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Preface

Recently, it was demanded to make out many research papers effectively with low cost in
related with reformation of juridical personalization of national universities. This requirement
includes a risk to select easier subjects to get more results in shorter time.In geophysical
observational studies, data collection in long time is very important. As a result, output is not so
many compared with the other fields, and we are in trouble. Instead of such situations we want to
spend enough time to resolve essential problems as a peculiarity of Kyoto University.

In personnel affairs, Professor Yuki Yusa retired and took up a title of honorable professor. We
praise his geophysical studies and thank for his contributions in the administration of our institute.
As a post Yusa, supplemental personnel affairs are in progress. We want to search for a best scientist
to fit our future study plan. In December, Dr. Junji Yamamoto arrived as associate post at Beppu,
and Mr. Hiroyuki Inoue was appointed as a technical professional at Aso. As a visiting faculty, Dr.
Chang-Hwa Chen left at the end of September, and Dr. Jianguo Du arrived. We hope to get more
deeply involved in cooperative studies with Taiwan and Republic of China through these personnel
exchanges. As a postdoctoral associate, Dr. Takehiko Mori arrived at Aso from Sakurajima
volcanological Laboratory.

In our graduate school, Mr. Hideaki Hase and Miss Miyuki Yoshikawa obtained Doctor of
Science, and they stay as unemployed researchers. It is serious problems for us. While, 21 COE
program of earth science started, study of water and heat flows in the convergent regions of plates is
main subject of our institute lead by Professor Takemura. Also the project to build a base for
multiple observational studies in Aso and Beppu is in progress along with closer connection to the
Kyoto campus. For undergraduate students, we opened advanced courses for geothermal sciences
and volcanology. In order to achieve further educational tasks, we kept two rooms for our students in

Kyoto campus. Stay of our staff member at the Kyoto campus was not approved positively yet. We

must search the best way to do. The 7thproject for prediction of volcanic eruption started, but none

of budget for new devises was obtained. We are apprehensive about our aged observational devices.
I wish this annual report be put to practical use for improving the mutual understanding among

the staffs and providing study materials for our daily activities. T would like to beg all people to read

this to understand our activities and we look for guidance on further development of the Institute.

Yoshikazu Tanaka, Professor/ Director
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Crystallization processes of Unzen 1991-1995 dacite inferred from melt inclusion

analyses

K. Nishimura, T. Kawamoto and K. Takemura
Collaboration with T. Kobayashi (Kagoshima Univ.), T. Sugimoto (Kyushu Univ.) and S.
Yamashita (Okayama Univ.)

Previous petrological studies of the 1991-1995 dacite of the Unzen volcano have suggested
mixing of high- and low-temperature (T) end member magmas. Before the mixing, the high- and
low-T magmas were aphyric and crystal-rich, respectively (Nakamura 1995). In order to further
understand the evolution of the Unzen dacite, we investigated pressure and temperature records of the
low-T magma by the use of phenocrysts and melt inclusion chemistry. Melt inclusions are small
volumes of silicate melt that are entrapped during crystallization of phenocrysts and variably cooled
depending on quench rate. Such inclusions can retain concentrations of volatile elements at the time
of entrapment because they are contained within relatively incompressible phenocryst hosts. Analysis
of these inclusions, therefore, provides direct information on pre-eruptive conditions in the magma
reservoir.

The water contents of melt inclusions of plagioclase and quartz phenocrysts were determined
by using Fourier Transform Infrared (FT-IR) spectroscopy. A typical IR absorption spectrum is
shown in Figure 1. The variation in water content of the melt inclusions (5.1-7.2 wt. % H,0)
reflected the degassing history of the low-T magma ascending from deeper levels (~250 MPa) to a
shallow magma chamber at ~140 MPa (Figure 2). The ascent rate of the low-T magma decreased
markedly towards the emplacement level as increasing crystal content. In such conditions, cooling
of magma as well as degassing-induced undercooling drived crystallization. With the decreasing
ascent rate, degassing-induced undercooling decreased in importance, and cooling became more
dominant in crystallization, causing local and rapid crystallization along the margin of the magma
body. Some crystals contain scores of melt inclusions, whereas there are some crystals without any
inclusions. This heterogeneous distribution suggests the variation in the crystallization rate within

the magma body; it also suggests that cooling was dominant cause for melt entrapment. Numerical



calculations of the cooling magma body suggest that cooling caused rapid crystal growth and
enhanced melt entrapment once the magma became a crystal-rich mush at low temperature (Figure
3). The crystal fraction and temperature conditions during the melt inclusion formation in Unzen
dacite (Figure 2) are consistent with this model. Based on the estimated P-T conditions and the
crystallization mechanisms of the low-T magma using the melt inclusion analyses, we draw a
picture showing a plausible magma plumbing system under the Unzen volcano in Figure 4.

(submitted to Bulletin of Volcanology)
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Figure 1 Typical IR spectrum of the melt inclusion analyzed in this study (Bomb 02: rhyolitic melt
inclusions trapped within quartz phenocryst). The combination bands at 4500 cm™ and at 5200 cm™

were used for total water determination.
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Figure 2 Schematic P-T section for dacite with 67.4 wt. % SiO: (based on Piwinskii
and Wyllie 1968; sample 779). Shaded area represents possible P-T conditions for
melt inclusion formation. Line A-B and line A-B’ represent a possible magma ascent
path of extremely cooled magma and that of insulated magma, respectively. In the
case of adiabatic magma ascent, latent heat of degassing crystallization increases

magma temperature.
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Figure 3 Variations in magma temperature (a) and crystal fraction (b) with time after contact
of hot magma with a cold solid on the basis of a heat and mass transfer model which is
developed out of the ideas of fluid mechanics in Huppert and Sparks (1988a; 1988b) and
Koyaguchi and Kaneko (1999; 2000) In the Convection and Melting (C&M) stage, the magma
has uniform temperature throughout the chamber due to vigorous convection. In the
Conductive Cooling (CC) stage, on the other hand, the magma temperature decreases towards
the margin of the chamber (a). After the C&M stage, the crystal fraction increases rapidly near

the margin of the magma chamber (b).
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Figure 4 Schematic illustration of the evolution of the Unzen dacite showing formation
processes of melt inclusions in phenocrysts. The depths below the summit are shown in km.
The resorbed crystal surfaces caused by input of HzO-rich fluid become favorable substrates
for inclusion entrapment during subsequent growth events. Rapid crystal growth induced by
cooling causes entrapment of melt inclusions along the margin of the low-T magma body
(dotted area). During the magma ascent, the cooling-driven crystallization and
degassing-induced crystallization occur simultaneously (see text for details). The injection of
the high-T magma results in the An-rich reaction rim. The groundmass water content (<0.5
wt. %; Kusakabe et al. 1999) and crystallization temperature of the groundmass (~880 °C;

Sato et al. 1999) are also shown.



Geochemical and Colorimetric Study on Yudamari Crater Lake, Aso Volcano,
Japan

S. Ohsawa, Y. Sudo, H. Mawatari, G. Shimoda, M. Utugi, K. Amita, S. Yoshikawa, M.
Yamada, K. Iwakura, Y. Onda, N. Takamatsu

(1) Some geochemical features of Yudamari crater lake

On August 4 in 2000 and on April 22 in 2003, water samples for chemical and isotopic
analyses were collected from Yudamari crater lake formed in the 1st crater of Mt. Nakadake, Aso
Volcano, central Kyushu, Japan (Fig.1; Fig.2). The lake water, which shows very high temperatures
(above 50°C), has extremely high acidity (below pH 1) and contains chloride and bisulfate ions in
large quantities (Table 1). These features indicate that high temperature volcanic gas discharged
from volcanic gas conduit under the lake floor directly and/or indirectly inputs heat and HCIl and
SO, to the crater lake water. Aqueous SiO, concentration of the lake water is extremely higher than
saturation value with respect to every Si0, mineral at the lake water temperature (Fig.3). Dissolved
sulfate enriched in **S is probably formed by SO, disproportionation and/or hydrolysis of elemental
sulfur at an elevated temperature (Table 1). These would be signs that sublimnic hydrothermal
environment has been established under the lake floor and the hydrothermal water may circulate

between the sublimnic hydrothermal system and the cater lake.

( II ) Change in water color of Yudamari crater lake prior to the mud eruption at the lake bottom on

July 10, 2003

Water of Yudamari is colored by Rayleigh scattering of sunlight from aqueous colloidal sulfur
particles and also by reason of absorption of sunlight by dissolved iron ion [1]. The lake water
previously colored in greenish blue made the color more greenish from the middle of 2002 and then
was suddenly colored in yellowish green in early 2003 (Fig. 4). From a colorimetric measurement
of the lake water color by the use of a remote colorimeter in this period, it is objectively
demonstrated that the color change sensed by naked eye surely occurred (Fig. 5). Moreover, it is
shown that the color change from greenish blue to yellowish green began at least 4 months before
the mud eruption at the lake bottom on July 10, 2003 (Fig. 6) and was ahead of the start of gradual
increase of surface temperature of the crater lake water about 1 month (Fig. 7). It is known that
geochemical behavior of dissolved components in crater lakes formed in summit craters of active
volcanoes [2], such as Yudamari, is affected by volcanic gas discharged from subaqueous fumaroles
[3]. Therefore, we are now considering the causal relation between the color change of the Yudamri

crater lake water and volcanic activity of Aso Volcano.



< Fig.1 Location map of Aso Volcano and map
showing main topographic features of Yudamari
crater lake.

Aso Volcano
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Table 1 Results of chemical and isotopic analyses of
water samples from Yudamari crater lake.
Sampling Date Apr. 22, Aug. 4, Oct. 19,
2003 2000 1993 1000
Water temp. (C) 71.2 553 66.2
)
pH —0.72 0.81 0.38 é’
Na (mg/L) 5810 1740 785 g 100
K (mg/L) 2460 700 385 @
Ca (mg/L) 1360 2190 1090
Mg (mg/L) 7720 1760 830 10
¥ Fe(mg/L) 16000 4050 1800
Al (mg/L) 19300 5510 2590 50 100 200 300
Water temp.(°C)
Cl (mg/L) 112000 28600 15700
SO4(mg/L) 103000 43700 14100
F (mg/L) 12000 2350 Fig.3 Relation between SiO, content and
Si0,(mg/L) 430 temperature
of Yudamari crater lake water, and temperature
§ D (%o) +8.0
' dependence of solubility of various silica minerals
§ 130 (%0) +11.9 (A: amorphous silica, B: opal-CT, C: «
§ 343 (%o) 1156 -cristobalite,

D:chalcedony, E:quartz; Fournier, 1985).



Fig.4 Change in water color of

Yudamari crater lake before

the mud eruption at the lake

bottom on July 10, 2003,
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Fig. 6 Temporal variation in water color ( A : dominant
wavelength) of Yudamari crater lake from 2000 to 2003. 480 - ' -
Number with inverted delta corresponds to photograph

number in Fig. 4.

Fig. 7 Relation between surface water temperature and

water color ( A : dominant wavelength) of Yudamari
crater lake before the lacustrine phreatic eruption on
July 10, 2003. Variable range of SWT means range
of seasonal variation in surface water temperature

observed before the 2003 lacustrine phreatic eruption.

< Fig. 5 Plot on the CIE1931 chromaticity diagram of
colorimetric measurement data of Yudamari crater lake water
from 2000 to 2003. Directions of three vectors from the
achromatic point indicate hues of colloidal sulfur solution,
ferrous ion solution and ferric ion in hydrochloric solution.
Number with red asterisk corresponds to photograph number in
Fig. 4.
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Along-arc variations of trace element compositions from Quaternary volcanic

rocks in Kyushu-arc, Japan

Tomoyuki SHIBATA, Masako Yoshikawa and Keiji Takemura

Quaternary volcanoes are linearly arranged in Kyushu, Japan, forming a clear volcanic
front (Fig.1). In this region, Philippines sea plate is subducting to same direction from 2Ma to
present (Kamata, 2002). The northeastern and southern extensions of the volcanic chain are
Southwestern Japan and Ryukyu arc, respectively. Adakites, which are thought to be generated
from a partial melts of subducting slab, are widely distributed in Southwestern Japan arc (e.g.
Morris, 1995). On the other hand, it is observed that chemical characteristics of Quaternary
volcanics are gradually changed from southern Kyushu to Ryukyu Islands Shinjo et al., 2000).

Accordingly, we can point out a possibility that the along

N Y43
o 7 arc variations of chemical characteristics are observed from
AV ,_;ﬁg?i;%iié'“ arc volcanics distributed in Kyushu Island. The along arc
Pl Sevurusirua
QL s 7 variations must be caused by differences of mechanism of
}”Y:Ce?ze»jyl“m@{ 7
iﬁ J Ryushuy/ material transfer form subducting slab, chemical
SR T
J Fnuniim characteristics of the mantle wedge and constituents of
““",gﬁwxs/msaa
6 SATSUACIA crustal materials. Therefore, we compiled trace element

© KUCHIIOERABUIMA
{v}:

s e compositions of Quaternary volcanics from Kyushu.

Fig. 1 Distribution of Quaternary
volcanoes modified from Nakata
(1986). Star shows volcanoes, of
which trace element compositions
were compiled in this report.

The results of compilations are shown in Fig 2.

Most of the Sr/Y ratios and Y contents of Hime-Shima

10



show high and low values, respectively. The S1/Y ratios and Y contents increase toward the south.
This might be suggested that mechanism of material transfer (dehydration or partial melting) from
subducting Philippines Sea plate to mantle wedge changes at northern and southern part of Kyushu.
The relationship between Nb and Zr concentrations are shown in Fig.1b. The Zr/Nb ratios are
increasing from north to south, except for those of Hime-Shima. Ratio of Zr/Nb is nearly constant
during magmatic processes so that the observed change of the Zr/Nb ratio may indicates that the

chemical characteristics of mantle wedge below Kyushu changes with along arc direction.
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Fig. 1. The compiled data of trace element compositions of Quaterny volcanics from Kyushu along the
volcanic front. (a) corrlation between Y concentrations and Sr/Y ratios. (b) corrlation between Nb and Zr
concentrations. Legends are as follows, solid diamond: Hime-Shima, open square: Tsurumi-dake and
Yufu-dake; solid triangle: Aso; open circle: Aira. The solid and dashed lines in (a) indicate a fields of
adakite and general arc magma, respectively. Those lines in (b) represent averaged trend of MORB and OIB,
respectively. Data are from Ito et al. (1997), Hunter (1998), Ohta et al. (1990), and Arakawa et al. (1998)..
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Characteristics of tephra erupted from large calderas in Kyushu recorded in

Lake Biwa sequence

Keiji Takemura, Chan-Hwa Chen', Tom, Kwe-Gi Fung® , Tomoyuki Shibata, Takeshi

Nakagawa and Tohru Danhara’®

1. Institute of Earth Sciences, Academia Sinica, Taipei, Taiwan
2. Institute of Geosciences, National Taiwan University

3. Kyoto Fission-Track Co., Ltd, Japan

There are large calderas located in Kyushu, from which tephras were erupted and transported
by mainly westerly wind system and preserved in Japanese island and ocean areas. Lake Biwa
located in central Japan is one of the good and important reservoirs for the recorder of those tephra.
The Lake Biwa has at least 910m thick sediments, which were deposited in lacustrine or fluvial
environments in the Quaternary. The upper most unit is a continuous and massive sequence of
lacustrine clay with thickness of 250 m and the age of at least 430 thousand years ( Meyers et al.,
1993; Takemura, 1990), and the most important reservoir of wide-spread tephras. We have
rechecked tephras in the Lake Biwa on the physical appearance, mineralogy, refractive index and
chemical composition of glass and correlate the tephras with those in the large calderas in Kyushu

(Aso, Kakuto, Aira, Ata and Kikai Caldera) based on the preliminary data.

