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Preface

It was passed nine years since the last reorganization of our Institute for Geothermal
Sciences from Beppu Geophysical Research Laboratory and Aso Volcanological Laboratory
in 1997. We regard central Kyushu, one of the most active volcanic and geothermai 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. Taking into consideration on the subjects related fo
remote institutions from main campus, we need to make effort fo infensify cooperative work at
Aso and Beppu.

Total revenue decreased and we need to get other competitive fund associated with
personalization in 2004. Meetings of the steering committee set in 2004 were held six times in
Kyoto campus, and the cooperative relationship between our institute and Graduate School
of Science was intensified. We made efforts to clarify a role of the institufe in the education
and research activity in the Kyoto University. In 2005, the repairing to a rain-leak at Beppu
Laboratory building was carried out by the financial support of University.

In personal affairs, Dr. Yong LAl as a visiting faculty left at the end of September from
Beppu, and Dr. Wahyu SRIGUTOMO arrived af Aso.  As a postdoctoral associate, Dr. Shusaku
GOTO left to AIST and Dr. Takeshi SAITO was adopted as a post doctoral fellow of JSPS in
March 2006. Dr. Akihiko TERADA at Aso and Dr. Takeshi KURITANI at Beppu replaced in April,
2006. As secretaries at Beppu, Miss Hisako TSUCHIYA and Kimiko GOTO retired in September,
and Mrs. Ayumi HIGASHIBATA and Nami MIYAZAKI replaced.

The activity of the KAGI 21 program (Kyoto University Active Geosphere Investigations for
the 21st Century Centers of Excellent program) was passed three years, and our institute made
a great contribution for scientific activity on wafer and material circulation atf the active
geosphere, stalagmite project and as a field station of the multi-purpose field sites for
education and research activity. TV meeting systems connecting Kyoto and Uji Campus, Aso
and Beppu Laboratory used constantly for seminar and special lectures, and the effective use
of these devices confributes fo sending information from remote institutions from main
campus.

Keiji Takemura, Professor/Director
Beppu, May 2006
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B2 EE) Research Activities

HERAPNIERIEFZE  Institution Colaboration
Salinity of fluid inclusions in syn-metamorphic quartz veins, Sanbagawa schists, SW Japan.
K. Nishimura, §. Ohsawa, K. Amita, Y. Lai, J. Yamamoto, T. Hirajima (Kyoto)

Direct investigation of the chemical characteristics of metamorphic fiuids (dehydrated fluids)
is a key to understand fluid circulation in plate subduction zone. Heating and cooling
experiments were conducted with fluid inclusions trapped within syn-metamorphic quartz
veins, Sanbagawa schists, fo estimate those salinities. The quartz veins are abundant in fluid
inclusions, but the main problem arises in identifying fluid inclusions that are truly
representative of fluids present during progressive metamorphism. Many fluid inclusions
observed in the quartz veins have generally undergone a long history of fracturing,
accompanied by trapping of secondary fiuid inclusions, during their return to the surface. The
fracturing has arrayed the secondary inclusions in the quartz veins. For this study, we have
carefully selected large fluid inclusions (>5 m) that are isolated from alignment of the
secondary fluid inclusions. The host quartz was doubly polished and cooled and heated
under opfical microscope using Heating and Cooling Stages (LINKAM LK-600; Fig. 1} at
Department of Geology and Mineralogy, Kyoto University. The salinity of chioride-dominated
agueous fluid inclusions can be estimated from the melting temperature of ice during a cycle
of freezing and heating (Fig. 2). The determined freezing temperatures range from 3 to 7°C.
This femperature range corresponds to the salinities from 5 to 10.5 wi% when using
experimental results of Bodnar (1993). It should be noted that the cailculated salinities are
‘equivalent’ concentrations of NaCl, i.e. the salinity of NaCl solution that would yield the same
ice melfing temperature as the natural fluid measured. The estimated fluid salinities are
consistent with the salinity range of metamorphic fluids hosted by sequences of oceanic or
accrefionary prism origin (Yardley & Graham, 2002).

Recent geochemical works of our group have suggested that fluid inclusions in quariz
veins of high-pressure metamorphic rocks {e.g. Sanbagawa schist) are possible candidates of
the source of brines along Median Tectonic Line (MTL). The relatively high salinities of the fluid
inclusions would support this hypothesis. Trace element analyses of the fluid inclusions are
currently carried out using LA-ICP-MS fo compare with the trace element patterns of the

brines along MTL.
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Figure 1. Heating and cooling Stage
(LINKAM LK-600)

Figure 2. Phase changes of inclusions
during cooling and heating. a: liquid +

Cooling bubble, b:ice, c: liquid + bubble.

