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Preface

Ten years has passed since the reorganizatfion of our Institute for Geothermal
Sciences from Beppu Geophysical Research Laboratory and Aso Volcanological
Laboratory in 1997. We regard central Kyushu, one of the most active volcanic and
geothermal fields in the world, as a natural experimental facility. Our Institute has aimed
for a comprehensive understanding the thermal structure and the dynamics of the Earth’
interior based on volcanism, geothermics and tectonics by use of field work, laboratory
experiments, and theoretical approaches. A variety of research fields can mix together
under this interdisciplinary system. We have the following five research units: geothermal
fluids, geothermal tectonics, volcanic structure, volcano-dynamics and geothermdal
intelligence section (a visiting research scholar from abroad). In 2004 fiscal year, Kyofo
University was reformed to juridical personalization of national universities. This puts us
under pressure to do efficient education and research with limited human and financial
resources suppurted by the goverment. Total revenue decreased, forcing us to get other
competitive fundings.

The meetings of our steering committee, which was first organized in 2004, were
held six fimes in Kyoto campus, and the cooperative relationship between our insfitute
and Division of earth and Plananetary Sciences was intensified. We are physically remote
from main campus, and also we need fo make efforts to intensify cooperative work
between Aso and Beppu. In 2007 fiscal year, the Kyofo Branch of our institute was
established in Kyoto campus for a task for intensive teaching duty and for taking @
responsibility in the management for the Division of Earth and Planetary Sciences.

Professors Yoshikazu TANAKA and Yasuaki SUDO, who have been members of our
institute for about 40 years, retfired in March 2007. Dr. Wahyu SRIGUTOMO as a visiting
faculty left from Aso, and Dr. Hassan HELMY arrived at Beppu. A postdoctoral associate,
Dr. Kazuhiro AMITA left to Akita University and Dr. Kunimi YAMADA arrived at Beppu, and
left fo Japan Atomic Energy Agency in September 2006. Dr. Takeshi KURITANI arrived at
Beppu in April and left to Tohoku University in February 2007, and Dr. Morihisa HAMADA
arrived at Beppu in October 2006 and Dr. Hidemi ISHIBASHI arrived at Beppu in April 2007.

KAGI 21 (the 21st Century Centers of Excellent program) has been supported by
JSPS for these four years, and our institute made a great contribution fo water and
material circulation at the active geosphere, stalagmite project and as a field station of
the multi-purpose field sites for education and research activity. TV meeting systems
connecting among Kyoto, Uji, Aso and Beppu has been used constantly for seminars and

occasionally for special lectures to have better exchange of information among us.

Beppu, June 2007
Keiji TAKEMURA, Professor/Director
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Seismicity within the Philippine Sea Slab in the Central and Southern Kyushu, Japan
T. Ohkura, K. Okamoto, T. Seno(Univ. of Tokyo)

In order to defermine where the intraslab earthquakes occur, within the oceanic crust or
slab mantle, or both of them, in the central and southern Kyushu, Japan, we analyzed the
waveform data and examined existence of seismic waves guided by the oceanic crust of the
subducting Philippine Sea plate. And with a view fo locate hypocenters of the infraslab
earthquakes with a high accuracy, we relocated them using the double-difference
hypocenter determination method and obtained a three dimensional seismic velocity
sfructure using the double-difference tomography method.

The results are as follows: (1) From waveform analysis and hypocenter determination, we
found that many intrasiab earthquakes occurred within the oceanic crust, which shows low
Vp and Vs, in the northern part of the study area, where no low frequency tremor is observed.
(2) The results of hypocenter defermination and the three-dimensional tomography show that
infraslab earthquakes occurred within the oceanic mantle in the study area.

However, it is still unclear whether earthquakes occurred within the oceanic crust in the

southern part of the study area.

Semiautomatic Chemical Separation System for radiogenic isotope analyses
T. Shibata, M. Yoshikawa, T. Sugimoto

INTRODUCTION

In the last few decades, the isotopic compositions of Sr, Nd and Pb were used o solve many
scientific problems in earth sciences. Although applying this approach has proved great
success, a shortage in the isotopic data base for many regions does exist. This might be due to
the fact that measuring the Sr, Nd and Pb isotope ratios is time consuming and requires very
clean environment during sample preparation. Great advances have been made to
enhance the quality of isotope ratios measurements during the last few years by infroducing
the automated thermal ionization mass spectrometers (TIMS). Measuring the isotopic ratios by
this instfrument are relatively simple and fast, however, the rate of data production sfill faces

the problem of long-time needed for sample preparation. As the difficulties arise from sample



preparation, it will be very helpful to find a simple, practical and efficient technique of
element separation without need for special costly installments.

Recently, automatic procedure separating Sr from river water and carbonate rocks by
(HPLC) has
developed (Meynadier et al., 2006). Important fechnical problem of this method is that large

dynamic ion-exchange high-performance liquid chromatography been
amount of organic materials, which prevent the ionization in TIMS, come from the closed
column of HPLC (Stray, 1992). The HPLC technique is, moreover, expensive and is nof stil
applied to silicate rocks. Therefore, new analysis methods applying the automated HPLC
system have be established individually by each laboratory. Indeed, these difficulties have
limited the use of this technique.

In many laboratories, which are carrying isofopic analysis, are using open column for
chemical separatfion. If we can find an automated method of chemical separation
employing open column, no modification to the chemical procedures is required. Thus, it will
contribute o the improvement not only of geochemical study of igneous rocks but also of
wide-range of earth sciences.

When we design the automation, the procedures of chemical separation by open column
can be divided into three steps: 1) changing the solution (sample solution and eluants) to be
loaded on to column bed, 2) sending the solution, and 3) collection of the fraction contfaining
the element of interest. In this paper, we have focused on the 2); and applied to Sr and Nd
isotope analyses. It is expected that the semiautomatic chemical separation system reduce
the time for analyst af isotfope analyses. Such a new semiautomatic technique will allow all
laboratories to use this approach including those using the multi-collector inductive coupled

plasma mass spectrometry insfruments.

EXPERIMENT

The analytical methods for Sr and Nd isotope
analyses are essentially the same as those of
Yoshikawa and Nakamura (1993), Yoshikawa ef
al. (2001) and Shibata and Yoshikawa (2004).
Semi Automated Sysiem

The procedure of sample and eluant loading
onto the column is illustrated in Figure 1. The
constitution of the system is summarized in Table

1. The automated system is composed of a

solution rack, peristaltic pump, fube fixing stand Egﬁwia]()‘rgr%g?r{g ofgsfgsnscrtg;r 1o%hgfﬂi’?§
and open columns. The height of the stand is ~ separation by open column.  The

solutions (sample solution and eluant)

adjusted in according to the type of the open
column. Sample solution and eluants are stored
in cleaned test fubes and put on the solution
rack, and are sucked up by the peristaltic

are injected from the fest fubes fo the
open column by peristaltic pump
automatically. Changing the test fube
and starting the collection of eluate are
done manually. procedure.



pump with PVC tube, which is

Table 1. Semuantomatic system for chemical separation

connected to Tefron® tube at
each end. The sucked solutions
are then loaded onto the columns.
The rate of the pump
depends up on size and resin of

flow

each column (Table 1). Important Flow rats

is fo empty reservoir of column

Selution sending system

Specification
Peristsitic Punp Galizon 312 / MINIPULS 3
Tube §0.23 mm, PVC
Epm
First columm 600
Second column for Sr 5.00

Sepond cobumn for Nd 0.50

before a next drop of the solution

fall onfo the resin bed. When the

Table 2. The results of 51 and Nd isotope ratios of standard rock samples

solution in a fest tube has been

S5 sr HING H NG

empty, then the tube is moved to
the next

B2

test TA3

fube manually.

0.703671 =0.000016
0.704134 =0.000010

0.513081 +0.000013
0.512040 0000012

Because the collecting vessel is

also  manually changed, the

numbers of test tube and amount
of eluant in it are designed to be

. . (0=0}.
empty during vessel change (Fig.

for standard materials w
SRMO87 {a=3), B

The isotope ratios were analyzed by TIMS (ThermoFishers MAT 262)

with staic multi-collector mode following Yoshikawa et al (2001)

é\gor%ﬁzmg factors 1o co i%? for fractionation of Sr and Nd are
Sr78r=0.1194 and NI

é, g:s;i}.??_ 19, respectively. Measured ratios
e "Se/%°8e=0.710279+0 000028 (20) for NIST
N TNd=0.511851+0.000013 25y for La Jolla

1}. The used pump is able to deal with eight tube lines so that simultaneous chemical

separation of eight samples is possible.

Chemical Separation of Rb-Sr and Sm-Nd by first
column

The elution sequences of chemical separations for
Sr and Nd are summarized in Figure 2. The
decomposed sample dissolved in 1.0 ml 2.5 mol
-1 HCl is stored in a test tube (S1). Using the
peristaltic pump, sample solufion is sucked up
from the test tube and loaded onto the column
packed with 1.0 ml of AG 50W X8, which is
conditioned by 2.5 mol I-1 HCI. When the test tube
becomes empty, the inlet of peristaltic pump is
switched manually to next test tube storing 2.0 m
of 2.5 mol I-1 HCI (F1). All of the 2.5 mol I-1 HCl is

loaded onto the column and pass through it, PFA

1st Column {1ml AG 1 X8B)

ES,: Sample Loading
i {Sample in 1mi 2 5mal T HCH

£+ 1. Major elemant removal
(204 2 5mol I HCH

F12: Collecting Rb-Sr fraction
(5t 2.5mot I HCH

F: 3 Cellecting Sm-Nd fraction|
{6.5ml 2 5mol I HCY

2nd column for Nd
{0.3mi AG BOW X8}

Sz Sample Loading
{Sample in B.1m} 0.06 mol I HCH}

!

; Fazg 1: Sm removal
1 €23ml 0.2mot I o HIBAY

I

Fa 22 Collecting Nd fraction
{2mi 0.2mol I o-HIBA)

2nd column for Nd
{0.1mi Sr Spec resin}

S5 Sample Loading
{Sample in 0.6mt 3 mol I HNOs)

Fosr 1. Ba removal
(3.6mi 3mot 7 HNO3)

Fas 2: Collecting Srfraction
| (0.8mi 0.05mol £ HNO3)

Fig. 2. Elution sequences for separating
Sr and Nd from rock samples by
semiautomatic system. The procedures
are basically followed Yoshikawa et al.
{2001}, Shibata ef al. {2003) and Pin and
Bassin  {1992). a-HIBA is a-hydroxy
iso-butvyric acid.

vial is set below the column. The peristalfic pump system is switched manually to the fest tube

storing 5.0 ml of 2.5 mot -1 HCI (F2}, and then collecting Rb and Sr fraction starts. Collection of

the fraction of Sm and Nd staris with switching the pump system fo the 5.5 ml of 6 mol I-1 HCI

(F3). The collected fractions are dried on hotplate at 100 C°.



Isolation of St and Nd by second column

The dried Rb-Sr and Sm-Nd fractions are dissolved by 0.6 ml of 3.0 mol -1 HNO3 and 0.1 ml of
0.06 mol I-1 HCI, respectively. Similar to the procedure used for the first column, Sris purified
with 3.0 mol I-1 HNO3, 0.5 mol I-1 HNO3, and Nd is purified with 0.2 mol I-1 a-HIBA using 0.3 ml
cation-exchange chromatography (AG 50W X8) in ammonium form (Fig. 2).

RESULTS AND DISCUSSIONS

The semiautomatic chemical separation system was applied to the Sr and Nd isotope
analyses of JB-2 and JA-3 (standard igneous rock samples provided by Geological Survey of
Japan). The results of the analyses are listed in Table 2, and show good agreement with
previously published data of the same standards (Shibata et al., 2003). During the
measurements of Sr and Nd isctope ratios by TIMS, interfering ion beams, such as those of Rb
and Sm are not observed. This means that the semiautomatic system is suitable for chemical
separation of Sr and Nd from igneous rock samples. The total time for the measurement is
similar to that of the conventional method, however, the time of chemical separations is
reduced about one third of the time consumed in the manual method.

