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Preface

Institute for Geothermal Sciences was established in 1997 from Beppu Geophysical Research
Laboratory (established in 1924) and Aso Volocanological Laboratory (established in 1930). We regard
central Kyushu, one of the most active volcanic and geothermal fields in the world, as a natural
experimental facility. The Institute for Geothermal Sciences is promoting a comprehensive research on
thermal structure and the dynamics of the Earth’ interior into volcanism, geothermics and tectonics by
field work, laboratory experiments, and theory. Based on the fundamental scope of our research, a
variety of research works can flexibly cooperate within this interdisciplinary geothermal science research
system. We have the following five research units, for geothermail fliuids, for geothermal fectonics, for
volcanic structure, for volcano-dynamics and geothermal intelligence section (visiting research scholar
from abroad). In 2004 fiscal year, Kyoto University was reformed to juridical personalization of national
universities. The situation puts us under pressure to do efficient education and research with limited staffs
and funds. Total revenue is decreased and it forced to get other competitive fund associated with
personalization in 2004.

Meetings of the steering committee sef in 2004 were held seven times in Kyoto campus, and
the cooperative relationship between our institute and Graduate School of Science was infensified.
Taking info consideration on the subjects related to remote institutions from main campus, we need to
make effort to infensify cooperative work at Aso and Beppu. In 2007 fiscal year, the Kyoto Branch of our
institute was established in Kyoto campus, and the effort for intensive education for students and taking
a role for Graduate school started, and Kyoto Branch works well as a first step especially for education
for Graduate students. TV meeting systems connecting Kyoto and Uji Campus, Aso and Beppu
Laboratory used constantly for seminar and special lectures.

In personal affairs, Dr. Hassan M. HELMY as a visiting faculty left at the end of September from
Beppu. As a postdoctoral associate, Dr. Takeshi SUGIMOTO left to Geothermal Engineering in April, 2008.
Dr. Makoto YAMADA was adooted in Beppu in January 2008. Dr. Takeshi SAITO left to Shinshu University in
April, 2008. Dr. Koshi NISHIMURA moved to Research Assistant from Research Associate (COE). Nami
MIYAZAK!I as a secretary in Beppu left in March, 2008 and Keiko MIYAZAKI was adopted in April, 2008. Yuki
DOl as a secrefary in Kyoto is working from June, 2007.

The activity of the KAGI 21 (Kyoto University Active Geosphere Investigations for the 21st
Century Centers of Excellent program) program was last fiscal year, and our institute made a great
contribution for scientific activity on water and material circulation af the active geosphere, stalagmite
project and as a field station of the multi-purpose field sites for education and research activity. The last

symposium by KAGI organized by young scientists was held in Beppu

Beppu, June 2008
Keiji TAKEMURA, Professor/Director
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2 5EE) Research Activities

MBINLEFEIRTZE  Institution Colaboration

Tentative estimation of the age of Tsurumidake summit lava, Beppu City, by paleomagnetic

directions and paleointensities

S.Fujii, N.Ishikawa (Kyoto Univ.), T.8aito, T.Sugimoto, K.Takemura

The eruption age of the Turumidake summit lava at Tsurumi Volcano in Beppu City, Kyusyu, is still
controversial: Kobayashi (1984) suggested that the age of the lava is younger than Kikai-Akahoya
tephra (K-Ah: 7.3cal kaBP) and that the eruption occurred 1500-1200 years ago judging from the
distribution pattern of historic sites and descriptions in the ancient manuscript. However, Fujisawa et
al. {2002) suggested that the age of the lava is older than K-Ah according to tephra chronology. In
order o estimate the age of the lava based on paleomagnetic directions and paleointensities, we
performed paleomagnetic measurements on the lava samples collected at four sites.

Progressive demagnetization experiments of thermal and alternating-field methods were effective to
isolate stable magnetic components carried by magnetite (Fig.1). Site-mean directions of the
characteristic magnetic components were obtained from three sites (Fig.2 and Table 1). The mean
directions of TS-01 and 02 were almost consistent, and had deeper inclination than the present
geomagnetic field direction. An overall mean for the two sites was Dec = -6.8°, Inc = 58.5° and
alpha-95 = 2.2°. A mean direction of 15-04 (Dec = -10.3%, Inc = 44.5° and alpha-95 = 2.0°) was clearly
different from the mean of TS-01 and 02. We employed the double-heating technique (DHT) of the
Shaw method(Tsunakawa and Shaw, 1994)for palecintensity determination. Eight paleocintensity
values were obtained from TS-01, 02 and 04 samples (Fig.3 and Table 2), and mean values were
43.917.4 T for TS-01/02 and 35.6£2.2 T for 7S-04 (Table 2). A better-determined value of T5-04 seems to
be slightly lower than the present geomagnetic intensity (47.2T) and a mean of T5-01/02. The
differences in pleomagnetic direction and paleointensity value between T5-01/02 and 04 may imply
a possibility for the presence of lava units with different formation age in the Turumidake summit lava.
We compared our paleomagnetic results with the time variation in declination and inclination at
Beppu Bay in the past 10000 years {Fig.4{A); Ohno et al., 1991}, and the paleointensity variation of
Japan in the past 14000 years (Fig.4(B); Miki, 1999 and personal communication). T5-04 data may
imply that the formation of the lava unit at TS-04 occurred before about 8 ka. The mean direction of
15-01/02 may be corresponded to segments at about 1 ka and 8 ka for the secular variation curve at
Beppu Bay. However, the mean palecintensity value with large confidence limit is notf useful for the

age estimation.



References:

Fujisawa et al., 2002. Erukp‘rive activities of Tsurumi volcano in Japan during the past 30, 000 years, Jour.
Geol. Soc. Japan, 108, 48-58.

T.Kobayashi., 1984. Geology of Yufu-Tsurumi volcanoes and their latest eruptions, The The memoirs of
the Geological Society of Japan. 24, 93-108.

D.Miki., 1999. Estimate of the Ages of Lava Flows at Sakurajima Volcano, Kyushu, Japan; inferred from
Paleomagnetic Directions and Paleointnsities, Bulletin of the Volcanological of Japan, 3, 111-122.
Ohno et al., 1991. Geomagnetic secular variation curve recorded in the sediment from Beppu Bay,
Kyushu, Japan, Rock Magnetism and Paleogeopysics, 18, 68-74.

H.Tsunakawa and Shaw.J, 1994. The Shaw method of paleocintensity determinations and its

application to recent volcano rocks, Geophys. J. inf., 15, 285-376.

. number of
Site Dec Inc Qg . . . .
specimen.  Table 1. Mean directions of stable magnefic components.
T8-01 -35 586 41 1588 9
18-02 -95 584 24 3750 1
T8-0102 -68 535 22 2258 20
T8-04 -103 445 20 5989 10
Site  Sample palecintensity | Site  Sample palecintensity
2B 4537 37-1C 3174 Table 2. Experimental results for paleointensity
TS-01 3B 34.55 40A 33.33
8-2C 5086 | TS-04 44D 3576 determination by the DHT Shaw method.
TS-02 20-1D 37.85
21-2C 50.77
Mean:15-01,02 439274471 [Mean :TS-04 3562247
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Fig. 1. Example of progressive demagnetization experiments.

Fig. 2. Sites mean directions of stable magnetic components.
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Fig. 4. Paleomagnetic results plotted on (A) the time variation in declination and inclination at Beppu

Bay in the past 10000 years (Ohno et al., 1991) and (B) the paleointensity variation of Japan in past

14000 years (Miki, 1999; personal communication).

Seismic observation in the Beppu graben, Kyushu, Japan.

T. Ohkura, H. Mawatari, K. Takemura
In the Beppu graben, seismic activity was monitored from March 1993 to May 2000 by

real-fime telemetry system (Annual Report FY2000 and FY2002). After May 2000, the real-time



observation was suspended and a new network using dial-up system was established.