Heating




Relationship between the distribution of Quaternary adakitic magma on Japanese Island and

the geophysical characteristics

T. Shibata, O. Ujike(Toyama), J. lioh (GSJ), T. Sugimoto, K. Takemura

Since Defant and Drummond
(1990: Nature, 347) suggested that
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balance af the subduction zone, Fig. Distribution of Quaternary adakite in Japanese Islands. Solid
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) Kyoto Univ.)

However, Yododzinski et al. (2001:

Nature, 409} reported the adakite magma derived from partial molten of subducting slab,
where the old and cold slab is subducting. so that the knowledge about the occurrence
condition of the slab melting is thought to be insufficient. it can be considered that
comparing the distribution of the adakitic magams and geophysical characteristic of the
subducting slab lead us the information about the occurrence condition of the slab melting.

On Japanese Islands, the Philippine Sea plate is subducting at the wide areaq, from the
Kanto district to the Kyushu - Okinwa district. From these districts, Quaternary adakite magmas
are reported (Morris, 1995: Geology, 23; Ujke ef al., 1999: J. Min. Petrol. Econ., 9; Kimura et al,
2005: Island Arc, 14, Shibata et al., 2005). On the other hand, the geophysical characteristics
of the Philippine Sea plate, such as directions and dips of subduction, the shape of the plate
and seismicity, changes from place to place. Therefore, it seems that these areas are a very
suitable area to discuss the relationship between the distribution of adakitic magma and the
geophysical characteristics of the subducting siab. Therefore, we compiled the trace element
compositions of Quaternary volcanics reported from that area, and try to discuss the
relationship between the distribution of the adakitic magams and geophysical characteristic
of the subducting slab.

According to Defant and Drummond (1990: Nature, 347), we discriminated the adakites on
the bases of the relationship between Sr/Y ratio and Y concentration. The resulf is shown in Fig.
The eastern and southwestern edges of adakite distribution are at Mt. Kurofuji and Mt. Kujyu,
respectively. It can be observed from Fig. that no slab related earthquake is found at just
below the occurrence of adakite. Morris (1995: Geology., 23) specuiated that no slab
earthquake below Daisen volcanoe due to the slab melting. Our observation led his

argument to be more generalized.



Trace element and Sr, Nd and Pb Isotopic compositions of Quaternary volcanics from

Yufu-Tsurumi volcanic group

Takeshi Sugimoto, Tomoyuki Shibata, Masako Yoshikawa, Keiji Takemura

Yufu-Tsurumi  volcano group is located in northeastern Kyushu, Japan.
Yufu-Tsurumi volcano group is forming the volcanic front of middle fo north Kyushu together
with Hime-Shima, Futago-Yama, Kujyu and Aso volcanoes. Yufu-Tsurumi volcano group
consists of Yufudake volcano, Tsurumidake volcano and Garandake volcano. They are the
stratovolcano which consists mainly of andesitic to dacitic lava domes and lava flows (e.g.
Hoshizumi et al., 1988). From the chemical compositions of Yufu-Tsurumi volcanic rocks, it is
observed that Nb/Zr ratios (0.06-0.09} are high compared to general island arc magma
(<0.03). In the Y versus Sr/Y diagram, the Yufu-Tsurumi volcanic rocks are plotted across the
boundary between adakite and island-arc ADR field (Defant et al., 1991). They are also
characterised by low HREE relative to felsic volcanic rocks from northeast Japan arc. These
chemical characteristics cannot be explained simply by the general model that the origin of
island arc magma is MORB-type mantle wedge and fluid derived from subducting slab.
Adakites in the SW Japan are considered to be generated by partial melt of subducting
Philippine Sea plate (e.g. Morris, 1995; Shibata et al., 2005). The relationship between 875r/86Sr
and Sr/Y ratios is consistent that partial melt of subducting Philippine Sea plafe is one of the
source material of Yufu-Tsurumi volcanic rocks. On the other hand, the trends of Pb isotope
systematics indicate that the terrigenous sediments from the Nankai Trough (Shimoda et al.,
1998) can be another source material of Yufu-Tsurumi volcanic rocks. According to these
observations, partial melt of subductiong slab and terrigenous sediments have to be taken

account for the genesis of Yufu-Tsurumi volcanic rocks.