Vital problems which limit the productivity of Rb, Sr and Pb isofopes are the fime-consuming
sample preparation and critical clean conditions needed. The fraditional manual technique
faces the problem of long-time procedure and the possibility of error during handling. The
full-automated system (HPLC) of Meynadier et al. (2006) enhances the quality of isotopic data
but faces the problem of usability o certain materials (water and carbonates), high costs and
time needed for element separation. Relative to the HPLC method, the proposed system is
cheaper, time-saver and applicable to wide-range of geological materials. Furthermore,
using our suggested system will not requires any changes in the analysis method, which the
analyst used to use, unlike in the HPLC method. Applying our semiautomatic system will not
require any change in elution sequences, just adding the semiautomatic system, which
consists of peristaltic pump, for chemical separation. Therefore, when the semiautomatic
separation system is to be installed in any laboratory, no modification is necessary for all
procedure and previously used apparatus. The low cost and easy installation of our
semiautomatic system is useful for laboratories performing isotope analyses by the classical
chemical separation using open column chemistry. This means that our semiautomatic system
can be applied to all kind of samples, which are commonly analyzed in a laboratory.
Furthermore, it is possible to install the semiautomatic system in a smaill clean space, such as
clean bench so that the expensive clean room is not always necessary. By the combining
auto sampler and fraction collector to our semiautomatic system, the procedure of chemical
separation can be full automated. If personal mistake in handling the suggested system are

avoided, almost no disadvantages appear.



CONCLUDING REMARKS
A semiautomatic technique for chemical separation of Sr and Nd isotope analyses is
established. The technique comprises automatic sample loading and collection of the
element fractions. The measured Sr and Nd isotope ratios of rock standards (JB-2 and JA-3)
prepared using by the semiautomatic system show good agreement with published values.
This technique reduces the sample preparation time to two-thirds of the time consumed in
classic manual fechnique and should highly reduce the errors that might result due to analyst
sensitivity. It could be installed at any isofope laboratory and used at low cost to prepare any
type of geological materials. This system could be easily upgraded to full automatic by
combining an automatic sampler and fraction collector. Applying this new semiautomatic
technique will increase the rate of production and guality of isotopic data.
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Some problems with the latest lava flows at Tsurumi Volcano, East Kyushu, Japan

K. Takemura, T. Saito, T. Sugimoto, H. Mawatari

Tsurumi volcano is one of the active voicanoes emplaced within the Beppu-Shimabara
graben, Kyushu, Japan. It started its activity more than 60, 000 years ago and recent activity
was studied by Fujisawa et al. (2002). They concluded that the latest lava flows were effused
between 7.3 and 10.5 cal ka BP by using tephrochronology and radiocarbon dating.
However, recent study of our group revealed that there are some problems with the
tephrochronology of the latest lava (TS lava) at Tsurumi volcano. We conducted the field

survey, Lithofacies and bulk rock chemistry of lava flows of Mt. Tsurumi-dake.

1. Occurrence of soil sequence and tephra covering latest lava flows

Around Tsurumi volcano, K-Ah ash layer, erupted at 7, 300 cal BP, is infercalated in black
volcanic ash soils. It is a strafified fine-grained volcanic ash with bright orange color.
According fo Fujisawa et al. (2002), K-Ah ash was identified from the soils which covered TS
lava flows in one outcrop. They concluded that the eruption age of TS lava is older than the
K-Ah eruption (7, 300 cal BP) from this observation only. in order to reexamine the stratigraphy
and identification of volcanic ash layers, we surveyed an outcrop, where Fujisawa et al.
(2002) was studied, and collected ash samples from characteristic layers (Fig. 1).

T-Ts ash layer, erupted at 1, 800 cal BP, and YA ash layer, erupted at 2, 200 cal BP, were
identified at the outcrop (Fig. 2). However, K-Ah did not show clear strafification. We guessed
that K-Ah ash is included in volcanic soil under YA because the soil is light brown in color. We
collected soil samples. Volcanic glasses and minerals were exiracted from the samples and
refractive indices of glasses were measured by using thermal immersion method (Danhara ef
al., 1992). We also analyzed T-Ts ash for comparison.

As a result, there was little amount of bubble-wall-type glass, which is the main feature of
K-Ah volcanic ash, from both samples (Fig. 3). Most glasses were aggregated with minerals of
plagioclase, hornblende and FeTi oxides. Refractive indices of glasses showed a bimodal
distribution. Bubble-wall-type glass showed higher index about 1.510, which is in the range of
K-Ah ash (1.508-1.516, Machida and Arai, 1992), while aggregated glass showed lower index
under 1.5 (Fig. 4). Bubble-wall-type glasses were also identified in T-Ts ash, suggesting
accidental contamination affer the deposition of K-Ah ash. Although the existence of
bubble-wall-type glass with higher index indicates that the soil was formed after the
deposition of K-Ah ash, we cannot say the soil was formed at about 7, 300 years ago, which is
the eruption age of K-Ah volcanic ash. This means that we cannot say the eruption age of TS
lava is older than the K-Ah eruption (7, 300 cal BP).
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Fig. 3 Photomicrographs of constituent grain minerals of T-Ts ash (left) and the volcanic soil samples (right).
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Fig. 4 Histograms of refractive indices of volcanic glass in T-Ts ash {left) and the volcanic soil samples {right).

2. Lithofacies and bulk rock chemisiry of the Tsurumi summit lava

The Tsurumi-summit lava which filled up the summit crater and formed a summit
lava dome flowed down southward and eastward (Kobayashi, 1984). A detailed distribution
of the Tsurumi-summit lava is different depending on previous researchers {e.g. Kobayashi,
1984; Hoshizumi et al., 1988; Ohta et al., 1990; Fujisawa et al., 2002). We collected nine
samples in the vicinities of the distribution boundary of the Tsurumi-summit lava that previous
researchers had reported, in the purpose to investigate accurate boundary of if.

Phenocryst assemblage of the Tsurumi-summit lava is plagioclase, hornblende,
clinopyroxene, orthopyroxene, biotite, quartz, opaques, and olivine. This is similar fo lavas from
the older units of the Tsurumi-dake volcano as the Old Tsurumi volcanic rocks and
Garan-dake, Uchi-yama, Hanano-dai, Nanpei-dai lava domes. The groundmass of the
Tsurumi-summit lava is hyalopilitic and composed of plagioclase, pyroxenes, hydrous minerals,
magnetite and glass. This is similar to the Old Tsurumi volcanic rocks. On the other hand, lavas
from Garan-dake, Uchi-yama, Hanano-dai, Nanpei-dai lava domes show intergranular
fexture.

The previously reported whole rock major elements compositions of the Tsurumi
volcanic rocks are showed in Fig. 5. All volcanic rocks show nearly linear variation. The
composition range of Si02, MgO, CaO, and K20 for the Tsurumi-summit lava were 56.7— 59.6
wi%, 2.6- 3.8, 5.6~ 7.9 wi%, and 1.2-1.9 wt%, respectively (Hoshizumi et al., 1988; Ohic ef al.,
1990, Sugimoto et al., 2006). The Tsurumi-summit lava has most mafic composition and
contains most basaltic inclusions in the Tsurumi volcanic rocks (Ohta et al., 1990). Ohta and
Aoki (1991) suggested that magma mixing has played an important role in the magma
evolution of the Tsurumi volcanic rocks. They argued that mixing endmembers were
represented by basaltic inclusions and dacite from adjacent older volcanoes.

The Tsurumi-summit lava is almost clearly distinguished from other Tsurumi volcanic
rocks by bulk-rocks chemistry. It is possible to give the constraint fo distribution area in the

Tsurumi-summit lava by detailed and systematic analysis of lava samples.
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Fig. 5. Harker's diagrams for the Tsurumi volcanic rocks

A report on stable-isofopic and geochemical analyses of drip water samples from Buniayu

limestone caves, in Indonesia

M. Yamada (Okayama Univ. Sci.), $. Ohsawa, K. Kitaoka (Okayama Univ. Sci.), Y. Watanabe,

H. Maisuoka (Kyoto Univ.), B. Brahmantyo, K. A. Maryunani (ITB), T. Tagami (Kyoto Univ.),
K. Takemuraq, S. Yoden (Kyoto Univ.)

1. Infroduction
We carried out stable-isotopic and geochemical analyses of drip waters (4 drip water

samples from Cipicung and Ciawitali caves and 3 cold spring water samples around the
cave) collected from Buniayu limestone caves in Sukabumi, West Java, Indonesia (Fig. 1).
Aims of the analyses are understanding of formation process of the cave drip water and
chemical reactions related to the formation of speleothem. In this report, we will show results
of data analyses of major chemical compositions, water isotope compositions (8D and §180),

stable carbon isotope ratios (813C) of dissolved inorganic carbon (DIC).

Fig. 1 Location map showing Sukabumi



2. Resulis and discussions
Origins of drip water, calcium and bicarbonate ions in drip water

The drip waters are shown to be mostly originated from local meteoric water (rain) by their
8D and 8180 (Fig. 1). Calcium ion and HCOs, which occupy the greater part of the dissolved
constituents in the drip waters, are in chemically equivalent (Ca2+ : HCOs = 1 : 2. This relation
shows that Ca?* and HCOs of the drip waters are derived from the chemical reaction
between the limestone bedrock and the infiltrating rain water absorbing a CO2 (CaCOs +
H2O+CO2 = Ca2+ + 2 HCOs). The §'3C values of DIC of the drip waters are not between the
§13C of DIC equilibrated with atmospheric CO2 and that of the limestone, but are nearly in the
middle of §13C values of DIC equilibrated with soil-CO2 and the limestone {Fig. 3), therefore the
CO» absorbed in the infiltrating rain water is expressed to be CO2 originated in the soil layer

over the limestone bedrock.
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Trace elements in melt inclusions analyzed by laser ablation inductively coupled plasma

mass spectromeiry (LA-ICP-MS)

J. Yamamoto, K. Nishimura

At the present day, earth scientists await for an appropriate technique for rapid and precise
in situ determination of frace element composition of minute region in geological materials.
LA-ICP-MS analysis allows us to elucidate chemical composition of solid material with high
spatial resolution (< 50 micrometer). Its advance should be closely linked with progress in the
earth sciences. We are now able fo discuss incompatible element compositions of
grain-boundary component, fluid inclusion and melt inclusion using LA-ICP-MS. Furthermore, it
is possible to determine frace element compositions of insoluble minerals for acid treatment
such as chromian-spinel. Here we report the measuring ability of a LA-ICP-MS installed at the

institute for Geothermal Sciences, Kyoto University.

1. Infroduction

Laser ablation is a powerful tool for in situ sampling of solid materials. Trace elements being
incompatible with ambient minerals are distributed into interstitial part within rocks. For
example, in the lithospheric mantle, large ion lithophile elements (LILE: e.g., K, Rb, Cs and Ba)
and high-field-strength elements (HFSE: Ti, Nb, Ta, Zr and Hf) are concentfrated in
grain-boundary components or accessory minerals such as feldspar, amphibole, phlogopite,
apatite and fitanites. Combination with the laser-ablation sample introduction method

(LA-ICP-MS) enables us to make in-situ tfrace element analysis of such materials with high



special resolution. The method is effective fo elucidate the origin of the grain-boundary
components, fluid inclusions and small accessory minerals by comparing the frace element
patterns of whole rock. Furthermore, we are able to investigate tfrace element compositions
of hardly soluble minerals in acid such as chromian-spinel. In this manuscript, we report the

advance of the analysis method for solid materials using the laser-ablation fechnique.

2. Our laser ablation system
The analysis was performed by a quadrupole ICP-MS (PQ3, Thermo Elemental, UK.) at the
Institute for Geothermal Sciences, Kyoto University equipped with a laser-ablation microprobe

(CETAC LSX 500, Cetac Technologies, Omaha, NE, USA). For the analyses, a UV (266 nm)
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holes were cut verfically Figure 2. Relationship between hole depth by laser shot and the

number of laser pulse depending on the energy of laser.



through the center and observed under the microscope. The holes are formed of a conical
shape reflecting fusiform-shaped high-energy region. The depth of holes increases with
increasing laser power, but it appears there is no linkage with laser pulse at the condition.

2.2. Hole depth and drilling rate

The relatfionship between the depth of holes and the number of laser pulse is shown in Fig. 2.
Linear relationship can be obtained until the number of shot is less than 100. There is not much
point in accumulating laser pulse of more than a few hundred, suggesting that the present
laser ablation system has a limitation in the depth of hole.