1. Physical appearance, mineralogy and refractive index of tephras

58 samples were collected for the tephra analysis. Some characteristic tephras related to
wide-spread tephra are listed below.

No. B3-3 (ca. 10.3m depth) is intercalated as a lens in slime, and is composed of mainly bubble
wall type of glasses with brown glasses. The glass has refractive index ranging from 1.508 to 1.514
(mode: 1.511). This tephra is correlated to wide spread one (K-Ah tephra) from Kikai Caldera. No.
B15-2 (ca 27.2m depth) found in slime clay is composed of mainly bubble wall type of glasses with
refractive index of 1.498 — 1.501 (mode: 1.500) and correlated to AT tephra came from Aira
Caldera of south Kyushu. No. B43-1 (66.83 — 66.88 m depth) has bubble wall and pumice types of
glasses with crystals of two kinds of pyroxenes and green hornblende. Refractive index of glass
ranges from 1.506 to 1.514 (mode: 1.508 and 1.512). This is correlated to Aso-4 tephra erupted

from Aso caldera. No. B45-3 at about 70.5 m depth was found as a lens in slime mud, containing

12



quartz grains as light minerals. Glasses are composed of bubble-wall and pumice types. The mode
value of refractive index for three-fourth of the glasses is 1.508. The sample must be included
grains from K-Tz tephra at Kikai Caldera. No. B53-3 (74.56 — 74.58 m depth) is glassy ash
containing heavy minerals composed mainly of Opx. Glasses are composed of bubble-wall and
pumice types. Refractive index of glasses ranges from 1.510 to 1.512 (mode: 1.511). This ash is
correlated with Ata tephra from Ata caldera. No. BI86CC (ca.170.74m depth) has thin bubble-wall
type of glasses with brown glasses. Refractive index of glasses ranges from 1.519 to 1.521 (mode:
1.520 — 1.521). This tephra is correlated to Aso-1 tephra from Aso caldera. No.236CC (207.74 m
depth) is vitric ash, and is composed mainly of bubble wall-type of glasses with refractive index
ranging from 1.500 to 1.503 (mode: 1.502). This tephra is correlated to Kkt tephra from Kakuto
Caldera.

2. Chemical composition of glasses and correlation to wide spread tephra from Kyushu

The total 18-tephra layers were sampled from the upper 640 m part of the Lake Biwa 1400 m
core drilled in 1982 for chemical analysis. ~ The chemical analyses of pure glass shards picked up
under microscope have been done by the electron microprobe in the IES, AS. Correlation
between tephras in the core and those in the calderas can be depicted by the plots of K,0 vs. SiO,
concentrations (Fig.1 and 2). The tephra derived from Ulreung-Oki with higher K,O and lower
Si0, can be clearly identified in Tephra Layer 2 at the 13.5 m depth. The Tephra Layer 4 at the
66.85 m depth and Tephra Layer 10 and 11 at around 169.2 — 170.9 m depth with relatively higher
K0 and lower SiO, are consistent with those of Aso-4 and Aso-1, respectively. Moreover, it is
notable that the K,O contents of tephra glasses from the Hohi and Kakuto areas are higher than 4
wt %, which do not vary with time. This phenomenon will offer an important criterion to
distinguish the tephra sources from central Kyushu. Therefore, the results highly indicate that the
source of Layer 19 (635.1 m depth) was suggested from the Hohi area. In the Fig. 2, other tephra
layers belonged to calc-alkaline series, scatter in the areas of eruptions from southwestern Kyushu
and Daisen area. The advanced isotopic studies shall significantly help distinguishing sources of
these tephra layers. However, the studies of mineral assemblages and particle sizes of tephra

layers are also needed for understanding the tephra sources and paleo-wind systems.

13



6_’| T i T T T

Shoshonitic series

o o 12
/\3 4 [ absarokite éshoshonit% banakitew_,é.,‘-"”"" High-K series '
e _ ' : latite
= 3 ©ohighk 16 ]
O i oandesite | L. 156 17
Q ihigh-K BA .o N 18
2r L © dacte | Calc-Alkaline series ]

basalt .basamc
1 andes;te :

6 Low-K series

___________ : ® !
ma"é‘me fow-k BA; andesite : ‘OW K daclte low-K rhyolite
oL PR ! L [ ;
50 55 60 65 70 75 30
Si0 (Wt.%)
8 [
7 __ 2 “i
6 - ]
| U0k ]
9': A7
& ST ﬂi‘ 0 Kb-Ks 12 ]
= I KKt .
S o4 o
O A ()n Pm o e E
B K-Tz -
M 3] s 5 363 _
g Ata
2 L.
1+ 6 _
0l

60 62 64 66 68 70 72 74 76 78 80 82
Si04(%)
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The numerical sequence represents tephra layers in the core from top to bottom. The open
symbols with names indicated the data of the selected Japanese tephra deposits (data from Machida,

1999).
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Detection of seawater intrusion into thermal groundwater using strontium
isotopes: A case study in Beppu hydrothermal system, Japan

At the southeastern coastal area
of Beppu hydrothermal field, Japan,
Kikkawa and Kitaoka (1977) defined
the zone of seawater intrusion into
thermal groundwater, in which the
chloride  concentration is over
500ppm, and showed a spreading
tendency of the zone by compiling
chloride concentration data obtained

by repeated surveys from 1926 to

1976. However their definition is

convenient only in this area.

The effectiveness of stable

Yuki Yusa, Tomoyuki Shibata and Masako Yoshikawa
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Fig. 1. 87S1/86Sr of thermal groundwater for various
mixing rates of seawater and original thermal
groundwater in Beppu.

isotopes of Sr (¥'St/*Sr
ratios) has been proved in the
study of surface- and
ground-water systems (Satou
and Nakano, 1994; Yusuhara

et al, 1999). As the Sr
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Fig. 2. Distribution of *'St/**Sr compared with the zone of
seawater intrusion in 1976 shown by Kikkawa and Kitaoka
(1977)

expected that *’Sr/*°Sr will be a surpassing tracer in the identification of saline sources and

waters (Barbieri and Morotti, 2003). This abstract treats validity of ®’Sr/**Sr as an index for

seawater intrusion into thermal groundwater and the subsequent change in the zonme of

seawater intrusion at the southeastern coastal area of Beppu.

The values of *’St/**Sr in 10 water samples from the present area ranges from 0.7041 to
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0.7054. The lowest value is almost the same as that of the formation (Notsu et al., 1990)
through which thermal groundwater flows. Assuming the lowest value is that of the original
thermal groundwater, thermal waters having 8781/%%Sr over 0.7050 can be produced by 1.3% or
more mixing of seawater (Fig. 1). This sensitiveness shows that ¥7S1/%Sr is a powerful index
for the seawater intrusion into groundwater. The distribution of ¥731/%Sr in present water
samples matches the zone of seawater intrusion in 1976, which indicates that the zone of

seawater intrusion did not spread in the last 30 years (Fig. 2).

MFZE3R4s Scientific Reports

Climatic and environmental changes at southeastern coast of Lake Biwa over past

3000 years, inferred from borehole temperature data

Shusaku Goto, Hideki Hamamoto*, Makoto Yamano

*Earthquake Research Institute, University of Tokyo

An effect of temperature change at the earth’s surface propagates into the underground and
disturbs the underground temperature structure that is determined by the thermal conductivity
distribution and heat flow from the deep. Analyzing disturbances in the underground temperature
structure carefully, the past ground surface temperature change closely related to the past climate
change can be reconstructed. Reconstruction of the ground surface temperature history from
borehole temperature data has been performed over the world and provided information on regional
and global past climatic changes (e.g. Wang, 1992; Huang et al., 2000; Harris and Chapman, 2001).

~ In order to infer past climatic change in central Japan, we repeatedly measured temperatures
in a borehole at the Karasuma site on the southeastern coast of Lake Biwa and reconstructed the
sediment surface temperature history during the last 3000 years from the temperature profiles.
The reconstructed temperature history shows Medieval Warm Period (Broecker, 2001), Little Ice
Age (Overpeck et al., 1997; Mann et al., 1999), and contemporary temperature warming (Fugure 1).
The pattern of the change in the past sediment surface temperature at the Karasuma site is
consistent with that of the proxy temperatures estimated from 8'*C variation of Japanese cedars
during the last 2000 years in Yakushima Island, southern Japan (Kitagawa and Matsumoto, 1995).

However, the amplitude of the past sediment surface temperature change at the Karasuma site is

16



significantly larger than that of proxy temperature change in Yakushima Island. Based on
temporal change in the height of the archaeological sites, Hama (1994) suggested that the water
level of Lake Biwa rose in the late 12th century A.D., comresponding to the beginning of the
decrease in the sediment surface temperature in the late 12th century. Furthermore, timings of two
destructive earthquakes (1185 A.D. and 1662 A.D., Usami (1966)) that caused water level changes
of Lake Biwa correspond to the beginnings of changes in the sediment surface temperature,
suggesting that the reconstructed sediment surface temperature history reflects environmental
changes due to tectonically induced water level changes of the lake. Comparison of contemporary
temperatures of the air and ground surface measured by Lake Biwa Museum, Shiga Prefecture, and
lake bottom in shallow depth measured by Center for Ecological Research, Kyoto University
indicates that the mean temperature of lake bottom in shallow depth is 1 K higher than that of air
temperature and 1 K lower than that of ground surface temperature. Applying these relations to
the suggested environmental changes, the pattern and amplitude of past air temperature change at
the Karasuma site agree with those of the change in proxy temperature in Yakushima Island. Thus,
we suggest that the sediment surface temperature history reconstructed from the Karasuma
borehole temperature data reflects the past climate change but is biased by environmental changes

due to tectonically induced past water level changes of Lake Biwa.
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Figure 1 Sediment surface temperature history at southeastern coast of Lake Biwa over past 3000
years. For comparison, proxy temperature change estimated from 8'°C variation of Japanese cedars in
Yakushima Island, southern Japan (Kitagawa and Matsumoto, 1995) is also plotted. Timings of the

1185 and 1662 earthquakes are indicated.

A model of subsurface water flow estimated from a self-potential profile on Mt.

Kishimadake, Aso volcano

H. Hase

Mt. Kishimadake is one of the youngest cones among Aso caldera that is mainly composed of
scoria and lava of 2,000 to 3,000 yeas old. The volcano has a summit crater with about 200 m in
diameter. The height difference between the summit rim and the crater bottom is 50 m. The volcano

also has a large flanking crater with a diameter of about 400 m on the east of the summit.
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Figure 1(a) shows the measurement points of self-potential survey on Kishimadake. The SP is
plotted against topographic elevation in Fig. 1(b). The SP-elevation diagram shows a negative
correlation between them. However, there seems to be two separate trends which correspond to the
areas within the summit crater and outer flanking areas. A negative correlation between SP and
elevation is normally attributed to the streaming potential due to ground water flow from the
summit to flanking areas. If the flow is continuous through the volcanic edifice, the SP-elevation
trend should be aligned on a single line. I consider that the two separate trends are produced by the
discontinuity of flow system due to an impermeable layer (strongly welded deposits) which
probably lies beneath the summit crater. This impermeable layer is detected as a high electrical
resistivity layer by the DC electric sounding (details are presented in another article of this issue).

To verify the above idea I performed numerical model calculations assuming that the areas where
ground water permeates into the ground and flows out of the ground correspond to electric current
sink and source, respectively. The calculation was performed by using the relaxation method with
grid size of 61x61x40. I assumed concentric symmetries for the topography, resistivity structure
and equivalent current sources with a rotation axis at the summit crater (See Fig. 2). Since I here
assumed that water flow causing the streaming potential is separated by the impermeable layer, I
again symmetrically emplaced two pairs of equivalent current sources and sinks in and out of the
summit crater. Electrically neutral condition should be imposed for these pairs. Then I searched the
positions and intensities of the equivalent sources and sinks which minimize the misfit between the
potentials of the model and observations. The best fit model gives the currents of 50 mA and 250
mA for inner and outer current pairs, respectively.

Figure 3(a) compares the observed and modeled SP profile plotted against the distance from
the center of the summit crater. The SP-elevation diagram is also presented in Fig. 3(b). These two

plots well explain the real SP profile and support the validity of the hypothesis above.
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DC electric exploration on Mt. Kishimadake, Aso volcano

H. Hase, M. Utsugi, T. Hashimoto®, S. Yoshikawa and M. Nakaboh

*Institute for Seismology and Volcanology, Graduate School of Science, Hokkaido Univ.

The occurrence of streaming potential is controlled by the ground water its flow

volume and pattern, which is strongly influenced

—1 by subsurface structural variation around there.

{East flank crater structure for interpreting self-potential data.

-

§ Therefore, it is important to know the subsurface

/ One of the authors (H. Hase) conducted a

32953307

Nakadake self-potential survey on Mt. Kishimadake and

H g found two separate trends of topographic effect

which correspond to the area within the summit

131°03'30”

Figure 1. Location map of electric crater and outer flank areas (details are presented

exploration line in the summit area 10 another article of this issue). We inferred that

of Mt. Kishimadake.

the characteristic self-potential profile
is formed by structural variation on

the summit area of the volcano.

