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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 geothermal fluids, for geothermal tectonics, 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 set in 2004 were held nine times in Kyoto campus,
and the cooperative relationship between our institute and Graduate School of Science was
intensified. Taking into consideration on the subjects related to remote institutions from
main campus, we need to make effort to intensify 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 Campus, Aso and Beppu Laboratory used constantly for seminar
and special lectures.

In personal affairs, Associate Prof. Shinji OHSAWA was promoted as the professor
from March 2010. Prof.. Holloway from USA worked at Beppu as a visiting professor during
April to September, and Dr. Fairley from USA worked at Aso from October to the end of March
2010. As a postdoctoral associate, Dr. Masaya MIYOSHI joined in April, 2009, and Dr.
Morihisa HAMADA left to Advanced Institute for Science & Technology at Tsukuba. Dr.
Tomoyuki Kobayashi was adopted in Beppu in November 2009, and left to Chiba University
at end of March 2010. Dr. Koshi NISHIMURA left to Advanced Institute for Science &
Technology at Tsukuba.

The activity of the KAGI 21 (Kyoto University Active Geosphere Investigations for the
215t Century Centers of Excellent program) program was finished, and our institute made a
great contribution for scientific activity on 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. These activities were continued under the collaboration with
Division of Earth and Planetary Sciences and Integrated Earth Science Hub.

Beppu, June 2010, Keiji TAKEMURA, Professor/Director
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WZEiES) Research Activities

KEREPNHERIAFE  Institution Colaboration
Pyroclasitic flows from Aso Caldera, central Kyushu, Japan —-review on their eruptive ages
K. Takemura, T. Shibata, M. Miyoshi
1. Infroduction

Aso volcano is the famous active volcano with a large caldera. Four times of gigantic
eruptions from Aso Volcano are recorded by pyroclastic flows and widespread tephras
distributed in and around Japanese Island (Machida & Arai, 2003 etc). Those eruptions
during past 300 thousand years are called as Aso-1, Aso-2, Aso-3 and Aso-4 pyroclastic flows
in ascending order (Ono and Watanabe, 1985). Many researches on volcanic products
related with these large eruptions have been confinuing. Though Ono (1965) described
Aso-l, Aso-ll and Aso-lll for the pyroclastic flows from Aso caldera region, Ono and co-workers
described Aso-1, Aso-2, Aso-3 and Aso-4 (Ono and Watanabe, 1969 etc), and that volcanic
history is now used in general. Relating with the volcanostratigraphical work, many researches
on many earth scienfific works such as petrology on volcanic products, geophysical
prospecting in and around caldera region, mode of eruption during caldera forming are
progressing. We intend to summarize those results and find next targets on the earth science
on large eruptions from Aso volcanic region.

There are several main subjects regarding on the large eruption and materials related
with caldera formation at Aso Volcanic region. (1) volcanostratigraphical and chronological
subject (2) volcanological and volcanotectonic subject (3) petrological and geochemical
subject on volcanic rocks (4) Paleogeographical and paleofopographical subject, and
evaluation of natural damage by eruption (5) present hydrological and geomorphological
subject, and utility and resources of eruptive product.

For example, volcanological aspects indicate some important subjects as follows.
Although the volume and distribution of Aso pyroclastic flow deposits are estimated by the
previous works (e.g. Ono and Watanabe, 1985), the followings are still controversial: (1) the
source venis of Aso-1 to Aso-4 pyroclastic flows; (2) the transport and emplacement
processes of pyroclastic flows; (3) the trigger of gigantic pyroclastic flow eruptions (VEI=7); (4)
magma-plumbing system in the caldera-forming stage.

Furthermore, we can indicate following points geochemically. The geochemical data
for Aso volcano is insufficient, although Hunter {1998) reported major, frace and Sr and Nd

isotopic compositions of volcanics from caldera stage magmas. She emphasized that
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magmatic evolution during caldera stage is explained by fractional crystallization with crustal
assimilation. However, the genesis of magma is not well discussed. Recently, Furukawa et al.
(2009) reported that the Sr isotope ratios of pre-caldera magmas show high and wide range
of value. This suggests a possibility that the more wide ranges of geocchemical characteristics
can be obtained from more detailed geochemical study is required through volcanic history
of Aso volcano. Therefore, fo elucidate the magma genesis of Aso volcane, geochemical
study with comprehensive data set, including Pb isotopic composition, through volcanic
history is required.

In this report, chronological assumption on the eruption ages of four pyroclasitc flows

from Aso Caldera region is reported.

2. Age determination on volcanic activity

There are two main methods for age determination on volcanic activity. One is age
based on radiomeftric method and the other is age based on stratigraphical method.
(1) Radiometric method: The age is obtained by direct measurements of volecanic materials
and wood samples infercalated in the pyroclastic flows, and the radiometric ages upper or
lower samples. There are radiomeftric methods such as 14C dating, K-Ar dating, Ar-Ar dating,
Fission-track dating, TL dating etc.
{2) Stratigraphical approach: Stratigraphic horizon of volcanic materials such as volcanic ash
is defermined within the sequence of lithostratigraphy and biostratigraphy, and that horizon is
correlated with the standard section, and we can get the age of volcanic products.
Especially, coignimbrite ash layers related with caldera forming activity have wide distribution
and their roles are very effective as correlation tool. (a): Determination of stratigraphical
posifion at volcanic region, (b}: Discrimination of wide spread tephra to pyroclatsic flows at
erupted source. (c): Determination of Stratigraphic horizons of volcanic ahs layers within the
continuous sequence and comparison fo chronological data. Recently, correlation between
widespread tephra and marine isotope stage in the marine sequence (Oba et al., 2006; Aoki
et al., 2008 etc), correlation between widespread tephra layers in the long lacustrine records
with palecenvironmental change curves such as micropaleontological data (Nagahashi et
al., 2004; Danhara et al., 2010; Takemura et al., 2010 efc), and determination within the

sequence of land loam and soil sequence on land.

3. Age of Aso-1, Aso-2, Aso-3, Aso-4 pyroclastic flows

In this section, we will summarize ages of Aso-1, Aso-2, Aso-3, Aso-4 pyroclastic flows
according fo previous reports from the radiometric ages and stratigraphic approaches.
(1) Aso-1 pyroclastic flow

Radiometric age: Okaguchi (1978) reported fission-track ages of obsidians from Aso-1
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pyroclastic flow deposits. They are 260£76 (ka), 358+72 (ka). The K-Ar and fission-track ages

of Sakanashi Ryolite covered by Aso-1 pyroclastic flows at eastern part of Aso caldera were

reported as 0.41+0.04, 0.45+0.03, 0.50£0.05 (Ma) (Kaneoka and Suzuki, 1970). On the basis of

these data, Ono and Watanabe (1983) considered that the age of Aso-1 eruption occurred

at younger than 0.4 Ma. In 1991, Matsumoto et al. measured the precise K-Ar ages, and

obtained the age of 266t14ka. According to this age, Ono (1996) mentioned that the age

of Aso-1 flows is assumed about 270ka by Ono (1994) and 300ka by Kamata {1997) .

Stratigraphical approach:

Tephra layer discovered within the sequence obtained from Japan sea correlated with Aso-1

is assigned at the horizon of marine isotope stage 8.2 (about 255 ka) which is the glacial

period (Shirai et al, 1997), and tephra layer correlated with Aso-1 in the Lake Biwa sediment is

also discovered at the horizon of marine isotope stage 8.2 (Nagahashi et al., 2004).

(2) Aso-2 pyroclastic flow

Radiometric ages: Fission-track ages of Aso-2 pyroclastic flows were reported as 154+60ka
(Okaguchi, 1978) and 185+46ka  (Tamanyu, 1978) . Matsumoto et al. (1991) measured Aso-2

pyroclastic flow deposits by K-Ar method, and obtained the ages of 141t5ka, and they

reported 145+8ka, 223+34ka as the ages of lava flows situated between ASO-2 and ASO-1

pyroclastic flows. According to these ages, recent reports such as Kamata {1997) and Ono

(1996) mentioned that the age of Aso-2 pyroclastic flows is about 140ka.

Stratigraphical approach:

Discovery of tephra layers correlated with Aso-2 is less than other large volcanic events from

Aso volcanic region. Nagahashi et al. {2004) indicated that the tephra horizon correlated

with Aso-2 in the Lake Biwa sediments is assigned at marine isotope stage and that age is

about 146ka.

{3) Aso-3 pyroclastic flow

Radiometric age:

The reported ages of Aso-3 pyroclastic flows are listed below. They are 103t4.2ka by fission

track dating (Okaguchi, 1978), 110+3ka by TL dating (Nagatomo, 1990) . The K-Ar ages

measured using the lava flows between Aso-3 and Aso-4 cycles are about 90-120 ka (Itaya ef

al., 1984). Matsumoto et al. (1991) also obtained the K-Ar age of 123téka. Recent reports

(Kamata, 1997; Ono, 1996 efc) are mentioned about 120ka as the age of Aso-3 pyroclastic

flows.

Stratigraphic approach:

Aso-3 tephra is discovered at the horizon close fo marine isotope stage 5.5, which is the age

of peak of the last interglacial period. Therefore, relationship between marine transgressive

sediments and tephra horizon is important information According fo recent information, Aso-3

tephra is located at the horizon between stage 6 and stage 5.5 (Shimoyama et al., 1999). and

Nagahashi et al. (2004) calculated about 133ka as the age of Aso-3 eruption.

(4) Aso-4 pyroclastic flow



Radiometric age:

In 1960’s, *C measurements on samples related to Aso-4 pyroclastic flows were carried out.
Those results indicated that the Aso-4 eruption occunred at the age of about 30ka; however,
these results are based on the measurement of limitation of 1#C method. Since late 1970's,
other radiometric methods were used. Tamanyu {1978} reported fission frack age of 84+25ka,
and Omura et al. (1988} measured the age of 80+2ka by U-Th method. Matsumoto et al.
{1991) reported the age of 89+7ka by K-Ar method. Recent reports (Kamata, 1997; Ono, 1996
efc) are mentioned about 90ka as the age of Aso-4 pyrociastic flows.

Stratigraphic approach:

Although Machida et al. (1985) assigned the age of Aso-4 eruption as about 70ka
stratigraphically, recent information from long continuous record from ocean sediments and

Lake Biwa sediments indicate 87 ka (Nagahashi et al., 2004) and 87.1 ka (Aoki ef al., 2008).
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Dissolved inorganic carbon rich in mantle-derived carbon of hof spring waters from the

Hitoyoshi Basin, ceniral Kyushu, Japan

S. Ohsawa, M. Yamada, T. Mishima, 1. Sakai (Oita Univ.), §. Yoshikawa, T. Kagiyama

1. Intfroduction

Last year, we reported geochemical features of dissolved inorganic carbon (DIC) of hot
spring waters distributed in non-volcanic region between Aso and Kirishima Volcanoes (Fig. 1)
and suggested the emerging areas of isotopically heavy CQ: originated from deep earth
(Ohsawa et al., 2009). This year, for the specification of the deep-CO2, we geochemically
investigated dissolved helium of some hot spring waters collected at the same time and
examined correlation between § 3Coic and Coic/3He according to previous reports (e.g.,
Sano and Marty, 1995; Sano et al., 1997; Nishio et al., 1998; Sato et dl., 1999; Ohsawa and Yusa,
2001; Yamamoto et al., 2001; Deines, 2002; Sumino et al., 2004; Dodan et dl., 2006; Ohba et al.,
2010).
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Fig.1 Location map of hot springs in this study (solid circles) with Quaternary volcanoes, volcanic front
{Quaternary), Miocene granific and volcanic rocks, tectonic lines and isopleths of depth of subducting plate
(Philippine-sea plate). Open circles show locations of the other researched hot springs in the annual report for

previous year (Ohsawa et al., 2009).