Figure 3 shows a relationship between the depth of hole and size of laser spot. Roughly linear
correlation is observed, indicating uniform aspect ratio of focus region of laser energy.

The effect of pulse rate on the depth of hole has been evaluated {Fig. 4). Laser ablation ot 4
Hz works with the highest efficiency.
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Figure 4. Relationship between hole depth and repetition
rate of laser pulse.

2.4. Uncertainty of data obtained by
the present laser ablation system
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2.4.2. Precision

In LA-ICP-MS analysis, it is difficult

to estimate precision of data. We

evaluate the precision using
0.1

primitive mantle normalized

multiple data obfained from a

mineral. Dashed lines in Fig. 6

represent frace element pafterns clinopyroxene
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of a clinopyroxene, which are

obtained by multiple analyses of Figure 6. Normalized trace element patterns for a
clinopyroxene in a mantle xenolith sampled from Far

the clinopyroxene. Reproducibility Eastern Russia. Analyses were repeated five times. Data of

of the elements. whose solution analysis is from Yamamoto (2001).

compatibility is higher than La, is fairly good. Furthermore, such elements show good

agreement with those obtained by a solution analysis.

Dispersion of highly incompatible trace elements results from their low concentration.

Detection limit for the present system is several tens of ppb for many frace elements. In case

frace elements fall below one hundred of ppb, the uncertainty of the data increases

substantially (> 100%).

2.5. Laser ablation analysis of chromian-spinel

In a solution experiment, mineral samples are decomposed by an acid treatment. During the

decomposition, chromian-spinel and Ti-oxide remained, which may be HFSE host minerals

(Bodinier et al., 1996; Kalfoun et al., 2002). The lacks of chromian-spinel or Ti-oxide on

measurement of the whole rock cause a possible negative anomaly in HFSE in the pattern of

the whole rock. Chromian-spinel can be ablated by 266 nm laser light. We analyzed frace

elements of chromian-spinel from a lherzolite xenolith by a LA-ICP-MS. Inter-element



fractionation was corrected by normalization using 53Cr. As the result no trace element
exceeds the detection limits. That is, the present chromian-spinel is negligible for the trace
element budget of the peridotite. LA-ICP-MS analysis enables us to discuss accurately HFSE

confents in a mantie rock.

3. Laser ablation analysis of melt inclusion and grain-boundary component

Conceptudlly, the analysis of a melt inclusion using LA-ICP-MS is simple. Materials in the melt
inclusions are sampled in-situ by laser beam as usual mode of procedure. Correction of
infer-element fractionation is possible if major element composition of the melt inclusion is
determined by EPMA before the LA-ICP-MS andalysis. In the case of small melt inclusions (< 50
micrometer), surrounding host minerat would be ablated and mixed with the melt inclusion. In
such case, we can discuss the characteristics of the melt inclusion by comparison with the
frace element composition of the host mineral using elemental ratio. Here we infroduce a
striking example of a study examining the origin of a melt inclusion.

3.1. Multiple fluid in the mantle wedge

At an active margin of a continent or an island arc, several kinds of fluids infilirate into the
manitle wedge. For example, aqueous fluids released from the descending oceanic
lithosphere tfrigger partial melting of the mantle wedge. Then, the melt ascends through the
mantle wedge leading fo the subduction-related volcanism. In that case, part of the melt
would remain in the mantle wedge as a grain-boundary component or as a melt inclusion.

Many frace elements are incompatible in mantle rocks. For example, in the lithospheric
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combination of LA-ICP-MS  analyses Figure 7. Normalized trace element patterns for
: constituent minerals and the whole rock of a mantle
and solution ICP-MS andalyses. xenolith (Sv-1, Far Eastern Russia). Analyses were

3.2. Cryptic host phase for frace duplicated separately for orthopyroxene, clinopyroxene
and whole rock. The trace element pattern for the
elements in a mantle rock whole rock calculated by modal proportion and trace
element compositions of the constituent minerals is

Figure 7 shows normalized frace  also plotted.
element patterns for constituent minerals of a mantle-derived xenolith and the whole rock.

Since incompatible frace elements tend to occur mostly in clinopyroxene in spinel peridotites



(e.g., Bedini & Bodinier, 1999), the primitive mantle-normalized frace element pattern of
clinopyroxene from spinel peridotites usually mimic that of the whole rock, especially for less
incompatible elements. The trace element pattern of the whole rock is not correlated with
those of the constituent minerals, especially for more incompatible elements. Particularly, the
whole-rock pattern shows clear negative anomalies in Rb, Th, Ce, Sr and HFSE. It is noteworthy
that such anomalies are not detected in the constituent minerals. The depletions in Rb, Th, Ce,
Sr and HFSE are probably ascribable to the occurrence of the other host phase for
incompatible elements in the xenolith, such as grain-boundary component that are poor in
Ce, Hf and 7r.

Here is figure 8, which shows

comparison of frace  element
compositions between the analyzed

whole rock and the calculated whole

rock. It is helpful fo show trace element

composition of the cryptic host phase

for the trace elements. The contents of

highly incompatible elements of the
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Figure 8. Trace element patterns for the analyzed
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incompatibility) larger than Sr will
mainly stay at grain boundaries and this seems fo appear in Fig. 8. Enrichment of

incompatible elements at the grain boundaries relative to the grain matrices does nof,

however, occur parallel to the * :

incompatibility of the elements. - .
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the anomalies reflect an initial property
3.3. Trace element compositions of grain-boundary component and melt inclusion

In order to distinguish distribution of the cryptic material, we analyzed trace element

compositions of the grain-boundary components and melt inclusion using LA-ICP-MS. Figure 9



shows frace element patterns for the grain-boundary components and melt inclusions
accompanied by the pattern for the analyzed whole rock. Both the grain-boundary
components and the melf inclusions apparently show negative anomalies in Rb, Th, Ce, Sr
and HFSE. Figure 10 shows a result of a line scanning analysis of the frace elements in the
mantle xenolith. If is quite obvious that the grain-boundary component is a causative agent
for the anomdalies.

Both the grain-boundary component

and melt inclusion show abrupt peaks crack or
grain boundary

in U {Fig. 9). Possible depletion in U in

ol olivine

the components was estimated from cpx clinopyroxene
Fig. 8. The above discrepancy can be 10 e laser ablation
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of the grain-boundary components 10°+
during an acid decomposition of £ w0
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element analysis using LA-ICP-MS is  Figure 10. The result of line analysis of the mantle
) . xenolith. Laser beam traverse across a lot of
pofentially capable to relieve such  orain-houndary and cracks in the mantle xenolith. Note
confusion that the material derived from the grain-boundary and
: cracks shows high U content and apparent negative

anomaly in Ce.

4. Summary

We examined the ability of a LA-ICP-MS to measure trace element compositions of
geological materials. The LA-ICP-MS can be used for the rapid and precise determination of
frace element compositions in a variety of samples with high special resolution. Furthermore,
the method enables us fo examine trace element compositions of insoluble minerals for acid

freatment. LA-ICP-MS promises to make significant conftributions to geological science.
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P-T conditions, Nd-Sr isotopic compositions and the fiming of metasomatizm recorded in

peridotiite xenoliths of French Massif Central.

M.Yoshikawa, T. Kawamofto, J. Yamamoio

Cenozoic volcanoes in French Central Massif brought many peridotite xenoliths and extensive
studies were carried out with those peridotite sampies by the use of petrography, frace
element chemistry and isotopic compositions. We examined the P-T conditions of 10
peridotite xenoliths in scoria deposits from Puy Beaunit and Mont Briancon, and in lava flow
from Ray Pic (Bruzet), and describe textural and chemical features of the partial melt fexture
of phlogopite vein in a Puy Beaunit xenolith and discuss the timing of the metasomatism

forming the phlogopite using the Rb-Sr systematics of clinopyroxene and phlogopite.

PT conditions

We determined the equilibrium temperatures based on the two-pyroxene geothermometer
using chemical compositions of Ca-rich and Ca-poor pyroxenes (Wells, 1977 CMP). The
density, and therefore the pressure, of CO2 fluid inclusions in host minerals can be estimated
from the Fermi diad splitting of Raman spectra of COa. If the pressure of CO: fluid inclusions
was determined, the depth where the CO2 inclusions were enfrained can be obtained
(Yamamoto and Kagi, 2006 ChemLet). The estimated ranges of equilibrium temperatures and
pressures are 860-940°C and 0.47-0.68 GPa for Puy Beaunit, 920-1000°C and 0.95-1.1 GPa for
Mont Briancon and 960-990°C and 0.91-1.1 GPa for Ray Pic (Bruzet), respectively. Puy Beaunit



xenoliths were derived from obviously shallower depths (around 25 km) than the other
locdlities (around 32-42 km). We conclude that the peridotite xenoliths of Puy Beaunit were
brought up from the present Moho depth (around 25km, Zanga et al., 1997). The xenoliths
from the Puy Beaunit are characterized by the followings: (1) recrystallization texture, (2)
existence of hydrous minerals and interstitial glasses, and (3) enriched Sr-Nd isofopic
compositions {Mercier and Nicolas, 1975; Downes and Dupuy, 1987). On the basis of isotopic
and fextural signature, it has been inferred that Beaunit xenoliths were from the depth for the
Moho discontinuity (Mercier and Nicolas, 1975; Downes and Dupuy, 1987; Femenias ef al.,
2005). Furthermore, mixing relationship of major element compositions between interstitial

glasses and Cenozoic alkaline basalts has been suggested (Wilson and Downes, 1991).

Vesiculated glass through partial melting of phlogopite veins

One peridotite xenolith in Puy Beaunit has rounded shape phlogopite surrounded by
vesiculated glass. Chemical compositions of glasses have high K20, AlOsand CaO contents
and enriched isotopic compositions of Sr and Nd than previously reported (Wilson and
Downes, 1991; Downes and Dupuy, 1987). St and Nd compositions of the Cenozoic alkaline
basalts are plotted between primitive basalt and glasses or clinopyroxenes in this sample. This
suggest that metasomatism forming phlogopite vein plays a role in basaltic genesis in this
region. The chemical compositions of the glasses and the crystalline phases allow us to carry
out mass balance calculations among them. The glass chemistry can be formed by the
following reaction in nine components of SiO2-TiO2-Al203-Cr203-MgO-FeO-CaO-NaO-K20
system:

1.1 opx +0.25 cpx+0.79 phl=1.00l+ 1.0 gl +0.01 sp

opx = enstatite, cpx = diopside, phl = phlogopite, sp = Cr-spinel, ol = forsterite, gl = glass. From
these observations, we suggest that a partial melting of phlogopite and pyroxenes formed

the glass and olivine + spinel crystallization.

Timing of metasomatism, the formation of phlogopite vein

The Rb-Sr isotopic systematics of phlogopite and clinopyroxene give a reference age of
around 60 Ma. This age is younger compared than previous obtained melt extraction age of
the Massif Central xenoliths (ca. 360Ma; Witting et al., 2005) and metasomatized age during
Variscan orogeny inferred from model ages (e.g. Dunai and Baur, 1995). We propose that this

age represent the metasomatism beneath the French Massive Central.
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Measuring lava eruption temperatures with a digital camcorder at Kilavea volcano, Hawaii,
USA

G. Carling, T. Saifo, A. Dangerifield, J. Radebaugh, D. Tingey, J. Keith,
J. South (Brigham Young University)

The rise in capability of consumer-grade equipment has vielded a new level of remote
sensing of active volcanism. We report measurements of temperatures of skylights and lava
flows at the active Kilauea basaltic lava flow field that were obtained using a consumer Sony
Handycam with a digital CCD and spectral range from the visible through the near-infrared.
This camera was calibrated to produce images that were processed using the Thermoshot
software, developed by Saito et al. (2005, EPS 57, e5-e8), which converts a grayscale bitmap
image into a thermal image. In this manner, the Sony camcorder can be used as a radiation
thermometer. |

A skylight and a surface flow at Kilauea were photographed at a range of 5-10 m with our
Sony HDR-HC1 camcorder. We simultaneously measured lava femperatures by thermocouple
and close-range surface temperatures by optical pyrometer. The Sony digital images were
imported to Thermoshot, which produced individual pixel brightness temperafures of
600-1200°C for the skylight, and 500-200°C for the surface flow. The temperatures correlated
with actuatl surface temperaiures of individual flow feafures as measured by thermocouple
and pyrometer to within +/- 50°C.