In July 2007, we established new real-time telemetry system using IP-VPN network. The same
seismic stations as the previous network (AMA, KRK, TKS, TRM and IGS) were equipped with a data
logger (DATAMARK, LS-8000SH) and a serial-to-IP converter (DATAMARK, DA207 or TP210). Seismic
data from a 1-Hz three-component seismometer (Mark Products, L-4C-3D) are digitized with a 16-bit
resolution and a rate of 100 Hz at each station and transmitted through IP-VPN (NTT FLETS group) or
LAN fo a PC at IGS. All the data are collected and analyzed by a PC-based WIN system; earthquake
detection, creation of event files, pickings of P- and S- arrival times and hypocenter determination

are automatically executed by WIN system. We also manually pick the P- and S- arrival times for the

events which were triggered at more B depthikm)
than  three  stations.  Epicenter 8
g
distributions in the period from July 8 ‘o
o 2 E
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tectonics and structure of the Beppu  gpservation, we have no data from 30 Sep. through 30 Oct.

graben. Squares and triangles show seismic stafion and active

volcanoes, respectively. Solid lines are active faulls.

The latest lava flows at Tsurumi Volcano, East Kyushu, Japan (2)

T. Saito, T. Sugimoto, K. Takemura

Tsurumi Volcano is one of the active volcanoes 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 and the distribution of the latest
lava (TS lava) at Tsurumi volcano.

According to previous studies, TS lava was flowed down in three different directions (e.g. Kobayashi,



1984; Hoshizumi et al., 1988; Ohta et al., 1990). TS lava was characterized by lower SiO2 compositions
(56-60 wt. %) and richer in clinopyroxene phenocrysts (~6 vol.%), while older lava showed higher SiO2
compositions (58-65 wt.%) and poorer in clinopyroxene {<2 vol.%; Sugimoto et al., 20064).

In order to characterize the petrology of the lafest lava and to determine ifs distribution, we
collected lava samples along the forest road at the northeastern foot of the Tsurumi-dake (Fig. 1).
Microscopic observation indicated that the lava samples from TS-01 and T5-04 probably did not
derive from the latest eruption because they contained smaller amount of clinopyroxene (Fig. 2).
Lava samples from 1S-02 and TS-03 contained abundant clinopyroxene, indicating the latest eruption.
Whole rock major elements compositions were determined with Rigaku XRF system 3070 based on
the methods of Sugimoto et al. {2007, and under revision). Whole rock major elements compositions
also indicated that TS-01 (90030904 and 287* in Fig. 3) did not derive from the latest eruption, while
compositions of TS02 (20030902 in Fig. 3) was within the range of the latest eruption. Our results
suggested that the lafest lava flow was restricted in distribution below T5-04 and the lava from T5-01
fo T75-04 belonged older deposits. However, it is inconsistent with the distribution of the previous

studies. We will give the constraint to distribution area in the TS lava by detailed additional analysis.
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Fig. 1.
Topographical map of northeastern foot of

Tsurumi-dake. Sampling locality was shown.
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Fig. 2.
Photomicrographs of lava samples of TS-01 and
TS02.
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The lateral and temporal variations of geochemical characteristics for Quaternary volcanics from

Kyushu, Japan

T. Shibata, M. Yoshikawa, T. Sugimofto, K. Takemura

Philippine Sea Plate (PHP) is subducting beneath Kyushu Island. The age of subducting PHP is 17 - 25
Ma and >50Ma at eastward and westward from Palau - Kyushu Ridge, respectively. Deep seismic
foci is observed below the volcanoes at south Kyushu, but not at north (one exception). At the
volcanic front in this area, the magma genesis is still not defined, such as, there is'no contribution of
subducting PHP (Notus, 1990}, the magma is island arc type (Nakada & Kamata, 1991), both of the
Island arc magma and infra plate magma are observed(Kita et al, 2001). On the other hand, it is
believed that magams of back arc side is not related to the subducting PHP, but to extensive mantle
upwelling due to opening of the Okinawa Trough (Nakada et al., 1997; Uto et al., 2004). However,
Wang and Zhao (2006} presented that the high-resolution 3D tomographic images of Kyushu
subduction zone, and emphasized that strong low velocity anomalies are observed form mantle
wedge in between descending PHP and upper mantle just below Quaternary volcanoes in entire
ared, and fluids dehydrated from PHP are supplied to the mantle wedge not only af the volcanic
front, but also at the back arc side (Unzen). Therefore, magma genesis of volcanoes of Kyushu
subduction zone is still controversial. To elucidate the magma genesis, we examined the lateral and
temporal variations of Sr, Nd and Pb isotopic and trace element compaositions for volcanic rocks from

Kyushu, Japan. A part of this sfudy is presented in the other report in this volume.

The lateral variations of Sr, Nd and Pb isotopic and trace element compositions for Quaternary

volcanics from Kyushu, Japan

T. Shibata, T. Kobyashi (Kagoshima Univ.), K. Sugimoto, O. Ujike (Toyama Univ.), J. ltoh (AIST),

K. Takemura

The Quaternary volcanoes are widely distributed in Kyusu Island, Japan. Philippine Sea plate is
subuducting beneath Kyushu. Clear distribution of deep seismic foci is observed below the
Quaternary volcanoes in southern area, but not in northern area. Thus, no contribution of subducting
slab to the magma source, or volcanic activity similar to the within-plate type volcanism have been
emphasized for the magma genesis of this area [e.g. 1, 2]. However, volcanic rocks with island arc
type chemistry are reported from some Quaternary volcanoes from north Kyushu [e.g. 3, 4] so that
the magma genesis is still controversial. Therefore, we studied lateral variations of Sr, Nd and Pb
isotopic and trace element compositions for Quaternary volcanics from Kyushu to investigate the
magma genesis. From the resulis, a clear variation of Sr/Y ratio, decreasing from north to south, is
observed along the volcanic front. Some of the Sr/Y ratio of the most northern part of Kyusu shows
the value >100. The all analyzed Pb isotope compositions show a single liner frend in 208Pb/204Pb v s.

206Pb/204Pb diagram. The liner trend of Pb isotope ratios is situated between the ranges of mid



ocean ridge basalt, shikoku basin basalt and tereginious sediment which might be a constituent of
the subducting slab. The similar relationships are found in Sr and Nd isofopic systematics. The isotopic
characteristics of the Quaternary magma in Kyushu can be explained by the magma generation
process of islkand arc, in spite of the lack of deep seismic foci. It is considered that high and low Sr/Y
ratios suggest the contributions of partial melt and aqgueous fluid derived from subducting slab,
respectively [e.g. 5]. If this is the case, high Sr/Y ratio observed from northern part of Kyushu indicates

that the subducting slab is partially molten in the area. References

n Notus et al, JVGR, 181 {1990)

[2] Kita et al, JVGR, 99 (2001)

[3] Otha et al, GANKO, 1 (1990)

[4] ltoh, GANKO, 541 (1990).

[5] Defant and Drummond, Nature, 662 (1990).

Water temperature measurement of crator lake at Nakadake, Aso volcano

A. Terada, S. Yoshikawa, S. Ohsawa, T. Sdito

The temperature of the lake surface has been regularly measured from the crater rim by JMA for
over 10 years using an IR thermometer. The temperature measured by an IR thermometer is, however,
usually lower than the actual temperafure due to the absorption effect by water vapor. To
overcome this problem, we calibrated JMA's data with an occasional in-situ temperature
measurement of the lake in July 2007.

It should be noted that such an in-situ measurement cannot be performed frequently because it
requires a substantial amount of effort to first put thermometers into the crater lake and to
subsequently recover them. This direct measurement revealed that water temperatures af 10 and
100 cm below the lake surface are uniform, showing a higher value by 8 K than a simultaneous
measurement with the IR thermometer. We assume here a difference of 6 K between the
temperature determined by the IR thermometer and the in-situ temperature, taking into
consideration the skin effect (slight decrease of water temperature in a boundary layer af the very
surface of the lake; Oppenheimer, 1997) based on the wind velocity af the Aso Weather Station
(AWS; operated by JMA) located af approximately 1.2 km west of the first crater. Using this

procedure, we obtained the temporal change in the lake surface temperature.
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Derivation of travel time of limestone cave drip water using tritium/helium 3 dating method

M. Yamada, §. Ohsawa, H. Matsuoka (Kyoto Univ.), Y. Watanabe (Kyoto Univ.), B. Brahmantyo (ITB),
K. A. Maryunani (ITB), T. Tagami (Kyoto Univ.), K. Kitaoka, K. Takemura, S. Yoden (Kyoto Univ.)