Altitude (m}
s ApnisEy

We conducted DC electric

exploration (Wenner and Eltran

) o we 200 300 403 500
methods) over the summit crater of Distance ()

Kishimadake, one of the central cones  Figure 2. Two-dimensional inversion resistivity

of Aso volcano (Fig. 1). The length of  model in the summit area of Mt. Kishimadake

the survey line is 600 m and electrodes

interval is 10 m. 2-D resistivity structure around the summit of Kishimadake was inverted
from measured apparent resistivity using ABIC-minimizing deconvolution method (Fig. 2).
The resistivity structure shows a roughly symmetric pattern in vertical cross-section from
the center of the crater. A low-resistive layer, less than 1k Um, is located under the summit
crater to the depth of 50 m (A). On the contrary, high-resistive layer is located just below

the crater rim (B). The maximum resistivity of this layer exceeds over 10km.
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From 1998 to 2003, the Kyoto City has been
conducted wvarious subsurface surveys for the
The

estimation of seismic

the

seismic hazards.

refraction and reflection surveys reveal
framework of subsurface structure of the Kyoto and
Yamashina Basins (Fig. 1). The geophysical data
coverage is sparse in the Yamashina Basin. We
carried out gravity analysis for the purpose of
estimating the basement configuration of the
Yamashina Basin. We conducted gravity survey
with station interval of 100 — 300 m along the Gojo,
Yamashina, and Sotokanjo seismic lines. The
gravity data of Inoue et al. (2004) were adopted for

Kuzebashi line. We extended the

gravity

measurement lines of the Kuzebashi and Sotokanjo lines to the Yamashina Basin. The N-S gravity

measurement was carried out with station interval of 500m. The 195 gravity data were obtained

from Nov. 2003 to Jan. 2004. The reduction density 2.65 g/em® was applied by reference to the

analysis of the Kyoto City. The basement configuration was derived by two-layer analysis

constrained with the results of the seismic surveys. The N-S basement configuration was obtained

based on the E-W results. Density contrast 0.5 g/cm’ between the basement and overlaying deposits

was decided by calculating in several density contrasts. Fig. 2 indicates the basement configuration

of the Yamashina Basin. The basement configuration relief gently tilts towards to the south. Depth

to the in the central part of the Yamashina Basin, where the basin is narrow, is shallow.
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Underground structure of Yufu Basin inferred from 2D gravity analysis

INOUE (KITADA), N., TAKEMURA, K. and YUSA, Y.

The Yufu Basin is located in the southwestern Yufu — Tsurumi graben. The seismic reflection

survey was carried out in order to reveal the underground structure in the Yufu Basin (Yusa et al.,

1995). The gravity measurement (Fig. 1) also was conducted along the seismic survey line (Fukuda

et al., 1995, Kusumoto et al, 1996). We analyzed the gravity data reported by Fukuda et al. (1995).

The reduction density 2.30 g/cm’® was decided by the correlation method in which an optimum

density is adopted when Bouguer anomaly least correlates with topography.
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We constructed the two-layer model of the Yufu Basin. The control point of the basement and
density contrast were refereed from the report of NEDO (1989) and Kusumoto et al. (1996). The
difference between observed and calculated gravity anomalies exceeds few mgals around the Yufu
Basin in the two-layer model (Fig. 2). This difference corresponds to subsurface low density
materials in the Yufu Basin. The result of seismic reflection survey indicates the low velocity
surface layer. We attempted to construct the multi-layer model considering subsurface low density
layer. The boundaries of multi-layer were iteratively revised to improve the difference between
observed and calculated gravity anomalies. The initial levels of boundaries (low density and
basement) were 400 and -1000m, respectively. Fig.3 indicates the result of multi-layer analysis. The
low density layer corresponds to the low velocity layer of the seismic profiles and the Yufu Basin.

The basement relief, between the Yufuin and Beppu-kita faults, tilts to the south.
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Underground structure of Shimabara Peninsula inferred from 2D gravity analysis

INOUE (KITADA), N. and TAKEMURA, K.

The Unzen Scientific Drilling Project (USDP) investigates the subsurface structure, geological
history and physical property around the Unzen volcano in the eastern part of the Shimabara
Peninsula. The acquired various and significant information provides the detailed geological
longitudinal section around the Unzen (Hoshizumi et al., 2002). On the contrary, the New Energy
Development Organization (NEDO) have been conducted various survey for the geothermal filed
research project in the western part of the Shimabara Peninsula and suggested the underground
structure model (NEDQ, 1984). Based on the subsurface model of the western part of the
Shimabara Peninsula, we inferred the N-S subsurface structure around Unzen volcano to compare
with the result of USDP. The gravity data around Unzen volcano were adopted from the gravity
CD-ROM published by the Geological Survey of Japan (GSJ, 2000).

We constructed two-layer model (basement and overlaying layer) in consideration of the
previous geological and geophysical works (NDEO, 1984). The basement corresponds to the
Paleogene deposits. The outcrop or borehole information about distribution of the Paleogene

deposits is sparse in the study area (open triangle in Fig. 1). The overlaying layer of the model
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consisted of the Unsen volcano products and the Neogene - Quaternary deposits. Based on the
previous study, the density of the basement and overlaying layer were decided 2.50 and 2.30 g/em’,
respectively. The top surface of the basement was iteratively adjusted to improve the difference
between the observed and calculated gravity anomalies. The E-W two-layer models were obtained
constrained with the basement constrain (open triangles in Fig. 1). Based on the result of E-W
models (solid squares in Fig. 1), N-S two-layer models (Figs. 2 and 4) were analyzed. The western
N-S multi-layered model (Fig. 3) was also constructed by considering existence high density
volcanic rocks (density is 2.50 g/cm®) which were revealed by the borehole (solid circles in Fig. 1).
The basement relief around faults in the western part of the N-S profiles (Figs. 2 and 3) is steeper
than that of the eastern part (Fig. 4). The eastern N-S profile (Fig. 4) suggests high density material
under the Mt. Fugen.
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Fig. 1. Index map of the
Shimabara Peninsula.
Open triangles, solid
squares and solid circles
in figure indicate the
outcrop or obtained the
depth of the Paleogene
deposit, basement
constrains derived from
gravity analysis and
boreholes, respectively.
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Fig. 4. Two-layer eastern N-S profile. (a)
Gravity anomaly. (b) Density structure.
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location  of  borehole, respectively.
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Hydrous phase stability and partial melt chemistry of H,O-saturated KLB-1

peridotite up to the uppermost lower mantle conditions

Kawamoto, T.

Stability of hydrous phases and partial melt chemistry in 13.6 wt. percent H,O bearing mantle
peridotite are reported in a pressure range up to 24 GPa and a temperature range from 900 to
1400 °C. Various hydrous phases like phase E, phase D, superhydrous B, hydrous wadsleyite and
ringwoodite are observed between 14 and 24 GPa. The phase boundary between wadsleyite and
ringwoodite under hydrous conditions is found to be at higher pressure than under the dry conditions.
The H,0-undersaturated solidus temperature of a model mantle is estimated up to 11 GPa based on
(1) the reported solubility of H in nominally anhydrous minerals and (2) linearity of
H,O-undersaturated solidus between the dry and wet solidus (Kawamoto and Holloway, 1997) with
respect to H,O abundance at a constant pressure.

Under H,O-saturated conditions at pressures greater than 10 GPa, the (Mg+Fe)/Si atomic ratios
of partial melts decrease with increasing temperature: from 2.5 at 1100 °C to 1.6 at 1300 °C at 14
GPa, from 3.3 at 1100 °C to 1.8 at 1300 °C at 17 GPa, and from 2.8 at 1200 °C to 1.7 at 1400 °C at
20 GPa. This is in contrast to the reported constant value of dry partial melts. A partial melt
coexisting with Mg-perovskite at 24 GPa and 1400 °C has (Mg+Fe)/Si and Ca/Al atomic ratios of
2.2 and 11, respectively. Ultramafic hydrous melts similar to those observed experimentally under
uppermost lower mantle conditions may have contributed to chemical differentiation between the

upper and lower mantle. (Physics of Earth and Planetary Interior, 143-144, 387-395, 2004)

Critical phenomena between magmas and aqueous fluids

Kawamoto, T.

A series of direct observation of complete miscibility between aqueous fluids and the Fuji 1707
calc-alkaline andesite - rhyolite magmas has been conducted using Bassett's type externally heated
diamond anvil cell (Figure). Supercritical behaviors are observed between aqueous fluids and
andesitic (62 weight % SiO,) or rhyolitic (69 % SiO,) melts. The critical temperatures for the
andesite and water (900 - 1000 °C at 1.2 - 0.5 GPa) are found to be higher than those for the
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rhyolite and water (780 -
800 °C at 0.7 - 0.5 GPa).
This suggests that more
mafic magmas and the
aqueous  fluid have
higher critical
temperatures. Chemical
fractionation  between
the andesitic melt and
the aqueous fluid were
observed: (1) Na,O and

K,0 preferentially enter

. into the aqueous fluid,
(2) CaO, MgO and ALO; into silicate-rich melt, and (3) TiO,, FeO, and SiO, are almost equally
partitioned into them. Even if a second critical point between the aqueous fluids and silicate melts
exists in the earth's mantle, such a supercritical fluid can be separated into a melt and a fluid
eventually along its migration to the surface. Under such circumstances elemental fractionation
between the aqueous fluid and the melt should control the chemical characteristics of volcanic
rocks. (Review of High Pressure Science and Technology, in Japanese, August 2004, Rejected by

Geochim. Cosmochim. Acta).

The compressibility of a natural apatite

Matsukage, K.N. (Ibaraki University), Ono, S. (JAMSTEC), Kawamoto, T., Kikegawa, T. (High

Energy Accelerator Research Organization)

Apatite is one of the accessory minerals but is commonly found in various kinds of crustal
rocks, such as sedimentary, igneous and metamorphic rocks. It is an important reservoir of rare
earth elements (REE) and large ion lithophile elements (LILE). Apatite also contains volatile
elements (F, Cl, and OH) as major components. We determined the isothermal bulk modulus and its
pressure derivative using diamond anvil cell under hydrostatic conditions and to understand the

compressional properties of apatite.
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In-situ synchrotron X-ray diffraction (XRD) experiments of a natural apatite with the formula
of Cas(PO4)3F0.04Clo.os were carried out using a diamond anvil cell and angle-dispersive technique
at Photon Factory (PF), Japan. Pressure-volume data were collected up to 7.12 GPa at 300K. The
pressures were determined from the ruby fluorescence spectra shift. The unit-cell parameters and
volume decreased systematically with increasing pressure, and a reliable isothermal bulk modulus
and its pressure deviative were obtained in this study. The third order Birch-Murnaghan equation of
state yielded the isothermal bulk modulus of Kt = 91.5(38) GPa, its pressure derivative Ky =40

(11), and the zero-pressure volume Vo = 524.2(3) A’ (Physics and Chemistry of Minerals. In press)

Raman spectroscopy of cubic boron nitride under high temperature and pressure

conditions: a new optical pressure marker

Kawamoto T., Matsukage, N. K. (Ibaraki University), Nagai, T. (Hokkaido University),
Nishimura, K., Mataki, T, Ochiai, S. (ST Japan), Taniguchi, T.  (Advanced Materials

Laboratory, National Institute for Materials Science)

Pressure dependence of Raman peaks of cubic boron nitride (¢cBN) is determined at 100, 200
and 300 °C using pressure scales of ruby and gold. In pressures lower than 6 GPa, the pressure
dependences of cBN Raman determined with ruby pressure scale for transverse-optical (TO) and
longitudinal-optical (LO) modes are 3.45 + 0.02 and 3.36 + 0.02 cm ~/GPa at 100 °C and 3.43 +

0.02 and 3.44 + 0.07 cm ~"/GPa at 300 °C, respectively. These values are consistent with the
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previous study conducted at room temperature using ruby pressure scale. Synchrotron X-ray
diffraction experiments using gold pressure marker at SPring-8 (Photo) also yields 3.45 + 0.03 cm
'/ GPa for TO mode at 200 °C in a pressure range up to 32 GPa (Figure). Under the present
pressure and temperature conditions, the pressure dependence of Raman peaks of ¢cBN seems to be
independent from temperature conditions. CBN can be used as an optical pressure marker under

high temperature conditions. (Review of Scientific Instruments, 75, 2451-2454, 2004)

Changes in the structure of water deduced from the pressure dependence of the

Raman OH frequency
Kawamoto, T., Ochiai, S. (ST Japan), Kagi, H. (University of Tokyo)

We report on the Raman spectra of water under high temperature and pressure conditions and
show a discontinuity in the pressure dependence of the OH stretching frequency. As pressure
increases, the strength of hydrogen bonding increases rapidly in the pressure ranges up to 0.4 + 0.1
GPa at 25 °C, 1.0 £ 0.1 GPa at 100 °C and 1.3 = 0.1 GPa at 300 °C, and slowly above these
pressures (Figure 1). This finding clearly demonstrates the existence of discontinuities in the
pressure-response of the hydrogen bonds of water, which suggests a possible structural change
under these conditions (Figure 2).

The present experimental data are limited to 300 °C. However, structural change of hot water,
may occur at higher temperature conditions. In this case, the structural change should affect the

chemical and physical properties of the aqueous fluid in the earth’s subduction zones. The Mg/Si
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ratios of silicate component dissolved into aqueous fluid are found to change drastically from
SiO,-rich to MgO-rich at about 2 - 3 GPa and 1000 °C. Such changes may be explained by a
structural change of water. (Journal of Chemical Physics (Communications section). 120,

5867-5870, 2004)

Mg/Si ratios of aqueous fluids coexisting with forsterite and enstatite based on the

phase relations in the Mg,;Si04-SiO,-H,O system

Kawamoto, T., Matsukage, K. N. (Ibaraki University), Mibe, K. (geophysical Laboratory),
Nishimura, K., Isshiki, M. (JASRI, SPring-8), Ishimatsu, N. (Hiroshima University)
and Ono, S. (JAMSTEC)

Direct observation of aqueous fluids coexisting with MgSiO; enstatite and/or Mg,SiO,
forsterite is performed at 0.5 — 5.8 GPa and 800 -1000 °C with an externally heated diamond anvil
cell and synchrotron X-rays. In the MgSiO; — H,O system, at 1000 °C forsterite crystallizes below
3 GPa and not above that pressure. In the Mg,SiOs — H,O system, forsterite congruently dissolves
into the aqueous fluids up to 5 GPa at 1000 °C. These observations suggest that the aqueous fluids
coexisting with enstatite and forsterite have Mg/Si < 1 below 3 GPa and 1 < Mg/Si < 2 above that
pressure.

Comparison with the previous studies reporting Mg/Si ratios of the aqueous fluid coexisting
with enstatite and forsterite indicates that the Mg/Si ratios change rapidly from SiOs-rich to

MgO-rich features at around 3 GPa and
© Mibeetal, 1100°C  + Thisstudy, 1000°C 1000 °C (Figure). This can be related to
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regime and cannot be distinguished from each other. (American Mineralogist. in press, October

2004).