The thermal images created in Thermoshot are useful for obtaining information on the
temperature distribution of flow features. Remarkable details of the infernal thermait structure
of skylights and the surface morphology of lava flows can be seen. Cooler soda straws and
flow bands are visible in the skylight, and evidence of inflafion can be seen in the flow in a
uniformly hotter base to flow lobes. The ease of obtaining thermal data at short wavelengths is
of great value in providing another level of close-range remote sensing monitoring of active,

basaltic, volcanic features. (EGU general assembly 2007)

Magmatic unmixing in spinel from Late Precambrian Concentrically-Zoned Mafic-Uliramafic

Inirusions, Eastern Desert, Egypi

A. Ahmed (Helwan Univ Egypt), H. Helmy, S. Arai (Kanazawa Univ), M. Yoshikawa

Spinel is widespread in the ultramafic core rocks of zoned late Precambrian mafic-ultramafic



complexes from the Easfern Desert of Egypt. These complexes are not metamorphosed
although weakly altered. Silicate mineralogy and chemistry suggest formation by crystal
fractionation from a hydrous magma. Relatively high Cr203 contents are recorded in
pyroxenes and amphiboles from the three plutons. The chrome spinel crystallized at different
stages of melt evolution; as early cumulus inclusions in olivine, inclusions in pyroxenes and
amphiboles and late-magmatic infercumulus phase. The intercumulus chrome spinel s
completely mixed and show narrow-range of chemical composition, mainly Fed*-rich spinel.
Spinel inclusions in clinopyroxene and amphibole revecl a wide range of Al and Mg contents
and are commonly zoned. The different chemistries of those spinels reflect various stages of
melt evolution and re-equilibration with the host minerals. The early cumulus chrome spinel
reveals a complex unmixing structures and compositions. Three types of unmixed spinels are
recognized; crystallographically oriented, irregular and complete separation. Unmixing
products are Al-rich and Fe3*-rich spinels with an extensive solid solution between the two end
members. The compositions of the different types of exsolutions define a miscibility gap with
respect to Cr-Al-Fed*, extending from the Fe3*-Al join tfowards the Cr corner. Spinel unmixing
occurs in response to cooling and increase in the oxidation state. The chemistry and grain size
of the initial spinel and the cooling rate control the type of unmixing and the chemistry of the
final products. Causes of spinel unmixing during late-magmatic stage are analogous to those
in metamorphosed complexes. The chemistry of the unmixed spinels are completely different
from the inifial spinel composition and are not useful in pefrogenetic interpretations. Spinels
from oxidized magmas are likely fo re-equilibrate during cooling and are not good tools for

geneftic considerations.

Magmatic Exsolution and Unmixing in Spinel from Late Precambrian Concentrically-Zoned

Mafic-Uliramafic Intrusions, Eastern Desert, Egypt

A. Ahmed (Helwan University, Egypt), H. Helmy, $. Arai (Kanazawa University), M. Yoshikawa

Textural and compositional variations of spinel from mafic-ultramafic complexes from Egypt
indicate strong reequilibration and unmixing during late magmatic stage. Extensive
sub-solidus re-equilibration processes during protracted cooling from magmatic temperatures
down to the temperature of the local geotherm has taken place. Spinel unmixing are caused
due 1o slow cooling, prolonged drop in pressure and increase in oxygen activity in a process
analogous to metamorphic processes. The hydrous nature of the mgamas and the dynamic
environments in which they were crystallized, explain the chrome spinel textural and
compositional variations. The chemistry of unmixed spinel can give misleading petrogenetic

interpretations.



Effect of pressure on the crystallization differentiation of hydrous undifferentiated island arc

basalt

M. Hamada, 1. Fujii (Univ Tokyo)

Dissolution of H2O characterizes the island arc magmatism and plays a major role in
producing diversity in magma compositions, phase relations and differentiafion tfrends. The
crustal pressure at which crystallization takes place is another major intensive variable which
affects the phase relations and/or phase proportions of island arc basalts. We investigated
phase relations of undifferentiated (Mg#~60) hydrous islkand arc basalt experimentally to
clarify the effect of crustal pressure (2 to 7 kb) on the crystallization differentiation in the island
arc. The obtained degree of crystallization was as much as ~50 wt.%. Composition of the
starting material is enriched in normative orthopyroxene content compared with previous
experiments. Experiments were originally designed to conduct under NNO buffer, but
experiments under QFM (~NNO-1) buffer were also performed to discuss the effect of fo2 on
phase relatfions.

With H20 less than 1 (£1) wt.% in primary magma, a suite of melt compositions forms
tholeiitic differentfiation trends, although they differs according fo pressure. Af 2 kb,
crystaliization differentiation is controlled by olivine + plagioclase. Increasing pressure 2 4 kb
induces early crystallization of orthopyroxene instead of olivine. As a resulf, enrichment of SiO2
contfent in residual melt becomes suppressed.

With H20 more than 3(x1) wt.% in primary magma, calc-alkaline differentiation frends
were inevitably obtained due to early crystallization of magnetite and/or clinopyroxene,
proportion of which were sensitive to H2O content in melt and fo2. At 2 kb, crystallization
differentiation is controlled by olivine + plagioclase + magnetfife. At pressure = 4 kb,
crystallization differentiation is controlled by olivine + clinopyroxene * plagioclase *
orthopyroxene + magnetite. Confribution of clinopyroxene instead of orthopyroxene became
significant as near liquidus phase, resulting in the enrichment of SiO2 and depletion of FeO*.

Our experimental results are useful to understand crystallization differentiation
frends of island arc basalts. For example, the contrasting differentiation frends between
Izu-Oshima volcano and Fuji volcano, both of which are tholeiitic volcanoes located in the
northern Izu arc, could be explained by crystallization differentiation with primary H20 less
than ~1 wt.% under different pressure. Tholeiitic differentiation trend commonly observed at
the volcanic front such as Izu-Oshima volcano is interpreted as a result of crystallization at
pressure less than ~2 kb. Basalt-dominated crystallization trend at Fuji volcano would be
produced by crystallization at deeper level (more than 3-4 kb), which would resulted in the

greater contribution of pyroxenes and suppressing enrichment of §iOz2 in the residual melf.



Petrology of the Genina Gharbia mafic-ultramafic intrusion, Eastern Desert, Egypt: insight fo

deep levels of late-Precambrian island arcs

H. Helmy, M. Yoshikawa, T. Shibatia, S. Arai (Kanazawa University),
H. Kagami (Niigata University)

The Arabian-Nubian shield represents one of the most important sites of juvenile crustal
growth during the late Proterozoic. The Pan-African grew more than 2 milion square
kilometers during the period 800-600 Ma. A large percentage of this growth is derived from the
mantle by subduction accretion and arc collision. The Genina Gharbia {GG) intrusion,
located in the Eastern Desert of Egypt along one of the deep fracture zones trending ENE, is
intferpreted be the remains of a magma chamber that crystallized at the base of a mature
inferoceanic island arc. It is one of a number of isolated masses of zoned peridotite-gabbro
complexes that recur along the major fracture zones. These masses, the roots of late
Precambrian island arc, were uplifted during the Pan-African Orogeny. In this contribution we
present petrographic, chemical and mineralogical characteristics of the (GG)
mafic-ultframafic plutonic rocks as insights to deep levels of Precambrian island arcs for the
purpose of constraining the evolution and compositions of their parental melis. The GG
mafic-ultramafic infrusion is located about 140 km southeast of Aswan. It covers an area of 9
km long and 3.5 km wide and comprises olivine diorite (in the margin), gabbros, pyroxenites,
hornblende pyroxenites, and hornblende-bearing peridotite (in the core). The contacts
between different lithologies within the intrusion are either gradational or tectonic. This
association infruded Precambrian metasedimentary and island arc volcanic rocks. The
infrusion is non-metamorphosed and show cumulate tfextures. Massive and dissemincn‘ed
Cu-Ni sulfide ores are found in hornblende gabbro and hornblende-bearing peridotite. Both
mafic and ultramafic rock units are characterized by high modal content of hornblende and
abundant bictite and apatite indicating hydrous nature of the parent magma. Mafic minerals
in the peridotite core are more magnesian than those in the margin rocks (Mg# Ol 85-73, Opx
83-68, Cpx 87-79, Hbl 87-73). Two types of spinel are idenfified; Al-ich and Fe-rich spinel, with
extensive solid solufion between them reflecting extensive sub-solidus equilibration.
Orthopyroxene is enstatite with high AlOs (1.93) and Cr203 (0.6 wt.%) contents. Amphiboles of
the ultramafic cores have constanfly high Cr.0Os contents (1.1 wt.%). Reaction between
olivine and plagioclase to form hornblende is common. The variations in modal abundance
and mineral chemistry throughout the infrusion are consistent with fractional crystallization
and accumulation. The compositions of olivine, spinel and pyroxenes are used to constrain
the evolution of the parental magma and to estimate the temperature and oxygen activity in
the melf. The major and trace elements whole rock chemistry is consistent with evolution by
fractional crystallization from a mantle-derived arc magma where the Mg-number decrecase

and REE and HFSE increase with differentiation. The different lithologies at GG have high



147Sm/144Nd (0.132 — 0.186) and high initial 43Nd/144Nd ratios (0.5125 — 0.5128). The rocks exhibit
positive eNd values (+4.8 to +6.7) very similar to other zoned and island arc complexes from
the Eastern Desert. Based on textural relationships and chemical frends it is concluded that
the GG rocks originated by igneous accumulation from a hydrous magma at the base (ca. 30
km depth) of a mature island-arc before being emplaced along the fault zones during the
Pan-African Orogeny. The parental magma has been derived from a mantle source that was

previously contaminated by subduction of Mozambique oceanic crust.

Second Critical Endpoint Belween Aqueous Fluids And High-Magnesian Andesite/ Oceanic

Sediment

T. Kawamoto, M. Kanzaki (Misasa, Okayama University), K. Mibe (ERI University of Tokyo),
K. N. Matsukage (Mito, Ibaraki University), S. Ono (IFREE, JAMSTEC)

Aqueous fluids dissolve significant amounts of silicates under high-temperature and
high-pressure condition. Silicate components dissolved in aqueous fluids coexisting with
mantle peridotite change their major element chemistry from andesific at 1-2 GPa to
peridofitic at 3 GPa and higher pressures (Ayers et al., 1997; Stalder et al., 2001; Mibe et al.,
2002; Kawamoto et al., 2004). in the present study, we show direct observations of unmixing
and mixing between aqueous fluid and a high-magnesian andesite (Tatsumi, 1981) and
between agueous fluid and an oceanic sediment (Ono, 1998) by use of synchrotron X-ray
radiography with multi-anvil type high-T and high-P apparatus af SPring-8 (Mibe et al., 2004).
We observed aqueous fluid and a high-Mg andesitic (HMA) melt coexisting in pressures lower
than 2.7 GPa. While above 2.8 GPa, we observed only one fluid phase, suggesting that the
HMA and agueous fluids are completely mixing and become supercritical. Because
subducting oceanic lithosphere has oceanic sediments on its surface, such oceanic
sediments should inevitably be flushed with aqueous fluids liberated from dehydration
reactions of hydrous minerals in basaltic and peridotitic layers underneath the sediment layer.
In addition fo the HMA, we determined a critical endpoint between an oceanic sediment

and agueous fluid, which is located at around 2.6 GPa.

Mibe et al. (2007, and in preparation) found a second critical endpoint between agueous
fluids and a peridotitic/ a MORB melt at 3.8/ 3.0 GPa, respectively. Based on these available
data, we suggest that slab-derived fluids should be under supercritical conditions at the
downgoing slabs beneath the volcanic arcs (3 - 6 GPa, Tatsumi and Eggins, 1995). This means
a continuous change from agueous fluids fo hydrous melts at the base of mantle wedge.
Whether the slab-derived fluids have chemical characteristics like a partial melt or an

aqueous fluid depends on the temperature; slab derived-supercritical fluids in relatively warm



regions can dissolve more silicate components than slab derived-supercritical fluids in

relatively cold regions.