A method of deriving the fravel time of drip water based on the tritium/helium 3 (3H/3He) dating
method was demonstfrated in limestone caves in Indonesia. Drip water samples were taken from the
Cipicung and Ciawitali caves using different methods (Fig. 1). In the Cipicung cave, after we
aftached a rubber tube directly to a thin stalactite, drip water was pulled into a hypodermic syringe
through a thin brass pipe while isolated from the cave air. Because the pulling rate of the piston rod
of the syringe was somewhat lower than the free flow rate (drip rate) of drip water, more than several
minutes were necessary fo fill the syringe with the drip water sample (Fig. 2). In the Ciawitali cave,
only a thicker stalactite dripped sufficient water; it was not possible to attach the rubber tube tfo it.
For this eason, we abandoned dair-isolated sampling and took the drip water sample as quickly as
possible info the hypodermic syringe through a plastic funnel covering the stalactite.

From the derived fritiogenic 3He confents (2.15 £ 0.84 TU and 1.35 £ 0.77 TU) and the measured
tritium concentrations of the drip water samples (2.02 £ 0.27 TU and 1.19 £ 0.40 TU), the 3H/3He ages
(tfravel times) of the drip waters from the two caves were estimated as 12.9 + 3.8 years and 13.5+ 6.3
years. The latter age is probably overestimated because re-equilibration of He between drip water
and cave air is expected fo occur during sampling. For reliable derivation of 3H/3He age, it is
advisable to take a drip water sample that is kept isolated from the cave air.

(Geophys. Res. Lett., 35, L08405, doi:10.1029/2008GL033237) |
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Petrology and Sr-Nd isotopic geochemisiry of uliramafic xenoliths from the French Massif

Central

M. Yoshikawa, T. Kawamoto, J. Yamamoto

Ultramafic xenoliths from Mont Briancon, Ray Pic, and Puy Beaunit in the French Massif Central
show a wide range of minerali compositions and Sr-Nd isotopic compositions. Temperature
and pressure conditions were estimated based on pyroxene composistion and COz inclusions,
yielding 920-1040 °C at 0.95-1.14 GPa (35.1-41.1 km depth) for the xenoliths from Mont
Briancons, 960-1060 °C at 0.94-1.10 GPa (32.7-3%9.8 km depth) for those from Ray Pic, and
790-940 °C at 0.62-0.67 GPa {22.3-24.5 km depth) for those from Puy Beaunit. These data
suggest that the Mont Briancons and Ray Pic xenoliths were derived from the uppermost
mantle, whereas the Puy Beaunit xenoliths were derived from close to the crust-mantle
boundary. The estimated geothermal gradient beneath the French Massif Central is steeper
than that predicted by the convenfional conductive model, thereby providing support for the
lithospheric thinning proposed by Werling & Altherr (1997).

The AlOs content and Mg# (100Mg/(Mg+Fe)) of clinopyroxenes and Cr# (100Cr/(Cr +
Al)) and Mg# of spinels suggest that the peridofite xenoliths represent residues affer various
degrees of partial melting of a fertile peridofite, with the Mont Briangcons, Ray Pic, and Puy

Beaunit xenoliths representing < 11%, < 2%, and 14-18% of partfial melting, respectively. The



maijor element of minerals and Sr-Nd isotopic compositions of cpx within the BR4 xenolith from
Mont Briangon indicate that this is the least-depleted peridotite, with a Nd model age of 330
Ma. This finding is consistent with the partial melting age obtained by Witting et al. (20064),
indicating that these xenoliths may represent the mantle wedge above the Variscan
subduction zone.

The Sr-Nd isotopic variations of clinopyroxenes reflect an additional process: a positive
correlation between 9Nd/144Nd-1/Nd raises the possibility of mixing processes among the
depleted mantle and three distinct metasomatic agents: (1) a component related to the
European Asthenospheric Reservoir (Granet et al., 1995), (2} a lower crustal granulite, and (3)
KoO-rich aqueous fluids required for the formation of phlogopite. We found relationships
among the depth of origin, degree of partial meliing, and isotopic signatures; from south to
north, the xenoliths show the following trends: (1) shallower origin; (2) more strongly depleted
mineral compositions, suggesting higher degrees of partial melting; and (3) isotopically more
enriched features indicative of mixing with a crustal component and K2O-rich agueous fluids.

(submifted to Geological Society of London)
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Hydrogen contents of Ca-rich plagioclase phenocrysis from basaltic magmas erupted at

volcanic front.
M. Hamada, T. Kawamoto, T. Fujii (Univ Tokyo)

Ca-rich plagioclase is common and the most abundant phenocryst in frontal island
arc basalt. Experimental studies (Sisson and Grove, 1993; Takagi et al., 2005; Hamada and Fujii,
2007) have shown that up to é wt.% H20 in melt is necessary to crystallize Ca-rich plagioclase
(~Ango) from basaltic melt.

However, in lzu volcanic arc, existence of H.O-rich basaltic magma has not proved
yet. Analyses of melt inclusions yields lower H2O confent (£~2 wit.% by Saito et al., 2005;
Hamada and Fujii, 2007). Hamada and Fujii (2007} discussed that volafiles might leck from
H2O-rich melt inclusions after entrapment in plagiociase.

In order to solve confradictions on estimated H20 contfent in frontal island arc basailt,
we analyzed trace amount of H in Ca-rich plagioclase obtained from the 1986 eruption and
the 1987 eruption of izu-Oshima volcano (34°N 44, 139°E 24'), using polarized infrared spectra
by the procedures of Johnson and Rossman (2003, 2004). Analytical results of plagioclase
phenocrysts are shown in Fig.1{a). As a whole, H contenfs of plagioclase from the 1987
eruption are lower than those from the 1986 eruption. Three distinct levels of H content were
recognized: 220-300 ppm H20, 100-160 ppm H20 and 50-100 ppm H20. Assuming partition
coefficient of H20 between plagioclase and melt = 0.004 {Johnson, 2005), H2O content of
surrounding melt is ~6 wt.%, ~3 wt.% and ~1.5 wt.%, respectively. Three levels of H:O confent
are consistent with H20 solubility at the estimated depth of magma chambers detected by
seismic studies: 8-10 km deep magma chamber (Mikada et al., 1994), ~4 km deep magma
chamber (Ida, 1995) and ~1 km deep magma head (Watanabe et al., 1998). These analytical
results confirm that H2O content in island arc basaltic magmas is originally higher than
analyzed H2O content in melt inciusions. Variation of H content in plagioclase can be
explained by polybaric crystallization from H2O-saturated melt, as have been discussed by
Hamada and Fujii (2007).

Fig.1(b) illustrates our interpretation of analytical results for each eruption. H content
in plagioclase is proportional to H20 content in melt which crystallized plagioclase.
Crystallized plagioclase moves upward due to ifs lower density compared to mafic minerals
and melt. Plagioclase stagnates at each magma chamber and re-equilibrafes with
surrounding melt with lower H20. The magma erupted in 1986 was derived from both 8-10 km
deep magma chamber (A) and ~4 km deep magma chamber (B). The magma erupted in

1987 was derived from both ~4 km deep magma chamber (C) and ~1 km deep magma



head (D). In both eruptions, time scale of internal magma mixing and eruption was within
several days, short enough for plagioclase to re-equilibrate with surrounding melt in terms of
H20 (Johnson, 2006).
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Bubble number densities in rhyolitic pumices: consiraints from fast decompression

experiments

M. Hamada, D. Laporte, N. Cluzel, K. T. Koga (CNRS and Université Blaise Pascal),

T. Kawamofto

Bubble number density (BND) in natural pumices are controlled by decompression
rate, and therefore, BND can be applied as decompression rate meter of ascending magma
(Toramaru, 2006). Conventional decompression experiments of hydrous rhyolitic magmas
have reproduced BND up to 10 m-=3, while BND in naturat Plinian pumices exhibit up to 1015

m-=3 (e.g.. Toramaru, 1990; Klug and Cashman, 1994; Klug et al. 2002). Mourtada-Bonnefoi and



Laporte (2002) reproduced BND up to 105 m-3 at 10 MPa/s under COaz-rich (500 ppm<CO32 <
1000 ppm) conditions. Effect of dissolved CO2 in melt decreases surface tension at
bubble-melf inferface and increases BND.