Determination Investigation of Critical Behavior in Basalt-H,O System Using
High-pressure and High-temperature X-ray Radiography

Mibe, K. (Geophysical Laboratory), Kanzaki, M. (Okayama University at Misasa), Kawamoto,
T, Matsukage, K. N. (Ibaraki University), Fei, Y. (Geophysical Laboratory),
and Ono, S. (JAMSTEC)

To investigate the critical phenomena between aqueous fluid and hydrous silicate magma in the
Earth's interior, a new method for making direct observations of immiscible fluids was developed
using X-ray radiography technique together with the Kawai-type double stage multianvil system
driven by a DIA-type cubic press (SPEED-1500) installed at BL04B1, SPring-8, Japan. Basalt-H,O
and Sr-plagioclase-H,O systems were investigated. A new sample container comprising of a metal
(Pt or AuPd) tube with a pair of lids made of single crystal diamonds was used under pressures
between 2 and 5 GPa and temperatures up to 1500 °C. The sample inside the container can be
directly observed through the diamond lids.

At around 800-900 °C and pressures up to about 3 GPa m both basalt- HO and Sr-plagioclase-
H,O systems, we observed light-gray spherical bubbles moving upward in the darkgray matrix. The
light-gray spheres that absorb less X-rays represent an aqueous fluid, whereas the dark-gray matrix
represents a silicate melt. At least up to 1200 °C, immiscible two phases (i.e., both aqueous fluid and
silicate melt) were observed up to about 3 GPa in the basalt- H,O system. At pressures above about 4
GPa, no bubbles appeared when heating to about 1200 °C, suggesting the possibility that the second
critical end-point in basalt- H,O system could be around 3 to 4 GPa. Our new technique can be
applied to the direct observations of various coexisting 2-fluids under deep mantle conditions that
could not be achieved by previous experimental methods. (J. Geography 112, 970-978, 2003, in

Japanese).
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Genesis and evolution of the enriched subcontinental
lithospheric mantle beneath South India

T Miyazaki, T. Shibata and M. Yoshikawa

The Dharwar craton of South India was a main part of the earth’s oldest continental assembly
named Ur (-3000Ma) and also existed in later supercontinents emerged during earth history (Rogers
and Santosh, 2003). Revealing the histories of the Dharwar craton and added periphery crust are
profitable for tracing the history of supercontinents (their amalgamation, evolution and dispersion).
Similar to the geological and geochlonological evidences of crastal rocks, the geochemical
information from lithospheric mantle keel beneath the craton is also an important constraint for
unraveling the long history of the Dharwar craton. The existence of long lived enriched lithospheric
mantle is known beneath the Dharwar and periphery area. It is anticipated that the genesis and
evolution of this enriched mantle reflect the major geological event in the history of the Dharwar
craton.

The existence of alkali metal- and LREE-enriched lithospheric mantle beneath southeastern
periphery of the Dharwar craton has been inferred based on Sr-Nd-Pb isotopic data on carbonatites
and alkaline silicate rocks (Kumar et al., 1998; Schleicher et al., 1998; Miyazaki et al., 2000; Pandit
et al., 2002; etc.). The Sr and Nd isotopic data also suggest that the sub-continental enriched
lithospheric mantle remained a closed system from 2.6-2.5 Ga to 800-750 Ma and survived from
convective disruption (Kumar et al., 1998; Miyazaki et al., 2003). The tholeiite dyke swarms of 1.6
and 1.8 Ga in this region also have evidence deriving from this enriched mantle source
(Radhakrishna and Joseph, 1998). On the basis of difference in the isotopic signatures between
coexisting carbonatites and syenites, Miyazaki et al (2003) have envisaged isotopically different
enriched mantle sources and indicated mantle heterogeneity.

The event of mantle enrichment occurred at the late Archaean is now controversial, but it is
significant topic to reveal the early history of the Dharwar craton. Although Jayananda et al. (2000)
proposed the existence of an enriched mega-mantle-plume during the Late Archaean, there are many
evidences approving the mantle enrichment by earlier subduction event. Miyazaki et al. (2003)
indicated that the Neoproterozoic syenites and other mantle-derived intrusives have diagnostic
trace-element signatures, typical to the magmas erupted in convergent margin. They inferred that
slab-derived component played a major role for the genesis of long-lived enriched lithospheric
mantle. The C isotope of the carbonatites also shows subduction related signature. Pandit et al.
(2002) indicated that the relative enrichment of 13C in the Neoproterozoic carbonaties as compared
to the Paleoproterozoic carbonatites is a result of the equilibration of CO, derived from the ocean
crust with existing carbon reservoir. Geological evidence of late Archaean subduction was
summarized by Chadwick et al. (2000) who interpreted the whole craton in terms of accreted island
arc. Moreover, in southeastern periphery of the Dharwar craton, several types of basement gneiss
with age about 2.5 Ga have geochemical composition similar to the sanukitoids or average

TTG(tonalite-trondhjemite granitic rock), favoring the active subduction event of late Archaean
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(Moyen et al., 2001). According to the view points mentioned above, it is understood that the late
Archaean subduction was major event in the history of the Dharwar craton and generated the long
lived enriched lithospheric mantle.

The spatial extent of the enriched lithospheric mantle may reflect the scale of the late Archaean
subduction. Nd isotope investigations of the charnockites and basic granulite from the Eastern Ghats
Belt and eastern Antarctica revealed prolonged development of enriched lithospheric mantle (Arima
et al., 2001). Although detailed investigations are required, the late Archaean subduction might occur

in large area of old continental assembly.
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Genesis of tholeiitic and calcalcaline series of Zao volcano, NE Japan arc,
employing trace element and isotopic compositions

T. Shibata, C. Qing, A. Sakayori, Y. Tatsumi

Genesis of co-existing tholeiitic series (TH) and calcalkaline series (CA) in island arc and their
relationship has been a focus of attention because it is critical to understanding magma genesis in
island arc and continental crust formation. The Zao is Quaternary volcano situated on the Tohoku
Backbone Ranges, Northeastern Japan arc, and both of TH and CA co-exist in continuous volcanic
activity. In addition, geology and petrology of the Zao volcano is well understood by Sakayori
(1991) so that Zao volcano is one of the suitable volcanos to elucidate the genetical relationship of
TH and CA magma series. We already reported the preliminary results of Sr, Nd and Pb isotope and
trace element compositions of Zao volcano, and shown that at least four components are necessary to
explain the chemical characteristics of TH and CA of Zao volcano (Shibata et al, 2003). However,
the sources and relationships of those components were still ambiguous. Therefore, we developed
the discussions of the genesis of TH and CA from Zao volcano employing the Sr, Nd, Pb isotope and
trace element compositions.

The volcanic activity of Zao volcano started about 1 Ma and continues to the present, and is
divided into Stage 1 to Stage 4 (Sakayori, 1991). According to Sakayori (1991), the rocks of Stage 1
belong to TH (low-K), and all the other to CA (midium-K). And on the Harker Diagrams, volcanic
rocks of Stage 1 and Stage 3 show obvious different trend and those of the other stage plotted in
between those two trends. Thus, we selected the 5 samples from Stage 1 and 5 from Stage 3 as a
representative of TH and CA, respectively. The trace element compositions of the studied samples
show the typical characteristics of island arc magma in the diagram of MORB normalized pattern,
such as enrichment of LILEs and negative Nb spike. Positive Pb and Sr spikes are also apparent.
The LILEs enrichment and negative spikes of Nb are relatively larger in CA than TH. Although
abundance ratios of Cs/Nb of TH are restricted to 0.09 - 0.20, those of CA can be divided into two
ranges, such as 0.20 —~ 0.25 and 0.42 — 0.57.

The isotopic compositions of TH are more enriched compared to CA. In all the diagrams
presenting the relationship of the isotope compositions, TH and CA make different liner trends,
which indicate the mixing relation. Furthermore, Pb isotopic compositions suggest that two depleted
endmember is necessary to explain the trend of TH and CA. The depleted endmenber of TH is
relatively enriched than that of CA. On the other hand, tow enriched endmembers are required from
the relationships between parent/daunghter and the isotope ratios, because TH and CA show different
linier trends in those relation and the liner trends are diverse in the direction of isotopically enriched

side. The both of the enriched direction of TH and CA is differ from the mixing trend of mantle

36



wedge and recycled materials form subducting slab observed from Northeastern Japan (Shibata and
Nakamura, 1997). Therefore, slab component can not be a candidate of enriched endmember of TH
and CA. Alternatively, it has to take account for the involvement of different crustal material. When
we look at more in detail, isotopic trend of CA can be divided in to two trends on the bases of the
low and high Cs/Nb ratios. The isotopic trends of CA with low Cs/Nb can have same isotopicaly
enriched component. On the other hand, the isotopic trends of CA with high Cs/Nb differ from the
direction of enriched extension of TH, and show a linier trends with pyroclastics occurred around the
Zao volcano, which is considered as crust origin. From the observations in the above, it can be
concluded that four components are necessary to explain the chemical characteristics of TH and CA
from Zao volcano and the different two enriched components are derived from different crustal

materials, although the sources of those are not obvious yet.

Funai Fault beneath downtown Oita, east central Kyushu, southwest Japan
Chida, N., Takemura, K. et al.

Drilling surveys, the seismic reflection survey and the Geo-slicer investigation reveal the
location and active mode of a fault (Funai Fault) lying concealed under the town area of Oita City.
The Funai Fault is the southeast continuation of the Horita-Asamigawa fault (Beppu) and total length
is about 20km.

Wide-spread tephra K-Ah volcanic ash layer found in drill cores is the effective key marker for
calculating the activity of fault. The average rate of vertical displacement of Funai Fault after the
K-Ah volcanic ash (6,300 yBP) is 2.2-2.5 m/1000 years, and the fault is estimated as one of the A
class active faults in Japan. The latest activity is inferred before 1,540 yBP and after 2,350 yBP
according to the displacement of sedimentary layer and age determination by carbon-14 dating. It is
necessary to elucidate accurate distribution and the activity of the concealed faults lying under the
Oita Plain.

. Beppu Bay

Fig. Location of Funai Fault lying under the Oita Plain (Chida et al, 2003)
Contour line is the bottom depth of K-Ah volcanic ash layer, and contour interval is

5m.(Chida et al., Active Fault Research, 23, 93-108, 2003)
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Late Quaternary Activity of active faults in the Unzen Graben, western Kyushu,
based on tectonic geomorphology

Matsuoka, A., Tsutsumi, H. and Takemura, K.

The Unzen Graben, which is bounded by normal faults to the north and south, is located on the

western end of the Beppu-Shimabara Graben. The faults in the Unzen Graben have developed with

the growth of the Unzen volcanoes and dislocated volcanic materials such as lavas and pyroclastic

deposits. The detailed location and vertical offsets of the active faults have been reported by

previous studies, but the timing of faulting was poorly

constrained.

We estimated the vertical offsets based on topographic profiling, and calculated vertical slip rate

based on recently obtained ages of volcanic rocks and sediments. In addition, we excavated two

trenches at Chijiwa Town (western part of Unzen Graben) in order to reveal the timing of recent

faulting events, and also found several outcrops across the active faults.
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Based on these surveys, the active faults
in the Unzen Graben can be divided into
four groups. Two groups of faults, which
are located on the northern and southeastern
margins of the Unzen Graben, have vertical
slip rates as high as 0.13 to 1.0 mm/yr. A
group of faults inside the Unzen Graben has
slip rate 0.085 to 0.46 mm/yr except for the
Akamatsudani fault which has slip rate 0.91
to 1.7 mm/yr. Three groups of faults
mentioned above show cumulative vertical
offsets and their rates of activity tends to be
higher around the edifice of the Fugen
volcano. On the other hand, the group
outside the Unzen Graben is 0.026 to 0.068

- mm/yr. (Matsuoka et al., Active Faults

Research, submitted)

Fig. Shaded relief map and distribution of active faults
A: Chijiwa F,, B: Ogura F., C: Kusenbu F., D: Akamatsudani ¥, E: Oshidorinoike F.,

F:Fukae F, G: Futsu F., H: Takaiwayama F., I: Yanagihara F.,, J: Osono F., K: Hyakkadai F., L:

Haraiyama F., M: Ipponmatsu F., HS: Heisel Shinzan
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High Density Helicopter-Borne Aeromagnetic Survey in Aso Volcano

M. Utsugi, Y. Tanaka and N. Kitada

Recently, geomagnetic field observation is successfully applied to many active volcanos to
detect the volcano-magnetic changes, i.e., geomagnetic field changes associated with the volcanic
activities. These observations are usually based on the continuous or repeated observation stations
setting on the ground near the active area. From these observations, we can obtain high accurate
information about the temporal geomagnetic field changes. But we can obtain only limited
information about the special distribution of geomagnetic changes because of it is quite difficult to
maintain many observation stations under the extremely bad environment around the active area of
volcano. To interpret the geomagnetic field changes to underground heat transfer, we have to know
the special distribution of the geomagnetic changes.

To obtain the detailed information about the spatial distribution, we tried to use the aeromagnetic
survey. Based on the aeromagnetic survey, we can get many data of spatial distribution of the field
easily. Our goal is to detect the volcano-magnetic
changes from the repeated aeromagnetic survey. The main problem of aeromagnetic repeated
observation is the difficulty of the observation point control. In the two flights, it will be impossible
to flight exactly same position. So that, it is very difficult to separate observed field changes to
temporal variation due to the volcanic activities and the spatial variation due to the difference of the
observation points. If the detailed distribution of geomagnetic field is obtained on quiet period of the
volcano, and the field intensity on the arbitrary point around the active area is estimated interpolating
the observed data, we can correct the spatial variation of the repeated aeromagnetic survey data
caused by the difference of flight position, and it may be possible to detect the field changes
associated with the volcanic activities.

For this purpose, we made very high density and low altitude helicopter-borne aeromagnetic

survey on Aso Volcano,

central Kyushu Island of
Japan, in July 2002. The
survey area was NS1200 x
EW1200 x 300m region
above the Nakadake crater

which is the most active

area on Aso volcano (Fig.1).

In this survey, we used a

high-resolution portable

cesium magnetometer. The

Fig. 1 The distribution of the observation points of the high-density sampling time of

aeromagnetic survey. measurements was 0.1

second. The flight was
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made in 8 heights (1370, 1400, 1450, 1500, 1540, 1570, 1600 and 1640 m from the sea level). The
total numbers of measurements were about 8200. Using these data, we tried to estimate the special
distributions of the geomagnetic field around the Nakadake crater. Observed data likely contain
some noise or miss-observed data. To extract these inadequate data, we applied the technique of
equivalent anomaly method. This method is usually used to calculate the upward continued
aeromagnetic data. Based on this method, inharmonic component of observed data is carried away
and the harmonic field distribution can be estimated in the upper region of the flight surface. In this
study, we used this method to extract harmonic component from the observed data. The accuracy of
the obtamed distribution over the Nakadake crater is about 10nT, and if comparatively larger scale
eruption is occurred, we can detect the volcano-magnetic changes using our estimated distribution of

the geomagnetic field.