(Abstract of Japan Geoscience Union Meeting, 2006)



Environmental change and itephra horizons on the basis of color data of Late Quaternary

loam sediments

Takemura, K., Saito, T, Yamamoto, J., Mawaiari, H.

Around the Beppu region, thick soil and loam sequences were found including tephra
layers. At the south of Mf. Yufudake, the outfcrop indicating the tephrostratigraphy of this
area is located (Takemura et al., 2005). The fephrostratigraphy during Late Quaternary is
summarized since Aso-4 pyroclastic flow deposits erupted at about 90 ka. We collected the
continuous drilling core samples behind the cliff observed loam and tephra sequence studied
in 2004 (Photo 1).

0.00

Photo 1. Confinuous driling core samples behind the cliff observed loam and tephra

sequence studied in 2004

The core sample has 6 m thick and is composed of black soil and brown soil with
volcanic ash layers. Two volcanic ash layers are included in the sequence, and they are
K-Ah ash layer and AT ash layer. K-Ah layer which is erupted at 7,300 cal BP, and is found at
the 0.85-1.00 m depth. AT ash layer of 26-29 ka eruption is intercalated at 2.3 — 2.4 m depth.

Kuju Daiichi tephra layer of about 50 ka and Aso-4 pyroclastic flow deposits are not found in



the sequence, and the é m loam and soil sequence has the age since 50 ka.

We preliminarily tried fo get the continuous color data using the spectrophotometer for
understanding the environmental change and volcanic ash horizon recorded in the color
change of the sequence. The data are composed of a* (red - green), b* ( yellow - blue)
and L* (white - black). The distribution of color data is concordant with the stratigraphy of soil
sequence. The lower value of L* of sediments upper than 1.45 mis clearly correlated with the
black color soil indicating abundance of organic matter. The peak of a* and b* at about 0.9
m depth is correlated with the K-Ah ash horizon with red to yellow color. The continuous
measurement of color of soil and loam sequence which was formed at land condition is
useful for checking the sequence boundary recorded the environmental change and
detecting the fephra horizon with red-yellow color. Stage 1 and Stage 3 in the figure
indicate the warmer stages detected by the production of organic matter and the age of

tephra horizon.
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Fig. 1 Stratigraphy of soil sequence and color data (a*, b* and L¥).



Trace elements in grain-boundary component in mantle xenoliths analyzed by LA-ICP-MS:

Implications for mantle occurrence of subduction-related fluid

Junji Yamamoto, Yong Lai, Koshi Nishimura, Shun'ichi Nakai (ERI, Tokyo)
Viadimir S. Prikhod'ko (Far-Eastern Branch, Russian Academy of Science)

Shoji Arai (Kanazawa)

Abstraci

Based on frace element chemistry, we have constrained the occurrence of grain-boundary
component in mantle wedge-derived xenoliths from Far Eastern Russia. Mineral separates and
whole rock of the xenoliths were washed using hot nitric acid for extraction of grain-boundary
components. The whole rock of one xenolith shows an apparent negative Ce anomaly and
large depletion in high-field-strength elements {(HFSE) with the W-type lanthanide tetrad effect.
The trace element pattern of the whole rock is not correlated with those of constituent
minerals, but rather the leachate. That fact suggests that the lanthanide tetrad effect and
negative anomaly in Ce and HFSE in the whole rock are attributable to the presence of the
grain-boundary component.

In order to disfinguish these signatures, we analyzed frace element compositions of the
grain-boundary component using laser ablation ICP-MS. The grain-boundary component
apparently included negative Ce anomaly. Also some kinds of melt inclusions show negative
Ce anomaly. The negafive anomaly in Ce and HFSE in mantle rocks are generally regarded to
be mantle metasomatism related to the specific subduction environments such as infiltration
of agueous fluid dehydrated from subducted slab. Because the Far Eastern Russia area was
located af the subduction zone in the Jurassic - early Cretaceous Period, the present mantle

rocks would have been infiltrated by fluid dehydrated from the subducted slab.