In this study, a series of isothermal decompression experiments were conducted in an
atfempt to reproduce large BND comparable to natural Plinian pumices. Starting material
was crystal-free homogeneous rhyolite glass with ~6.6 wt.% HxO. CO2 was not dissolved in it.
Experiments were conducted uding externally-heated pressure vessel and under following
conditions: 700 °C and 1 MPa/s, 800 °C and 10 MPa/s, and 800 °C and 100 MPa/s. Pressure
medium was Nz gas. We used the same starting material and experimental technigues as
Mourtada-Bonnefoi and Laporte (2004), except the smaller decompression rates in their
experiments ranging from 0.03 to 1 MPa/s at 800 °C.

Homogeneous bubble nucleation occurred in almost all the decompression
experiments. The measured BNDs are plotted in Fig.l fogether with those by
Mourtada-Bonnefoi and Laporte (2004}, At 800°C, we measured BNDs equal to ~1014 m3 ot
10 MPa/s, and ~10 m3 at 100 MPa/s. The BNDs observed at 1 MPa/s and 700°C were ~10'4
m3, which was comparable to those measured at 800 °C and 1 MPa/s by Mourtada-Bonnefoi
and Laporte (2004). Decreasing temperature by 100 °C gave negligible effect on reproduced
BND.

The experimental BNDs are also compared with BNDs calculated by the numerical
model by Toramaru (2006) in Fig.1. Calculation reproduces experimental resulfs within an
acceptable error range af decompression rate ranging from 0.17 to 10 MPa/s. Experimental
BNDs at 0.03 MPa/s and 100 MPa/s are smaller than calculated BND. The former may be due
to very low total number of bubbles, from 2 to 10, and difficulty in measuring precisely the
volume of vesiculated core, as was discussed by Mourtada-Bonnefoi and Laporte (2004). The
latter could be explained by following reasons: (i) actual decompression rate of the sample
might be smaller than nominal rate because ’rfansducer is very close to the valve to bleed the
gas, while the pressure vessel is further away: (i) the actual decompression rate of rhyolitic
melt inside the Pt capsule may be smaller than that of the surrounding Na gas; (i} temperature
inside the pressure vessel might decrease temporally due to very fast decompression of N
gas. Effect of ‘The third possibility is expected to be negligible on BND because BNDs
produced at 1 MPa/s is almost identical at both 800 °C and 700 °C. in either case, large BNDs
in natural Plinian pumices can be reproduced from hydrous silicic magmas without CO» at
decompression rates 210 MPa/s.
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Non-Newtonian behavior of plagioclase-bearing basaltic magma: Subliquidus viscosity

measurement of the 1707 basalt of Fuji volcano, Japan.

H. Ishibashi

Laboratory measurements of viscosity of basalt erupted in 1707 A.D. from Fuji volcano,
Japan, were done using a concentric cylinder rotational viscometer at temperatures of
1297-1157°C, 1 atm pressure, and fO2 near the Ni-NiO buffer. On cooling, elongated
plagioclase crystals with a mean length/width ratio of ca. 8.5 appeared at 1237°C, followed
by olivine at 1157°C. At progressively lower temperatures, the totfal crystal volume fraction
increased monotonously to ca. 0.25; viscosity increased from 38.9 to 765 Pa s at a shear strain
rate of 1 s, This basall magma behaves as a Newtonian fluid at temperatures greater than
1217°C, but shear thinning behavior occurs at temperatures less than 1197°C because of the
suspended plagioclase crystails. This behavior is well approximated as a power law fluid. At
the onset of shear thinning, the crystal volume fraction was a very low 0.13, which is attributed
to the pronounced lath-shaped of plagioclase crystals. Relative viscosity, /i, the ratio of
viscosity of suspension to that of the suspending fluid, increases monotonously with increasing
crystal volume fraction at a constant shear strain rate, and with decreasing shear strain rate
at a constant crystal volume fraction. These dependencies on the crystal volume fraction and
shear strain rate can be described using a modified form of the Krieger-Dougherty equation
as

In /== vi?h [1+/In(1 = v/ ¥n)In GlIN(1— v/ ) .
where Vis the crystal volume fraction, G is the shear strain rate, v is the maximum packing
density, 1 is the apparent intfrinsic viscosity at G = 1 51, and / is a shear thinning parameter. For
this experiment, 71 and / are, respectively, 5.46 and 0.118. These parameters depend on the
fextural characteristics of suspended crystals. The equation can describe the relative viscosity
of magma and the arbitrary crystal shape if these parameters’ mutual relationships and
textural features are clarified in future experiments. (Submitted to Journal of Volcanology and

Geothermal Research)
Raman speciral determination of crystallographic orientation of olivine

H. Ishibashi, M. Arakawa (Univ Tokyo), S. Ohi (Kyofo Univ), J. Yamamoto,
A. Miyake (Kyoto Univ), H. Kagi (Univ Tokyo)

Relationship between Raman specira and crystallographic orientation was examined for
single crystals of FossFan olivine [(MgossFeo.11)25i04], which is representative composition of
manile-derived olivine. Unpolarized Raman spectra were obtained for chemically

homogeneous olivine grains with various orientations on a thin section of a mantle-derived



rock (dunite) using the confocal micro-Raman equipment and unpolarized exciting laser at
the Geochemical laboratory, University of Tokyo. Crystallographic orientations of each clivine
grains were determined by an electron backscattered diffraction (EBSD) at Department of
Geology and Mineralogy, Kyoto University.
Five apparent peaks at 822, 854, 881, 914, and 955 cm!, denotfed respectively as p-1, p-2, p-3,
p-4, and p-5, were observed in the spectral range from 700 to 1050 cm!. Although peak
positions are constant, intensity patterns vary with crystallographic orientation. Intensity ratfios
of p-1, p-4, and p-5 to p-2 vary in the range of 0.6-1.5, 0-0.3, and 0.065-0.155, respectively. The
maximum is near the [100] axis, near the [001] axis, and near the [001] axis for p-1, p-4, and p-5,
respectively. The minimum is near the [010] axis, near the [100] axis, and near the [101] axis for
p-1, p-4, and p-5, respectively.
Intensity ratios of p-1, p-4, and p-5 to p-2, li/la (I=1, 4, 5), were empirically formulated as
functions of crystallographic orientations as follows;

i/l = (0niB2/12 4 c2®/ T+ i) sin2e+ (0182/12+ b2l /T+bai) sing+ci
where an, az, s, bn, bz, bai, ¢i are constants. ¢ is the angle between the [100] axis and the
incident direction of the laser, and 8 is the angle befween the [001] axis and the incdent
direction of laser projected on the {100} plane. The equations represent measured intensity
ratios within a standard deviation of 0.06, 0.03, and 0.01 for pl, p4, and p5, respectively.
Combination of the obtained empirical equations enable us the Raman spectroscopic
determination of crystallographic orientatfion of olivine. (Journal of Raman spectroscopy, in

press)

Risk on geothermal activity dominant volcanoes and mitigation of volcanic hazard

T. Kagiyama

The efforts for prediction of volcanic eruptions and mitigation of volcanic hazards have been
done in many volcanoes in the world. Concretely, examination of history of volcanic eruptions
and monitoring of volcanic activity are main methods. Research on volcanic eruptions has
achieved a lot of results so far. For instance, it succeeds in detecting many precursory
phenomena such as increase of seismic activity, deformation of volcanic body suggesting
the accumulation and the movement of magma, geomagnetic changes caused by the rise
of the temperature and anomalous change of volcanic gases (Ishihara, 1997). However, the
author considers it is not suitable to apply these methods to Tatun geothermal area, because
these successes are achieved in the volcanoes, which have magmatic eruptions, not
non-magmatic eruptions. This paper aims to propose the following idea, which is a little bold;
volcanic activity has two end members depending on the easiness of ascent of magma
(Fig.1). The type of volcanic activity will be eruption dominant (ED) when the magma easily

ascends to the ground surface, while it will be geothermal activity dominant (GD) in an



opposite case. We need some developments in understanding GD volcanic system to
mitigate volcanic hazards in geothermal area.