Origin and behavior of dissolved inorganic carbon of shallow groundwater in Kuju

and Aso volcanic area

M. Yamada, S.Ohsawa, K. Kazahaya, M. Yasuhara, K.Amita,
H.Mawatari, 8. Yoshikawa and Y. Yusa

Origin and behavior of dissolved inorganic carbon of shallow groundwater in Kuju and Aso
volcanic area was discussed by means of isotope hydrology and geochemistry. Hydrogen and oxygen
isotopic compositions of water and carbon isotopic ratio of dissolved inorganic carbon (DIC) were
analyzed for 78 and 60 cold spring waters in Kuju and Aso volcanic area, respectively.

The hydrogen and oxygen isotopic ratios demonstrate definitely approved that the major source of
spring waters in Kuju and Aso volcanic area are mainly derived from the meteoric water. The
groundwater altitude effects on § D value in Kuju volcanic area and on 6 '*O value in Aso
volcanic area were speculated to be —1.37%0/100m and —0.2%0/100m, respectively. On the basis
of the above result, the recharge area and migration direction of groundwater were determined.

DIC in shallow groundwater have generally its origin in soil CO, in Kuju volcanic area, however,
the data of § "*C and concentration of DIC approved that the magmatic gas mixed into some spring
waters around Mt Taisen and Mt Kurodake, and the groundwater dissolved magmatic CO, was
added in the groundwater dissolved soil CO, during water migration. Flux of magmatic CO,, which
is discharged from whole springs in this area, is estimated to be 12.9 ton/day in all. On the other
hand, in Aso volcanic area, 6 "C and concentration of DIC showed that no spring water contains

DIC of magmatic origin.
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Noble gases in mantle-derived xenocrysts in an alkali basalt from Japan Trench
oceanward slope: implications for wide distribution of MORB source over the
upper-mantle

Yamamoto J., Hirano N. (Tllech) and Kagi H. (LEC)

The source of MORB (mid-ocean ridge basalt) has generally been regarded to be derived from
the suboceanic mantle, and to be located in the upper-mantle. The 3He/4He ratio in MORB shows
quite uniform values of (8 +/- 1) Ra (Ra is the atmospheric *He/*He ratio of 1.4 x 10°®). MORB-like
*He/*He ratios have often been observed in mantle-derived rocks from island arcs and subcontinental
mantle. There is a widespread consensus that the source of MORB is a ubiquitous component of the
upper-mantle. Recently, however, occurrences of *He/*He ratios lower than that of MORB have been
reported for some subcontinental and island arc ultramafic xenoliths. Several possibilities are
proposed to explain these low ratios including mixing with an atmospheric component; the influence
of radiogenic *He ingrowth attributed to metasomatic enrichment of incompatible elements such as
U and Th, or reduction of He/U ratio caused by preferential depletion of helium [1]. These
discussions depend greatly on the implicit assumption that the source of MORB is a unique and
uniform component in the upper-mantle.

To clarify the noble gas isotopic compositions of suboceanic mantle, we measured noble gas
isotopic ratios of olivine xenocrysts in an alkali-basalt sampled from a northwest Pacific seamount.
The xenocrysts are reported to be derived from upper-mantle from major element compositions [2,3].
The density of CO; fluid inclusions in the xenocryst records the pressure before entrainment into the
host magma. Micro-Raman spectroscopic analysis allows us to estimate the internal pressure of the
small fluid inclusions [4,5]. We applied this method to CO,-dominated fluid inclusions in the
xenocryst. The internal pressure of CO,-dominated inclusions were up to 0.4 GPa (Fig. 1: [6]),
which corresponds to a depth of up to 14 km of lithospheric mantle under the seafloor. By applying
both vacuum crushing and stepwise heating extraction of the noble gases, uncontaminated *He/'He
ratios range between 7.2 and 7.7 R, and “*Ar/*®Ar ratios are up to 5000 in the xenocrysts (Table 1:
[6]). These observations demonstrate that the upper mantle beneath the oceanward slope of the Japan
Trench has a similar isotopic composition to the MORB source, suggesting a uniform MORB source

is largely distributed in the upper mantle.
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Table 1. Noble gas isotopic compositions in large olivine phenocrysts from Japan Trench oceanward slope

weight  “He error ‘He error “Ne error $Ar error “Ar error ¥Kr error ®Xe error
g coSTP/g ccSTP/g ceSTP/g ceSTP/g ceSTP/g ccSTP/g ccSTP/g ceSTP/g ccSTP/g ¢eSTP/g c¢cSTP/g ¢cSTP/g ¢cSTP/g ¢oSTP/g
Crushing 0.245 6.5E-12 8.8E-13 7.6E-07 9.9E-08 1.2E-10 13E-11 1.4E-10 8.6E-12 24E-07 14E-08 5.4E-12 38E-13 4.0E-13 27E-14
Heating 700IC 1384 19E-13 44E-14 5.0E-08 6.5E-09 8.0E-11 LOE-11 1.5E-10 9.0E-12 4.8E-08 29E-09 4.8E-12 29E-13 27E-13 18E-14
12001C 4.2E-12 57E-13 4.7E-07 6.1E-08 23E-11 4.1E-12 3.1E-11 19E-12 15E-07 9.1E-09 14E-12 9.5E-14 1.8E-13 1.3E-14
1900IC 7.7E-12 1.0E-12 8.9E-07 1.2E-07 23E-10 29E-11 38E-10 23E-11 5.1E-07 30E-08 1.8E-11 11E-12 1.6E-12 1.1E-13
total 12E-11 1.2B-12 14E-06 13E-07 34E-10 3.1E-11 57E-10 25BE-11 7.1E-07 3.2E-08 24E-11 1.1E-12 20E-12 1.1E-13

weight °*HefHe emor ®NeNe emor “NeANe error ®ArAAr emor  ®Ar/Ar  error “He/® Ar* etror
g R/Ra R/Ra

Crushing 0.245 7.20 031 9.70 030 0.0306  0.0040 1647 30 01891 0.0027 38 0.6

Heating 7001C 1.384 3.02 0.57 9.66 027 00272 0.0028 320 4 01885  0.0008 13.7 3.2
1200IC 7.70 0.27 9.82 136 00271 0.0107 49435 71 01892  0.0015 32 0.3
1900KC 7.36 0.13 9.75 0.11 00304  0.0008 1331 19 01895  0.6011 23 03
total 7.30 0.12 9.73 0.23 00294  0.0020 732 10 0.1887  0.0007 5.7 0.6
1200EC+1900XC 1963 27 01895  0.0010

Figure 1. R-Delta plot for CO, Fermi diad of CO, inclusions in some xenocrysts. R means intensity ratio
of the CO, Fermi diad. Delta means separation of wavenumber of the CO, Fermi diad. Circle: liquid
inclusion; triangle: solid inclusion; triangle + circle: solid inclusion with vapor bubble. The
reproducibility of the Delta and R for data with moderate intensity (counts) is typically ~0.15 cm™ and
~0.2 cm’, respectively. Because the inclusions with low Delta-value have lower density than that of high

Delta-value, the data tend to show wide variation particularly in the R-value.
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Melt generation process in the mantle wedge under island arc recorded in the
Hayachine-Miyamori ophiolitic complex

Masako Yoshikawa and Kazuhito Ozawa

Peridotites provide direct information of chemical fractionation processes such as melt
separation and migration in the upper mantle. Recently, precise trace element analyses of
peridotites have proposed a general occurrence of an open-system melting induced by melt influx in
the upper mantle (e.g. Kelemen et al., 1992; Johnson and Dick, 1992; Ozawa and Shimizu, 1995).
Isotopic compositions of Sr and Nd for peridotites have been believed to provide important clue to
confirm origins of mantle and influxed melt. However, the precise isotopic data are not enough
accumulation because of analytical difficulty.

The Hayachine - Miyamori ophiolitic complex is located in the Hayachine Tectonic belt which
forms the northeast boundary of the South Kitakami Belt of the northeast Japan, that is one of the
oldest geological units of Japan (Fhiro, 2000). The open system melting of hydrous mantle under
island arc has been proposed in this complex by a series of Ozawa’s studies (e.g. Ozawa, 1988).
According to Ozawa (1984, 1988), the peridotites and pyroxenites are divided into two types on the
bases of a clear gap in spinel Cr# (Cr/(Cr+Al)): ie. an aluminous spinel (Cr# <0.4) bearing
ultramafic suite (ASUS) and a chromite (Cr#>0.4) -bearing ultramafic suite (CSUS). The ASUS
occurs as kilometric sized patches in the CSUS in the Miyamori complex (Ozawa, 1984).

Bulk rock compositions and forsterite value of olivine display the systematic change in this
complex which can be explained by deference of degree of melting as pointed out by Ozawa (e.g.
1988). Chondrite-normalized trace element patterns tend to show more enrichment in incompatible
elements as peridotites become refractory. On the basis of such reverse correlation between
incompatible and major elements and occurrence of ASUS in the Miyamori complex, it is inferred
that CSUS was formed by open system melting with significant melt influx and refractory ASUS
was less involvement of the same influxed melt in melting during entrainment to CSUS diapir. (e.g.

Ozawa and Shimizu, 1995). However, calculated trace element concentrations by applying the
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open system melting model (Ozawa and Shimizu, 1995) to our new data with previously reported
data indicate that 1) the trace element patterns of this complex can not be explained by partial
melting with a single melt influx, 2) modeled influxed melt to ASUS shows moderate enrichment in
incompatible elements and slight Sr negative anomaly, and estimated influxing melt of CSUS was
extensive enrichment of incompatible elements with Sr positive anomaly, and 3) two stage open
system melting needs to explain a trace element pattern of a refractory ASUS.

The variation of Nd isotopic compositions of the peridotites is larger (€xqg = +4 to +20) than
those of intrusive rocks (€xg = +5 - +8) (Shibata and Ozawa, 1992; Ozawa, Shibata and Asahara,
unpublished data). The more refractory peridotites show more enriched isotopic signature. The
Nd model age of the most primitive ASUS sample, which is considered as the sample without any
influx of melt, is about 430 Ma. This age is consistent with K-Ar ages (421-480Ma) of amphiboles
in intruded rocks which have been interpreted as emplacement age of this complex (Ozawa et
al.,1988; Shibatta and Ozawa, 1992). Thus, the partial melting event was likely to happen just
before the emplacement. Time corrected Nd isotopic compositions of the refractory ASUS are
lower than those of the most primordial ASUS. 1t is suggested that the influxed melt had enriched
isotopic composition compared to a source peridotite. Although the time corrected Nd isotopic
ratios of most of CSUS overlap the range of the refractory ASUS, some of CSUS show more
enriched characteristics. Thus, the formation of CSUS could be induced by more enriched melt
influx. These observations may indicate that path of influxing melt was gradually shifted and

composition of isotopic and trace elements for the influxed melt was more enriched with time.

In situ Sr isotop ratio of plagioclase phenocrysts of tholeiitic and calc-alkaline
volcanic rocks from Zao volcano, Northeastern Japan.

T. Takahashi, Masako Yoshikawa, T. Shibata and Y. Tatsumi

Sr isotope ratio is basic and important geochemical tracer for studying magma generation and
evolution processes. And, chemical compositions and texture of phenocrystic minerals can provide
important constraints on magmatic processes, such as fractional crystallization, magma mixing and
assimilation.

The Quaternary Zao volcano is located at the central part of the volcanic front of northeastern
Japan arc. The Zao volcano has been active since 1Ma, and is divided into Stage 1 to Stage 4
(Sakayori, 1991). According to Sakayori (1991), the rocks of Stage 1 belong to tholeiitic series (TH),
and all the other stages to calc-alkaline series (CA). Shibata et al. (2003) determined bulk Sr, Nd and
Pb isotopic and rare earth element compositions for stage 1 and stage 3, and argued that four
components are necessary to explain the chemical and isotopic characteristics of TH and CA from
the Zao volcano. Thus, we selected the one sample from stage 1 and two from stage 3, and
performed the In-situ Sr isotope analysis on plagioclase phenocrysts of TH and CA samples.

The In situ Sr isotope analysis was performed by combined method of microdrilling and Thermal
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Tonization Mass Spectrometer (TIMS). The microdrilling is the sampling technique of drilling a
sample mechanically with a small drill and collecting the sample powder milled. The diameter at the
tip of the drills used for sampling is 0.1 and 0.27mm. The collected sample powder was dissolved
with acid, and Sr was separated using columns cation-exchange resin. Sr isotope measurement was
carried out on the TIMS.

The TH samples data suggest that plagioclase phenocrysts first grew in magma with stable
chemical composition and Sr isotope ratios, and then, the magma was mixed with high Sr isotope
ratio material. On the other hand, plagioclase phenocryst in CA has widely compositional range and
Sr isotope ratios. Furthermore, dusty type was recording a change of Sr isotope ratio. Therefore, it is

thought that two or more components participated in the magma evolution process of CA magma.
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Precise isotope determination of trace amount of Sr aims at the in situ Sr isotope
analysis by microdrilling technique.

T. Takahashi and Masako Yoshikawa

Sr isotope ratio is basic and important geochemical tracer for studying magma generation and
evolution processes. In this study, we are aiming at the in situ Sr isotope analysis of plagioclase in
volcanic rocks by combined method of microdrilling and Thermal Ionization Mass Spectrometer
(TIMS). The microdrilling is the sampling technique of drilling a sample mechanically by a small
drill and collecting the sample powder milled by it (e.g., Davidson and Tepley, 1997; Tepley et al.,
1999). Tepley et al. (1999) reported that >5ng Sr was recovered from plagioclase using the
microdrilling technique (the drill holes size are about 0.3 to 0.4mm). However, zoning order of
chemical composition of the plagioclase in volcanic rocks are <0.3mm in many cases (e.g.,
Davidson et al., 2001). We aim at the in situ Sr isotope analysis of high resolution, for example a
<0.3mm drill hole, and it is necessary to precise isotope determination of trace amount of Sr. In this
report, we have improved analytical technique for the isotope measurement of trace amount of Sr
employing the TIMS.

Sr isotope measurements was carried out on the Triton TI® (multicollector mass spectrometer)
installed by Japan Marine Science & Technology Center (JAMSTEC) at Beppu Geothermal
Research Laboratory (BGRL), Kyoto University. Sr sample solution was loaded on Re filament with
a Ta solution. This procedure basically followed Birck (1986) and Yoshikawa and Nakamura (1993).
Ta solution is the ionization activator for Sr, and it is used in order to obtain stable and high intensity
Sr ion beams. The data were computed from 99 repeated measurements, comprising 9 scans in each
of 11 blocks. The data acquisition time took about 40 min for each measurement. The ¥7Sr/*°Sr ratios
were normalized to **Sr/**Sr ratio of 0.1194.