The meli-like supercritical fluid formed at the base of the warm mantle wedge will separate
into a melf phase and a fluid phase when the supercritical fluid meets its critical curve during
its ascent (Bureau and Keppler, 1999). The formation of such two phases in mantle wedge
may result in double-magmatism, for example, coexisting of adakite rocks and common
island-arc rocks (Defant and Drummond, 1990), or HMA and basalt (Tatsumi, 1981). The
adakite and HMA magmas are supposed o be formed by partial melting of subducting
lithosphere (Defant and Drummond, 1990; Tatsumi, 2004). We think that they can be
generated by reaction with the melis or aqueous fluids separated from the supercritical fluids.
In order to produce such a dense supercritical fluid, high-temperature conditions are required,
which is similar to the partial-melting theory for adakite and HMA (Defant and Drummond,
1990; Tatsumi, 2006). Yet our hypothesis can make account for the coexistence of those

siica~-rich magmas (adakite and HMA)} and the other magmas.
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Difference of hydrogen bondings in pure water and alkali chloride solutions based on Raman

spectroscopy and MD calculation

Y.Kumagai (Geophysics major, Facully of Science, Kyoto University),

M.Kanzaki (Misasa, Okayama University), T.Kawamofo

We have conducted two series of experiments in order to understand chemical features of
aqueous fluids and sea water in the earths interior: (1) Raman scattering spectra of alkali
chloride solutions under high pressure conditions at room temperature, and (2) molecular
dynamics calculations of pure water and NaCl solutions. Base on these data, we will discuss

structural difference be t ween pure H20 and alkali chloride solutions.

1 Introduction H20 is the most abundant volatile species in the earths interior. H2O have
effects on almost all phenomena in the earths inferior. Kawamoto and the others (2004)
suggested a possible siructural change from low-pressure water to high-pressure water based
on Raman spectroscopy of pure H20 (Kawamoto, Ochiai, Kagi, Changes in the structure of
water deduced from the pressure dependence of the Raman OH frequency. Journal of
Chemical Physics 120, 5867-5870, 2004). Sea water can be the agueous fluid which is
infroduced into the earths mantle through subduction. Therefore; it is important to know fthe
structural features of alkali chloride solutions under high-pressure conditions. In the present
study, we obtained Raman spectra of XCl12H:0 and XCI72H20 where X is Li, Na, and K under
room temperature and high-pressure conditions up to 2 GPa. In addition to this, we carried

out molecular dynamics calculations in the systems of pure H20 and NaCl solutions.

2.1 High-pressure spectroscopy We put alkali chloride solutions inside of a hole in a rhenium
plate located in the middle of a diamond anvil cell with a ruby chip as a pressure marker.
High pressure can be attained by approaching two diamonds. Sample can be observed

visually under a microscope. At each pressure, Raman spectrum was sampled with Raman



microscope (Kaiser Hololab 5000) in the institute of Geothermal Sciences, Kyoto University.

2.2 Molecular dynamics calculation By the use of the MD program developed by Dr. Katsuyuki
Kawamura of the Tokyo Institute of Technology (MXDORTO, version 2006), we carried out a
series of calculations of pure H20 (512 H20) and NaCl solutions (8 NaClin 512 H20, 16 NaClin
512 H20). So far now, the calculations were done at room temperature and room pressure. An

effect of pressure will be investigated in the near future.

3 Results The Raman data show an increase of Raman frequency with increasing
concentration of alkali chloride. This can suggest that the length of hydrogen bonding of HO
increases in the solutions (Nakamoto, K., Margoshes. M., and Rundle, R.E. Stretching
frequencies as a function of distances in hydrogen bonds. Journal of the American Chemical
Society, 77, 6480-6486 1955). Alternatively, it can be interpreted as a result of decreasing
strength of hydrogen bonding. As a function of pressure, the Raman frequencies decrease,
suggesting shortening length of hydrogen bonding or strengthening hydrogen bonding. The
pressure dependence of Raman frequency seems constant in the XCI12H20 solutions, while it
has a kink af 0.4 GPa in XCI72H20 solutions, especially NaCIl72H20. Therefore, if is likely to

mention that sea water may have a possible structural change as suggested for pure H20.

MD calculations gave us the lengths of hydrogen bonding, the numbers of hydrogen bonding,
and the vipration spectra of pure H2O and the two NaCl solutions. We learned the followings:
(1) Increasing NaCl decreases the number of hydrogen bonding between H.0O molecules. (2)
Increasing NaCl decreases the lengths of hydrogen bonding. This feature was not expected,
because the Raman spectroscopy suggested an opposite possibility. (3) Vibration frequency

increase with increasing NaCl. This is consistent with our Raman experimental observation.

4 Conclusion The present MD calculation and the Raman spectroscopy suggest that the
number of hydrogen bonding between H20O molecules decrease in NaCl solutions, and this
results in decreasing the strength of hydrogen bonding between H.O molecules. The weaker
hydrogen-bonding feature can be seen in the higher Raman frequencies in solutions than in
pure water. The existence of a kink in a pressure dependence of the Raman frequencies in
NaCl 72H20 solution suggests that seawater may have a structural change as observed in
pure H20 under high PT conditions.



Water and Magma

T. Kuritani

Water has been contfinuously degassed from the Earth's interior by magmatism throughout
evolution, and can significantly affect dynamic processes of its carrier, i.e., magmas, during
their fransport from the mantle to the Earth's surface. This paper summarizes the effects of
water on the physical and thermodynamic properties of magmas, and their roles in
magmatic processes. Magmas commonly contain af least ~0.2 wt.% of water, and some
magmas can have up to é wt.%. Despite the fact that water is a minor component in silicate
liquids, the effects of dissolved water on the properties of silicate melt are significant, because
it has a much lower molecular weight at ~18.0 than those of the other components (SiOa:
~60.1, for example). Dissolved water greatly affects the density and the viscosity of silicate
mells, thereby controlling rates of dynamic processes of magmas, such as segregation of
primary melts in the mantle, tfransport of magmas from the mantle to the crust, convections
and crystal-melt separation in crustal magma chambers, and ascent of magmas in volcanic
conduits. Water also influences solid-meltf thermodynamic equilibrium relationships, and this
affects the chemical differentiation paths of magmas, in addition to the amount of melt
production in the mantle by changing solidus temperatures. The eruptive behavior of
volcanoes is driven by the exsolution of magmatic water, and as such depends on the water
solubility of magmas mainly as a function of pressure. Water has also played important roles in
the evolution of the Earth. Magma generation has been induced by water in the Earth’s
interior, and magmas have carried materials and energy from the interior to the surface of the
Earth. In particular, water fransport beneath island arcs is important in the global water cycle,
and has greatly affected the environment of the Earth’s surface.

{Journal of Geography, Vol. 114, 2007)

Rates of Thermal and Chemical Evolufion of Magmas in a Cooling Magma Chamber: a
Chronological and Theoretical Study on Basaliic and Andesitic Lavas from Rishiri Volcano,

Japan
T. Kuritani (ISEl, 1GS), T. Yokoyama (ISEl), E. Nakamura (ISEI)
Rates of magmatic processes in a cooling magma chamber were investigated for alkali

basalt and trachytic andesite lavas erupted sequentially from Rishiri Volcano, northermn Japan,

by dating of these lavas using 238U-230Th radioactive disequilibrium and “C dating methods, in



combination with theoretical analyses. We obtained the eruption age of the basalfic lavas to
be 29.3 + 0.6 ka by “C dating of charcoals. The eruption age of the andesitic lavas was
estimated to be 20.2 + 3.1 ka, utilizing a whole rock isochron formed by U-Th fractionation as a
result of degassing affer lava emplacement. Because these two lavas represent a series of
magmas produced by assimilation and fractional crystallization in the same magma
chamber, the difference of the ages (i.e. ~9 kyr) is a timescale of magmatic evolution. The
thermal and chemical evolution of the Rishiri magma chamber was modeled using mass and
energy balance constraints, as well as quantitative information obtained from petrological
and geochemical observations on the lavas. Using the timescale of ~9 kyr, the thickness of the
magma chamber is estimated to have been about 1.7 km. The model calculations show that,
in the early stage of the evolution, the magma cooled at a relatively high rate (>0.1°C/year),
and the cooling rate decreased with fime. Convective heat flux from the main magma body
exceeded 2 W/m2 when the magma was basaltic, and the intensity diminished exponentially
with magmatic evolution. Volume flux of crustal materials to the magma chamber and rate of
convective melt exchange (compositional convection) between the main magma and
mush melt also decreased with time, from ~0.1 m/year to ~10-* m/year, and from ~1 m/year to
~102 m/year, respectively, as the magmas evolved from basaltic to andesitic compositions.
Although the mechanism of the cooling (i.e. thermal convection and/or compositional
convection) of the main magma could not be consfrained uniquely by the model, it is
suggested that compositional convection was not effective in cooling the main magma, and
the magma chamber is considered to have been cooled by thermal convection, in addition
to heat conduction.

(Journal of Pefrology. Vol. 48, 2007)

Dunite channels in the Horoman peridotites, Japan: Texiural and geochemical consirainis on

meli/fluid transport through the lithosphere

K.Niida (Hokkaido Univ), D.H.Green (ANU), M.Yoshikawa, S.M.Eggins (ANU)

Dunite channels generated in the lithospheric mantle have been inferred as
pathways of basaltic magmas [1]. Besides the porous flow models, a fracture-controlled melt
fransport has also been proposed for formation of ophiolitic dunite-chromitite channels [2] [3].

Field observations, mineralogical and geochemical data from the Horoman
peridotites suggest the following sequence of dunite formation:
1. Inifiation of melt migration channels
Fluid-induced fracturing occurs in the layered peridotites during deformation, followed by

high temperature melt migration.



2. High T melt flow along the open fracture

A narrow (cm-wide) segregation of dunite-chromitite cumulate formed along the fracture.
Opx-dissolution and pargasite crystallization occurs along the reaction front. The channeling
melt may become fluid-saturated.

3. Dunite growth

Reaction front becomes more active, producing 10 to 100 cm-wide replacive dunite by a
porous flow of fluid-saturated melt with opx-dissolution melt dominant within the channel.

4. Crystallization of olivine megacrysts

Prior to closure of the open fracture, stagnant melt traps within dunite channel. Porous flow of
fluid accelerates crystallization of olivine.

5. Fluid+melt channel closed

Opx+cpx+spinel crystalized from segregation melt along active fracture surfaces within the

dunite channels, and offen cross-cutting the olivine megacrysts. Fluid inclusions trapped.
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Trapping P-T conditions of fluid inclusions in quariz veins from the Sanbagawa metamorphic
belt, SW Japan

K. Nishimura, K. Amita (Akiia Univ), S. Ohsawa,
T. Kobayashi (Kyoto Univ), T. Hirajima (Kyoto Univ)

Microthermometry experiments and chemical analyses were conducted for fluid inclusions
within quartz veins in a pelitic schist of the Sanbagawa metamorphic belt, Saganoseki, Kyushu,
Japan, by using Heating and Cooling stage and micro Raman spectrometer. The quartz veins
are developed parallel to the main foliation of the pelitic schist, and are abundant in H20
-NaCI-CH4 fluid inclusions  (Fig. 1). The frapping P-T conditions of fluid inclusions are
determined as 3.7-6.5 kb and 320-450 °C, by combining microthermometry and the pressure
dependence of CHs Raman shift. Estimated P-T range is consistent with the metamorphic
condition of the host rock (6-8 kb, 300-400 °C), suggests that the fluid inclusions are primary
ones trapped at the relevant depth and they give a concrete evidence on the fluid

composition derived from metamorphic reactions at 10-20km depths.



Figure 1. a: Fluid inclusion-bearing quartz vein(s) developed parallel to the main foliation
of pelitic schist in the chlorite zone of the Sanbagawa belt, Saganoseki, SW Japan. b:
Close up view of a fluid inclusion consisting of H2O-NaCl liquid and CH4 bubble, trapped
in the quartz vein.

{Submitted to Journal of Mineralogical and Petrological Sciences)

Geochemical features of dehydrated fluid from subducting hydrous oceanic plate inferred
from chemical and isotopic signatures of mineralized waters emerging in fore-arc regions of

convergent plate boundaries

S. Ohsawa , K. Amita (Akita Univ.), K. Nishimura , K. Kazahaya (AIST)

1. Introduction

Nowadays, lofs of geophysicists and geologists believe that water is volatilized from
subducting hydrous oceanic plate, which is geologically equivalent to high-pressure
metamorphic water #lfootnote) and it should be the occasion for seismicity and magmatism
(efc.) in convergent plate boundaries. However, nobody should have seen such water
directly yet.