Variety of precursor of eruptions

After examining various kinds of volcanic activity in Japan, it was found that manner of
precursors are different fo each other. For instance, Sakurgjima Volcano frequently has
eruptions after seismic swarm and/or ground deformation {Ishihara, 1990). In Asama Volcano,
similar phenomena have been observed until eruptions in 1973. On the other hand, eruption
has not occurred in Iwate Volcano, though many precursory phenomena such as
deformation of volcanic body and increase of seismic activity indicating magma intrusion
were detected (Tanaka et al., 2002). Expansion of geothermal activity was detected just on
the hypocenter zone. In recent Asama Volcano, the correspondence of the seismic swarm
and the eruption has changed to be unclear and the prediction of the eruption turned to be
difficult. Increase of geothermal activity is frequently observed after magma intrusion
associated with seismic swarm, but no magmatic eruption occurs in many cases and phreatic
erupfions occur in some time (Kagiyama, 2006). in Aso Volcano, red glow is frequently
observed in the crater and phreatic or phreatomagmatic explosions sometimes occur. These
differences originate in the variety of easiness of magma ascent.

Risk on GD volcanoes

In GD voicanoes, small phreatic explosions tend to occur frequently (several years or severdl
tens years) and large magmatic eruptions occur affer long rest time (several hundreds years
or several thousands years) as shown in Fig.2. We have to examine the history of volcanic
eruptions, and fo prepare for both types of eruptions. For frequent occurred phreatic
eruptions, monitoring of geothermal activity, geomagnetic change and volcanic gases are
useful. Monitoring of seismic activity is needed, but we have to know that no seismic precursor
is detected just before the eruption in many cases. Because stop of magma ascent followed
by degassing cause phreatic eruption. For large magmatic eruptions, traditional monitoring is
recommended, but we have o pay atfentions to pyroclastic flows. We also have to pay
attentions to poisoning by volcanic gas such as SO2 or HaS, and to collapse of altered

volcanic body in non-eruptive stage.
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Fig.1 Diversity of volcanism. Styles of volcanic acftivity are represented by two end members;

eruption dominant volcanism and geothermal activity dominant volcanism.
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Looking for critical endpoinis betlween silicate melts and aqueous fluids using x-ray

radiography

T. Kawamoto, M. Kanzaki (ISEl, Misasa), K. Mibe (ERI, Tokyo), K. N. Matsukage (Ibaraki Univ.),
' S. Ono (JAMSTEC)

We have been conducting a series of high-pressure and high-temperature experiments in
order to understand mixing and unmixing behavior between various silicate magmas and
aqueous fluids using synchrotron X-ray radiography at SPring-8. Mibe et al., (2004) reported a
critical endpoint between Sr plagioclase melt and aqueous fluids ot 4 GPa. We call the high
PT assembly suitable for X-ray radiography as Mibe-cell. Mibe et al. {2007) reported a critical
endpoint between peridotite and agueous fluids at 3.8 GPa. Although the manuscript has not
yel accepted, Mibe et al. (rejected) suggested a critical endpoint between basalt and
aqueous fluids at 3.4 GPa (this preferred value is updated). The pressure values of 3.8 GPa for
peridotite-H20 and 3.4 GPa for basalt-H20 are much lower than petrologists expected before.
Furthermore Kawamoto et al. (AGU meeting abstract) suggested 2.9 GPa for a critical
endpoint between high-Mg andesite and agueous fluids, and 2.6 GPa between sediment
. and agueous fluids. If these values are the case in the nature, the fluids derived from
dehydration reactions of hydrous minerals in the subducting slab are in the supercritical

conditions.

The research group led by Drs. Max Schmidt and Peter Uimer at ETH has also reported
experimental works on this subject. Kessel et al. (2005} suggested 5.5 GPa as a crifical
endpoint in the system of basalt-H20, and Melekhova et al. {2007) suggested 11.5 GPa in the
system of MgO-SiO2 peridotite and H20. These suggested values are much higher than our
preferred values (Mibe et al. 2007 JGR, Mibe et dl. rejected).

Kessel et al. (2005) and Melekhova et al. (2007) put only 20 weight % water in their
experimental charges, and measured the water concentrations of fluids quenched in
diamond aggregates by laser ablated ICP instrument. When they found a large
compositional change within a small tfemperature change at a pressure, they suppose that
there is a solvus between melt and fluids at the temperature. They judged a critical endpoint
when such a large compositional change is not seen and the composition changes
constanily as temperature increases. We think that their experimental design is not
appropriate to determine the critical endpoints because of the following two reasons. (1)
They cannot observe the coexistence of a fluid and a melt at any PT condition. This is because
they put only 20 wt % water in their experimental charge, while they suggested the solvus at
60 - 90 weight % water. (2) They suggested the large change of composition during a small

change of temperature as a sign of the existence of solvus. However, Nakamura (1974)



reported experiments of SiO2-H20O system and showed a similar feature BEYOND the crifical
endpoint. This means that all experiments reported by Kessel et al. (2005) and Melekhova et al.
(2007) are possibly beyond the critical endpoints. This is consistent with our suggestions. Some
researchers think that the reality can lie between suggestions by ETH group and us. However,
we do not agree with them, because the suggestions by Kessel et al. (2005) and Melekhova

et al. (2007) gave no constraint on the location of the crifical endpoints.

Mibe-cell with X-ray radiography also has a possible weak point. When we see two fluids with
X-ray radiography, we can say there is a solvus at these PT conditions. However, it is difficult for
us fo deny an existence of possible small solvus when we do not see two fluids. We may have
too weak eyes to see the compositional difference between them. Therefore, we have taken
an eye test for Mibe-cell with critical endpoints between albite and H.O system, which has a
critical endpoint at around 1.5 GPa based on visual observation of solvus by Shen and
Keppler (1997) and quench experiments by several groups (Paillat et al., 1992; Stalder et al.,
2000). Recently we have done our first eye test using albite with 50 wt. % H20 at SPring-8; we
saw two fluids at 1.4 GPa while one single fluid at 2.0 GPa. This simple test guarantees an
ability of X-ray radiography method with Mibe-cell to determine the critical endpoints in
silicate melts and aqueous fluids within an uncertainty of at worst + 20 % relative or 0.3 GPa for

this case.
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Water, heat and chloride balances of the crater lake at Aso Volcano, Japan

T. Saito, S. Ohsawa, T. Hashimoto (Hokkaido Univ), A. Terada, S. Yoshikawa, T. Ohkura

Morphometric observations of the crater lake at Aso Volcano, Japan, was carried out and
the change of its water level, surface area and water volume between Aug 2000 and Aug
2003 were estimated. The lake water was sampled three times during this period and the
concenirations of chloride in the water were measured. Mass balance was evaluated by
solving the water and chloride budgets simultaneously. Results showed that the lake water
was mainly supplied by volcanic input (3500-6200 ton/day} which occupied at least 60% of
the water influx. Meteoric water flux (420-2500 ton/day) was not dominant, which occupied
less than 20% of the water influx between Aug 2000 and Apr 2003. Lake water was mainly
dissipated by evaporation from the lake surface (3800-5200 fon/day). Seepage from the lake
botfom {880-2200 ton/day) occupied about 13-37% of the water outflux. Heat balance
indicated that thermal energy of volcanic input was about 150-200 MW, which occupied
more than 95% of energy influx. Most heat loss occurred at the lake surface through
evaporation {100-150 MW). The specific enthalpy of volcanic input was estimated to be
about 2500-4200 kJ/kg. which corresponds to the enthalpy of superheated steam at several
hundred degrees C. It was suggested that mass and heat are input intfo the lake by the
addition of superheated steam at several hundred degrees C. Water flux and enthalpy of
volcanic input between Apr 2003 and Aug 2003 were estimated fo be larger than those
between Aug 2000 and Apr 2003. This is consistent with the observatfion that the water
temperature became higher, the water level was decreased and small mud eruption was
occurred. Our results indicate that the crator lake at Aso ranks among the peak-activity

volcanic lakes in the world. (J. Geotherm. Res. Soc. Japan. Vol. 30. P. 107-120. 2008)