The stable and high ion beam is necessary for precise isotope measurement. However, it is
difficult to simultaneously obtain stable and strong enough ion beam for trace amounts of Sr. We
observed the relationship between average **Sr ion beam intensity during individual measurements
and analytical precision for 100ng and 5Sng Sr samples (Fig. 1). The analytical precision
exponentially improved with increasing ion beam intensity. In Sng analysis, a stable ion beam lasts
for > 40 min at **Sr ion beam intensity of approximately 2V resulting in an analytical precision of
from =£0.000014 to =0.000018 (2 o m). When the intensity was >2.5V, the ion beam intensity
decayed rapidly, with the result that analytical precision is worse (Fig. 2). These results indicate that
there is a limit to the analytical precision of approximately £0.000016 for a Sng Sr sample, and this
value is smaller than the analytical precision for a 10ng Sr sample using the Finnigan MAT262% (+
0.000020) reported by Yoshikawa and Nakamura (1993).

In order to examine analytical precision, reproducibility and accuracy for the isotope

measurement of trace amounts of Sr, consequently small ion beam intensity, repeated analyses of Sr
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reference material (NIST SRM 987) were conducted and results are shown in Fig. 3. The mean
values and reproducibility for 100ng (at ion beam intensity > 3V), 100ng (at ion beam intensity <
3V) and 5ng samples are ¥’Sr/*Sr = 0.710257+0.000012 (2 o, n = 25), ¥Sr/*Sr = 0.710269+
0.000018 (2 0, n = 15) and ¥Sr/*Sr = 0.7102600.000022 (2 o, n = 19), respectively, and agree
within analytical error. These values are comparable to those obtained using other methods (Table 1).
The reproducibility of Sng Sr sample analysis was equivalent to previous result of 10ng Sr sample
(Yoshikawa and Nakamura, 1993), and smaller than the result of 6ng Sr sample using the VG mass
spectrometer (Tepley et al., 1999). Furthermore, reproducibility of isotope measurement with trace
amount of Sr was comparable to the results of isotope measurements for > 100ng, or smaller than
those. These results indicate that our method is reliable even for trace amount of Sr as small as 5ng.
From the above result, it is concluded that the high precision isotope analysis of trace amount of

Sr is possible, and our mass spectrometry is applicable to the in situ Sr isotope analysis of
plagioclase by microdrilling technique.
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Fig.1. Relationship between 8Sr ion beam intensity and analytical precision.
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Laboratory*' Mass spectrometer ¥Sr/*Sr References
PML MAT262 100ng loads 0.710239 +0.000011 (2 ¢, n=5) (€D
50ng loads 0.710233 +0.000014 (20 ,n=5)
10ng loads 0.710232 £0.000022 (20 ,n=8)

Niigata MAT262 0.710251 +0.000029 (2 ¢ .n=51) (2)
UCLA VG 600ng loads 0.710234 +0.000030 (2¢,n=11) ©]
6ng loads 0.710253 £0.000050 (20 ,n=9)
BGRL MAT262 150ng loads 0.710261 £0.000030 (20 .n=17) 4)
Triton T1 150ng loads 0.710268 =0.000019 (20, n=10)
BGRL Triton TI 100ng loads** 0.710257 +0.000012 (2 o, n=25) (5)

100ng loads™” 0.710269 =0.000018 (20 ,n=15)
Sng loads 0.710260 +0.000022 (20, n=19)

Table 1. The comparison of Sr isotope analyses of NIST SRM 987.

References
(1) Yoshikawa and Nakamura (1993), (2) Miyazaki and Shuto (1998), (3) Tepley et al.
(1999), (4) Shibata et al. (2002), (5) this study.
Laboratory*lz BGRL: Beppu Geothermal Research Laboratory, Graduate School of Science Kyoto
University, Niigata: Department of Geology, Niigata University, PML: The Pheasant Memorial
Laboratory, Institute for study of the Earth's Interior, Okayama University, Misasa, UCLA:
University of California, Los Angeles, Department of Earth and Space Sciences.

100ng loads** : Ton beam intensity > 3V, 100ng loads*® : Ion beam intensity < 3V

48



HE STk V%EE Publications

P>

<EFHAE>

Goto, S., M. Kinoshita, A. Schultz, R. P. Von Herzen (2003) Estimate of heat flux and its
temporal variation at the TAG hydrothermal mound, Mid-Atlantic Ridge 26°N, J.
Geophys. Res. 108(B9), 2434, do1:10.1029/2001JB000703.

Yamano, M., M. Kinoshita, S. Goto, O. Matsubayashi (2003) Extremely high heat flow
anomaly in the middle part of the Nankai Trough, Phys. Chem. Earth. 28, 487-497.

Hase H., T. Ishido, S. Takakura, T. Hashimoto, K. Sato, and Y. Tanaka, Zeta potential
measurement of volcanic rocks from Aso caldera, Geophysical Research Letters, Vol. 30,
No. 23,2210, do0i:10.1029/2003GL018694, 2003.

Inoue N., Kitada N, Itoh Y., Takemura K. and Nakagawa K., 2003, Integrated study of high
resolution geophysical and geological information of Osaka Bay, Southwest Japan,
Journal of Asian Earth Science, 22, 1-11.

Kawamoto, T., Hydrous phase stability and partial melt chemistry of H,O-saturated KLB-1
peridotite up to the uppermost lower mantle conditions. Physics of Earth and Planetary
Interior, 143-144, 387-395 (2004)

MNAEBE, <7 ~<LKOBMOBERESG, BARENFEEE, 20048 A ZERIA)

Kawamoto, T., Matsukage, K. N., Mibe, K., Nishimura, K., Isshiki, M., Ishimatsu, N., Ono,
S., Mg/Si ratios of aqueous fluids coexisting with forsterite and enstatite based on the
phase relations in the Mg;Si04-SiO,-H,O system. American Mineralogist. (2004) (5
pages in press, October 2004).

Kawamoto T., Matsukage, K., Nagai, T., Nishimura, K., Mataki, T., Ochiai, S., Taniguchi, T.,
Raman spectroscopy of cubic boron nitride under high temperature and pressure
conditions: a new optical pressure marker. Review of Scientific Instruments, 75,
2451-2454 (2004)

Kawamoto, T., Ochiai, S., Kagi, H., Changes in the structure of water deduced from the
pressure dependence of the Raman OH frequency. Journal of Chemical Physics
(Communications section). 120, 5867-5870. (2004)

Matsukage, K.N., Ono, S., Kawamoto, T., Kikegawa, T., The compressibility of a natural
apatite. Physics and Chemistry of Minerals. In press.

McCammon, C.A., Frost, D.J., Smyth, JR., Lausten, HM.S., Kawamorto, T., Ross, N.L., van
Aken, P.A. Oxidation state of iron in hydrous mantle phases: Implications for subduction
and mantle oxygen fugacity, Physics of Earth and Planetary Interior, 143-144, 157-169
(2004)

CEEG IS TEE I AEE nEET - BRE O NFEH, SREEXBRIVATTT
AEICEBERAE-HL,0 RO FURREICE 72098, HSEHEES 112, 970-978 (2003)

Mibe, K., Kanzaki, M., Kawamoto, T., Matsukage, K. N, Fei, Y., Ono, S., Determination of

the second critical endpoint in silicate-H,O systems using high-pressure and

49



high-temperature X-ray radiography. Geochimica et Cosmochimica Acta. in press,
December 2004,

Yamamoto M., Kawano Y., Imat A., Nishimura K., Miocene granites and Hishikari gold
deposits in Kyushu, Hutton Symposium V, Field Guidebook, Geological Survey of Japan,
Interim-Report, 2003, 28, 61-80.

TH FAHEZRERE-BIRHE - Bk EA B KEET - L - B
WH | ROFEFETIRET DFAETE OB LR FIEEREE. ISEREHTZE,
23,93-108, 2003

EEERE T FERL T B FEAMOEE L MBI I AR R E. sl ERT
TN ANL AT R ER IR . BARKERE, 22, 216-220, 2003.

AR - IR RIS B LN T IR D TR BIfR. U1l 48, 485-489,
2003,

Kusumoto, S. and Takemura, K., Numerical simulation of caldera formation due to collapse
of a magma chamber. Geophysical Research Letters, 30, (24), 2278,
doi:10.1029/2003GL018380, 2003.

A B EE . AR BILTRE GO B Lo DR, MMk,
112,544-562, 2003.

A& M- MBERE- MBS @RMHEHICIST AR R O 5 5 L5
AR E R BT OB AR BT D L T EALEE . IS BB,
23,69-76, 2003,

Sugiyama, Y., Mizuno, K., Nanayama, F., Sugai, T., Yokota, H., Hosoya, T., Miura, K.,
Takemura, K. and Kitada, N. Study of blind thrust faults underlying Tokyo and Osaka
urban area using a combination of high-resolution seismic reflection profiling and
continuous coring. Annals of Geophysics, 46, (5), 1071-1085, 2003.

FlgE— 1l K ZEE-RR-H EEE B REERE R EM AR E
HRZFERRL - BRI &R - AL BAFE 7 B LETHIE RO R HE (£02) —F1E
JNALRITBITDBMA - 7L S R IFIEMBIRET — & OBEMEIRICEE-I /T
B OEEMERHE —.  TEWTE - T HUETTZERRE, 883 5, 117-143, 2003.

BlgE— bl K-ALBREEF AR EE B REEE, EETEROMHER
B (ZFDOL) —AE)INEWIRFEIERHICIS TS PR O S R ATEHERE. EEE-
oHURAT R, & 3 &, 103-115, 2003.

PHEZ, PEINOHERES). BEREZSE, 53(4), 143-150, 2004.

PIFE B B DTG TE LIRS, AR T, 32, (3), 12-15, 2004.

PHEZ-BE B REEE. FEAMOEE LRI LR K E. R A OBRE
g BRIEERE, 22, 220-225, 2003,

Yum J. G., Takemura, K., Tokuoka, T., and Yu K. M., Holocene Environmental changes of
the Hwajinpo Lagoon on the eastern coast of Korea. Journal of Paleolimnology, 29 (2),
155-166, 2003.

Tatsumi, Y., Shukuno, H., Satho, K., Shibta, T. and Yoshikawa, M., The Petrology and
Geochemistry of High-Magnesium Andesites at the Western Tip of the Setouchi Volcanic

50



Belt, SW Japan, J. Petrol, 44: 1561-1578, 2003.

Tatsumi, Y., Shukuno, H., Yoshikawa, M., Qing, C., Sato, K., and Lee, M.W. The npetology
and geochemistry of volcanic rocks on Cheju island: plime magmatism along the Asian
continental margin, J. Pterol. in press,

Mizukami T., Wallis S. R. and Yamamoto J. (2004) Natural examples of olivine lattice
preferred orientation with a flow-normal a-axis maximum. Nature 427, 432-436.

Nishio Y., Nakai S., Yamamoto J., Sumino H., Matsumoto T., Prikhod'ko V. S., Arai S. and
Kumagai H. (2004) Lithium isotopic systematics of the mantle-derived ultramafic
xenoliths: implications for EM1 origin. Earth and Planetary Science Letters 217,
245-261.

Kawakami Y., Yamamoto J. and Kagi H. (2003) Micro-Raman densimeter for CO,
inclusions of mantle-derived minerals. Applied Spectroscopy 57, 1333-1339.

Yamamoto J., Hirano N., Hanyu T., Kagi H. and Kaneoka I. (2003) Noble gases in
mantle-derived xenocrysts in an alkali basalt from Japan Trench oceanward slope. In
Plume and problems of deep sources of alkaline magmatism (edited by N.V. Vladykin),
pp.39-50. Irkutsk State Technical University, Irkutsk.

Goto, S., H. Hamamoto, M. Yamano, K. Takahashi, Past environmental changes in southern
Lake Biwa inferred from borehole temperature data, Proceedings, 2002 International
Matsuyama Workshop "Geothermal/Dendrochronological Paleoclimate Reconstruction
across Eastern Margin of Eurasia", Yamano, M., T. Nagao, T. Sweda (eds.), 50-56, 2003.

Hamamoto, H., M. Yamano, O. Matsubayashi, S. Goto, Heat flow measurement in shallow
seas through long-term temperature monitoring, Proceedings, 2002 International
Matsuyama Workshop "Geothermal/Dendrochronological Paleoclimate Reconstruction
across Eastern Margin of Eurasia", Yamano, M., T. Nagao, T. Sweda (eds.), 185-191,
2003.

Okubo, Y., H-C. Kim, Y. Uchida, §. Gofo, J. Safanda, Borechole data and climate
reconstruction in Korea, Proceedings, 2003 Korea-Japan Joint Seminar on Geophysical
Techniques for Geothermal Exploration and Subsurface Imaging, 58-63, 2003.

REZEE AP %L BARRE P EE - EBRET, W4 LGRS LE L -3 -
EME)DOERDOE—HEBALHIE, Conductivity Anomaly BFZES 2003 4E34 048, in
press.

RERE APRL - BARE AR EBRET, WIALOEROE—4EMHEIE,
TR R RS KB SERT R, & 46 &, B, 787-795, 2003.

INEEEZE BERE. BRZ. I aRENDATEELRGTOROBEE., BAR
b5 2004 £ 9 B =ENRIH

Kawamoto, T., Mg/Si ratios of aqueous fluids in the Earth’s upper mantle, SPring-8 Research
Frontiers 2003(FIfI ).

ARMEZ, HBEER, RIEHR, THXR, FEAR, MEME, FJIME, LEK, 58

51



—f, BRI AR ILO K O NEIEED | O MERL R, JuRHIER- k1l
MFFER4, 12, 62-65, 2003.

ARG, BEGRONEH A K5 RIBRAETELRE, 54,7-14, 2003,

AREZ, BRBZ, BRES EHEROEAICETAEEEN - ML FENTFE. X
oy BIRRFAEMFESHE, 54, 15-24, 2003,

ARE=, EREER, BESR, TH %, FEAL &, @EfE, ) & LA W
EE—H, BEBI, FMEKLOK OISR OMERLF
(IBFFEER S, 12, 62-65, 2003,

PAE = L —NSIROK - BT o —. AKFREBEFEP R - B EAHR, 166,
2-3, 2003.

PR, A . REAOBE L EICL A KE. (IUDIC. BRKERE,
22, 209, 2003.

B, HEEEA, BERR. RO TS LHERY. Ko RIEREZM

L s 54 B 1-6,2003.

MM, E5 BEENER ZE T T V. PHP ITE. LRSS, 46, 75-78,
2004.

