one, is the
only active vent recent years. A small activity since January 1992 lasted until January 1993. The activity level
decayed after a stromborian eruption on late January 1993. After the activity decreaced a water pool have come
out on the bottom of the first crater on February 1993 and been growing into full covarage of the bottom.

The water pool looks greenish gray and slow convection in it. On the otherhand, adjacent area of this water pool
remained still active. Incandescence were observed on the lower level of the southern wall on April 1996 and a
small new vent came out by the pool on November 1997.

Volcanic earthquakes;
About two events which can be determined their hypocenters are occur for a month around the summit area of
Aso volcano, including monthes without such events. November 1997 was a particular month which includes
determined six hypocenters, which is more than the average occurence of the events.

Volcanic tremor;

Average amplitude decreased until June 1997 after the peak on December 1996 and then had a minimum.
Succeedingly, Average amplitude increased and reached a peak on late August 1997. And after the peak, average
amplitude decreased and then kept in low level until next November. A coseismic enhancement was observed at
the event on M4.3 beneath the western wall of the caldera on 12 November. High amplitude state have continued
until late January 1998.

Ground deformations;

- Tiltmeters -
Though clear trend that indicate crater side subsidence have been observed since late 1995, No signal which
implies subsurface volcanic activity can be seen during this period. Certain precipitation effects appeared during
the rainy season, June to July.

- Extentiometers -
Extension appears over all components in our extentiometer. Movement became reverse except for the
component E-2 (almost E-W direction).
Movement reverse appeared again on October 1997 and this pattern of the movement reverse are inferred as a part
of an annual cycle.

Geomagnetism,
Variation of total intensity showed a plateau during early 1997. Total intensity began to increase after March
1997 which correspond to underground cooling down. This trend seems to have been acceralated since July 1997.

Miscelaneous activity in the surrounding area;

A large shock (M4.3) occured on 12 November 1997 whose hypocenter was determined just under the western
rim of the caldera and many aftershocks were recorded during the following week. An estimated distribution of
the aftershocks delineates from Northeast to Southwest direction and the mechanism solution was interpreted as
right lateral strike-slip type with considering the pattern of the aftershock distribution.

Some grave stone relocations and damages was observed over Tateno and kurokawa area, Choyo-son. A
dameged roofing was observed in Tateno area. AVL building is included in this area but damege was not serious.

Volcanic disasters and incidents;
Two tourists were killed on the craterside with asthema fit which triggered by breathing sulpher dioxiside rich
volcanic gas on 23 November, 1997.
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Kuju volcano in 1997
Activity of the 1995 new vents;
These new vents, a2’, eastern-"b", ¢, and d vent, emarged with the phreatic eruption on October 1995, are still
active. The majority gas emission comes from "d-vent” and "c-vents". Volcanic gas is a major emittion from the
vents and no ash eruption is reported in 1997.

Seismic activity;

An average seismicity obtained in and around Kuju volcano is about ten events for a day and they keep steady
state. There are two major cluster of the seismicity, Iwoyama area and northwestern to north frank of the
volcano. Hypocentral distributions are different between these area as the former activity concentrates above sea
level and the latter one distributes above minus five killometer depth.

A swarm around Iwoyama area emarged within several hours on 12 November 1997, just before the mainshock
of Aso caldera wall. There have been many swarms occured in northwestern to north frank of Kuju volcano and
this period also includes such swarm activities as follows; 9 to 11 January, 27-28 May, and 3 September 1977.

Ground deformation;

-EDM-
Contraction associated with BM HSS is still going with some cyclic (seasonal?) disturbances. The rate of the
contraction have been decreasing after a rapid contraction just after the first eruption.

-GPS-
No clear deformation is obserbed from GPS network except for the nearest BM of the new vents that have been
indicated not systematic motion.

-Tiltmeters-
No clear tilting motion caused by volcanic activity is observed.

Geomagnetism;
Continuous increasing of the total intensity continues, which correspond to a constant cooling in the shalower
part under the surface. The rate of the increasing is still constant and no obvious change is observed.
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