2. Sampiling and analytical methods

Hot spring waters for examining dissolved He were collected at 8 hot spring sites {solid
circles T, AR, AX, Al, AE, AN, B and E in Fig 1B}, and separated gas from hot spring water
derived from dehydrated fluid originafed during burial diagenesis of marine sediments
(Ohsawa et al., 2010) was sampled for reference purpose (solid circle Ml in Fig. 1B). The hot

spring waters were infroduced directly in a soff copper pipe {major diameter, 9.5 mm:; inside
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diameter, 7.9 mm; length, 30 cm; capacity, about 40 mL) avoiding air-contamination and
were sealed using special clamps. The separated gas was infroduced by water displacement
into a 50 ml glass sample container with vacuum cocks on both ends. Concentration of
dissolved He and its He/4He were analyzed by mass spectrometry at the Geo-Science
Laboratory, Japan after extracting dissolved gases from the water samples in the copper pipe.
The chemical composition of He and 3He/*He of the gas sample were analyzed using a
gas-chromatograph installed at Beppu Geothermal Research Lab., IGS of Kyoto University,
Japan and measured by mass spectrometry at Kyuden Sangyo Co., inc, Japan, respectively.
The samples for DIC, collected at T, AR, AX, Al, AE, AN, B and E (Fig. 1B), were stored in a
CO2 gas-tight bottle. The concentrations of DIC were determined using a COz-gas electrode
with an ion meter after all the carbonate species in the sample water were converted info
COsaq) by adding of sulfuric acid. The 83C values of DIC were obtained by transferring of the
generated CO2 gas by the addition of phosphoric acid to a mass spectrometer at the Stable
Isotope Laboratory of IGNS, New Zealand. The chemical and §*C data of CO2 and CHa4 gases

from the hot spring site Ml were cited from Ohsawa et al. (2010).

3. Resulls and discussion

A diagram showing the C/3He ratio as a function of §13C value (Sano and Marty, 1995) is
applied to obtain a rigid constraint on the origin of DIC for hot spring water samples, as shown
in Fig. 2. This figure shows data of 8 water samples (T, AR, AX, Al, AE, AN, B and E) and one gos
sample (M) together with mantle (Deines, 2002), organic carbon (organic sediments) and
carbonate (marine carbonate) (Sano and Marty, 1995), and subduction-related fumarolic
gases from Kirishima and Aso Volcanoes (Sato et al. 1999; NEDO, 1989). Sample-MI, related fo
dehydrated fluid originated during burial diagenesis of marine sediments {Ohsawa et al.,
2010), is plotted close to the area of organic carbon, as expected. The others show mixing
features of mantle, organic carbon and carbonate components, however contributions of
the components are varied. Samples-Al and -AE are rich in the carbonate component such
as the subduction-related fumarolic gases, and samples-B, -AN and -E are relatively rich in the
organic carbon component, whereas samples-AR, -T and -AX are rich in the mantle
component. This differentiation is also presented from the quantitative estimation of carbon
contributions from the three model-endmembers based on a mass balance using C/*He and
§ 13C values {Sano and Marty, 1995).
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Fig.2 Correlation diagram between C/2He and § 13C for DIC of hot spring waters (O} and separated gas from
hot spring water ({13}, Also indicated are data for fumarolic gases (Sato et al., 1999; NEDO, 1989}, Mantle
(M-a: Sano and Marty, 1995; M-b: Deines, 2002; M-c: Nishio et al., 1998), carbonate and organic carbon

{Sano and Marty, 1995). Lines show mixing lines among the three endmembers.

Turning our eyes to geographical distribution of the differentiated hot springs info three
groups except for the hotspring-Ml, we can find obvious isofopic systematics based on
sample locdlity. The first group of hot springs: B, AN and E are located in the Sambagawa Belt
{between TL-a and TL-b) derived from a Cretaceous accretionary complex or the Chichibu
Belt (between TL-b and TL-c) which comprises a Jurassic accretionary complex. The reason
why the contributions of carbonate on DIC of these hot spring waters are not negligible might
be concerned to the old geologic bodes accompanied with a lot of limestone areas. The
second group of hot springs: Al and AE, whose DIC are rich in the carbonate component
more than B, AN and E, are located in the Southern Shimantc Belt {on the southern side of
TL-d). Because surface distribution of limestone is scarce in this region, the DIC rich in the
carbonate component of these hot springs may be derived from much deeper, and is
probably be originated from the subducting Philippine-Sea Plate as implied from the isotopic
similarity on the C/3He - §13C correlation diagram (Fig. 2}. The last group of hot springs: AR, T
and AX, whose DIC are rich in the mantle component, are situated in the Hitoyoshi Basin. As
shown in Fig. 3, the studied hot spring waters from the basin is not only rich in mantle-derived
carbon but also mantle-He. The Hifoyoshi Basin is a fectonic basin ({Chida, 2000} and the
southern part of Kyushu Istand including this basin area from Pliocene to Pleistocene is on
regional stress field by extensional or transtensional tectonics of NW-SE or NNE-SSW direction
(Yamaiji et al., 2003). The relative high contribution of the mantle component to DIC and He of
hot spring waters in the Hitoyoshi Basin may be possible to be tectonically effected such as

formation of vein type ore deposits in southwestern Kyushu (Yamaji et al., 2003).
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Fig. 3 Relation between contributions of manifle-He and mantie-C of DIC of hot spring waters. The aftached figure
shows relafion between contributions of organic-C and mantie-He of hot spring waters in the Hitoyoshi Basin.
The negative relationship between them can be atffributed to surface geology comprises lacustrine sediment

[Tsuyuki, 1969; Tsuyuki, 1976).
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Melt exfraction and multiple metasomatism beneath French Massif Central: Geochemical

and isotopic signatures of uliramafic xenoliths

M. Yoshikawa, T. Kawamoto, T. Shibata, J.Yamamolo

Ultramafic xenoliths from Mont Briangon, Ray Pic and Puy Beaunit in the French Massif
Central show variable Cr-number of spinels and abundances of HREE in clinopyroxenes (cpx),
suggesting a residual origin after various degrees of melt exiraction from a fertile peridotite.
Pyroxene geothermometer and COz densimeter estimates are 860-1060 °C at 0.91-1.10 GPa
for southern domain xenoliths (Mont Briancon, and Ray Pic) and 840-940 °C at 0.65-0.67 GPa
for northern domain xenoliths (Puy Beaunit). Modal compositions, trace element compositions
of melt in equilibrium with cpx and Sr-Nd isotopic compositions of cpx suggest the influence of
two distinct metasomatic agents and styles: (1) cryptic metasomatism with a component
related to the European Asthenospheric Reservoir (Granet et al., 1995), (2) modal
metasomatism with a silicate-rich carbonatite melt related to subducted slab.

Relatively shallow manitle beneath the northern domain is enriched in Sr—Nd isofopic
compositions, LILE and LREE with depletion of Zr. Such features were formed by modal
metasomatism from a silicate-rich carbonatite melt. Relatively deeper mantle beneath the
southern domain is composed of fertile peridotites and is relatively depleted in Sr-Nd isotopic
compositions and LILE and LREE, reflecting metasomatism mainly by asthenospheric melts.
References

[11 Granet et al. (1995) EPSL 136, 281-296.
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Trace element and Sr-Nd-Pb isolopic compositions of the post-caldera lavas from Aso

volcano, central Kyushu

M. Miyoshi, T. Shibata, M., Yoshikawa

In order to constrain the origin of compositional diversity observed in the Aso
post-caldera magma, we analyzed frace element and Sr-Nd-Pb isotopic compositions of
Ol-Opx-Cpx basalt, Opx-Cpx andesite, Opx-Cpx dacite, and Opx-Cpx rhyolite lavas from Aso
central cones.

The post-caldera basalt, andesite, dacite, and rhyolite lavas show similar N-MORB
normalized frace element patterns (Fig. 1). These patterns of the post-caldera lavas partly
overlap with those of the Aso pyroclastic flow deposits (Hunter, 1998) of the caldera-forming
stage. 87Sr/86Sr and 297Pb/204Pb ratios increase with increasing SiO2 from basalt to rhyolite. On
the other hand, 3Nd/144Nd ratios decrease with increasing SiO:2 {Fig. 2).

The trace element patterns may indicate that the chemical compositions of the
magmatic sources of post-caldera basalt, andesite, dacite, and rhyolite are similar. The

isofopic compositions of these lavas probably
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Accuracy and precision of densimetry for CO2 in CO:2 inclusions: microthermometry vs.

micro-Raman densimetry

Kobayashi T. (Chiba Univ.), Yamamoto J. (Kyoto Univ.), Ishibashi H. (Tokyo Univ.), Hirajima T.
(Kyoto Univ.), Hirano N. (Tohoku Univ.), Lai Y. (Peking Univ.), Prikhod'ko V.S. (ITG) and Arai S.

(Kanazawa Univ.)

Absiract

To assess ability of densimetry for COz fluid in COz inclusions, we compare two methods, which
are microthermometry and micro-Raman densimetry for CO2. The comparative experiment
was conducted for nine CO2 inclusions in three mantle xenoliths. The results are as follows. (1)
Microthermometry precisely determines CO2 density compared to micro-Raman densimetry.
(2) CO2 density obtained by micro-Raman densimetry is fairly consistent with that by
microthermometry. (3) Microthermometry can be applied only to the CO2 inclusion whose
CO2 density ranges from around 0.65 g/cm?® fo 1.18 g/cm?3, whereas the micro-Raman
densimetry is applicable to CO2 density ranging from 0.1 fo 1.24 g/cmé. (4) It is hard to
determine CO2 density in the COz inclusion with diameter of less than around 3 micrometer by

microthermomeitry.
1. Infroduction

Fluid inclusions give us a lot of valuable information on the origin of host minerals. Residual
pressure of the fluid is widely used as a depth probe for the minerals. Most mantle-derived
minerals contain CO2 as a dominant component of fluid inclusions. Density of CO2 in a CO2
inclusion in @ mantle mineral is also used as a depth probe for the mineral. If the density of
CO:2 in the fluid inclusion is determined, the P-T condition where the fluid inclusion was
equilibrated with the host minerals can be estimated using the equation of state for CO2 and
an equilibration temperature estimated from a geothermometer. Estimation of depth where
the mantle rocks are carried up by ascending magma has important implications 1o
elucidate chemico-physical compositions of ancient mantle.

Density of fluid in fluid inclusions has been popularly estimated by measuring the temperature
at which liquid and vapor in two-phase COz become homogenized to a single phase upon
warming (see Fig. 1). This technique is called microthermometry. There are some limits to type
of fluid inclusion for this method because the fluid density is determined through observation
of change in fluid phase by optical microscope. For example, we should concern about size
and shape of a fluid inclusion. Location of the fluid inclusion within a section is also a matter fo
be considered. More important is limitation of applicable fluid density that should be within a

range showing change in fluid phase under reasonable temperature.
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micro-Raman spectroscopy has potential to
measure CO2 density of tiny CO2 inclusions.