Precise remote-monitoring fechnique of water volume and temperature of a crater lake in

Aso volcano, Japan: Implication for a sensitive window of volcanic hydrothermal system

A. Terada, T. Hashimoto (Hokkaido Univ.), T. Kagiyama
H. Sasaki (Kokusai Kogyo, Co. Lid.)

A high-resolution Digital Surface Model and a commercial digital camera have enabled
precise and continuous moniforing of the crater Idke at Aso volcano. Combining the IR
thermometry with the system, our simple and intensive observation from July 2006 onwards
has provided more accurate measurements of lake volume and temperature, than any
previous studies. The heat discharge stayed mostly constant af approximately 220 MW,
except for an abrupt increase to 280 MW that coincided with a rapid decrease of the water
level in August 2007. Simultaneously, an increase in temperature at a shallow depth was
suggested by other observations. As was seen in this example, the crator lake responds to
even slight changes of volcanic fluid supply, which can be well quantified by our method.
Thus, a crater lake can be monitored more precisely than subaerial fumaroles whose energy
estimation is often accompanied by large uncertainties. Our monitoring fechnique of a crater
lake provides us information on a subsurface hydrothermal system beneath it, for which any in

situ measurements are practically impossible.
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Fig. (a) Water level, (b) water mass (volume)} and surface area of Yudamari crater lake. (¢)
Cumulative precipitation and cumulative income due to precipitation. (d) Temperature of
the lake surface measured by JMA's IR thermometry. (e) Computed monthly mean heat
discharge rate from the lake surface. (f) Temperature of the South-wall fumaroles.

{Earth Planets Space, 50, in press)



The lce Box Calorimetry: A handy method for estimation of heat discharge rates through a

steaming ground
A. Terada, T. Kagiyama, H. Oshima (Hokkaido Univ.)

We developed a new technique, ice Box Calorimetry, for estimating heat-discharge
rates through steaming ground. Figure shows a model of heat balance on the ground surface.
The ice placed on the steaming ground melis because of the heat flux, including the net
incident radiation Rn, surface heat flux by conduction C, surface heat flux by evaporation E,
and the fotal geothermal flux from depth Q (W/m2). Here, Q includes conductive heat,

convective heat, and latent heat within vapor. The heat balance can be written as
Rhn-C-E+Q=M{1)

where M (W/m?) is the heat required to melt the ice. To evaluate the total heat (i.e., Rn, C, and
E). we placed a thermal insulation mat on the steaming ground surface and put an ice box

upon the mat. In this case, the heat required to melt the ice, Mo, is written as
Rn-C-E=Mo (2)

If two ice boxes are located next fo each other at the same time (one insulated and one
not), we can presume that the thermally insulated ice absorbs as much heat of Rn, C, and E as
the ice box laid directly upon the steaming ground. Consequently, we obtain Q by

subtracting equation (2) from (1):
Q=M-Mo (3)
We can easily measure M and Mo. The heat necessary fo melt the ice M corresponds to the

weight of molten water m (kg) multiplied by the heat of fusion L (J/kg) and divided by the

surface are of the bottom of the ice S (m2):

_Lm

M=
St (4)

where t s the fime required o melt m kg of ice and L is 3.34 x 105 J/kg. Following equation

(4), we write Mg as follows:



Lm,

M. =
°st,

()

where mo is the weight of ice melted over to seconds. In this study, we measure t, m, to, and
mo af the steaming ground according to the procedure described below, and calculate Q
using equations (3), (4), and (5).

lce within an aluminum box provides a powerful tool for measuring the total heat transfer
from the ground surface, including conductive heat, convective heat, and latent heat within
vapor. Using this method, we are able fo rapidly measure heat-discharge rates without the
need for specialized apparatus. Applying Ice Box Calorimetry to the Nishiyama steaming
ground at Usu volcano, Japan in September 2006, we idenfified local variations in heat
discharge rates. The total heat discharged from the entfire geothermal area in September
2006 is estimated to be 27 MW, which represents just 1% of the rate immediately following an

eruption from the volcano in 2000.
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Fig. Heat budget for ice on the ground surface. Ra, C, E, Q, and M indicate net incident
radiation, surface heat flux by conduction, surface heat flux by evaporation, geothermal flux
from depth, and the melfing heat of ice, respectively.

(Earth Planets Space, 50, in press)

Quantitative analysis of geothermal events at the Yoshioka hot spring, Aso Volcano, in 2006
A. Terada, Y. Sudo, S. Yoshikawa, H. Inoue
New geothermal activities occurred at the Yoshioka hot spring of Aso Volcano from
June 2006. We found the new fumarole “a3” in a new steaming ground “A". The maximum
temperature of steams from it exceeds 98 degrees centigrade. In August, a vigorous fumarole

“b1" and new steaming grounds “B” and “C" were formed. Vapor fluxes from these fumaroles

obviously increased in October, and the daily mean heat and water discharge rates of the



fumarole "b1" were estimated approximately to be 15 -30 MW and 6.7 — 13 kg/s {580 -1, 100
ton/day), respectively. Especially, "b1" ejected about 10 tons of ash on 16 October. After
November 2006, temperatures of steaming grounds fell, and heat and water discharge rates
of the fumarole “b1"” decreased to be about 4.6 MW and 2.0 kg/s (170 ton/day), respectively.
The average heat discharge rate from “b1" is more than tens fimes higher than that of existing
natural fumaroles in the Yoshioka, Yunotani, Jigoku and Tarutama hot springs in the usual
period. We infer that the vigorous geothermal events are caused by the temporal increase of

vapor flux from the deep geothermal hot water.
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(Bull. Volcanol. Soc. Japan, 50, p335-340.)

Quantitative evaluation of heat discharge rates from the geothermal area formed during the
2000 eruption of Usu volcano, Japan: Comparison with magma cooling processes following

the 1977 erupfion
A. Terada, H. Oshima (Hokkaido Univ.), N. Matsuhima (AIST), T. Kagiyama

We estimate heat-discharge rates for a geothermal area formed during the 2000 eruption
of Usu volcano, Japan. Field observations carried out in September 2006 reveal that
heat-discharge rates from fumaroles, areas of steaming grounds and crater lakes are 8, 8.2,
and 2 MW, respecftively. The fotal heat-discharge rate measured in September 2006
represents just 1% of the rafe immediately following the eruption.

Integration of the heatf-discharge rate from April 2000 fo September 2006 vyields an
accumulated discharge of approximately 3 x 1016 J, equating to the cooling of 9 x 106 m3 of

magma. This amount of magma corresponds to several percent of the total intruded magma



volume estimated from analyses of ground deformation associated with the 2000 eruption.
Compared with the 1977 eruption, the 2000 eruption involved the discharge of large
amounts of heat from fumaroles. Fumaroles that developed during the 2000 eruption showed
a decline in activity in short time. Areas of steaming ground associated with the 2000 eruption
showed rapid growth compared with those of the 1977 eruption but discharged relafively little
heat. We suspect that differences in the hydrological environments of the two eruptions (e.g..
hydraulic conductivity around the infruded magmas) led to confrasting patterns of

propagation of the hydrothermail systems around the intfruded magmas.
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(Bull. Geotherm. Soc. Japan, submitfed)

Strength of mantle minerals

J. Yamamoto

Most mantle-derived minerals contain CO2 as a dominant component of fluid inclusions.
Residual pressure of the CO: fluid is widely used as a depth probe for the minerals.
Determination of depth where the mantle rocks are carried up by ascending magma, a
so-called mantle xenolith, has important implications fo explore uncharted territory. The fact
that the residual pressure in the CO2 fluid inclusions is specific to individual host mineral species
has been a long-standing problem (e.g.. Yamamoto et al., 2002). Yamamoto et al. (2002)
proposed that most fluid inclusions in mantle xenoliths strefch in response to the changing
pressure and temperature during ascent. Change in the volume of fluid inclusions results from
elastic and plastic deformation of the surrounding host mineral. Thus, there was no conclusive
evidence that the residual pressure of the fluid inclusions is adequate for a geobarometric
probe. In this report, | compiled influence of both elastic and plastic deformation of host

minerals on the CO» density in the CO2 fluid inclusions in mantle xenoliths during ascent.