Recently, "direct” observations of the water volatilized from subducting hydrous oceanic
plates, which we call dehydrated fluid from slab, have been started: e.g., geochemical
analysis of sea-floor spring accompanied with serpentinite seamount, fluid inclusion study of
metamorphic rock, etc. On the other hand, we also suggested that it should be possible to
extract information of dehydrated fluid from slab using highly mineralized water discharged
from “hot spring” well in the 1000m class in fore-arc region [Amita et al., 2005 1.

The reason why we aim at fore-arc regions that original features of dehydrated fluid from slab
under volcanic arc regions are considerably alfered by magma generation on its way to
ascend, whereas dehydrated fluid from slab originated beneath fore-arc regions can be

expected to ascend directly without such alteration. Of course, it cannot entirely avoid



alterations, for example mantle metasomatism might occur a litfle, so whether our study
succeeds or not depends on whether we find out or not good geochemical indicators of
dehydrated fluid from slab.

Purpose of our study is fo gather some geochemical evidences that mineralized waters
discharged from *hot spring” wells and emerging as warm and cold springs in fore-arc regions
of convergent plate boundaries are mostly and/or partially derived from dehydrated fluid
from slab, and to understand how chemistry of the dehydrated fluid originated from

subducting hydrous oceanic plate changes as it (subduction) becomes deeper.

2. Strongly mineralized waters in fore-arc region of South-West Japan

It has been known that there are unidentified highly mineralized waters emerging along the
maijor tectonic lines. e.g. the Median Tectonic Line {MTL). Range of total dissolved substance
(TDS) of the waters extends from 7.8g/L to 51g/L (mean value=22g/L), which ranks as one of
the densest hot and mineral spring wafers in Japan.

Water isotope compositions (8D and §'80) of the particularly strongly mineralized waters
sampled from Kyushu and Kii, which are denser than modern seawater, are fallen in or close
to the range of those of fectono-metamorphic fluid inclusions [Hurai et al., 1997], and the
other sampled waters except for dense waters sampled from a gas-field in Kyushu are
explained to be formed by mixing of such sfrongly mineralized waters with shallow
groundwater of meteoric origin. This water isotope signature implies that the mineralized
waters are mostly and/or partially originated from dehydrated fluids from the hydrous
oceanic plate (Philippine-Sea plate) subducting through the Nankai Trough. On the other
hand, water isotope compositions of the gas-field brines in Kyushu are fallen within the range
of pore waters of marine sediments [Mora, 2005], therefore the gas-field brines are thought to
be a squeezed pore water from marine sediments.

The strongly mineralized waters show considerably low Br/Cl{bromide/chloride) ratios in
comparison with modern seawater and/or the gas-field brines, and are rich in B{boron),
Li(lithium) and Cs(cesium) called “typical” fluid-mobile trace elements relative to the gas-field
brines. Furthermore, Helhelium) isotope ratios (3He/4He) of accompanied gases with the
strongly mineralized waters clearly show over 3He/“He ratio of air and gef closer to that of the
mantle-derived He. These dafa reinforce to the above implication that the strongly
mineralized waters found in this studied area would be derived from dehydrated fluids from
slab.

Depths to the top of the subducting Philippine-Sea plate beneath the sampling locations of
the strongly minerdlized waters in SW-Japan are about 70km.

3. Mineralized waters in fore-arc region of the North-Island, New Zealand
The North-lsland of New Zealand is located in a similar fectonic sefting to SW-Japan where

oceanic plate is subducting obliquely by several cm/yr and right-lateral faults are formed in



the fore-arc region. It had already found that mantle-derived He bearing mineralized waters,
whose oxygen isotope ratios (§'80) are similar to those of the strongly minerdlized waters of
SW-Japan but hydrogen isotope ratios (8D) are somewhat higher than them, exist there
[Giggenbach et al., 1993]. It was also implied that these mineralized waters in New Zealand
could be derived from the subducting hydrous oceanic plate (Pacific plate) through the
Hikrangi Trough, and the most likely dehydration process was suggested to be the conversion
of smectifes to iliite.

Depths to the top of the subducting Pacific plate beneath the sampling locations of the
focused mineralized waters in the North-Island of New Zealand are about 20km and they are
much shallower than those in SW-Japan {ca. 70km). Br/Cl, B/Cl and Li/C! ratios of the New
Zealand waters are all shifted from those of the strongly mineralized waters in SW-Japon to
those of the gas-field brines recognized to be a kind of squeezed sediment pore water.
Therefore, the mineralized waters in the fore-arc region of the North-Island, New Zealand
might be derived from dehydrated fluid in a transition stage of diagenic and metamorphic
dehydrations during plate subduction.

4, Comparison between SW-Japan and New Zealand, and conclusive remark

Through the examinations of the highly mineralized waters in the fore-arc region of SW-Japan
in contradistinction to the mineralized waters in the North-Island fore-arc of New Zealand and
the gas-field brines in the Kyushu fore-arc area of SW-Japan, we could make a model on how
geochemical natures of dehydrated fluids from slab change as subduction becomes deeper.
Slab dehydration is started as squeeze of sediment pore water aft first, and then changes to
diagenic dehydration and finally fransforms o metamorphic dehydration. In conjunction with
such ftransition of dehydration mode, fluids released from the down-going slab would
become poor in D(deuterium) and Br, and enriched in B and Li by degree relative to modern
seawater. This geochemical change on a series of the slab dehydration is, as it were, a sort of

chemical evolution of seawater carried into the Earth's interior.

# Hydrous oceanic plate is formed by seawater hydration of oceanic lithosphere
stratigraphically constituted of marine sediments, oceanic crust and lithospheric mantle, thus
several hydrous minerals, e.g., smectite, chlorite, serpentine, are formed in the oceanic plate
before subduction. Dehydrated fluid generating from such subducting hydrous oceanic plate
called slab results from high-pressure metamorphic reactions of the hydrous minerals included
in the slab.



Magnetic petrology and its implication for magma mixing of the 1991-1995 dacite at Unzen

volcano, Japan

T. Saifo, N. Ishikawa (IHS, Kyoto)

Magnetic petrologic analyses were carried out on lava samples from the lava dome of the
1991-1995 eruption of Unzen volcano, Japan. As a result, three kinds of titanomagnetites with
different Curie temperatures were identified and the difference between the samples from
the lava dome which grew exogenously and endogenously were revealed. Titanomagnetites
with Tc of 460-500°C and 380-400°C are the predominant magnetic minerals. In addition, a
titanomagnetite with Tc of ~540°C, but in low concentration, is also present. The exogenous
lava samples contain more titanomagnetite with Tc of 380-400°C and less microphenocrysts
of titanomagnetites than the endogenous samples. The equilibrium temperature of 900-920°C,
780-820°C and 720°C is estimated from titanomagnetite with Tc of 380-400°C, 460-500°C and
540°C, respectively. We suggest that these titanomagnetites are probably formed by magma
mixing and eruption processes. Titanomagnetite with Tc of 460-500°C was derived from felsic
magma (780-820°C) in a shallow chamber. Titanomagnetite with Tc of 380-400°C was
produced from the mixed magma (900-920°C). After being squeezed out from the reservoir, a
small amount of titanomagnetite with Tc of ~540°C was crystallized. (Earth Planets Space.
2007. in press)

Magnetic petrology and its implications for eruption process of the 1884-1885 andesite lava of

Suwanosejima volcano, Japan

T. Saito, M. Iguchi (DPRI, Kyoto), N. Ishikawa (IHS, Kyoto),
M. Torii (Okayama Univ. Sci.), T. Sugimofo, T. Ohkura

Suwanosejima volcano in Tokara Islands, southwest Japan, is one of the most active
volcanoes in Japan. Strombolian eruptions have repeatedly occurred. During the last fatal
eruption in 1884-1885, andesite lava flows were effused from the summit crafer and covered
the eastem flank of the volcano. The lava flow deposits show smooth and ropy surface, like
Pahoehoe lava. Lava tubes are also observed in some places. These occurrences indicate
that the viscosity of the erupted andesite lava was as low as basaltic lava. In order fo clarify
the eruption process of the 1884-1885 activity, we carried out magnetic petrological analyses
on the 1884-1885 lava samples.

As a result, we found inferesting magnetic petrologic characteristics that seemed to be
derived from the eruption process of 1884-1885 eruption. Petrological analyses revealed that
the lava is two-pyroxene andesite (SiO2 56.9-57.2 wt.%), confaining phenocrysts of

plagioclase, clinopyroxene and orthopyroxene. Fe-Ti oxide phenocrysts are absentf. Small



microphenocrysts of Fe-Ti oxides are crystallized in the samples from the central part of the
flow units. This feafure was consistent with magnetic results. Samples from the flow surface
showed very high MDF of 100mT, though samples from the inner part showed moderate MDF
below 25mT. It suggests that magnefic minerals in the samples from flow surface are very fine
fitanomagnetites and the samples from inner part confain larger titanomagnetite.
Crystallization conditions were estimated by using MELTS program (Ghiorso and Sack, 1995;
ver 5.0.0}. As a result, an initial water content below 0.5wt.% and high eruption temperature
about 1100 degrees C were estimated. It suggests that such dry magma, which lacks Fe-Ti
oxide phenocrysts, effused at high temperature about 1100 degrees C and the lava showed
high fluidity, resulting in the fextures like Pahoehoe lava flow. (H18 annual meeting, DPRI,
Kyoto Univ.)

Water, heat and chloride budgeis of the crater lake at Naka-dake, Aso volcano, Japan

T. Saifo, §. Ohsawa, T. Hashimoto (Hokkaido), A. Terada, S. Yoshikawa, T. Ohkura

A volcanic lake is not a simple pool of meteoric water but an unstable hydrothermal reservoir,
which is confrolied by the balance of volcanic and nonvolcanic heat, water and chemical
fluxes intfo and out of the lake. By studying volcanic lakes, therefore, we can estimate the
hydrothermal activity under the lake and detect some signals preceding an eruption.
Naka-doke, one of the ceniral cones in Aso caldera, Japan, is an active volcano whose
crater is now occupied with light-green-colored hot water. The lake water shows high
temperature above 50°C, high acidity below PH 1 and high concentration of chloride anion,
suggesting high flux of volcanic input. However, little is known about the crater lake system at
Naka-dake. In order fo evaluate volcanic input into the crater, box models about water, heat
and chloride were constructed and calculations were made by using the data collected
between 2000 and 2003. During this period, the water level was genily decreased by more
than 10 meters. The results showed that the lake water is mainly supplied by volcanic input
(3500-5800 m3/day) and is dissipated by evaporation from the lake surface (3900-5900
m3/day} and seepage from the lake bottom (800-2100 m3/day). Meteoric water flux (460-2900
m3/day) is not so important. Positive correlation between the chloride concentration of
volcanic input and volcanic water flux was suggested. Thermal energy of volcanic input was
estimated fo be about 110-200 MW, which is the dominant influx. Most heat loss occurred at
the lake surface through evaporation (100-150 MW). The enthalpy of volcanic input was
esfimated to be about 2600-4600 klJ/kg, which corresponds to the enthalpy of steam at

several hundred degrees C. {2006 fall meeting, the Volcanological Society of Japan)



Improvement of a radiation thermometry system using a consumer digital camcorder

T. Saifo, G. Carling (Brigham Young University), I. lizawa (Horikawa Senior High School)

A radiation thermometry system using a consumer digital camcorder was developed. Basic
idea and system were already reported by Saito ef al. {2005). The initial system was calibrated
for use by Sony’s digital camcorder, DCR-PC120. Recently, camcorders that can record
high-definition video are widely available and our system had been asked to use another
model. We improved our software to use any camcorders and adjusted a system for a
high-definition camcorder, HDR-HCI.

Thermoshot is a software, which converts a grayscale bifmap image intfo a thermal image.
We improved the software to input given coefficients of third degree equation, which relates
a pixel brightness with its tfemperature (Fig. 1). We can obtain a thermal image from any
camcorders by using this revised Thermoshof if the coefficients of third degree equation for
the camcorder are provided.