The micro-Raman densimeftry is nof good at everything as the densimetry for COa. There is
considerable uncertainty as to density determination. The accuracy and precision in the CO»
density closely relate 1o resultant resolution of manftle structure.

For this study, we measured COy density of given CO:z inclusions with several CO», density and
diameter using both microthermometry and micro-Raman spectroscopy. The results permit a

direct comparison of advantage between both densimetries for COa.

2. Experimental

2.1. Samples

The mantle xenoliths examined in this study were sampled from eastern Asia. The samples Enl

and En010 are from Ennokentiev in far eastern Russia, and the sample YFLO4 is from Yinfengling.
Leizhou Peninsula in southeastern China. These are spinel-lherzolites, which show
porphyroclastic o equigranular texture. The average grain sizes of their constituent minerals
are, respectively, about 1.5 mm for sample Enl, 2.5 mm for sample En010 and 2.0 mm for
sample YFLO4. Major element compositions of the samples are listed in Table 1 with exception
of En010 whose major element composition has been reported by Yamamoto and Kagi
(2008). The Fo value ([Mg/{Mg + Fe} x 100] of olivine) and Cr# [Cr/(Cr + Al} x 100] of spinel
respectively show values of 89.8 and 9.3 for sample EnT, 89.6 and 12.0 from sample En010 and
89.3 and 16.2 for sample YFLO4. Those values are typical of upper mantle Iherzolite (e.g. Arai,
1994).

Recent studies have provided geochemical data related to mantle xencliths from far eastern
Russia including samples En1 and En010 on noble gases and density of CO:2 in fluid inclusions.
The 3He/*He ratio of Enl is similar to that of MORB (Yamamoto et al., 2004}, whereas it is difficult
to evdluate the 3He/He ratfio of sample En010 because of relatively large uncertainty.
Arakawa et al. (2007) reported carbon isotopic ratio of COz in fluid inclusions in Enl as-14.8 +
6.7%o, which is within the range of MORB.
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The depth at which samples En1 and En010 were frapped by host magma was, respectively,
estimated as ~30 km (Yamamoto et al., 2002) and 38-44 km (Yamamoto and Kagi, 2008) by
the fluid inclusion geobarometry using micro-Raman densimetry. Thus the samples Enl and
En010 were derived from the uppermost part of the fertile subcontinental lithospheric mantle.
Leizhou Peninsula is known as locality where young lithospheric extension and recent thinning
were inferred from the xenolith gectherm (e.g., Yu et al., 2003). The equilibrium temperature of
sample YFLO4 is estimated as 1086°C (Table 1). Considering the xenolith geotherm in Leizhou
Peninsula (Yu et al., 2003; Huang et al., 2007}, the depth where the sample YFLO4 was derived

is estimated as around 55 km.

Table {. Average compositions (wt%) of minerals in mantle xenaliths

Samples Enl YFLO4

Rocktype spinet-therzolite xenolith spinel-therzolite xenolith

Mineral olivine opx Cpx spinel oliving Opx px spinel
Ma# 89.83 89.98 90.86 7587 89.33 89.77 89.69 7248
Cr# 9.25 10.16
Si0; 40.09 54.74 52.94 0.02 41.50 55.25 53.33 0.09
TiO, 0.01 0.12 0.65 0.06 0.02 0.16 048 0.46
ALO; 0.01 421 7.09 59.03 0.04 472 6.12 50.99
Cr0; 0.01 0.19 045 8.83 0.03 0.49 0.95 14.66
FeQ 9.98 6.56 2.63 1147 10.15 642 3.26 13.44
MnQG 0.12 0.14 0.06 0.05 0.14 0.14 0.08 0.13
MgO 49.37 3345 14.67 20.13 47.70 31.60 15.85 19.86
Ca0 0.0t 0.47 19.79 0.01 0.09 0.97 18.32 0.00
Na,O 0.01 0.05 1.68 0.00 0.02 0.15 1.56 0.01
K:0 0.01 0.01 0.01 0.01 0.02 0.02 0.02 0.02
NiQ 0.39 0.08 0.04 0.39 (.30 0.09 0.04 0.33
Total 100.00 100.00 100.00 100.00 100.00 100.00 160.00 100.00
T{C] 972 1086

Multiple points in the core of u single grain of each mineral species were analyzed. Bquilibriun temperature (Ty were estimitted by two-
pyroxene geothermometer of Wells (1977). opx, orthopyroxene; epx, clinopyroxene, Major element compositions were analyzed using an
clectron probe microanalyzer (JEOL JXA-8800 at Tokyo Institute of Technology. The analyses were cartied out using an accelerating voltage of
20 kV and a beam current of 20 nA, Integrated times for measurements were 100s for most clements and 205 for Naand K.

2.1.2. Fluid inclusions

We primarily aim at verifying applicability of density determination methods to various type of
fluid inclusion. We require CO: inclusions with various CO2 density and size. Figure 2 shows
photographs of CO2 inclusions used in this study. Aimost all minerals in each sample have fluid
inclusions with a negative crystal shape. The present study used nine fluid inclusions that have
1.9 - 28.3 um diameter and are pure CO2 (> 99%): Raman specfra show no trace of
components other than CO2 with exception of inclusion Enl-a-3, which shows graphite on the

wall of the inclusion.
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Figure 2. Photomicrographs of thick sections of mantle xenoliths (Fn1, En010 and YFLO4). Fluid inclusions used in this

study are COz inclusions with negative crystal shape. The inclusions Enl-a-1 and En010-s are associated with a frail
of melt inclusions. Cleavage is established through inclusion YFLO4-a-2.

2.2.2. Density measurement of COx fluid

The CO:z density of COz inclusions in minerals has been determined by microthermometry and
micro-Raman densimetry for COq. The samples were sliced into thin {ca. 300-um-thick) slabs,
doubly polished, and mounted on glass slides.

Microthermometric measurements on fluid inclusions were carried out using a cooling and
heating stage for optical microscope (Linkam LK-600} equipped at Kyoto University, Japan. In
this measurement, CO2 density of a CO:q inclusion is estimated using density dependence of
temperature where vapor and liquid in two phase COs is homogenized on warming. CO2
density was determined by taking an average of five measurements in a given COz inclusion.
Uncertainties in the CQO2 density were derived from the precision {1 o} in the CO2 density.
Thermometer was calibrated by observation of freezing femperature of a synthetic inclusion
composed of brine.

Regarding micro-Raman spectroscopy, many previous studies have documented the
density-dependent band shift in Raman peaks of pure CO2 (e.g.. Wang & Wright, 1973;
Bertrdn, 1983; Garrabos et al., 1989a and b; Rosso & Bodnar, 1995; Yamamoto & Kagi, 2006).
The Raman spectrum of CO2 has two main peaks (Fig. 2}. The split {A) between fhe peaks

increase with increasing density of CO2 (e.g., Bertrdn, 1983; Kawakami et al., 2003}. It is a
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reliable method o estimate density of CO2 with the following relation in the density range of
0.1-1.24 g/cm® [Yamamoto & Kagi, 2006):

d=-0.00111808 x (A— 100)8 + 0.04498451 x (A—100)7 = 0.7727143 x (A—100)¢ + 7.4128146 x (A~
100)5 - 43.468301 x (A - 100)# + 159.54433 x (A~ 100)3 - 357.7651 x (A - 100)2 + 448.2404 x (A~
100) ~ 240.461

Therein, d is the density [g/cm?] of CO2. Raman spectra of COz inclusions were obtained using
a Laser Raman Spectrophotometer JASCO NRS-3100 (Jasco, Tokyo, Japan) af Kyoto University
equipped with an Ar-ion laser. An excitation laser beam of 514.5 nm wavelength was focused
on spots of 1 and 2 um diameter respectively using a x100 or x50 objective lens. Consequently,
the laser power on the sample surface was 15 mW. The spectrograph is obtained using 1800
groove/mm holographic grating. Spectra were accumulated for 30 — 210 sec. Calibration
was performed using 520cm! Si-wafer band and Ne-spectrum. The spectral resolution was
around 1.0 cm! per pixel; each CO2 band was fitted to a Lorentzian curve to determine the
accurate peak position. Applying this curve fitting procedure reduces the effective spectral

resolution to 0.03 cm! at signal counts higher than 500.

3. Resulis

We measured CO; density of nine CO: inclusions using two methods: microthermometry and
micro-Raman densimetry for CO2. Homogenization temperature, spectroscopic results and
calculated CO2 density were summarized in Table 2. Uncertainties of the CO2 density are
discussed in the following section. The homogenization temperatures were fransformed fo
CQO2 density using an equation of state for CO2 proposed by Pilzer and Sterner (1994).
Homogenization of biphase CO:2 (liquid and gas) to liquid COz2 on warming were determined
at temperature ranging from -47.5°C to 31.3°C. The inclusion Enl-a-1 shows the
homogenization temperature of 31.3'C, which is fairly close to the temperature of the critical
point for CO2 (Fig. 1). Because of high distribution of isochors around the critical point we
could not estimate the CO» density of the inclusion well. For inclusions YFLO4-a-1 and -1s we
could not identify obvious change in phase. Comparison of photographs of the CO2 inclusion
before-and-after warming suggests that the inclusions changed phase from solid to liquid
upon warming, indicating that the inclusion has COz density higher than that of the friple
point (1.178 g/cm?) (see Fig. 1). For the other inclusions we could not determine
homogenization temperature for the CO2 inclusions with diameter of less than 2.2 micrometer
by the present system because of difficulty in observation of Brownian movement of bubble in

such tiny COz inclusions.
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Table 2. CO, density of CO, inclusions estimated by microthermometry and micro-Raman densimetry for CO,
Inclusions Host mineral Size* Homogenization Temp.  CO: density MT**  CO, density_Raman

wm °C glem’ glem’
Enl-a-1 opx 28.3 3132 = 0.04 0.3-06 0441 == 0015
Enl-a-2 opx 102 4748 = 0.04 P45+ 0.001 1140 = 0.003
Enl-a-3 olivine 35 -1743 =z 0.17 1.020 = 0001 1O23 = 0.008
Enl-a-3s olivine 1.9 * 1.0d6 =+ 0014
YFLO4-a-] opx 3.7 ® * 1.207 = 0.003
YFLO4-a-1s opx 1.9 # * 1198 = 0.004
YFLO4-a-2 cpx 153 2928 =+ 0.05 0.621 =+ 0001 0604 = 0013
YFLO4-a-3 cpX 6.9 380 = 0.05 0904 = 0001 0887 == 0005
En010-s Cpx 2.2 ® # 0.693 + 0.012

* Diameter of CO, inclusion. ** MT denotes microthemometry.

The relationship between A value and CO» density established by Yamamoto and Kagi (2006)
allows estimation of the CO2 densities of COz inclusions. The micro-Raman densimetry for CO2
provides COz2 density of all CO2 inclusions used in this study. The inclusions Enl-o-1 and
YFLO4-a-2 are biphase CO2 inclusions af room temperature, resulting in that we will
simultaneocusly obtain both spectra of liquid and gas. To obtain spectrum reflecting pristine
density of COz fluid in the COz inclusions, we warmed the host minerals up at around 40 C to
homogenize the biphase CO: fluid. The effect of thermal expansion of the host minerals by
warming up to 40C is negligible for CO» density of the CO: inclusions (Yamamoto and Kagi,
2008).