Plastic deformation

The pressure contrast among mineral 4 S oiine (130)
species mainly results from plastic 6- >: gg&jﬂe (e22)}
deformation of the host mineral @ spinel
around the fluid inclusions that occur § 3] i
during depressurization, accompanied S‘f‘; 4 -
with transportation of the minerals to §

near the Earth's surface (e.g., g 3- ]
Yamamoto et al. 2002). The driving é 2~ -
force of the plastic deformation is the

pressure difference between the inside [y i
and outside of fluid inclusions. For 0 y ; y ;
example, in the case of a xenolith 400 500 600 700
entrained by magma from 1 GPa (ca. Temperature ('C)

40 km depth) to the Earth's surface, the Fig. 1. Yield stress of mantle minerals as a function of
pressure difference between the inside S?f?li‘ii?ﬁilﬁeaﬁ?ﬁ :V ?&icﬁign;?tgfe;iig lﬁ&f@f ;ﬁg

. L . time (Yamamoto et al., 2008).
and outside of fluid inclusions becomes

1 GPa. Huid inclusions in hard minerals such as a diamond must retain a constant pressure,
even at the temperatures of typical basaltic magma (1000°C-1200°C), because plastic
deformation does not occur efficiently around them. On the other hand, the pressure
reduction is probably greater in weaker minerals. Yamamoto et al. (2002) measured the
residual pressure of fluid inclusions in olivine, orthopyroxene, clinopyroxene, and spinel. Those
results suggest that the relative strength of these minerals is in the order of spinel 2
orthopyroxene = clinopyroxene » olivine at ca. 1 GPa and 950°C. This order is idenfical to

estimated yield strengths of the minerals {Yamamoto et al., 2008).

Yamamoto et al. (2008) presents that the yield strengths of olivine, orthopyroxene, and spinel
decrease with temperatures up to 700°C at 10 GPa. The progressive decrease in the yield
strength is expected at a temperature greater than 700°C (Fig. 1). These facts indicate that
the inner pressure of the fluid inclusion in xenolith entrained at ca. 1 GPa is fully relaxed in the
basaltic magma. However, the fluid inclusions in mantle xenoliths retain the high fluid density
corresponding to around 0.8 GPa at 1000°C, even in soft minerals such as olivine (e.g.
Yamamoto et al. 2002, 2007). This discrepancy is explainable by the low strain rate of the
mantle minerals. The strain rate of olivine is far higher than that of pyroxenes and spinel.
Therefore, it's likely that COa2 fluid inclusion in olivine selectively expand during ascent of
mantie xenoliths. By using the strain rate, we can calculate the degree of expansion of CO2

fluid inclusion during ascent.
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pyroxenes and spinel should be several orders of magnifude lower than that of olivine.
Therefore, to estimate trapping depth of the mantle xenoliths, it's appropriate to adopt the

residual pressure of CO2 fluid inclusions in pyroxene and spinel.

Elastic deformation

Although several geological studies have produced and discussed models of elastic
deformation of surrounding crystal laftice around fluid inclusion, none have substantiated a
hypothesis through actual measurements of natural samples. A main reason is the analytical
difficulty in identifying the influence of volume change of fluid inclusions in response to the
elastic deformation of the surounding crystal laftice during ascent and subsequent cooling.
That influence is small because of the opposite effect of thermal expansion and
compressibility of the host mineral. Recently, a precise measurement method for CO2 density
in fluid inclusions, which is applicable to semi-opaque minerals such as spinel, was proposed
using micro-Raman spectroscopic analyses {Yamamoto et al., 2002; Kawakami ef al., 2003;
Yamamoto & Kagi, 2006). By applying this method, Yamamoto et al. (2002) revealed a higher
CO3 density in fluid inclusions in spinel than in pyroxene in a mantle xenolith; they assumed
that this density variation is caused by the difference in elastic properties between the
minerals. Yamamoto and Kagi (2008) tested an elastic deformatfion model to explain the
difference in the mineral-specific contrast of CO2 density in fluid inclusions.

Figure 3 shows a plot of R vs. Delta for COz2 fluid inclusions in a mantle xenolith from Far Eastern

Russia (Yamamoto and Kagi, 2008), where R and Delta are the intensity ratio and the splif
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volume change of the minerals caused by decompression and a decrease in temperature
during the ascent based on differences in the bulk modulus, shear modulus, and thermal
expansivity. The pressure of CO2 estimated from the CO2 density of 1.19 g/cm3is around 1.14
GPa at an equilibrium temperature of the mantle xenolith of 931°C. In the case of the mantle
xenolith derived from a shallow mantle region (1.14 GPa and 931°C), the volume of CO» fluid
inclusions in olivine, orthopyroxene, clinopyroxene, and spinel decreases elastically by 1.4%,
0.9%, 0.7%, and 1.5%, respectively. Therefore, the predicted difference in the volume change
between spinel and pyroxenes is 0.6-0.8%, whereas the difference in the CO2 density
measured in our sample between spinel and pyroxenes is greater than 3%. Estimated
uncertainties in COz densities are less than 0.3% for pyroxenes and spinel, and are not a likely
explanation for the difference beftween the observation and the elastic model. Assuming a
mantle mineral with equilibrium temperature of 1000°C, the difference of 3% in the CO2
density corresponds fo the difference of 2-3 km in depth. This difference could be considered
as an uncertainty of the geobarometric method.

Several possibilities are cited as the main cause of the difference. One possibility is the
uncertainfy of several parameters used for the calculation of volume changes of fluid
inclusion. Elastic properties of mantfle minerals are closely related to their chemical
composition. Most deformation experiments of mantle minerals under high temperature and
pressure have been performed on synthetic materials. Normally chemical compositions of the
synthetic materials differ greatly from those of natural mantle minerals. It is necessary to
accumulate basic knowledge, particularly that related to the mechanical behaviour of
natural mantle minerals. The other possibility is local plastic deformation of pyroxenes around
COz2 fluid inclusions, thereby decreasing the CO2 density. The excess CO2 density in spinel
beyond the value predicted by elastic deformation may result from the difference in plastic

properties between spinel and pyroxene. Little is, however, known about the plastic



deformation properties of spinel and pyroxenes. Tangled dislocaticns are also probable
cause affecting the vield strength of minerals. Indeed, a remarkably high density of tangled
dislocation has been observed in the crystal lattice around fluid inclusion in olivine
(Yamamoto et al., 2002; 2008) but it is unknown in pyroxenes and spinel. Combination of such
rheological observation and precise determination of the density difference of CO2 fluid
among mineral species will serve as a useful deformation probe for natural mantle minerals.
That is, minerals with dense CO:z fluid inclusions in mantle xenoliths form a natural laboratory for
the study of deformation mechanisms under enormous differential stresses under high

femperatures.

Summary

By applying a densimeter for CO2 using micro-Raman spectroscopy, significantly tower CO2
densities were determined in olivine. It can be explained by severe plastic deformation of
olivine during transport of the mantle xenolith resulting in systematic lower CO2 density in
olivine. The slight difference in the density between pyroxenes and spinel is not satisfactorily
explained by an existing plastic and elastic deformation model, and existing knowledge of
rheological properties of the minerals. The slight density difference suggests cryptic
deformation mechanism of natural mantle minerals. Precise analyses of CO2 density will reveal
deformation properties of natural mantle minerals under high differentfial siress and
temperature. That is, fluid inclusion in mantle xenoliths is a useful probe for deformation

mechanisms as well as depth.
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Detection of aeromagnetic anomaly change -~ Application of simultaneous equivalent anomaly

method.