HHEZ HRERELE LS. BREEEE VR v/ (RHEERSE), 918 F
JE,86-98, 2004.

PIAE ., HI DT D OMERBIZOBN 2 DS U T fLEE (REKFELAHEE) (7 —
Ea—5E, 4 &, 13-16, 2003.

RARET, HHPRFA, FHEAT, HEA, [FKE, BB, EKLICRTH2EH
BEREBNDWT, REKZERS KA ER ., 28 46 5 739-747,2003.

AR, FREAT, R EC AR U B ORI BT AR 9E(3), Koy RIB =R
ERRE . 5 54 % 85-89,2003.

A RA, B0 RUERE BB U ERRKEEIC DV T, BRI R R E R 5E
TRLBR DX ATIVA T/ 14 FERRREE,35-38,2003

HOEA, #EE, AFEML, AHRA KILBRELLTOOKBEKILOEEEUK
FROWETE , FHE R FFE IR K ER DY AT IVA Y 14 FERRERE
£ 70-74,2003

T, AP R, FRAT. BT S5 Rz Ok REE KILOERS, #
IR S EEBRFEKIUEROF AFII AT 14 FEREREF,63-69,2003

L B RIRAE Z - IS KD KR EEASR O E RN AR DDA T SUE X L sk
DHUT KO LRED, JuR- B K LIRS, 12, 66-74, 2003.

Yamamoto J., Kagi H., Kawakami Y., Kaneoka 1., Lai Y., Prikhod'ko V. S. and Arai S. (2003)

b

HOPEE . LR HIER- K

"Fossil pressures of fluid inclusions in mantle xenoliths: implications for geobarometry of

mantle minerals using micro Raman spectroscopy" Geochimica Cosmochimica Acta 67
(1885), A551.

52



FEo3sE  Conference Presentations

BT BEBKIRIC B T MEEDBIE—RFEEFRMEE TAG Bk~ RTO
#l—, % 17 [@ KS-WHAT #rsEs GeARREREAT, 2003 4 12 A 13 A).

BEEFE HTIREICRHINBEDORE RELE, HER A Fa—Ta W5
(B RETTHI T REE) 8 2 Bl F 2 —a B S R, 200443 A 10-11 H).

Goto, S., H. Hamamoto, M. Yamano, K. Takahasi, Past environmental changes in southern
Lake Biwa inferred from borehole temperature data, The 23rd General Assembly of the
International Union of Geodesy and Geophysics (IUGG2003) (Sapporo, June 30-July 11,
2003).

Goto, S., S. Kuramoto, J. Ashi, M. Yamano, Heat and fluid fluxes at a biological community
site on the Nankai accretionary prism off Kii peninsula, The 23rd General Assembly of
the International Union of Geodesy and Geophysics (TUGG2003) (Sapporo, June 30-July
11, 2003).

Goto, S., S. Kuramoto, J. Ashi, M. Yamano, Heat and fluid fluxes at a biological community
site on the Nankai accretionary prism off Kii peninsula, Japan Earth and Planetary
Science Joint Meeting (Chiba, May 26-29, 2003).

Bosi, WS Bk, ZEEAE BERHERY P ORINEEFRICLORRE N VHEEICE
TRHIBRBIREORIE, HERRERFEEFS 2003 FERRETRE (TE,
200345 A 26 H-29 H).

Hamamoto H., M. Yamano, O. Matsubayashi, S. Goto, Heat flow measurement in shallow
seas through long-term temperature monitoring, The 23rd General Assembly of the
International Union of Geodesy and Geophysics (IUGG2003) (Sapporo, June 30-July 11,
2003).

Kinoshita, M., S. Goto, H. Hamamoto, M. Yamano, Heat flow distribution and thermal
regime across the Nankai accretionary complex, AGU Fall Meeting (San Francisco,
December 8-12, 2003).

ATES, WH 3% ZBEFE AREBRRHSE,OHEESNEEN 7 IMEDERK
BHOFME, HERXER FEET S 2003 F&EAS (T, 200345 A 26 H-29
H).

Kinoshita, M., M. Yamano, §. Goto, S. Gulick, H. Mikada, Fluid flow regime along the
western Nankai accretionary complex detected by closely-spaced heat flow measurement,
The 23rd General Assembly of the International Union of Geodesy and Geophysics
(TUGG2003) (Sapporo, June 30-July 11, 2003).

Okubo, Y, H-C. Kim, Y. Uchida, S. Gofto, J. Safanda, Borehole data and climate
reconstruction in Korea, 2003 Korea-Japan Joint Seminar on Geophysical Techniques for
Geothermal Exploration and Subsurface Imaging (Daejeon, Korea, September 22-26,
2003).

Yamano, M., S. Gofo, Temperature monitoring in a borehole drilled into an active fault zone:

water injection experiments and natural groundwater outflow, The 23rd General

53



Assembly of the International Union of Geodesy and Geophysics (IUGG2003) (Sapporo,
June 30-July 11, 2003).

Yamano, M., S. Gofo, H. Hamamoto, Effects of water injection and groundwater outflow on
the temperature profile in a borehole drilled into the Nojima fault zone, Japan Earth and
Planetary Science Joint Meeting (Chiba, May 26-29, 2003).

Hase, H., T. Ishido, S. Takakura, K. Sato, T. Hashimoto and Y. Tanaka, Zeta potential
measurement of various rocks on Aso volcano, TUGG2003, Sapporo, Japan, July, 2003.

Hase, H, T. Hashimoto, S. Sakanaka and Y. Tanaka, Hydrothermal system beneath Aso
volcano as inferred from Self-potential mapping, [UGG2003, Sapporo, Japan, July, 2003.

HEBA-BREY -FEGZ EHET-LAEEF - BRE— VR R A

RS 2 WITENETLOHEES R OB E — 7)1 - B, A, LK
BT —, BASEINALT 2 2003 SERe (RIRATILRSE, 2003 8 A)

Kawamoto, T., Raman spectra of liquid H,O under high temperature and high pressure.
Goldschmidt Conference, Geochimica Cosmochimica Acta Supplement, p. A207,
September, 2003, Kurashiki, Japan.

Kawamoto, T., Matsukage, K.N., Mibe, K., Nishimura, K., Isshiki, M., Ishimatsu, N., and
Ono, S. (2003) H,0-rich magmas or silicate-rich H,O fluids? A perspective from high
pressure and temperature experiments. European Geophysical Society, American
Geophysics Union, European Union of Geoscience, Joint Assembly, p. EAE03-A-01670,
April, 2003, Nice, France.

Mibe, K., Kanzaki, M., Kawamoto, T., Matsukage, K.N., Fei, Y., and Ono, S. (2003) Direct
observation of immiscible fluids using X-ray radiography. Goldschmidt Conference,
Geochimica Cosmochimica Acta Supplement, p. A289, September, 2003, Kurashiki,
Japan.

JEEEZE, ~7~DFEIRETOHBETH, 2003FEMRBRERFHEEFSERRE. &
BEAY &, TIE, 2003&5)%

JIEEZE MEEF, ZHBIE, — BT, BAEE, GRER, NEFEHR, v MY
IR/ Mo T?«ﬁ*‘éHzowa@Mg/Si@r‘jJWt@%@%éﬁﬁo 2003 F i ER B E R
FEEZESARAE, BEiEAYE, TE, 2003454

=EEIR. @lﬂi}IE%% JEEZ WEEFET .Y Fei, /NEFEH, Direct observation of
immiscible aqueous fluid and silicate melt using X-ray radiography. 20034F 1
EKRERFHEEFZSERKRE, BiRAYE, T3, 2003454

FERYESE, AR, IR, UJ"FE JAEEE, ENKUEHDFIZHLNDHE R R
A EAVNEE Y OF ., 2003 FE MR EER FEEFSERRE, BRAVyE T
£ 200345A4

MHEE, IMA—%, BERME, NABEZ EBZ, T~ AT NVDEIEEFEID
HI-EET COKDOEEE, B RIS F2 2003 FEFES, (IEHE KBRS
£, 57, 2003 £ 10 A

WHEE, MMa—4E, BERAE., NEAEZ. B2 KOT< U AT MVIEFETFELK
SRiEEIREBOZE(L, F44EFEN RS, BICEEBR, HA, 20034114

54



Nishimura K., Crystal capture and settling in granitic magma chambers, Fifth Hutton
Symposium (Toyohashi, 2003)

FIREE ARG ARG R I T IAREE, EMlKLEHY FICHLNDRE AR
RLEAVMAEYMOA, HERERERIZEESRS 2003 EARKS (FEE, 2003 4 5
A)

TR, BERE~ /< EVOERE RSB B IL RS RO, Mk BB R
22003 F£ERRE B, 2003 45 A)

Ohsawa, S, Yuji Onda, Nobuki Takamatsu : Change in color of thermal water of Umi-Jigoku
hot pool in Beppu city, central Kyushu, Japan. 38th International Conference of SITH in
collaboration with OMTh, Joint Conference with the 56th Meeting of the Balneological
Society of Japan, B-con Plaza (Beppu) , September 25-October 1, 2003.

Az R GFEEE FE B R R ARIEE A LCHET AL T AN AT T I
AVERIIKILEOHME(CE, HERRER FEEFEEERRS, ik, 2003.

HHEZ 3R FEEE B ORALBRIBEKUCEFET IV T AN DN I T B
HRSIKILE DR, BRI RA Ea . F37, 2003.

BRI, IR BRI W, (BT, L2, F/I/J#EF, The Petrology and Geochemistry
of High-Mg Andesites at the Western Tip of the Setouchi volcanic belt, SW
Japan, HEREERZEEFE 2003 E4FAE, BEE, 200345 B

BIRME, LHEZ, F/IH#F FEEME &SI LA RNME ST O b DOHL
WIUBTNE T IE, BRSO FESEAMFLIS, F3H, 034 11 A

Chang, Q., Shibata, T., Shinotsuka, K., Yoshikawa, M., and Tatsumi, Y., Precise
determination of rare earth elements and yttrium in GSJ standard rock sample JP-1
(Peridotite) by microconcentric desolvating nebulisation ICP-MS, Geochim. Cosmochim.
Acta, 67-18S, A57 , abs. of Goldschmidt Conf. 2003, Kurashiki, Japan, 2003.

TEHEZ -HAHEZ-HHEE: FRESHICRBITADH THEED Z R TN, Bk
ERFRESER 2003 FERAARE (FEAVE, T, 2003465 H)

LEEEE - TIWE— #AEZ IS IEORE RIS A E LB F BT
RREIZOWT., BAMBEZFRTE AT (RBRFEFH 200462 A 14 B)
G- LERE T - EWEE  WPHE = AV E - ZEH SR KR 2HORE H
BNV 7 =2 X2 MBS HLOBE.  BARENLEES 2003 £RE

(RBRAISZR, 2003 45 8 A)

B G T LB AR 7 WEE = E B AR HMRNFIEE BV
FHEma7 3t Ox . BARFENLES 2003 FREKIRTILRF, 2003428 A
Kaneda, H.., Takemura, K. and Kanehara, M.: Pit Excavation on a Mountain Slope: A
Possible Paleoseismic Investigation for Short and Low Slip-rate Faults without Suitable
Sites for Trenching. XVI INQUA Congress, Reno, USA, July 2003

Kusumoto, S. and Takemura, K.: Numerical simulation of caldera formation due to collapse
of a magma chamber. TUGG, Sapporo, June 2003

AR SE B~ 7~ BODRBEICER TNV T THAROBEET VS ik
REMFEEFS 2003 FERAE (EiRAyE, T, 2003465 A)

55



AR S A E T VT IORBEERD D~ < IBODES LNGFEEDRBR. HES
& (REEPRSEE:2003 £ 10 A)

AR B IV T IR E e~ 7 < IBEDDIHE. KILES (LINKE,
&M, 2003 4 10 A)

& EH-MEEE- AR ERIIEEHE BT REEMHMEO 3 DORE. H
HRERER ZHEESES 2003 FERAKE FEEAVE, T, 200345 A)

LT F LT R T B R = AR AR RIRCE
EFEOMREBICOVTC. BARSNALES 2003 FRE (RKWIIAE, 2003 4 8
A)

HEEET FRETF =8 & MRS mEEARORBOHBIC OVWT—R—Tr
JF =B R—=2 AR -, R 15 EERBKES KA ERREES
(R ER7T /L :2004 422 A 19 H—20 H)

PAPEA & - AEET - #HE T SRTEMICT 5 AB L Ok E L4
A EEWEEBETEN O SNREHICRB TS L T EHELRE. HEKRERE
BEZEA 2003 EARKRE (FEEAVE, T, 20035 A)

L A T R IE R R — U T RB ST I LD EE W D SE it OTEED
HIER B E R EEEEA 2003 EERAS (FEREAYE, T, 2003F5 A)

PRI AR T B EEE: AU 7B T L AR B T B BT = O seH it
DOEE. AAREMALZES 2003 FRE (KKK, 200348 A)

Takemura, K., Hayashida, A. Nakagawa, T., Kitagawa, H., Yasuda, Y. : Lake Biwa
Sediments in Japan: Recorders of Global Paleoenvironments during 450ka. Third
Limnogeological Congress, Tucson, Texas, USA, March-April 2003.

Takemura, K., Hayashida, A., Nakagawa, T., Kitagawa, H., Yasuda, Y., Yokoyama, T., Horie,
S. and Meyers, P. A Lake Biwa Sediments in Japan: Recorders of Global
Paleoenvironment and Island Arc Tectonics since Pliocene. XVI INQUA Congress, Reno,
USA, July 2003.

Takemura,K. Tectonic movements in the central Kyushu, Japan. EFRIRRFIFENBE
&, (International Convention Center, Beppu, September, 2003)

HHEZ-ILAEET-BE B-REEE - F)IER BERMOERBEICI VT
Tk 15 EERERES KFRFTHERRERS (FHT/VV:2004F2 4 19 A
—20 B)

BEMEE B ME R HHETIE) 1596 FERRRAHMBICBITIEE &
WS ORI, KRR ER ZEER S 2003 FaRKRE (BEAVE, T,
2003 5 B)

Okubo A., Y, Tanaka, M. Utsugi, N. Kitada, H. Shimizu, T. Matsushima, Aeromagnetic
survey over Unzen Volcano, ITUGG 2003, 10, July, 2003, Sapporo Japan.

RIERET . FHHERAL FHEATE, LAEA, BAKE, BB, EKLICRITHZEF
BESBRNCHOWT, B KB FERT R E=,2003.

RAGRIET . HHRF, FHEAT, LHEA EREE BB, Sk szES
RSB, HIERRE R 2EE A A FRE 20038k Ay, T, 200345 ).