For sample En1 the CO: density of inclusion Enl-a-1 is lower than that of the other inclusions. It
is attributed to the interaction with melt inclusions (see Fig. 2).

It is noteworthy that CO:2 density of nondefective CO» inclusion in orthopyroxene {(inclusion
Enl-a-2) is higher than that in clivine (inclusions En1-a-3 and -3s). This gradation in CO2 density
between olivine and pyroxenes was reported previously on a lot of mantle xenoliths {Schwab
and Freisleben, 1988; Frezzotti et al., 1992; Sapienza et al., 2005; Yamamoto et al., 2002; 2007;
Yamamoto and Kagi, 2008). The density gradation would result from selective volume
expansion of COz inclusions in olivine during enfrainment of a host mantle xenolith by magma,
which reflect strength of the minerals in withstanding the pressure differential between the
internal pressure of the COs inclusions and external pressure {Yamamoto et al., 2002; 2007;
2008).

For sample YFLO4, the CO:2 density of inclusions YFLO4-a-1 and YFLO4-a-1s, which were
expected fo be super dense CO2 fluid fromm microthermometric observation, were
determined precisely by micro-Raman densimetry as around 1.20 g/cm3. The inclusion
YFLO4-a-2, which has cleavage, shows COz density lower than that of the nondefective
inclusions (YFL-O4-a-1 and -1s). Although inclusion YFLO4-a-3 seems to be a nondefective
inclusion, the relatively low CO2 density might result from exsolution of the clinopyroxene

hosting the inclusion YFLO4-a-3. As is the case with inclusion Enl-a-1, CO:2 density of En010-s



would be a consequence resultant from oésocicn‘ion with melt inclusions. These facts suggest
that careful selection of inclusions and their host mineral species is essential for the accurate
determination of fluid density of fluid inclusions as a depth index for mantle xenoliths. The CO2
density of nondefective inclusion in an orthopyroxene in Enl is 1.140 - 1.145 g/cm?, and that in
orthopyroxenes in YFLO4 is 1.198 — 1.207 g/cm? (Table 2).

4. Discussion
4.1. Precision and accuracy of CO:2 density

Homogenization temperatures listed in Table 2 are averaged values of five measurements for
a given COQ inclusion. The present measurement system for microthermometry provides
homogenization temperature with one place of decimals. The reproducibility of the
homogenization temperature was fairly good: slight deviation was observed. On the other
hand the precision of the A value (0.03 cmr!) with moderate intensity (counts) corresponds to
precision on CQO; density of around 0.01 g/cm?3. The precision of ~0.01 g/cm® would be a
passing grade as a depth probe for mantle xenoliths. The depth where a mantle xenolith was
equilibrated with ambient pressure and temperature in mantle is estimated from the COz
density and equilibration temperature. The precision of ~0.01 g/cm?® corresponds fo
uncertainty of the depth as + 0.6 km assuming equilibration temperature of 100TC. Taking a
typical uncertainty of the equilibration temperature of aroun@ 36to consideration,
uncertainty of the depth will increase to + 1.5 km, suggesting that the uncertainty of the depth
depends on that of the equilibration temperature rather than that of CO2 density.

The Raman spectrum of inclusions En1-a-3 and -3s exhibit the occurrence of a tiny fragment of

graphite on the wall of the inclusions.

Raman spectrum of graphite has a peck af = 4 T ’ .
around 1350cm-!, which is close in value to % 1.2 ;,// ]
a peak of CO2 and may affect on the g 1.0 “ .
determination of CO2 density. We obtained § 08 ' ’
Raman spectra from graphite-free region in g o

the inclusions. In addition, we compared ‘ég O'Gf * |
results of curve fiting of Raman spectra 2 0.4 ol
obtained from the graphite-free region ;N 0.2} A fnas |-
with that from graphite region. The results  © 0 2 Yokl

[ B H 5 i H
0 02 04 06 08 10 12 14
CO, density_microthermometry (glem®)

show that the estimated CO2 density were
identical with each other within the range
of uncertainty, suggesting little effect of the  Figure 3. Comparison of CO; density determined by

microthermometry and micro-Raman densimetry for

occurrence of graphite on curve fitting of  CO.. Error bars lie within the symbol size with exception
of inclusion Ent-a-1.
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Raman spectrum of CO2, though the precipitation of graphite on the wall of a COs inclusion
will decrease CO2 density of CO» fluid.

We compare COz density determined by microthermometry with that by micro-Raman
densimetry for COz {Fig. 3). The COz density is consistent with each other within the range of
almost 2 o uncertainty. Thus the accuracy of both densimetry for COz is verified at least within

the range of CO2 density between 0.60 g/cm® and 1.14 g/cm3.

4.2. Applicability of iwo densimetries to COz inclusions

Microthermometry is not applicable for COz fluid denser than the density of the triple point as
the melting of the dry ice is hard fo observe (Van den Kerkhof & Olsen, 1990). Occurrences of
superdense CO: fluid, which is defined as COz fluid with density higher than that of the triple
point (1.178 g/cm3), have been reported from fluid inclusions in mantle-derived silicate
minerals (Frezzotti et al., 1992, Yamamoto et al., 2002; Yamamoto and Kagi, 2008). The
pressure of super dense COz at 1000C is > 1.2 GPa, corresponding to > 40 km depth.
Assuming typical geotherm of 20 — 25°C/km in continent, super dense CO2 is common fluid in
the subcontinental mantle. A geobarometer using major element compositions of garnet and
orthopyroxene can be applied for a garnet peridotite, which usually exist in mantle deeper
than ~60 km. Therefore super dense COz is important depth probe for the mantle xenoliths
derived from < 60 km depth. Micro-Raman densimetry for CO» serve as a unique method 1o
explore the region.

Microthermometry is also hard to apply to CO: fluid with density that is lower than the crifical
point (0.466 g/cmd) as the homogenization occurs by expansion of the vapor bubble
because it is impossible to determine accurately the temperature that liquid CO» on the wall

in a COz inclusion completely dries up on

warming. In addition, for CO2 inclusions 14 S - ié Em-alx-*e -
with CO2 density similar to the critical 12pw=» @ :§§§§S i
point, high distribution of isochors around 1.0} T ; MiTossR ‘:f
the crifical point (Fig. 1) wil resutt in & | . MVt a g
inaccurate estimation of CO2 density by % e ) QE102
microthermometry even if the CO:2 % 06T ”
inclusions have CO. density higher than 8 0.4 -
the critical point as described for 02

inclusion Enl-a-1. In these points 0 T L :
micro-Raman  densimetry is  highly 0 S 10 15 20 25 30

beneficial. Precision of CO2 density Diameter of CO, inclusion (11 m)

Figure 4. Diameter of COs inclusions vs. CO2 density

determined by micro-Raman densimetry determined by micro-Raman densimeiry for COs. Large
. . . circles colored in grey indicate the COz inclusions, whose
mainly depends on intensity (counts) of CO, density was determined by microthermometry.
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the CO2 pecks. Because the intensity can be enhanced by accumulatfion of fime,
micro-Raman densimetry enables us to estimate CO2 density with wide range.

Figure 4 depicts COz inclusions measured by each densimetry. Micro-Raman densimetry is
applicable to the COz inclusions with diameter of less than 3 pm.

Furthermore microthermometry would be inappropriate for fluid inclusions in semi-opaque
minerals such as spinel and sphalerite, though this point was not verified in this study.

We summarized some properties of the densimetries for CO2 (Table 3). As discussed in the
previous subsection, precise determination of CO2 density of a COz inclusion can be done by
microthermometry, but micro-Raman densimetry is the only way fo precisely determine CO2
density that is > 1.18 g/cm® and < ~0.65 g/cm3. Furthermore, micro-Raman densimetry is

effective to measure CO2 density in small COz inclusions or in a semi-opague mineral.

Table 3. Some properties of densimetries for CO, in fluid inclusion

Microthermometry Micro-Raman densimetry
Precision < ~.001 g/em’ ~0.01 glem®
Accuracy Comparable
Applicable size of inclusion >~3 1m >~1 pum
Applicable CO, density 0.65 - 1.18 g/em’ 0.1-1.24 glem’
Applicable host mineral transparent mineral transparent {0 semi-opaque mineral

4.3. Depth provenance of mantle minerals

We would like to devote here space fo examining availability of CO2 density of CO2 inclusions
in mantle minerals as a depth index. The CO2 density of COz inclusions with negative crystal
shape was likely in equilibrium with ambient pressure and temperature in their mantle source
region. Thus CQO2 density of the COz inclusions is expected to be homogeneous throughout a
mantle xenolith. It is noteworthy that the A values of olivine are considerably lower than those
of pyroxenes. This density contrast does not suggest that CO2 fluid in olivine was trapped at
shallower depth than that in pyroxenes because internal pressure of CO2 inclusions in mantle
could be equilibrated with surrounding lithostatic pressure within reasonable fimescale
(Wanamaker and Evans, 1989). The density contrast results from selective volume expansion
of CO2 inclusions in olivine (Wanamaker and Evans, 1989; Yamamoto et al., 2008). From the
viewpoint of the elastic effect, the volume of the inclusion, and hence the bulk density of the
COa, is essentially the same now as at the time when the host mantle xenolith was trapped by
magma because the trade-off between thermal expansion and compressibility of host
mineral results in only a 2-3% volume change in elastic deformation during the ascent of
mantle xenolith to the Earth's surface and subsequent cooling {Yamamoto and Kagi, 2008).
However, plastic deformation is considerable with regard to depths of the origin of mantie
xenoliths. During fransport of xenoliths to near the Earth's surface, CO: inclusions preserve

internal pressure up to around 1 GPa. Thus, a differential stress of around 1 GPa would have
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occurred between the CO:q inclusion and the surrounding crystal lattice when the xenoliths
were near the Earth's surface. Yamamoto et al. (2002) demonstrated that the residual
pressures of COz inclusions in olivine in mantle xenoliths are systematically lower than those of
orthopyroxene, clinopyroxene, or chromian spinel. This mineral-specific difference in CO2
density suggests that the differential stress between CO: fluid and the surrounding host
mineral preferentially diminishes CO2 density of COz inclusions in olivine. Results of the present
study support this hypothesis.

The equilibrium temperatures of samples Enl and YFLO4 estimated from the pyroxene
thermometer of Wells (1977) are 972 and 1086°C, respectively. The pressure of CO2 at given
density and femperature can be estimated from the P-T diagram of COs. The respective
pressures are 0.99 — 1.06 GPa and 1.26 — 1.35 GPa for samples En1 and YFLO4. These pressures
reflect the environment in which trapped CO: fluid was lithostatically eqguilibrated with
surrounding host minerals.

Assuming the density of the crust atf far eastern Russia and southeastern China is 2.85 g/cm3,
the depth for sample Enl was 36.9 £ 1.2km and that for YFLO4 was 47.2 £ 1.6 km. These
estimates include some ambiguity resulting from the rock density. The thermobarometric data
of xenoliths enable us fo understand paleo-thermal structure of the shallow lithosphere.
Comparison of the xenolith geotherm with heat flux in the same region will suggest thermal
history in the region.