We caried out calibration experiments for a high-definition camcorder, HDR-HC1. This is the
first model of consumer camcorder, which can record high-definition video, produced by
Sony Corporation. The experimental method was followed by Saito et al. (2005). As a result,
we got a following relation of brightness and temperature for Nightshot camera mode;
T=0.147218 - 2.3059IA2 + 27 .5291 +177.23

T: temperature (degrees C)

I: corrected brightness.

This relation was obtained between 350 and 600 degrees C. Incidentally, the relation for
visible camera mode of HDR-HC1 did not differ from that of DCR-PC120. Our work enabled
anybody to use HDR-HC1 as a radiation thermometer (Carling et al., 2007).

Thermoshot is posted on the following website.

http://www.gaia.h.kyoto-u.ac jp.~thermoshot/index_e.htm

Fig. 1 User interface of Thermoshot. Coefficients can be given from the configuration window.



3-D modeling of resistivity siructure of Unzen Volcano, Japan, using TDEM data

W. Srigufomo, T. Kagiyama, W. Kanda(Kyofo Univ), H. Munekane(Geographycal Survey
Institute), T. Hashimoto(Hokkaido Univ), Y. Tanaka, H. Utada(Tokyo Univ), M. Ufsugi

High qudlity transient magnetic data were collected at 50 sites during TDEM campaigns
conducted in 1995, 2001 and 2002 in Shimabara Peninsula, Kyushu, Japan, allowing us to
investigate possible models of magma supply system below Unzen using a 3-D forward
modeling analysis {Fig.1). In the modeling scheme, first, a background 1-D model which
explains roughly the data measured at all sites was constructed based on resistivity structure
obtained from smoothness-constrained 1-D inversion. Conductive prisms were added to the
1-D background structure fo calculate the 3-D response using a staggered grid
finite-difference method. A weighted misfit between the data and the 3-D response was
compared with the misfit between the data and the 1-D background, by which a degree of
improvement to judge the fitness between the calculated response and the observed data
can be obtained. To constrain the dimensions and location of the magma supply system,
response from several models whose dimension and location were changed systematically
was calculated.

The results indicate that a WE-trending elongated conductive body of 1 Qm traversing Unzen
located at 6.2 km deep with 6.1 km thick, 8.8 km NS width and 14.5 WE length is sufficient to
explain the observed data as long as concerning a deeper structure below the peninsula. This
dyke-like structure is almost perpendicular to the tensile axis of the regional stress field, which
suggests the dyke infrusion of hot material from the deeper part below Unzen. Further
improvement between the cailculated 3D response and the observed data was obtained by
adding ofher high conductive structure in the moderately conductive background of 10 Om
(water-saturated layer) and in the 100 Qm layer in the area west of the summit, and in the 10
Qm layer in the western part of the peninsula (Fig.2). In both shallow structures, conductivity

enhancement is interpreted as due to supply of magmatic gas from the deeper source.



(32°52N,130°7'E)

(24°N,129°E)
¥

E

Unzen Graben

{31°N,132°30°E)

Kyushu

10 ki

m . . (32°39'N,130°27'E)
Shimabara Peninsula

“wE
n
5
5
-

C wmme D1985 Transmitter
© 1995 TDEM sites

A e B2001 & 2002 Trans.
© 2001 TDEM sites

0 2002 TDEM sites

73091057 — T
Fig. 1 Map showing Shimabara Peninsula in Kyushu Island, Japan and locations of TDEM survey
around Unzen Volcano.

z(km) (%)

25 5250
50.48
48.32

Yken) ° n

o

Depthllm)
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Procedure of making a fused glass bead for whole rock major elements analyses by X-ray
fluorescence spectrometer RIGAKU SYSTEM3270

T. Sugimoto, T. Shibata, M. Yoshikawa

We described about sample preparation for routine major elements analyses by
X-ray fluorescence (XRF} spectrometer RIGAKU SYSTEM3270® at Institute for Geothermal
Sciences, Kyoto University. Suitable samples prepared for XRF analyses are pressed powder
pellets and fused glass beads (e.g. Nakada et al., 1985; Nakada, 1987; Tsuchiva ef al., 1989;
Timothy, 1989). The pressed powder pellets are often used in frace elements analyses
because they vield higher X-ray intensity and S/N ratio than fused glass beads so that smaller
lower-limit of detection and better precision were realized (e.g. Nakada, 1987; Shibata et al.,
2004). In major element analyses, however, fused glass beads are principally used because of
eliminating the parficle-size and mineralogical effect concermning characteristic X-ray, easy
freatment and good preservation {e.g. Tsuchiya et al., 1989; Timothy, 1989). In recent, XRF
analytical methods aiming af not only silicate rocks but also sedimentary rocks or
carbonaceous rocks using glass beads have been developed (e.g. Goto et al., 2002).
However, several procedures for making glass beads are necessary in order to analyze wide
compositional samples; such as mixed glass beads, additive glass beads and synthetic glass
beads. We established a unified procedure of making glass beads of many kinds of unalloyed
rock samples by fusing ignited sample with flux {Li2B4sO7) using a high frequency funace. This
makes it possible o analyze wide compositional samples by single set of calibration lines, and

reduce costs and time in XRF analyses and mainfenance.

Required reagents and apparatuses

Ethanol (ethyl alcohol 99.5%; Wako pure chemical Industries, Co., Ltd.): Used for soaking rocks
samples and cleaning apparatuses.

Lithium tetfraborate (Li2B+O7 anhydrous-HG; Wako pure chemical Industries, Co., Ltd.): Used as
flux which was dried at 600 C®° for 6 hours in a muffle furnace before its use.

Lithium iodide (Lil anhydrous, 99.9%; Wako pure chemical indusfries, Co., Ltd.): Used for
exfoliating agent as 10 % Lil solution.

Vibrating sample mill, TI-100 (manufactured by Heiko Seisakusho, Co., Ltd.): Used for
pulverising rock samples. A tungsten carbide container used because of
contamination-free for major elements. To minimised alkaline, grease and dust
contamination from the analyst's hand, the crushing container were handied with plastic
gloves.

Porcelain crucible, CW-B00 (manufactured by Tokyo Glass Kikai, Co., Ltd.]): Used as ignition
vessel which was dried at 600 C° for 2 hours in a muffle furnace to reach a constant

weight before ifs use.



Automatic high-frequency furnace, NT-2000 (manufactured by Tokyo Kagaku, Co., Ltd.): Used
for melting mixture of powdered sample and flux with a platinum melting pot (type CS-2;
Tokyo Kagaku, Co., Ltd.). The used platinum melting pot was soaked with 6N HCl into @
teflon bottle for cleaning.

Sample preparation

The sample preparation procedure is as follows. The rock sample was crushed info
small chips ( < 5 mm in diameter), employing a jaw crusher. Then fresh pieces are hand
picked from crushed chips to avoid secondary alteration effect. This aliquot was soaked with
deionized water into a polystyrene bottle with ultrasonic treatment during 5 minutes. A similar
washing was confinuously done by using the ethanol. The washed aliquot was rinsed in
deionized water and dried overnight in an airbath at 110 C°. The dried aliquot was pulverized
to a powder with a vibrating sample mill, at least fine enough to the grain degree at the flour
level (< 100 mesh). An aliquot less than 10 g was set info ethanol-cleaned tungsten carbide
container at a time and pulverized for five minutes. To minimised contamination from the
previously pulverized sample, two aliquot of each sample were run separately, and the first
aliquot was discarded. The pulverized sample was collected with polystyrene balance fray

and kept in a cleaned polystyrene bottle o guard against contamination.

Glass bead preparation

The preparation procedure of fusion glass beads used for the XRF analysis is as
follows. First, about 1.5 to 2.5 g of powdered sample was weighed out in a porcelain crucible.
It was put into an airbath and dried overnight at 110 C°, and the removed adsorptive water is
measured. Then it was ignited at 900 C° for é hours in a muffle furace, and the loss on ignition
is measured. Note that carbonate rocks contain high CaCOs (>80 % for JDo-1 and JLs-1,
issued from GSJ), CO2 (>40 %) of which will be completely lost in ignition process. Then
weighed out about 1.0 g ignited sample and accurately four times flux of anhydrous lithium
tetrabolate was well mixed in an agate mortar to homogenization (about five minutes). The
mixture of the sample and the flux was put in a platinum melting pot and about 10 drops of an
exfoliating agent (Lil solution) was added. The platinum melting pot was then placed in an
automatic high-frequency furnace. The mixture was formed into a fusion glass disc therein.
Melting condition of the bead sampler was as follows: initial heating for 130 seconds at 800 C°,
main heating for 120 seconds at 1200 C°, and vibration heating for 240 seconds at 1200 C°.
The size of the disc thus obtained was 3 cm in diameter and about 2.5 mm in thickness.
According to the above, we could make regulated clear glass beads irespective of their
rock types. The fused glass bead was kept in a plastic bag and dried in a desiccator

containing silica gel to guard against contfamination and humidity.



Summary

The preparation procedure of fusion glass beads of rocks samples used for the XRF
analysis is described. Using fused glass beads of wide compositional rocks issued from GSJ
and USGS, single set of calibration lines which correspond to wide compositional samples
were deftermined for X-ray fluorescence spectrometer RIGAKU System3070®. Detailed
analytical procedures such as X-ray measuring conditions will be described in another paper.

Inrecent, frace elements analyses by XRF using low dilution glass beads (i.e., sampile : flux ratfio

of 1 : 2) have been performed (e.g. Takahashi and Shuto, 1997; Goto et al., 2002). In future,

we will try XRF analyses for frace elements such as Ba, Cr, Nb, Ni, Rb, Sr, V, Y and Zr using fused

glass beads with sample : flux ratio of 1 : 4.
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Kinematic Features of Isolated Volcanic Clouds Revealed by Video-records
A. Teradd, Y. Ida (Univ. of Hyogo)

Analyses of observed volcanic clouds using 1D models have given some useful information
on the dynamics of eruptions and some properties of the erupted mass. It should be noted
that the ‘enfrainment hypothesis’ assuming that the volume of the enfraining air is
proportional to the ascent velocity has played a central role in these analyses. In addition to
the entrainment hypothesis, another relation that was obtained from a simple dimensional
analysis by Scorer (1957) may be usefully applied to volcanic clouds. if this Scorer's relation is
combined with the enfrainment hypothesis and the mass conservation law, we can calculate
the location, size and density of a volcanic cloud as a function of time in a simple way as far
as the conversion of thermal to mechanical energy in it can be neglected.

To apply the above simple models to real volcanic clouds, we must check the kinematic
feature of the cloud, i.e., the relationships among the ascent velocities, radius and height of
the clouds. In this study, we examined the applicability of the entrainment hypothesis and the
Scorer’s relation to volcanic clouds in nature with their characteristic constants.

We analyze sequential photographs of volcanic clouds obfained at Asama and
Miyakejima volcanoes. in this analysis, each segment of the volcanic cloud is treated as an
isolated thermal, i.e. a spherical body ascending independently by its buoyancy. Our
kinematic analysis reveals simple relationships among the ascent velocity, radius and height
of volcanic clouds. The empirical dimensionless constants characterizing the entrainment
hypothesis k and the Scorer’s relation C are more or less scattered and their mean values are
about 0.36 and 0.6, respectively. The wide dispersions of the values of k obtained here are
probably caused by more iregular conditions of the fluid ejection compared with those in
laboratory.

These empirical relations can be used to evaluate kinematic features of volcanic clouds
approximately without thermodynamic consideration. Our results suggest, however, that C
may change with the height, probably reflecting the effect the ambient density stratification
in part. Furthermore, the values of C for the volcanic clouds tend to be less than those

obtained by the laboratory experiments. So we have to examine the applicability of Scorer’s
(b) X108
5

relation more carefully. @),

Figure. Kinematic relations that are examined
for the volcanic clouds observed at 11:55 am
on 15 (circles} and 8:38 am on 18 (squares)
September 2004 at Asama volcano and at 6:42 | 4
am on 16 (iriangles) October 2001 at g /2
Miyakejima volcano. (a) The relafion between ™
the radius r and the cap heights z that can be
fitted by ({1). {b) The change of z2 with time to
examine (9). (c) The variability of rw.
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Approaches of volcanomagnetic change detection by repeated aeromagnetic survey

M. Utsugi, Y. Tanaka

To obtain the detailed information about the spatial distribution of the volcano-magnetic

change, we tried to use the repeated aeromagnetic survey. The main problem is the difficulty

of the observation point conirol. 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 o the volcanic activities and
the spatial variation due to the difference of
the detailed
distribution of geomagnetic field is obtained

the observation points. If

on quiet period of the volcano, and the field
intensity on the arbitrary point above the
active area is estimated interpolating the
observed data, we can correct the spatial
variation caused by the difference of flight
position, and it may be possible to detect the
field changes associated with the volcanic

activities.