56



RARAET, PR, FEATE, ILHEA . BARE, B, KR ERE S EZE TR
KANBPOHEESNDEM K L EZFD R DO A EE ., WIEEEFS,2003(KR)
RARIET, PR, FELFE, LHEA, BEXE, RBE, BEELHEEZE
KBIENLHESNDEM AL EZ DB ORAEE, HEREMK T X EE

£:,2003(E L)

KARKET, HFPRA, FEAT, LHEA, EKE, 2 B, High-Resolution,
Low-Altitude Helicopter-Bone Aeromagnetic Survey over Unzen Volcano, Kyushu
Japan, CA B4t {ES,2003(ALHEE)

Utsugi M., Y. Tanaka, S. Sakanaka, K. MatsushimaKyusyu, T. Hashimoro, N. Kitada, Height
Resolution Helicopter-Borne Aeromagnetic Survey in Aso Volcano, Central Kyushu
Island of Japan, IUGG 2003, 10, July, 2003, Sapporo Japan.

Utsugi M. N. Shirai, H. Hamasaki, T Nishiki and S. Fujiwara, Regional model of the
geomagnetic annual changes in and around Japan Island based on NOC and SCH
analysis, [IUGG 2003, 10, July, 2003, Sapporo Japan.

FRAT, BRRM, BARSE, ALEE A, FEKLICRIT 555 EZE PRESERL, &
TE RIS IEN K LBRFED T AT Iy VA TR 16 S EL VRV L (KR, 2004 45 3 A
1H-3H).

fRE £, APR, FEA 7, ALHEA, %EFIE, REFIEFR(2003) HeH 2 MBS X
WZkiT 5 B AREMER A, 2003 FE CA RS UKILFREDS LT D)
(ALHEE R HET, 2003 4212 A 2 B-4 H).

HHE F, PR, FEAT, BARE, LHEA, #HEHIE, REFER(2004) HikL
K[BELCEREMIZED KRR ZOBBIRTFSR, HEBRMEKLEROY A
TV AJER 15 FED RV L (FIR, 200443 A 1 H-3 H).

EAERER - BT A R, RRAREOSRERAT Sr RALALIHT,
KILFER, 1B, 03 £ 10 A

AT, BEET], BT BE, ERET, E50E, BMNBKILEEDS RS- Bk
L BT VT RGO MV N— b, kLS, 18R], 03 4 10 A

EERRER T TE T R FE BT RIRAERDOEBERAT Sr FLAL 547, B
BEoh¥e - EENTFSRMELES, FRT. 03411 A

HIANE =], SR E Y E 5 — S ~D# A —. 2004 Spring Mantle Xenoliths Workshop

in Kanazawa (C#&)JIl, 2004 4£ 3 A

HIZENEE], <> "D =y PHOKDOTEY &L 2004 Spring Mantle Xenoliths Workshop in

Kanazawa &/, 200443 B)

HIZNEE], LT A Fd RFAE OEEREICMT T - EENFHCRF O E A<
"D =y VO 3WTEBEDHER. BT V7 < MVEFRES (), 2004 4

1 A)

Yamamoto J. and Burnard P. G, Solubility controlled noble gas fractionation during magmatic

degassing. EENITESFLALES (B8, 2003411 A)

Yamameoto J., Hirano N., Hanyu T., Kagi H. and Kaneoka 1., Noble gases in mantle-derived

xenocrysts in an alkali basalt from Japan Trench oceanward slope. Plume and problems of

57



deep sources of alkaline magmatism, September 2003, Khabarovsk, Russia
Yamamoto J., Kagi H., Kawakami Y., Kaneoka I., Lai Y., Prikhodko V. S. and Arai S. Fossil
pressures of fluid inclusions in mantle xenoliths: implications for geobarometry of

mantle minerals using micro Raman spectroscopy. Goldschmidt conference, September
2003, Kurashiki, Japan

FLFEAFZE  Collaborations

Er

BESIE RFEARALCBIBERYIEET=4) 7 GRRHBEN - LS, #x,
FORMBEERF -7, EERHF-ZRH, B K-FRE)

BRES(E RRE RN T T IR AA B OIREEE O E CRRMER - (L%, #oT,
JAMSTEC-AKT)

NARBEZ HRRFHBIIICAT —RIERZE, LR

JNAREE BRRFHERERY AT I 7 AR 22— FEEHMREER

NAEZ WL RFEEMBRE 7 — BILATER

NABEZ AT 7 8 mEENBENEE ¥ — SSRTER

KIRME Z A E B ORKOHIBRLFR - GRS AR FEZELER

KIRIE AN RIETIRFKOFEFMICETAREMFENFE S /R KRE
B LR

PSR TR A s oD R B9~ S P 58 | B R T B R =

Pt TR BRS R AR\ B3 2 B 8 ) R VB R MR 1B S8 R i = - /U R =FS
SRFIERT — AR IERIBFTE (U3 R T — R —REE A LR B R O =R E
HIE R Sy T LER T MRS S~ D BT 2098 (RS =8 &)

[EH]
&=
=

OB

LIRS E BT O TREICES ABIEEIOFE (KRR #HERV-£0)

LREFE BEOH T IEET — &2 A LEREESHE T O R KA, NH,
KIGAM:Kim Hyoung Chan)

FHEEEE) EA BEELEENENOBESREE (RE K - Hanyang University,

2003 429 A 23 A~28 H)

714+ —: THigh resolution reconstruction of Holocene environmental changes from

SN 2

lagoonal sediments along the East Sea (the Japan Sea)|(Prof. Yu, Yonsei
University, Korea)

Yr#1# Z : ICDP Project “Lake Biwa and Lake Suigetsu: Recorders of Global
Paleoenvironments and Island Arc Tectonics”

H o BN FEAT DL 7 AL — VT IR BRERERI(USGD)

58



EEEH Routine Observations

Geophysical Monitoring Under Operation at AVL
Aso Volcanological Laboratory

Permanent Stations

Nakadake monitoring system

Seismic Stations : HNT, PEL, KSM, SUN, KAE, KAE; KAN, UMA, TAK(microwave telemetry)

Tiltmeters : HNT(water tilt 3-comp.), SUN, KAE, NAR, KAK (on-site logging)

Extensiometers : HNT(invar 3-comp.)

Microphone : HND(microwave telemetry)

Geomagnetic Stations : C1, C3, S0, W1, CS, NGD, FF1 (proton; on-site logging)
C223(fluxgate 3-comp.; on-site), newC223(fluxgate 3-comp.; online),
FF2 (proton; on line)

Ground Temperature : KAK (boreholes of 70 and 150 m deep; microwave telemetry)

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

Kuju monitoring system
Seismic Stations : HNG(radio-telemetry), AKG, CIB, I0Y(on-site logging)
Tiltmeters : H283, KSR (on-site logging)
Geomagnetic Stations : N2, E1, S0, SE (proton; on-site logging)
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-

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

Central Kushu regional network
Seismic Stations : AVL(6), MAK, NBR, MKN, HDK, TAT, MGR(online telemetry),
ASJ, HNY, SKM, KBM, TRM(dial-up)

Seismic network in the central Kyushu
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I - EBRI A5 A Observation and Experimental System

Analytical procedure of Sr, Nd, Pb isotopes from rock and mineral samples

Masako Yoshikawa, Tomoyuki Shibata, 1akashi Miyazaki and Toshiro Takahasi,
Yoshiyuki Tatusmi and Yuki Yusa

The analytical procedure for chemical separation and mass spectrometry basically followed
Yoshikawa et al. (2001) and Takahashi and Yoshikawa (in this report) for Sr isotopic ratio and
Shibata et al. (2000) for Nd isotopic ratio and Koide and Nakamura (1990) and Miyazaki et al.
(2003) for Pb isotopic ratio.

Sample decomposition

For Sr and Nd analyses, the samples were decomposed by HF + HCIO, in a 7ml teflon beaker
on a hot plate at 100C. The sample solution was evaporated to dryness. After that HCIO,4 was
add to the dried sample and evaporated to dryness. By this decomposition procedure, sample is
decomposed completely without precipitation of a fluoride (Yokoyama et al., 1999), which prevents
the chemical separation of Sr and Nd (Yoshikawa and Nakamura, 1993; Boer et al., 1993).

The samples for Pb analyses was decomposed by HF + HBr in a 7ml teflon beacker on hot plate
at 100C. The dissolved sample was dried and the dried sample was dissolved in 0.5M HBr. After

that the solution was centrifuged to remove fluoride deposits.

Chemical separation

The dried sample for Sr and Nd isotope analyses was dissolved with 1ml HCI (2.5M) to be
loaded onto the ion-exchanged column. Sr and Nd were separated with 2.5M HCI and 6M HCI
using Iml cation-exchange chromatography in H' form (Muromac AG50W-X8 resin). Sr was
purified with 0.06M DCTA in 0.5N pyridine, distilled water and HCI using 0.3ml cation-exchange
chromatography in pyridinium form. Nd was purified with 0.22M hydroxy-alpha-isobutric acid
using 0.3ml cation-exchange chromatography in pyridinium form.

Pb was separated with 0.5M HBr and distilled water using 0.1ml anion-exchange
chromatography in Br” form. Pb was purified using the same column with the same procedure
described above. Total procedure blank of Sr, Nd, Pb are 1pg, 2 pg, and 5 pg, respectively. This
low level, comparing to world widely, of blank is low enough to analyze the rock and mineral

samples extremely depleted in Sr, Nd and Pb.

Mass spectrometry
St, Nd, Pb samples were loaded onto Re filaments with Ta-solution (Birck et al., 1986), HNO;

and silica-gel (Miyazaki et al., 2003), respectively. Mass spectrometry was carried out on a Triton
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TI instruments at BGRL installed by the Institute for Frontier Research on Earth Evolution, Japan
Marine Science and Technology Center. The isobaric interference of 87Rb to 87Sr and 144Sm to
144Nd were corrected by monitoring 85Rb and 147Sm, respectively. The normalizing factors to
correct for isotopic fractionation for Sr and Nd are 865r/%8Sr = 0.1194 and "Nd/M*'Nd = 0.7219,
respectively. The averaged correction factor of 25 measurements relative to the values of NIST
SRM 982 (Catanzaro et al., 1968) is 0.140 % per mass unit. Measured ratios for standard
materials were *’Sr/*°Sr = 0.710279 + 0.000028 (25) for NIST SRM987 (n = 5) ,'*Nd/'**Nd =
0511851 = 0.000013 (26) for La Jolla (n = 9), *®Pb/*Pb =36.705 + 0.013 (2sd.)
207pp/20%ph=15.493 + 0.004 (2sd,, and ***Pb/***Pb=16.938 + 0.003 (2sd.) for the NIST SRM981 (n =
20).

References

Birck, L. J. (1986) Precision K-Rb-Sr isotopic analysis: application to Rb-Sr chronology, Chem.
Geol., 56, 73-83.

Boer, RH., Beukes, GJ., Meyer, FM. and Smith, CB. (1993) Fluoride precipitation in silicate
wet-chemistry: implications on REE fractionation, Chemi. Geol., 104, 93-98.

Catanzaro, E.L., Murphy, T.J., Shields, WR. and Garner, E.L. (1968) Absolute isotopic abundance
ratios of common, equal-atom, and radiogenic lead isotopic standard. Jour. Res. Nation. Bureau
Stand. A, 724, 261-267.

Koide, Y and Nakamura, E. (1990) Lead isotope analysis of standard rock samples. Mass
Spectroscopy, 38, 241-252.

Miyazaki et al. (2003) New sysntesis method of silica-gel for lead isotope analysis. Proc. Japan
Acad., 79, 58-62.

Shibata, T. Yoshikawa, M. and Tatsumi, Y. (2000) An analytical method for determing precise Sr and
Nd isotopic compositions and results for thirteen rock standard materials, IFREE report, 1,
363-367.

Takahashi, T. and Yoshikawa, M. (in this report) Precise isotope determination of trace amount of Sr
aims at the in situ Sr isotope analysis by microdrilling technique.

Yokoyama, T., Nakamura, E. and Makishima, A. (1999) Separation of thorium and uranium from
silicate rock samples using two commercial extraction chromatographic resins, Anal. Chem., 71,
135-141.

Yoshikawa, M. and Nakamura, E. (1993) Precise isotope determination of trace amounts of Sr in
magnesium-rich samples, J. Min. Pet. Econ. Geol., 12, 548-561.

Yoshikawa, M. and Shibata, T. and Y. Tatsumi (2000) The Sr, Nd and Pb isotopic ratios of GSJ
standard rocks, Annual report of Institute for Geothermal Sciences, Kyoto-Univ., 30.

62



£ Instruments
[BF] Tiltmeters
ICP #es Y imbris BENEELE

EENWAET S u—T~A 0T F 74 %—
TARAX—GWIET ST 7 aT T A
R BI N X Byt EE

TRV — S I EOE X BT

iR X AT ERE

TRy v FL—2a VY AT A
AFvorn<w IS 7

HAZm<= N I57

(PR )

FTfE. JUEEK LS R 2 A T
HR SR HE

LR ERR S AT

EF AMRGER Y 2T A

7u b UBEEE

7Ty g A — M SE
BRI > 2 T A

[Beppu]
ICP emission Spectrometer
Wavelength dispersive electron mincroprobe
Energy dispersive electron mincroprobe analyzer
Wavelength dispersionty type X-ray Fluorescence analyzer
Energy dispersionty type X-ray Fluorescence analyzer
Power X-ray diffractometer
Liquids scintillation system
Ton chromatography

Gas chromatography

[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 Volcanos
Proton and Fluxgate magnetometers

Geomagnetic absolute measurement system

EA Y] oA REER A LEE
ICP-MS fi L —H—7 7 L— a ViR
Y B FREY ICP-MS 255

i R BTk
N T A TEV KTV EL
7 — U = ERLE RSN SR
PROMEEE
MR T —

Z < AR

AT

I b s (N 0
LTERHE

BAE

HORE S HE BRI

Sz I EEAS

IKHERI B 2T L(E BV

A

SEE(IEHAR, ULEELF, VLF &)

Automatic titration system

Piston cylinder type high pressure apparatus

Laser ablation system

Inductively coupled plasma mass spectrometer(ICP-MS)
Thermal ionization mass spectrometer(TIMS)
Externally heated diamond anvil cell

FT-NIR spectrometer

IR microscope

Heatings stage

Raman microscope

Portable seismometers (broadband and short period)

Car-mounted seismicsource

Cravimeters

Magneto-Telluric measurement system (broadband, ULF,
ELF, VLF-band)

Electronic distance measurement system

Leveling survey system (automatic reading)
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Kawamoto, T, “Direct observations of water and magmas beneath volcanoes” 2, March,

2004, Laboratoire Magmas et Volcans, Univ. Blaise Pascal, Clermont-Ferrand,
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