Precise determination of CO2 density using microthermomeiry and wide applicability of

micro-Raman densimetry for CO2 will elucidate several properties of mantle.

5. Concluding remarks

We compared uncertainty and applicability of two densimetry for COs fluid in a COz inclusion
(microthermomeftry and micro-Raman specitroscopy). The accuracy of microthermometry is
high because it is a direct observation of phase transitions for all fluid systems. Both methods
provide identical CO2 density within the range of uncertainty, indicating that micro-Raman
densimetry for CO2 aftains comparable accuracy.

Microthermometry is able to determine CO2 density with exquisite precision of < ~0.001 g/cmg,
whereas the precision in micro-Raman densimetry for CO; is around 0.01 g/cm? for the
present system.

Regarding the applicability of the densimetries, micro-Raman densimetry enables
determination of CO2 density in very small inclusions (~1 um diameter) having widely various
densifies even in a semi-opaque mineral. The selection of densimetry for CO2 as appropriate
according to the type of COsq inclusion in mantle minerals will enhance resolution of mantle

structure.
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The impact of hot spring drainage on outflow of diatom to coastal area

M. Yamada, S. Ohsawa, T. Mishima, H. Mawatari, K. Takemura,
T. Sakai (Oita Univ.), M. Saito (Ehime Univ.)

To assess the impact that hot spring drainage has on outflow of diatom to coastal area,
river water samples for measurements of chemical components and biogenic silica
concentration were collected from 6 rivers in Beppu area (Figure 1). The results of
measurement and statistical analysis have shown below.

The rivers flowing in Beppu area are distinguished by the degree of impact of hot spring
drainage and domestic waste water: 1) Hirata river is strongly influenced by hot spring
drainage, 2) Haruki river is strongly influenced by domestic waste water and some amount of
impact of hot spring drainage, 3) Sakai river is strongly influenced by domestic waste water, 4)
Hiya, Shin and Asami river don't have a significant impact by hot spring drainage and
domestic waste water (Figure 2).

The chemical components from hot spring drainage have influence with diatom amounts.
That is, the inflow of hot spring drainage causes an increase of the diatom amount. On the
other hand, there is no evidence that nutrients affect diatom amounts in this study area.
Accordingly, diatom amount is not affected by domestic waste water, but by the inflow of
hot spring drainage (Table 1).

We estimated more than 10 tons for diatom amounts that outflow from Hirata and Haruki
Rivers, which is strongly influenced with hot spring drainage, fo coastal area. At least, a few

times of diatorm amounts outflow to Beppu Bay in natural condition.

Figure 1
Location map of study area: HIY, SIN, HTA, HTB, HAR,

SAK and ASM show river water sampling sites.

Beppu Bay
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Table 1

Scom of Factcr 1

JE——

Seore of Factor 2

Correlations between water femperature, chemical components and biogenic silica

WTr Lt Na” Kt Mgt catt CF B NOy PO SO HCOy S0, BSi™
WT 1
Lt 1
Na© oon 097 1
K* 0.99 0.89 1
Mg?* 1
Ca®* 0.79 0.583 .82 1
cr .95 0.89% 0.897 0.82 1
B 0.98 0.87 e 082 0.58 1
NOg
PO s §
SO s 0.86 0.91 0.92 0.80 0.89 1
HCOy oon 1
S0z 0.85 0.93 0.95 0.78 6.51 .85 1

“W.T. . Water Temperature, “*BSi : Blogenic Silica Concentration
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Recent seismic activity in and around the Beppu graben, Kyushu, Japan.

T. Ohkura, H. Mawatari and K. Takemura
Since July 2007, seismic activity in the Beppu graben has been monitored by real-time
telemetry system using IP-VPN network. And since April 2008, seismic data of Hi-net, JIMA, and
Kyushu Univ. around the graben have been combined to locate earthquakes in and around
the graben. Fig.1 shows epicentral distribution with seismic stations used in this study. In this
figure, all the epicenters are plotted, which were automatically located within the RMS
residual fravel fime of 0.15 second.
We relocated events in the rectangular area of Fig.l using manually picked P- and S-arrival
times. In Fig.2, epicenteral distribution in the area is shown with the E-W and N-§ cross sections.
As indicated in the previous works (Annual Report FY2000 and FY2002), the lower limit of
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Fig.1 Epicenter distributions (open circles) in the period from April 2008 to March 2010, as
determined automatically using 1GS, Hi-net, Kyushu Univ. and JMA data. Solid squares show
seismic station. Solid lines are active faults. A rectangular denotes the area which are shown in

Fig.2.

seismicity shown in the E-W cross section becomes shallower toward the eastern flank of the
active volcanoes; Mt. Garan and Mt. Tsurumi and there is an aseismic zone at a depth of 5 km,

where a high electric conductive body is located by electromagnetic surveys(NEDO, 1989).
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Fig.2 Relocated epicenter distributions in the area shown in Fig.1. period from April
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active volcanoes and active faults, respectively.
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Catchment-scale assessment of sediment movement and land-use change in maritime
Southeast Asia.
T. Furuich (Tokyo Univ. Agri. Tech., Kyoto Univ.),
K. Hoshikawa, T. Shibata and T. Kawakami (Kyoto Univ.)
Maritime Southeast Asia holds large biomass and high level of biodiversity which are sustained
by abundant solar energy and the large amount of rainfall. This great potential of
bio-productivity of the region has provided the basis for, for instance, industrial tfree and oil
palm plantations. While these forms of land-use can be seen as effective use of the natural
resources, the land-uses are often indicated to involve various negative impacts on
sustainability of the land. This study aims to quantitatively analyze a negative impact of the
land-use change in a ~6,000 km2 catchment in maritime Southeast Asia. The impact we
mainly focused is the catchment-scale movement of sediments. Movement of sediment,
which is originally derived from soil erosion, is important regarding sustainability of the land;
once soils are eroded from catchment slopes and flatlands, more than the time-scale of 102
or 103 years is required for the soils to be recovered on the sites. Sediment movement is
analyzed using fracing techniques based on sediment geochemistry. We report here the
progress of fracing analysis of river sediments, which forms the main body of the study
together with tracking land-use change using satellite images.
Maijor elements concentrations in 20 samples of river sediments were determined by the XRF
analysis in the Institute for Geothermal Science (Beppu), Graduate School of Science, Kyoto
University (Table). A preliminary tracing analysis using the XRF results indicates that specific
sediment delivery from a sub-cafchment (large-scale clearing for plantation) is significantly
larger than that from the other sub-catchment. Further fracing analysis will be followed using

additional geochemical data.

Table. Major elements concentrations of the 20 samples by the XRF analysis

Si Ti Al Fe Mn Mg Ca Na K P Total
Ma2 SB-1 78.07 108 1534 3.84 0.01 0.77 0.23 0.24 1.64 0.08 101.30
Maz2 SB-2 75.89 098 15.39 4.09 0.01 0.95 0.14 0.44 2.14 0.05 100.08
Ma2 S$B-3 75.81 0.97 1550 4.22 0.01 0.97 0.14 0.46 2.16 0.05 100.29
Maz PD-1 75.50 095 15.30 477 0.04 1.03 0.16 0.54 2.18 0.05 100.52
Ma2 PD-2 73.55 099 1745 482 0.01 1.05 0.10 0.27 2.38 0.04 100.66
Ma2 PD-3 76.38 0.94 1499 4.54 0.03 0.98 0.14 0.49 2.1 0.05 10065

Ma2 JL-2 75.67 091 151 5.30 0.05 1.06 0.18 0.55 2147 0.05 101.06
Ma2 JL-3 77.31 095 14.15 472 0.07 0.93 0.17 0.39 1.91 0.04 100.64
Ma2 LB-1 70.42 114 19.93 6.20 0.03 0.92 0.24 0.19 1.96 0.09 10112
Ma2 LB-2 77.58 092 13.97 4.38 0.03 0.95 0.15 0.54 2.01 0.04 100.57
Ma2 LB-3 75.99 0.94 1479 4.83 0.04 1.00 0.16 0.53 2.11 0.05 10044
Ma2 TB-1 76.22 093 1498 4.48 0.03 0.97 0.16 0.52 2.14 0.05 10048

Ma2 TB-2 75.80 093 14383 4.88 0.04 1.03 0.17 0.50 217 0.05 10040
Ma2 TB-3 74.65 094 1571 5.06 0.04 1.08 0.17 0.51 2.29 0.05 100.50

Ma2 SB-1 78.27 1.07 15648 3.87 0.01 0.79 0.25 0.27 1.64 0.07 101.72
Ma2 JL-2 75.62 0981 1520 5.34 0.05 1.08 0.19 0.55 2.18 0.04 101.16
Ma2 LB-1 70.13 1.17  19.96 6.16 0.03 0.83 0.24 0.19 1.96 0.09 100.86
Ma2 SB-1 77.66 1.08 156.28 3.82 0.01 0.78 0.25 0.24 1.63 0.08 100.83
Ma2 JL-2 75.85 092 1522 5.31 0.05 1.06 0.19 0.53 247 0.05 101.35

Ma2 JL-2 75.54 092 15.12 5.28 0.05 1.08 0.19 0.54 247 0.05 100.92




Trace element and 3r-Nd-Pb isolopic composition of the Miocene basallic rocks in the near

trench region of southwest Japan.

H. SHINJOE (Tokyo Keizai Univ.), T. SHIBATA, M. YOSHIKAWA (Kyofo Univ.),

Y. ORIHASHI (Univ. of Tokyo} and T. SUMII (AIST)

In the Miocene fime of the southwest Japan, took place regional magmatism, which

was almost coeval with the opening of the Japan Sea and the clockwise rotation of the
southwest Japan arc {e.g., Kimura et al., 2005). In particular, intensive mafic to felsic
magmatism occurred in the region much closer to the trench than those of Quaternary
volcanic front. The near french magmatism is usually divided into Setouchi volcanic rocks to
the north of the Median Tectonic Line and the Quter Zone granitic rocks. In addition, igneous
complexes including basaltic rocks are distributed in the region closer fo the trench than
those of the Quter Zone granitic rocks. Typicadl such igneous complexes are, alkaline dolerite
dike in the Tanegashima Island {Taneda and Kinoshita, 1972). Ashizurimisaki igheous complex
{(Murakami et al., 1989), Murotomisaki gabbroic complex (Yajima, 1972), and Shionomisaki
ignéous complex (Miyake, 1981) from west to east. These igneous complexes were supposed
to be formed almost simultaneously with Setouchi volcanic rocks and Outer Zonhe granitic
rocks. We report whole rock trace element and Sr-Nd-Pb isotopic composition of the basaltic
rocks obtained from these igneous complexes and discuss on the origin of basalfic

magmatism in the near trench region.