M. Utsugi

Repeated aeromagnetic surveys are one of the promising ways of inspecting volcanic activity. In
dedaling with such data, there is a problem of how to exiract the true change of magnetic anomalies
from a limited set of observation dataq, i.e. the problem of spatial alias effect. Recently we developed
the method of “simulfaneocus equivalent anomaly” for helicopter surveys of variable elevations to
extract statistically the errors from ambiguous noise sources. This technique can be applied to
overcome the spatial alias effect in defecting magnetic anomaly change between aeromagnetic
surveys at different fimes. Fig. 1 shows a model example to test the availability of this method in
deriving the magnetic anomaly change. We consider 10 x 10 km areaq, in which anomalous source
bodies are buried. We assume the observation was made along 15 N-S lines (Fig. 1(a)) for the first
survey, and an additional source "A" exists for the next survey with 15 E-W lines {Fig.1 {b)). The
contfours of Fig. 1 (a) and (b) shows cbserved magnetic anomalies on first and second survey,
respectively. Fig. 1 (c) shows the
magnetfic anomaly produced by
an additional source "A”, and this is
the tfemporal geomaghetic
anomaly change that we should
detect. Fig. 1 (d) shows the
resultant anomaly change
obtained by comparing the
upward confinuation of each flight
data to the common surface. This
figure shows the obtained anomaly
change contaminated with noises
because of the spatial alias effect.
On the other hand, the result

Fig. 1 Test of discovering a obtained by simultaneous
magnetic anomaly change equivalent anomaly method (Fig. 1
by simulfaneous equivalent {e)) is an adequate approximation
anomaly method for 15 N-S fo the ideal pattern Fig.1 (c).

and 15 E-W survey lines.



Osmiun isotopic composition of harzburgite from the Hayachine-Miyamori ophiolific complex
M. Yoshikawa, K. Suzuki (IFREE), K. Ozawa (Univ. Tokyo)

The 1870s/1880s isotopic composition of depleted MORB type mantle (DMM} has been
obtained from chromitites in worldwide ophiclites (Walker et al., GCA, 2002). Combination of
Re-Os and Sm-Nd systematics of peridotites from orogenic lherzolite massifs, ophiolites, and
xenoliths in alkali basalts and kimberlites indicate the existence of heterogeneities of the
upper mantle (e.g. Roy-Barman et al.,, Chem. Geol.,, 1996; Pearson et al.,, GCA, 1995). These
studies suggeste that peridotites do not represent a simple residue left after partial melting but
suffered complex subsolidus history.

The Hayachine-Miyamori ophiolitic complex in the Kitakami Mounfains, northeastern
Japan consists of ultramafic tectonite and cumulate members, which are structurally and
chemically similar to the lower uitramafic sections of ophiolites (e.g. Ozawa, 1984). Rb-Sr and
Sm-Nd isotopic systematics of this complex were determined (Yoshikawa and Ozawa,
Gondowana Res.. 2007) and the isofopic data with frace element compositions of
clinopyroxenes of this complex {Yoshikawa and Ozawa, 2007; Ozawa and Shimizu, JGR, 1995;
Ozawa, JGR, 2001) suggeste that the complex experienced partial melting events around 430
Ma ago with influx of three agents.

We defermined 187Qs/1880s and 87Re/180s isotopic ratios of a fresh harzburgite
boulder 73003-1 (Fig. 1). The isotopic ratio is within the range of abyssal peridotites and
chromitites of ophiolites. The 187Re/1880s ratio is also within the range of chromitites from
ophiolites. The chromitites has been considered as indicators of the initial Os isotopic
compositions, because they have very low Re/Os ratios and the required age corrections are
small (Walker et al.,, GCA, 2002). This harzburgite has slightly lower 1870s/1880s ratios than
chromitites of Oeyama ophiolite which yields the similar age (420Ma). It is suggested that the
Os isotopic composition of this fresh sample resisted disturbance by late-stage events, such as
alteration and serpentinization. The slightly lower 1870s/1880s ratioc compared with the ratios of
chondrite at 430Ma and of present average abyssal peridofite (0.1247; Snow & Reisburg, EPSL.,
2000) further suggests that influxed fluid to the harzburgite which was derived from a
subducting altered oceanic crust (Yoshikawa & Ozawa, 2007) did not largely contributed o
change the 1870s/1880s ratio, although radiogeic Os isotopic composition of metasomatized
peridotites by fluid derived from subducting oceanic crust has been reported (e.g. Brandon et
al., Chem. Geol., 1999). We conclude that this sample is suitable to discuss the mantle
processes in the Hayachine-Miyamori complex using combination of Re-Os and Sm-Nd

isotopic systematics.
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Fig. 1. Os isotopic composition of
harzburgite from the
Hayachine-Miyamori  opiolitic  complex
compared with present-day values for
abyssal peridotites {Martin, GCA, 1991;
Roy-Barman & Allegre, GCA, 1994; Snow
& Reisburg, EPSL, 1995; Brandon et al.,
EPSL, 2000) and chromitites from
world-wide ophiolites and from
Horokanai, Yakuno and Oeyama in
Japan (Walker et al., GCA, 2002).
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E H # # Routine Observations
Geophysical Monitoring Under Operation at AVL
Aso Volcanological Laboratory
Permanent Stations
Nakadake monitoring nefwork
Seismic Stafions: HNT, PEL, KSM, SUN, KAE, KAE, KAN, UMA, TAK (microwave telemefry)

Tiltmeters: HNT (wafter 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-sife), newC223 (fluxgate 3-comp.; online)

FF2 (proton; online)

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

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.

Cenirdl Kyushu regional network
Seismic Stations: AVL(6), MAK, NBR, MKN, HDK, TAT, MGR (online telemetry)
ASJ, HNY, SKM, KBM (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 type X-ray Fluorescence
analyzer

Energy dispersionty type X-ray Fluorescence
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
Aso

Video monitoring system of Aso and Kuju
Volcanoes

Proton and fluxgate magnetometers

Geomagnetic absolute measurement system

Titmeters

Instruments and Facilities
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Automatic fifration system

Piston cylinder type high pressure apparatus

Laser ablation system

Inductively coupled plasma mass
spectrometer(ICP-MS)

Thermal ionization mass specitrometer(TIMS)

Externdlly heated dicmond anvil cell (at Kyoto)

Raman microscope (at Kyoto)

FT-NIR spectrometer

IR microscope

Heatings stage (af Kyoto)

Portable seismometers (broadband short
period)

Car-mounted seismicsource

Gravimeters

Magneto-Teluric measurement
sysTem(broadébOnd type, ULF, ELF, VLF-band)

Electronic distance measurement system

Leveling survey system (automatic reading)
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[Beppu]

An analysing system of frace element and isofopic compositions
Radiogenic isotope and trace element compositions of natural samples (e.g. rock and water,
etfc.} provide us important information about source materials of a sample, generating processes
from the sources and age of the sample formation. Therefore isotope and trace element
compositions 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 frace elements by USing an inductively coupled plasma
mass spectrometer (Fig. 1) and for isotopic ratios of Sr, Nd and Pb: employing o thermalionization
mass spectrometer (Fig. 2) at Beppu Geothermal 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 analysis were clso established. Al our chemical
procedures are performed under a clean environment, which is basically handmade with cur
ofiginal design {eg. Fig. 3). The analytical methods established at BGRL redlize the precise analyses
of trace and isotopic compositions of ulira frace amounts of the samples (Fig. 4). Furthermore, we
are developing methods o redlize the mass production of the assay fests. By employing the
described analyfical methods, we are progressing with the study of magma genesis and material
tfransfer in the mantle, efc.



Fig. 1. Inductively coupled plosma mass

spectrometer

Fig. 3. Sample evaporation system under the ultra
clean environment

Fig. 2. Thermal ionization mass specirometer

{250 pprmg
2 ng (w50 ppm)
25 ng (elw

Chemical Compositions )
1. Blaments oolored are relably eslablished
for routing anslvsis with 2 precision
better than 2% and acoraoy around 8%
2. Low Endilations of the methoed were
demonstrated by sxceliont analysis
of ullra-low lavel {ng o1 ) mantie-dadvad
sampde (3P-1, peddotie)
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Fig. 4. Analytical method for isotopic and frace element compositions established at

BGRL