1. Infroduction

At an active margin of a continent or an island arc, several kinds of fluids infiltrate info the
mantle wedge. For example, aqueous fluids released from the descending oceanic
lithosphere frigger partial melting of the mantle wedge. Then, the melt ascends through the
mantle wedge leading to the subduction-related volcanism. In that case, part of the melt
would remain in the mantle wedge as a grain-boundary component or as a meit inclusion.
We intend fo reveal the occurrence of subduction-related fluids in rocks derived from the
mantle wedge. For this purpose, incompatible trace elements in the mantle xenoliths from the
active margin of a continent or an island arc are effective for identifying mantle processes,
including partial melting and metasomatism, in the manitle wedge. In that case, the
grain-boundary component should be treated carefully because it is an important factor in
conftrolling the trace element budget of the mantle (Hiraga et al., 2004). Many frace elements

are incompatible in mantle rocks. For example, in the lithospheric mantle, large ion lithophile



elements (LILE: e.g., K, Rb, Cs and Ba) and high-field-strength elements (HFSE: Ti, Nb, Ta, Zr and
Hf) are concentrated in accessory minerals such as feldspar, amphibole, phlogopite, apatite
and titanites or grain-boundary components. Fluid inclusions trapped in mantle minerals differ
compositionally from whole rocks and the grain-boundary component. This study is infended
to elucidate the origin of the grain-boundary components by comparing the frace element
patterns of whole rocks with those of acid-leached major minerals for a mantle xenolith from
Far Eastern Russia. The solutions obtained by leaching and laser ablation ICP-MS analysis were

effective to characterize the grain-boundary components.

2. Sample and experimental method

Extensive tholeiitic and alkaline basaltic volcanism fook place in northeastern China and Far
Eastern Russia in the Cenozoic. The alkaline basalts locally contain abundant upper
mantie-derived uliramafic xenoliths. According to a recent geodynamic reconstfruction, the
region is regarded to be an active margin of the Eurasian continent in the Mesozoic fo
Paleogene. Further, environs of sampling points of the xenoliths used in this study are covered
over with accretionary complexes. Therefore, the xenoliths from Far Eastern Russia were
affected by subduction in the Mesozoic fo Early Cenozoic and were entrained to the Earth's
surface by Late Cenozoic basalt volcanism. The basalts erupted long after the plate
subduction in the Far Eastern Russia areaq. It confers considerable advantages on the study of
subduction-related fluids in mantle xenolith. The mantle xenciiths sampled ot active
convergent margin could inherit subduction-related features from their host magma. Thus, the
present mantle xenoliths are suitable for the study on the subduction-related subcontinental
lithospheric mantle. One xenolith (Sv-1) used in this study was sampled from Far Eastern Russia,
which comprises spinel-lherzolite. The xenolith was taken from a volcanic body with eruption
age of about 9-13 Ma (e.g., Sato, 2000). The xenolith contains é1.3 vol% olivine, 22.3 vol%
orthopyroxene, 13.1 vol% clinopyroxene, and 3.3 voi% spinel.

Trace elements in solutions were analyzed by inductively coupled plasma-mass spectrometry
(ICP-MS, PQ3; Thermo Elemental, U.K.) at the Earthquake Research Institute, University of Tokyo
for olivine, orthopyroxene and clinopyroxene and whole rocks for a xenolith. Rocks were cut
into slabs of about 2 mm thick, which were used as samples representing whole rocks.
Residual rock specimens were roughly crushed; minerals were carefully selected manually.
The mineral separates and the slabs of whole rocks were washed with 70°C 2 N HNOs for half
an hour for extraction of the grain-boundary components, then washed ultrasonically in
distiled water. Treatment reduced the weight by ca. 2%. Leachates were also analyzed
separately to characterize the leached grain-boundary components. After freatment, 20 mg
of each powdered sample was weighed in a Teflon beaker (or 10 mg for orthopyroxene and
clinopyroxene), 0.3 mi of both 11.5 N HCIO4 and 30 N HF were added to the samples for
decomposition. The precisions of the abundance data are 10% for most elements and 20% for

Sr and those with low abundances.



Trace element composifions of the grain-boundary components and melt inclusions were
determined using a Laser Ablation microsampler coupled to an Inductively Coupled Plasma
Mass Spectrometer (LA-ICP-MS). For these analyses, a UV {266 nm) laser beam is focused onto
the surface of a solid sample. The laser used for this study is a Q-switched Nd-YAG laser
operated at 4 Hz and 7 mJ per pulse. Spoft sizes for these analyses are 25-100 microns, and
average drill rates are ~ 1 micron/sec. The ICP-MS is a PQ3 (Thermo Elemental, U.K.) installed
at the Institute for Geothermal Sciences, Kyoto University. Peak and background regions were
selected from the fime-resolved spectra of each sample, and the selected replicates
averaged o determine the net count rate for each mass. Relative element sensitivities were
calibrated against the NIST 610 glass, with values cross-checked against other
well-characterized natural material including mantie-derived pyroxenes. Detection limits
ranged from ~ 1 ppm for a variety of elements including rare earth elements, Th and U.