Results for the tholeiitic dolerites

We analyzed two tholeiitic dolerite samples from the Shiocnomisaki complexes, and a
chilled margin dolerite sample from the Murotomisaki gabbroic complex. MORB-normalized
multi-element patterns of the tholeiitic dolerites resemble those of EMORB and show slight
enrichment of LILE than the tholeiitic basalt of the Shioku Basin (Hickey-Vargas, 1998) . Sr-Nd
isotopic composition of the dolerites of the most depleted sample was close o those of the
basalts of the Shikoku and Parece Vela Basin (Hickey-Vargas, 1991) . These geochemical
characteristics are concordant with the notion that the basallic magmas of the Shionomisami
and Murotomisaki complexes were derived from the abyssal tholeiite magma of the Shikoku
Basin at its culmination stage of the spreading. Pb isctopic compositions are close to those of
the terrigenous sediments of the Nankai trench (Shimoda et al., 1998), which is explained by

the contamination of Pb from sediments during the emplacement of magmas.

Resulls for the alkaline dolerites
We analyzed two alkaline dolerite samples from the Ashizurimisaki complexes, and an alkaline
dolerife sample from the dike in Tanegashima Island. MORB-normalized multi-element

patterns of alkaline dolerites resemble those of OIB and show more enrichment of LILE than
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off-ridge alkaline basalt of the Shioku Basin (DSDP site 444A; Hickey-Vargas, 1998). Sr-Nd
isotopic compositions of the alkaline dolerites of the Ashizurimisaki complex and Tanegashima
dike are also more enriched than those of the off-ridge alkaline basalt of the Shioku Basin. Pb
isotopic composition of the Tanegashima dolerite is close to those of the terigenous
sediments of the Nankai french. Dolerites of the Ashizurimisaki complex have lower
206Pb/204Pb and 207Pb/204Pb ratios than those for the Tanegashima dolerite. Since Nd
isotopic composition of the dolerite of the Tanegashima dike is more depleted than those of
Ashizurimisaki complex, the difference of Pb isotopic compositions were not explained by
simply confamination of sediment during magma emplacement, but by isotopic
heterogeneity of the source mantle materials. K-Ar age of the Tanegashima dike is 18.2 Ma
(Ogasawara, 1997), which is close to that of Shingu lamprophyre dike in central Shikoku.
Intrusion of the Ashizurimisaki complex was occurred at ~13 Ma (Shinjoe et al., 2010}, after the
magmatism of Setouchi volcanic rocks and Outer Zone granitic rocks. Difference of isotopic

composition of source mantle might be ascribed to the age difference of these magmatisms.
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Progressive melling of a hot manile diapir with enirainment beneath southwestern Japan

T. Sakuyama (JAMSTEC), M. Yoshikawa (Kyoto Univ.), T. Shibata (Kyoto Univ.), S. Nakai {Tokyo
Univ.), H. Sumino (Tokyo Univ.), K. Ozawa (Tokyo Univ.)

In back arc regions, many geophysical and petrological studies suggest that the
lithosphere is at high temperature and the upper mantle is influenced by fluid supplied from
the subducting slab. The distribution of volatile components, the thermal structure, and their
relationship  with  magmatism, together with the thermal and material transportation
mechanisms within the back arc mantle are, however, still unknown. We have conducted
comprehensive major and frace element, and isotope analyses, as well as geochronological
investigations on infra-plate back arc volcanism in the Kita-Matsuura area (8.5~6 Ma),
southwestern Japan, fo address the issue of mantle dynamics in back arc regions on the time
scale of ~2.5 Myr and a horizontal scale of ~35km.

The geochemistry of the Kita-Matsuura basalts vary temporally from low- {47~50 wi%),
through medium- {49~52 wi%]). to high- {51~54 wi%) SiO2. These three groups exhibit separate
frends, which can only be reproduced by separate fractionation paths from their respective
least differentiated sample. The water contents of the least differentiated magma in each
group are estimated to be 0~0.5, 0.25~1.0, and 1.0~2.0 wi%, respectively, using MELTS. The
average melt segregation pressures and temperatures, calculated by comparing the
estimated primary melf compositions with melt compositions obtained in high pressure
melting experiments on peridoiite, are estimated fo be 3.0~2.3, 2.7~1.8, and 2.0~1.3 GPqg, and
1410~1550, 1370~1510, and 1290~1400°C, for each group respectively. The temporal
decrease of melting temperature and pressure with increase of water content in the primary
melt over a few Myr requires melting of actively upwelling manile with a progressive supply of
external water.

The abundance of incompatible trace elements, Zr/Y, Nb/Th, and LREE/HREE ratios
smoofthly decrease from the low- to high-SiO2 group. Systematic variations in - incompatible
trace elements cannot be explained by either assimilation of crustal materials or closed
system melting, but instead require progressive melt exiraction with a contfinuous input of fluid

originating from subducted sediment that increases adlong with the degree of melting, and
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thus during ascent (entrainment model).

Sr, Nd, and Pb isofope ratios temporally change from EM2-like toward a DMM-lke
component from the low- to medium-SiOz group and from DMM:-like toward a subducted
sediment composition from the medium- fo high-SiO2 group (Fig. 1). This also suggests an
increase in the supply of fluid originating from subducted sediment during the later transition
from medium- fo high-SiOa.

We therefore conclude that a relatively enriched hot mantle diapir with a potential
temperature greater than 1400°C and diameter greater than 70km actively upwelled
beneath the Kita-Matsuura area. This upwelling induced progressive melting and melt
segregation and entrained ambient hydrous mantle, which was modified by the addition of

fluid derived from subducted sediment.
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Fig. 1 208Pb/204Pb vs 206Pb/204Pb ratios for whole-rock of the Kita-Matsuura basalt,
sediment(Plank & Langmuir, 1998; Shimoda et al., 1998; Plank et al., 2007), altered oceanic
crust (Al & Teagle, 2003; Kelley et al., 2003; Nakamura et al., 2007), and representative
isotopic end-components (Zindler & Hart, 1986; Workman & Hart, 2005).

{Abstract of 2009 AGU Fall Meeting)
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Noble gas isotopic compositions of mantle xenoliths from northwestern Pacific lithosphere

J. Yamamoto, (Kyoto Univ.), N. Hirano (Tohoku Univ.), N. Abe, T. Hanyu (IFREE)

Direct information of aqueous fluid chemistry in the mantle is a key to understand the
chemical evolution of the Earth. We measured noble gas isotopic compositions of mantle
xenoliths and xenocrystic olivines sampled from seamounts—so-called petit-spot
volcanoes—on the 135-million-year-old northwestern Pacific Plate. The xenoliths are spinel
Iherzolites originating from suboceanic lithospheric mantle. The samples’ 3He/*He ratios are
7.0-8.5 Ra, where Ra signifies atmospheric 2He/*He. The 40Ar/3¢Ar ratfios are as high as 7000.
These observations suggest that the noble gas isotopic compositions of suboceanic
lithospheric mantle resemble those of mid-ocean ridge basall (MORB). A mantle source with
a He/U ratfio as high as an assumed value for MORB source is necessary fo maintain the
MORB-like SHe/4He over 135 million years, implying that melt extraction af mid-ocean ridges
only slightly alters the He/U ratio of the oceanic upper mantle.

The “He/%Ar* ratios of the samples described herein are much lower than the theorefical
radiogenic production rafio, where an asterisk denotes correction for atmospheric
contribution. The low 4He/“Ar* is inferred to result from kinefic fractionation in the mantle.
When magma migrates through a mantle source, lighter noble gases in the mantle source
diffuse selectively into magma channels. The MORB generation does not cause low 4He/40Ar*,
however. If a manile source is depleted in lighter noble gases during ancient MORB
generation, then noble gas isofopic compositions of the mantle source are affected over
fime by accumulation of radiogenic nuclides. Thereby, the mantle source adopis o
radiogenic or nucleogenic noble gas isotopic composition. Recent kinetic fractionation
coniributes to the low 4He/0Ar* in the samples.

Based on the diffusive fractionation model, more than 100 years are necessary to
produce a residual mantle source with 4He/%Ar*, as observed in the samples. However,
petit-spot volcanoes, found as small knolls, seem fo erupt within a short period. The low
“He/®Ar* of the samples implies prior volcanism in this region. No recent volcanism has
occurred near this region aside from petit-spot volcanism, indicating that petit-spot volcanoes
are polygenetic with a long active period.

Pefit-spot volcanoes are regarded as common magmatism on the subducting oceanic
plate. Consequently, the thermal structure and temperature-dependent physical properties

of the oceanic plate are, atf least partly, affected by remnant heat of the magmatism.



Elemental partitioning between aqueous fluids and magmas: First synchrofron XRF analysis

with large volume HPHT apparatus

T. Kawamoto, K. Mibe (University of Tokyo), K. Kurciwa, T. Shibata,

T. Kogiso (Human and Environmental Siudies, Kyoto University)

Synchrotron X-ray fluorescence analysis is conducted to know elemental distribution beftween
aqueous fluids and magmas under high-pressure and high-temperature conditions using
SPEED 1500 Kawai-type large volume press installed at BLO4B1, SPring-8, Japan. SR-XRF spectra
covering from Cs, Ba, La, Sm, Gd, Ho, Yb, and Pb are collected using an SSD detector with 6
degrees to incident X-rays. Calibration lines are available for Cs, Ba, La, Sm, Gd., Ho, and Yb
with concentrations from 0.1 wt. % to 1 wt. % under atmospheric pressure. High background
for Pb makes rather difficult to obtain a calibration line for this element. The first result caried
out under high-pressure and temperature experiment suggests that aqueous fluids are
enriched in Cs than coexisting high Mg andesitic melt and are almost free of the other

detectable elements (Ba, La, Sm, Gd, Ho, Yb) at 1.5 GPa and approximately 1000 °C (Figure).

This observatfion can be partially
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Preliminary resulis of igheous peltrology of the volcanic products from Shaisky Rise, IODP
Expedition 324

M. Miyoshi, A.A.P. Koppers (Oregon State Univ.), K. Shimizu (IFREE/JAMSTEC), A.R. Greene
(Univ. of Hawaii), R. Almeev (Univ. of Hannover), M. Widdowson (The Open Univ.), J.H. Natland
(Univ. of Miami), T. Sano (National Museum of Nafure and Science), W.W. Sager (Texas A&M
Univ.), J. Geldmacher (IODP), Expedition 324 Scientific Party (IODP)

Shatsky Rise, located 1500 km east of Japan (Fig. 1}, is unique in being the only large oceanic
plateau formed during a time of magnetic reversals, permitting its tectonic sefting to be
resolved. Magnetic lineations show that the plateau formed along the frace of a friple
junction, intimately related fo ridge tectonics. Existing data demonstrate that several aspects
of Shatsky Rise's history (e.g., massive, rapid initial growth, tfransition from large to small magma
flux, capture of ridges)} fit the plume head model. On the other hand, the coincidence of
volcanism with the friple junction, ridge jumps, and the lack of isofopic evidence for a
hotspoi-type mantle source can all be taken as favoring a plate-controlled origin. s unique
combination of features makes Shatsky Rise the best location on Earth to test plume versus

plate-tectonic hypotheses of ocean plateau formation.

IODP  Expedition 324
cored five sites (Sites U1346 to
U1350) atf Shatsky Rise (Fig. 1).
We described the lavas and
* volcaniclastics  from  three
main massifs  (Shirshov, Ori,

and Tamu Massifs) of Shatsky

o
&

Rise to clarify the volcanic
succession and petrographic
= characteristics of volcanic
products.