Fig.2 Flight course of 2005 aeromagnetic

survey on Aso volcano.
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Fig. 1 Estimated geomagnefic field 3D
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Fig. 3 Difference between observed data (2005) and

calculated vailue (based on 2002 survey).

For this purpose, we made very high density and low dlfitude helicopter-borne
aeromagnetic survey on Aso Volcano in July 2002. The survey area was NS1200 x EW1200 x
300m region above the Nakadake crater. Using these data, we tried fo estimate the special

distributions of the geomagnetic field around the Nakadake crater (Fig. 1). To estimate the



geomagnetic field infensity on the arbitrary point inside the flight area, we applied the
technique of equivalent anomaly method.

To evaluate the accuracy of the obtained geomagnetic field distribution, we made other
geomagnetic survey in Aug. 2005 (Fig. 2). Flight altitude is 100m. Fig.3 shows the difference
between observed data and calculated value. From this figure, we can see, the accuracy of
our estimated geomagnetic field distribution is less than 10 nT. According to the prevoiuse
observation, the maximum amplitude of volcanomagnetic change observed on Aso volcano
was 20-30 nT. So, we think it is possible o detect the volcanomagnetic change by the
repeated aeromagnetic survey using Fig.2 as the reference field.

Paleo-Moho depth determined from the pressure of CO: fluid inclusions: Raman

spectroscopic baromeiry of mantle- and crust-derived rocks

J. Yamamoto, H. Kagi (Tokyo Univ.), Y. Kawakami (Tokyo Univ.), N. Hirano (Tokyo Univ.)

M. Nakamura (Meteorological College)

The structures of the crust and upper mantle of an active island arc attract great attention for
understanding island arc evolution and magma genesis. The boundary between the lower
crust and upper mantle, the Moho discontinuity, is determined by seismic wave velocity
structures based on the considerable density gap between these two layers. Seismological
observations provide very high-precision estimates of the depth for the Moho discontinuity
{Moho depfth) in cases where sufficient seismic activity and seismic stations are available. In
principle, it is possible to determine the Moho discontinuity from petrological observations by

providing a depth scale for collected rock samples. However, the accuracy of petrological
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originating from the lower crust and upper mantle is the pressure of fluid inclusions. In general,
the inclusions in mantle-derived minerals retain their high internal pressure. The most
prominent examples are inclusions in natural diamonds, which preserve pressures of 1-5 GPa,
corresponding to the diamond stability field (> 150 km) if extended to 1000°C, a typical
temperature of the upper mantle. Silicate minerals are not as strong as diamond.
Nevertheless, they can preserve the pressure in inclusions, as deduced from the fact that
some COx- fluid inclusions in minerals appear as liquid under optical microscopic observation,
even af room temperature. If the pressure, and consequently the density, of CO2 were
determined, the in-situ pressure of the trapped CO2 could be estimated based on equilibrium
temperature from a mineral thermometer when the fluid inclusions were thermally
equilibrated with surrounding host minerals.

The internal pressure of CO: fluid inclusions can be determined using microthermometry with
high precision. However, various fechnical difficulties hinder the application of
microthermometry to respective analyses of inclusions smaller than 5 um, multiple component
fluids, metastable states, and of inclusions comprising gas phase or low-density liquid. To
overcome these difficulties, Yamamoto et al. (2002} applied micro-Raman specfroscopy to
the estimation of residual pressures of CO2 fluid inclusions in mantle-derived xenoliths.
Micro-Raman spectroscopy has a high spatial resolution of 1 um and the capability of rapid
analysis without encountering the inherent difficulties of microthermometry. The authors have
demonstrated that mantle xenoliths from Far Eastern Russia originated from a depth up o 40
km, corresponding to the uppermost mantle.

In this study, we applied spectroscopic observation of COz fluid inclusions to ulframafic-mafic
xenoliths from Oki-Dogo Island in the Sea of Japan and explored the depth distribution of
rocks from the lower crust to the upper mantle. The density of COx» fluid inclusions in the mafic
granulite was 1.02-1.05 g/cm3. Those of Inerzolites were 0.98-1.02 g/cm3. In contrast, CO2 fluid
inclusions of olivine gabbro, clinopyroxenite and harzburgite exhibited lower densities of
0.86-0.99 g/cm3. Taking into account the temperature condition estimated using a pyroxene
thermometer, the mafic granulite originated from a depth of 27-30 km and the Iherzolites
from 25-29 km. The overlapping depth of 27-29 km can be interpreted as the depth including
the Moho discontinuity under Oki-Dogo Island 3.3 Ma. This estimation is consistent with
geophysical observations. The present spectroscopic method intfroduces the possibility of
deciphering ancient tectonic structures from pieces of rock fragments containing CO2 fluid

inclusions.



Schematic cross section around
Oki-Dogo Island.

Rb-Sr mineral isochron ages of mantile peridotite xenoliths from Kurose, Southwest Japan.
M. Yoshikawa, $. Arai (Kanazawa Univ)

Mantle peridotite xenoliths in Cenozoic alkaline basalts of the North Kyushu have
been expected to characterize the geochemical and isotopic compositions of the upper
manile under the island arc or continental margin. On the basis of petlogical studies of
these peridotite xenolits (e.g. Arai et al., 2001), it has been suggested that the Kurose
peridotite xenoliths had escaped from metasomatism related to alkali basalt magmatism
and asthenospheric upwelling. In order to obtain chemical and isotopic signature before
asthenospheric upwelling, we propose mineral compositions, tfrace element compositions
of clinopyroxenes and the Rb-Sr and Sm-Nd isotopic compositions of constituent minerals
of the five Kurose peridotite xenoliths.

The Rb-Sr mineral isochron of sample KR375 gives an age of approximately 120
Ma with an initial Srisofopic ratfio of 0.70380. This initial Srisotopic ratio is higher than MORB
value. Abe and Yamamoto (1999) reported three mineral-whole rock Rb-Sr isochron ages
(130Ma, 313Ma, 487 Ma) from the Kurose xenoliths. Our estimated age is consistent with
the youngest reported age. However, there is difference of initial Sr isofopic ratios
between their sample (0.70431) and our sample. This difference suggests that upper
mantle of this region was isotopically heterogeneous 120 Ma ago.

(Abstract of Japan Earth and Planetray Science Joint Meeting, 2006)



Trace and isotopic (Sr and Nd) compositions of clinopyroxenes in dunite channels of the
Horoman peridotite complex, Hokkaido, Japan

M. Yoshikawa, K. Niida (Hokkaido Univ), S.M. Eggins, D. H. Green (ANU)

The Horoman peridotite complex of Japan is one of the freshest orogenic
peridotite complex in the world and two types of dunite dyke were observed as large
scale (several hundred meters width) concordant layers [1] and small scale (< several
meters width) discordand layers [2]. The later layer was as replacive origin by reaction
between olivine saturated magma and harzburgite, and fwo-pyroxenes + spinel
segregations are observed in the dunite dykes [2].

In order to discuss origin of melt forming dunite dykes and a genetic relationship
between melt and wall rock, we analyzed mineral compositions, frace element and
isotopic (Sr and Nd) compositions of clinopyroxenes (cpx) in the segregations of three
discordant dunite dykes (SPR, 811-3 and 1.60I-lll) and Rb-Sr isofopic ratios of constituent
minerals of SPR and cpx of wall harzburgite (5cm separated from SPR).

Mineral compositions and trace element and isotopic compositions of the cpx are differ
with each samples and there were not a simple correlafion between them. These
observations suggested that each dyke was formed from different melt. The isotopic and
trace element compositions of cpx of the wall harzburgite are consistent with those of
dunite dykes SPR. Additionally, the 8Sr/8Sr ratfios of constfituent minerals except
orthopyroxene (opx) of dunite dyke and cpx of the wall rock show positive correlation
with both 87Rb/8¢Sr and 1/Sr. These observations were likely supported that cpx in wall rock
crystallized from migrating melt and opx in SPR was relict mineral from wall harzburgite.
Similar cpx was observed in wall peridotite of replacive dunite channel in the mantle
section of the Oman ophiolite [3].
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EEBIH  Routine Observations

Geophysical Monitoring Under Operation at AVL
Aso Volcanological Laboraiory
Permanent Stations
Nakadake monitoring network
Seismic Stations: HNT, PEL, KSM, SUN, KAE, KAE, KAN, UMA, TAK (microwave telemetry)

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

Microphone: HND [microwave telemetry)

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

FF2 {proton; online)

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

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



Kuju monitoring network
Seismic Stations: HNG (radio-telemetry), AKG, CJB, IOY (on-site logging)
Tiltmeters: H283, KSR (on-site logging)
Geomagnetic Stations: N2, E1, SO, SE (proton; on-site logging)

Seismic, geodetic and geomagnetic stations in Kuju area.

Central Kyushu regiondal network
Seismic Stations: AVL{6), MAK, NBR, MKN, HDK, TAT, MGR {online felemetry)
ASJ, HNY, SKM, KBM, TRM (dial-up)

Seismic network in the central Kyushu.
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[Beppul

ICP emission Spectrometer

Wavelength dispersive electron microprobe
{lent fo JAMSTEC)

Energy dispersive electron microprobe analyzer

Wavelength dispersion fype X-ray Huorescence
analyzer

Energy dispersionty type X-ray Huorescence
analyzer

Powder X-ray diffractometer

Liquids scintillation system

lon chromatography

Gas chromatography

[Aso]

Continuous seismic monitoring system for Aso
and

Kuju Volcanoes

Observation tunnel for ground deformation

Borehole temperature monitoring system for
AsSO

Video monitoring system of Aso and Kuju
Volcanoes

Proton and fluxgate magnetometers

Geomagnetic absolute measurement system

Instruments and Facilities
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Automatic titration system

Piston cylinder type high pressure apparatus

Laser ablation system

Inductively coupled plasma mass specirometer
(ICP-MS)

Thermat ionization mass spectrometer (TIMS)

Externally heated diamond anvil cell

Raman microscope

FT-NIR spectrometer

IR microscope

Heaftings stage

Tiltmeters

Portable seismometers (broadband short
period)

Car-mounted seismicsource

Gravimeters

Super-Conducting Gravimeter

Magneto-Telluric measurement system

(broad-band type, ULF, ELF, VLF-band)
Electronic distance measurement system
Leveling survey system (automatic reading)
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An analysing system of trace element and isotopic compositions
Radiogenic isotope and frace element compaositions of natural samples (e.g. rock and water,
efc.) provide us important information albout source materials of a sample, generating processes
from the sources and age of the sample formation. Therefore isotope and frace element
comypositions of natural samples are important for investigating the phenomena accompanied
with material fransfer, such as magma genesis and mantle-crust recycling. Hence, we established
an analytical method for determining trace elements by using an inductively coupled plasma
mass spectrometer (Fig. 1) and forisotopic ratios of Sr, Nd and Plb: employing a themrmal ionization
mass spectrometer (Fig. 2) at Beppu Geothemal Research Laboratory (BGRL). The system
presented here is made from collaboration with Institute for Frontier Research on Earth Evolution.
The methods of chemical preparation for the each andlysis were also established. All our chemical
procedures are performed under a clean environment, which is basically handmade with our
original design (eg. Fig. 3). The analytical methods established at BGRL realize the precise analyses
of trace and isofopic composifions of ulira tfrace amounts of the samples (Fg. 4). Furthermore, we
are developing methods fo redlize the mass production of the assay fests. By employing the
described analytical methods, we are progressing with the study of magma genesis and material
fransfer in the mantle, etc.




Fg. 1. Inductively coupled plosma mass
spectrometer

Fg. 3. Scmpl evdporo’non system under the ulfra
clean environment

Fig. 2. Themal ionization mass specirometer

Present analysi

Isotope Ratios
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Fig. 4. Analvtical method for isofopic and frace element compositions established at

BGRL