Replicate analyses of the NIST 610 glass indicate an analytical precision of less than 10 %.

3. Results

Incompatible tfrace elements tend to occur mostly in clinopyroxene in spinel peridotites (e.g..
Bedini & Bodinier, 1999}. Thus, the primitive mantle-normalized trace element patterns of
clinopyroxene from spinel peridotites usually mimic those of the whole rock, especially for less
incompatible elements. The trace element pattern of the whole rock is not correlated with
those of the constituent minerals, especially for more incompatible elements (Rb-Sr, Fig. 1).
Particularly, the whole-rock paftern shows a concave-upward curve in normalized REE
patfern and a clear negative Ce anomaly. It is noteworthy that the Ce anomaly is not
detected in the constituent minerals. The pattern of the clinopyroxene shows a slight
depletion in light-REE {LREE}, but such a convex-downward curve without the Ce anomaly is
typical of clinopyroxene from mantle peridoftites (e.g., Bedini & Bodinier, 1999). The whole-rock
pattern of sample Sv-1 shows clear depletions in Hf and Zr. Negative anomalies for the
analyzed whole rock are too large compared with the calculated whole-rock values {Fig. 1).
Such HFSE depletion is probably ascribable to the occurrence of the other host phase for
incompatible elements in the xenolith, such as accessory minerals or grain-boundary

component that are poorin Ce, Hf and Zr.
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4, Discussion

4.1. Distribution of the material depleted in HFSE and Ce

The grain-boundary component of the mantie xenoliths was extracted through chemical
treatment using hot nitric acid (e.g.. Bedini & Bodinier, 1999). Many mantle xenoliths are
known to contain veins and patches of glass. Suzuki (1987) assumed that the grain-boundary
component is a thin quenched glass with thickness of a few tens of nm at most. Hiraga et al.
(2004) reported thin intergranular amorphous films with thickness of 0.5 - 10 nm in some
polycrystalline oxides using high-resolution electron microscopy. The present grain-boundary
component would be also thin amorphous film, because the grain-boundary enrichment of
the incompatible elements was removed easily by washing in mild acid as observed in figure
2, which show frace element patterns of leachates. The patterns of the leachates of
orthopyroxene and clinopyroxene resemble the whole-rock pattems, in particular in spikes of
U, Ba and La and depletion in Rb, Th, Ce and HFSE. Such anomalies were not observed in the
constituent minerals leached with hot nitric acid (Fig. 1). Therefore, we infer that the
anomalies result from the existence of grain-boundary component. This inference suggests
that the trace element content of the xenolith is controlled strongly by that of the
grain-boundary component. Here is figure 3, which shows comparison of trace element
compositions between the whole rocks and the calculated whole rocks. It is helpful to show
trace element composition of the grain-boundary component. The contents of highly
incompatible elements of the analyzed whole rocks tend fo be higher than those of the
calculated whole rocks. Hiraga et al. (2004) predicted that elements of their ionic radius (or
incompatibility) larger than Sr will mainly stay at grain boundaries and this seems to appear in
figure 3. Enrichment of incompatible elements at the grain boundaries relative to the grain

matrices does not, however, occur paradllel to the incompatibility of the elements. Partficularly,



the analyzed whole rock of sample Sv-1 shows spikes of Pb, Ba and La, and depletions in Rb, U,
Ce, Sr and HFSE. This indicates that, though the grain-boundary component had been in the
process establishing approximate equilibrium in frace element partition with grain matrices,

the anomalies are inifial properties of the grain-boundary component.
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Figure 2. Normalized trace element patterns for leachates of constituent minerals of a xenolith of sample Sv-1. Values of the
y-axis were calculated by the weight of trace elements in the leachates; it was divided by the weight of its host mineral used for

100
4
&
2
<
Q
_—
-
B
*a 104
E
2
&
©
—
]
: 0G0 R0 0k
= 11 <
Q
ot
z
=
S
2
&
=
=
0.1

Rb Pb U Th Ba Nb Ta La Ce Pr Sr Nd Hf Zr Sm EuGd Th Dy Ho Er Y Tm Yb Lu

Figure 3. Trace element patterns for the analyzed whole rock normalized by the calculated whole



In order to distinguish disiribution of the material depleted in HFSE and Ce, we analyzed rare
earth element compositions of the grain-boundary components using LA-ICP-MS. Figure 4
shows rare earth element patterns of the grain-boundary components accompanied by the
pattern of the whole rock. The grain-boundary components apparently included negative Ce
anomaly. Also some kinds of melt inclusions show negative Ce anomaly. This study represents

the first finding of the negative Ce anomaly in the meltf inclusions.
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Figure 4. Leedy-normalized rare earth element patterns for
grain-boundary component and melt inclusion analyzed by LA-ICP-MS
accompanied by the analyzed whole rock.