Site U1346 was drilled on

Shirshov Massif and consists of

3z

53 m of highly vesicular {30 to

50 % vesicles) pillow lavas

156 b 164

) L . ) , . ond/or  larger pillow-like
Fig. 1 Magnetic insaticns within and around Shatsky Rise and Expedifion 324
sites fred circles). Heawy red lines = magnsiic lineotions and fracture zones, inflation Uﬂh‘s) Consisﬁng of

open circles = prior dill sites, blue circle = location of 5ite 1213,
aphyric micro- fo

crypfocrystalline basalt. These are interpreted as part of a single pillow lava eruption stack. The

nafure of the sedimentary infercalations within the succession indicates that the environment
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deepened progressively from nearshore to offshore marine conditions throughout the erupfive
fime period.

Site U1347 was driled on the southeastern flank of Tamu Massif. The 160 m thick basement
succession consists of massive basalt flows and pillow inflafion units infercalated with
volcaniclastic sedimentary successions. These include (1) an upper series of four massive lava
flows (8 to 19 m thick): (2) a 75 m lava stack with more massive (3 to é m thick) basaltic flows
passing upward in larger pillow-like inflation units (1 to 2 m thick) and pillow basalts (<1 m thick),
which likely represent successive eruptive pulses during which lava effusion rates diminished;
and (3) two massive internally homogeneous basaltic lava flows consisting of a very thick (23
m) upper tabular flow overlying a second (partially drilled) flow. The frequent recovery of thick
(often fresh) glassy rinds within the pillow unit stack indicates that alteration was essentially
buffered in these rocks.

Site U1348 was drilled on a basement high on the north flank of Tamu Massif and is unusual
in that it provided 120 m of volcaniclastic sediments, including 90 m of highly altered
hyaloclastite. This initially proved difficult to interpret because of the pervasive alteration,
which masks both the original texture and sfructure of this Ii’rhology. However, the
predominance of altered glass shards material is indicative of substantial submarine volcanism
nearby.

Site U1349 was drilled near the top of Ori Massif. The upper thin altered lavas have
extremely vesicular flow tops, many of which are deeply reddened, possibly as a result of
subaerial weathering. Increasingly thicker lava inflation units occur toward the bottom of the
lower lava section before passing info an underlying submarine succession of lava flow
breccias, hyaloclastite fragments, and more massive lava pods. Accordingly, this volcanic
succession appears fo have developed in progressively shallower fo emergent conditions,
followed by submergence after volcanism ceased. The basalt is petrographically
distinguishable because it is the most primitive, with more olivine and Cr-spinel.

Site U1350 was drilled on the eastern flank of Ori Massif, where the seafloor is 800 m deeper.
Drilling vielded (1) a series of massive basalf flows passing downhole into (2) a transitional zone,
(3) aphyric to sparsely plagioclase-phyric pillow lavas, (4) a thin layer of hyaloclastite, and (5)
a succession of well-preserved plagioclase-phyric pillow lavas set in a matrix of, at fime of
eruption, unconsolidated or fluidized micritic limestone. The inflation units above the
hyaloclastite are complex, containing a mixture of massive flow and larger pillow-like units
sparsely interspersed with thin sedimentary horizons. Beneath the hyaloclastite, the high core
recovery preserved in great detail an intricate stack of small pillow lavas (0.1 to 0.5 m) and

numerous pillow/sediment baked contfacts.
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Petrology and chemisiry of rodingite dykes in the mantle section of the Oman ophiolite

M Python, M Yoshikawa, T Shibata and § Arai (Kanazawa Univ
(Kyoto Univ)

Dykes in the mantle section of the Oman ophioclite are very common. Most of them are of
gabbroic and pyroxenitic nature, and are the relics of the melt that circulated through the
manile and fed the crust. Some dykes have a hydrothermal origin and are composed of pure

diopside rarely in association with pure anorthite.

The Oman mantle is more or less dltered. Along some large fracture zone, the mantle may be
extensively serpentinised and the dykes it contains rodingitised af various degree. The
rodingites show a typical mineralogical composition, with major grossular garnet, chiorite and
prehnite; diopside, clinozoisite, fremolite and accessory minerals are sporadically present. Two
types of rodingite are observed according to their protolith: low-Ca type which formed from
gabbroic and pyroxenitic dykes and high-Ca type stemming from the hydrothermal dykes.
The first type (type-l) is characterised by its abundance clinozoisite and chlorite, anhedral
grossulars are crystallising in veins, and cross-cutting a primary lithology composed of
clinozoisite and chlorite. Tremolite-rich veins are present within the dyke. Diopsides are scarce,
and, when present, show a chemical composition depleted in Ti and Cr, extremely variable in
Al and Mg# [ranging from 0.88 to 0.97}. The second rodingite type (type-ll) is rich in euhedral
diopside and anhedral grossular and hydrogarnet. Reaction zones between diopside and
garet/hydrogarnet are frequent, chlorite appears only in these zones. The diopside is
sometimes destabilised and transformed into fremolite, while hydrogamet crystallise aos
coronae around the grossular. The chemical composition of the diopside is depleted in Ti, Na,

Cr and Fe, with o Mg# always above 0.975, and extremely variable in Al

Both rodingite types occur in highly serpentinised harzburgite where only small relics of olivine
remains from the primary lithology. Orthopyroxenes are totally transformed into serpentine
[bastite) in the host of the type-l, and into tremolite in the Type-ll rodingite wall rock. Type-|
rodingites show a whole rock Ca-contents similar to that of the gabbroic dykes, while this
parameter is unusually high in type-ll rodingites. On the other hand, SiO2 and Fetotal are lower
in the type- rodingites than in the type-ll ones. Rodingites are formed by the reaction of
gabbroic dykes and bodies with a fluid which composition is buffered by the serpenfinisation
recction with the mantle peridofites. The minerclogical and chemical variafions between the
two type of rodingites observed in the Oman ophioclite express not only that their protoliths
were differtent, but also that there were two distinct fluids leading to their genesis. Type-
rodingite probably result from a classical alteration-rodingitisation process. A fluid (i.e. sea or

meteocritic water) penetrated the mantle along fracture zone, was slightly enriched in Ca by
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the breakdown of the pyroxenes into serpentine, and became undersaturated in Si as a result
of the global serpentinisation. When this fluid react with a gablbroic body within or in contact
with the mantle, type-l rodingite formed, principally characterised by rather low Si content.
On the other hand, the genesis of type-ll rodingite involves a Ca-rich, Fe-undersaturated
hydrothermal fluid leading to the alteration of pyroxenes into fremolites, a global enrichment
in Ca and the progressive removing of Fe as well in the serpentinised mantle as in the

rodingite dykes.

Diopsidites and rodingites: serpentinisation and Ca-metasomatism in the Oman ophiolite

mantle

M Python, M Yoshikawa, T Shibata and § Arai (Kanazawa Univ
(Kyoto Univ)

Diopsidites and rodingites are two specific kind of dyke cropping out in the mantle section of
the Oman ophiolite. Diopsidites show a diopside monomineralic modal composition,
associated in some exceptional cases with anorfhite. Typical rodingifes mineralogical
assemblages include grossular, chlorite, tremolite, zoisite/clinozoisite, epidote, prehnite,
diopside, magnetite and other accessory minerals in various proportions. Both are result from
the alteration in Ca-rich environment of the mantle or pre-existing gabbroic dykes. In spite of
this apparent common origin, significant divergences are observed between these fwo
lithologies and their host, allowing us fo think that they are two different kind of rock which
have been generated by two different processes: rodingites are the result of the interaction
between gabbroic dykes and serpentinisation-issued fluids, while diopsidites formed by
genuine Ca-metasomatism of the mantle with an external source of calcium. A precise
petfrographical study of the diopsidites and rodingites, their characteristics and their
interaction with their host show that these two lithologies are related to two different type of
alteration in the mantle.
1. The first is a classical phenomenon of serpentfinisation, which led to the
transformation of a primary harzburgite to an assemblage of serpentine, brucite, and
magnetite. Rodingite dykes are present in these serpentinised peridotites. They resulted from
the interaction of the fluid responsible of the alteration with any mafic lithology included in the
serpentinised zone.
2. The second type of dlteration involves a Ca-rich fluid, it leads to abundant
crystallisation of fremolite, replacing orthopyroxene and serpentine, and results in a nephrite
with preserved porphyroclastic texture

Abstract for Dyke Swarms: Keys for Geodynamic Interpretation, Srivastava RK ed.,

Springer-Verlag, Heidelburg (in press)
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Estimation of the optimum upward continuation from the noise corrupted magnetic data using
ABIC.

M. Uisugi (Kyoto Univ)

The magnetic upward continuation is the technique to reduce the observed magnetic data

to that which will be observed on a plain or smooth surface. This method is one of the
standard processing for the aeromagnetic data and was successfully applied to many case
studies. By the improvement of the accuracy of the positioning fechnique such as GPS,
recently aeromagnefic observation has come to be done at volcanic region to obtain the
detailed volcanic structure. In such a survey, observation is carried out within narrow areq,
with dense measurement at low altitude along the terrain using helicopter or small aircraft.
However, topography is always iregular, observation surface also becomes uneven. For such
case, upward contfinuation is usually performed by equivalent source technique. On this
technique, we have to sclve ill-conditioned inverse problem, thus the solution sometimes

becomes unstable due to the actual noise in the data. In such case, to stabilize the inversion,
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the equation system of the inversion is generally replaced to the simultaneous equations with
observation equations and equations which indicate the weighted prior constraint for the
solution. However, because it is difficult to identify the noise level present in the data,
arbitrariness remains in the selection of the weight value for the constraint. For that case,
recently ABIC (Akaike's Bayesian Information Criterion) proposed by Akaike (1980) is
commonly used in various geophysical problems (Yabuki and Matsu'ura, 1992; Murata, 1993;
Oda, H. and H. Shibuya, 1994 etfc.). ABIC is an objective criterion which shows the stafistical
goodness of the parametric models which have prior constraint controlled by weight
parameter. With the aid of ABIC, we can obtfain most reasonable (statistically most likelihood)
model by selecting the optimum weight parameter, even if data contain high level noise.

According to the stochastic Bayesian theorem and Akaike (1980)'s theorem, ABIC can be
also defined for the equation of upward continuation as follows:

02

ABIC(x) = Nlog( 27[]\[) +log|Z'Z | -2Plog(ar) + C.

where a is the weight value for the model consiraint, N is the number of data and |Z'Z] is the
products of non-zero eigen-values of the equation matrix. C is a constant independent with
o, and P is the rank of constraint matrix. To see the validity of the inversion scheme combined
ABIC, | demonstrated using synthetic data. Figure 1{a) shows noise corrupted total magnetic
field data observed on a certain uneven surface. This dafta contains Gaussian noise with zero
mean and variance 10nT, relatively high level noise. Figure 1(b) shows theoretical magnetic
field on a plain located above the observation surface of Figure 1(a). Figure 1(c) shows the
upward contfinuation result of Figure 1{a) reducted on a plain same as that of Figure 1(b) with
the optimum weight parameter selected by ABIC. From these results, we can see that the
true magnetic field distribution is almost reconstructed by the upward continuation, and we

can confirm ABIC enable us to select the best solution even from the bad condition data.
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Oplimum Reduction to the Pole using ABIC.

M. Ufsugi (Kyoto Univ)
The reduction-to-the-pole (RTP} fransform is the technique to convert observed total
magnetic field {TMF} anomaly to that which will be observed when the magnetized body
locates on the pole region, i.e., the TMF anomaly info the vertical external field caused by the
same sources magnetized in the vertical direction. This fransform perform the double
directional integrations along crustal magnetization and ambient field, and twice vertical
derivations to the 3D distribution of TMF anomaly. Performing integratfion along magnetization
from observation point to infty, and vertical derivation to the observed data, it is converted fo
anomaly produced by vertically magnetized scurces, and performing infegratfion along
ambient field and vertical derivation, data is converted to anomaily in the vertical field. The
restriction of this transform is only magnetization direction is uniform and known. Applying RTP
fransform, the pattern of the anomaly produced by each magnetic body become symmetric
and the peak of anomaly appears just above the body like the gravity anomaly. So, it
becomes easy o inferpret the source distributions.

For the data obfained on uneven observation surface, RTP is performed by equivalent
source technique. Firstly estimating appropriate dipoler equivalent source which reproduce
the observed data, and next, rotating the direction of the equivalent source and ambient
field to verfical, RTP can be computed by forward calculation. The procedure of the second
step is identical with the double halt-infinife integral and fwice vertfical derivation described
above. And the first step is the inversion problem that is same with that of the upward
continuation. However, adopting this reduction to noise contained data, the results becomes
far from the true reduction results. In the case of RTP, we have fo esfimate correct 3D TMF

distribution in high accuracy because we have to infegrate estimated field on whole region
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Figure 1{a) Theoretical RTP, (b} estimated RTP using ABIC technique.
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above the observation point. To estimate high accuracy TMF distribution and fo reduce the
influence of the noise, we can use inversion scheme combined ABIC. Figure 1(a) shows RTP
results obtained by ABIC technique using noise contained data shown in my previous report
(Figure 1{a)). Comparing with the true RTP of Figure 1(b), both results are corresponding well,

and we can see ABIC is also useful for RTP calculation.
Quantitative Relation between Electrical Conductivity Structure and Magma Degassing

S. Komori, T. Kagiyama, J.P. Fairley(idaho Univ.)
{Kyoto Univ)

The efficiency of degassing from magma is one of the factors which determine explosive or
diffusive eruption (Eichelberger, 1986). Volatiles released from magmas discharge through
mainly two paths: a crator and a volcanic aquifer {Shinohara and Kazahaya, 1995) .

Discharge rate of volatiles from magmas through a crator has been estimated by direct
observations of CO2 and $SO2 gases, such as COSPEC and DOAS, and by geochemicdl
methods. However, discharge rate of volatiles through a volcanic aquifer has not been
clarified because of difficulty of obtaining geochemical samples spatially from deeper part of
volcanic aquifer. Electrical conductivity structure can be a helpful information for the
estimation of discharge of volatiles through a volcanic aquifer because high salinity of

hydrothermal fluids which dissolve volatfiles from magma increases steeply electrical
» conductivity of a volcanic aquifer. Kagiyama(1998) found that the electrical conductivity of
aquifer decreases with distance from a volcanic center at Kirishima-iwoyama. This suggests
that soluble materials dissolving into aquifer are fransported and dissipated outward from a
volcanic center.

The objective of this study is to examine the contribution of the dissipation of volafiles fo
electrical conductivity distribution by analytical solution as simply as possible.

To simplify, we consider some assumptions as follows: a)soluble materials and HO are
discharged from a volcanic center outward only radially; b)steady state; cjthickness and
physical properties of aquifer are uniform; d) the effect of heat on electrical conductivity of a
volcano is not taken into account; e)one phase (liquid) is assumed; f) NaCl is defined as a
soluble material. '

This study used confinuity equation and advection-diffusion equation as governing
equations of dissipation of volatiles. These equations were solved analytically under the radial
coordinate. The method of Worthington et al.{1990) was used for the conversion of
concentration of NaClinto electrical conductivity of fluid.

The analytical solutions show that the decrease of electrical conductivity is due to addition
of meteoric water to aquifer, and that the degree of decrease depends on the ratio of flux of

volatiles to addition of meteocric water.
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Conductivity distribution of the surface layer around Tatun Volcanic group, Taiwan

- For understanding preparing process of large-scale low-frequency eruptions -

T. Kagiyama, M. Ufsugi, C-H. Chen {Academia Sinica, Taiwan), §. Yoshikawa,

Y. Miyabuchi (Kumamoto Univ)

How tfo prepare for large eruptions is a serious problem for all inhabitants and scientists.
Conventional monitoring of volcanic activity is insufficient for practical evaluation, because
such large eruptions have low frequencies. We need to understand preparing process of
large-scale low-frequency eruptions. Kagiyama and Morita(2008) proposed that volcanism
has a wide range of diversity represented by two typical end members controlled by the
easiness of magma sforage beneath volcano; 'Eruption dominant (ED) volcanism' in difficult
condition and ‘Geothermal activity dominant (GD) volcanism' in easier condition. In GD
volcanoes, magma stagnates beneath volcanoes and maintains geothermal activity. This
seems GD volcanoes continue to give much benefit fo human society. However, GD
volcanoes sometimes have large eruptions after repeated stagnations of magma. This fact
suggests it is very important to understand where and why magma stops ascending.
Kagiyama and Morita {2008) indicated magma degassing is one of the important factors to
control magma ascending, and found significant wide area of high conductive zone around

GD volcanoes in Japan.

Fig.1 Location of Tatun volcanic group. Squea indicates the Figure 2.
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Tatun volcanic group (TGV) is located at northern Taiwan as shown in Figure 1. More than 20
volcanic domes cmd cones have been created within and around the area, which is
bounded by Chinshan Fault in the north and Kanchiao Fault in the south. Most volcanoes
have been created before 0.3 M (Wang and Chen, 1990), and no historical record of
eruption at TVG. However, eruptions in 18 ka BP (Chen and Lin, 2002) and 6 ka BP (Belousov
et al, 2010) have been identified. Yang et al. (1999) found magmatic contribution in
fumarolic gas, and Konstantinou et al. {2007) identified volcanic earthquakes. These facts
indicate TVG belongs to GD volcanoes. On this aspect, the authors carried out VLF-MT survey
around TVG to clarify electrical conductivity distribution in the surface layer, which is the sign
of degassing around volcanoes. The results are as follows.

1) Low conductivity (< 30 ¢ S/cm) was found north of Chinshan Fault.

2) High conductivity (> 100 S/cm) was found along the trend of major volcanoes from
southwest to northeast. Exireme high conductive (> 300 1 S/cm) areas were found around Liu
huang ku (Sulfur Valley), around the foot of Chih sing shan Volcano {Hsico yiou ken, Ma tsao,
and Len shuei ken), and around Da yiou ken.

3) Relatively low conductivity (30-100 1 S/cm) was found south of the trend of major

volcanoes. This area is covered by Miocene basement.

These results suggest that magmatic gas is mainly supplied beneath Chih sing shan Volcano

North of Chinshan Fault:
< 30 uS/cm

Chih shing shan
Voleano L

“:Main volcanic trend:
—~~ > 100 uwS/cm

. South of volecanic trend:
30-100 pS/cm

Trndsetivity

Fig.2 Conductivity distribution around Tatun Volcaic Group by VLF-MT.

50



and expanded to Liu huang ku geothermal area on the southwest side and to Da yiou ken on
the northeast side along the fissure system. The area size of high conductive (> 300, S/cm)
zone is estimated more than 4 km2. This indicates heat discharge and degassing in TVG might
be comparable with that in Beppu geothermal area {320MW], which is typical GD volcano in

Japan.
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EEEHE Routine Observations

Geophysical Monitoring Under Operation at AVL
Aso Volcanological Laborafory
Permanent Stations

Nakadake monitoring network
Seismic Stations: HNT, PEL, KSM, SUN, KAE, KAE, KAN, UMA, TAK {microwave telemeiry)

Tiltmeters: HNT {water tilf 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 telemeitry)

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

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

Seismic network in the central Kyushu.

88



WE, RiE

5B
[BF]

ICP Z& o3t mbirieE

FESENET Y a—T~A 70T F 74—
HEREEETE 2 o L L)

RGBT T u—T A T I A

WAy WD X AR T

A ROV X ST S

R X RIS E

Wk v FL—rg AT A

AFvraw IS5

HAy o~ N5

(]

FaTR, JUE K LEFTHI R S 2T A

WA B E

LRSI AT A

BT A MBS AT A

WA=S N2 skt

7Ty g AL NI

ARG S AT A

Insfruments

[Beppul
|CP emission Spectrometer
Wavelength dispersive electron microprobe
(lent to JAMSTEC)
Energy dispersive electron microprobe analyzer
Wavelength dispersion type X-ray Fluorescence
analyzer
Energy dispersionty type X+ay Fluorescence
anclyzer
Powder X-ray diffractometer
Liquids scintillation system
lon chromatography
Gas chromatography
[Aso]
Confinuous seismic monitoring system for Aso
and
Kuju Volcanoes
Observation funnel for ground deformation
Borehole temperature monitoring system for
Ao
Video monitoring system of Aso and Kuju
Volcanoes
Proton and fluxgate magnetometers
Geomagnetic absolute medsurement system
Tiltmeters
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Insiruments and Facilities
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Automatic fitration system

Pisfon cylinder fype high pressure apparatus

Laser ablation system

Inductively coupled plasma mass
spectrometer(ICP-MS)

Thermal ionization mass spectrometer(TIMS)

Externally heated diamond anvil cell {af Kyoto)

Raman microscope (at Kyoto)

FT-NIR spectrometer

R microscope

Heatings stage (at Kyoto)

Portable seismometers {broadband short
period)

Car-mounted seismicsource

Gravimeters

Magneto-Telluric measurement
system(broad-band fype, 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 isotopic compositions
Radiogenic isotope and trace element compositions of natural samples (e.g. rock and water,
efc.) provide us important information about source materials of a sample, generafing processes
from the sources and age of the sample formation. Therefore isofope and frace 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 Pl: employing a thermal ionization
masss specirometer (Fig. 2) at Beppu Geothermal Research Laboratfory (BGRL). The system
presented here is made from collaboration with Insfitute for Frontier Research on Earth Evolution.
The methods of chemical preparation for the each andlysis were dlso established. Al 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 redlize the precise analyses
of frace and isotopic compositions of ulira frace amounts of the samples (Fig. 4). Furthemrmore, we
are developing methods o redlize the mass production of the assay tests. By employing the
described andliytical methods, we are progressing with the study of magma genesis and material
fransfer in the manfle, efc.
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Fig. 2. Tnemnalionization maoss specirometer

FAg. 1. Induclively coupled plosma maoss

specirometer

Fig. 3. Sample evaporation sys’r under the ulfra

clean environment
~ Present analysis capability
Isotope Ratios
s
Nd
Ph

Chemical Compositions ¢
1. Elpmants colored am roliably established
for routine analsls with 2 precision
botter than 2% and scouracy arsund 5%,
2. Low Brrdtations of the methad were

damaonstrated by excelient analyss Sy
& rf‘ @;‘:},‘, ot

EELWPE OGNy

of ultra-fow tovel {ng @1 mantie-dedved

B

sample (4P, paddatite)
e

Fg. 4. Andlytical method for isofopic and trace element compositions established at

BGRL
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