4.2. Negative Ce anomaly in mantle rocks

Cerium is the only REE that is oxidized in nafure. The change in ionic charge and radius
engenders decoupling of Ce# from the frivalent REE (except for Eu) because of the unique
configuration of the 4f electron shell. Hence, this element has valuable information about
geochemical processes, reflecting such processes as redox reactions. The Ce anomailies
found in the present study indicate that Ce has undergone reactions involving Ce# under
oxidizing conditions or the anomalies have incorporated source materials originally having the
negative Ce anomaly (e.g., natural aquatic solution). The negative Ce anomaly in the
grain-boundary component and the melt inclusion must therefore be inherent from fhe
source region. The negative Ce anomadlies in mantle-derived peridotites were conspicuously
reported from several iskand arc. We shall outline here only briefly fluid in the mantie wedge. In
the mantle wedge, the silicate melt generated by partial melfing of mantle rock would have
ascended through the grain boundary of mantle minerals. The melt is generated by reaction
of mantle minerals with aqueous fluid dehydrated from descending slab. Thus, trace elements
of the aqueous fluid are partly inherited from those in the descending slab. It is interesting fo
note that oceanic sediments generally show negative Ce anomaly. Furthermore, Ce may not

be dissolved much in the aqueous fluid derived from the descending slab due to generation



of Ce# in an oxidizing condition. The grain-boundary component and the melt inclusion are

therefore inferred fo originate from subduction-related components.

4.3. Positive anomalies among some highly incompatible elements

The whole rock of sample Sv-1 reveals a nearly flat REE pattern with depletion in Rb, Th, Ce, Sr
and HFSE, and spikes of U, Ba and La (Fig. 1). This possibly indicates at least a two-stage history
for the xenolith. The depletions in incompatible elements can be induced by the loss of a
parfial melt enriched in incompatible elements. Spikes of U, Ba and La in the whole rock
pattern suggest that the depletion event was followed by an enrichment episode caused by
a material that is rich in U, Ba and La, but very poorin Rb, Th, Ce, Sr and HFSE. That conjecture
is plausible. Although the constituent minerals of the Sv-1 sample are markedly enriched in U,
they have depleted patterns with a gradual decrease in LREE and low values of highly
incompatible elements. On the other hand, the leachates have spikes of U, Ba and La. These
spikes are consistent with an interpretation that the relatively high contents of U, Ba and La in

the whole rock exist largely because of a depletion event and a subsequent enrichment

event.

4.4. Respective origins of the grain-boundary component and melt inclusion

Beneath the continental active margin or island arc, agueous fluid derived from the
subducted slab ascends info the mantle wedge. Hydrated peridotite was formed by the
addition of slab-derived H20. Hydrous minerals such as amphibole, chlorite and phlogopite in
the hydrated peridotite broke down in downward flow of the mantle wedge and release H20.
Interconnection of the aqueous fluid in the hydrated peridotite is controlled by dihedral
angles of mineral grains. At low pressure and temperature, most agqueous fluids generated by
successive decomposition of the hydrous minerals in downdragged hydrous peridotite could
not segregate from solids and would be transported to greater depths as free fluid in isolated
pores among crystals. If such downdragged hydrous peridotite reaches a region where the
dihedral angle is less than 60°, aqueous fluid is supplied continuously from the downdragged
hydrous peridotite. When the aqueous fluid reached the region with the solidus temperature
of hydrous peridotite, partial melting in the mantle wedge took place to produce initial
magma. Melt was exiracted upwards, ascending through the mantle wedge, engendering
subduction-related volcanism if melt segregation occurred. Incidentally, if the aqueous fluid
took a detour, avoiding the partial melting zone, it directly infiltrated into the mantle located
above the partial-melfing zone. It eventudlly emerges to the Earth's surface as hydrothermal
fluid. Part of both the melt and fluid should remain in the mantle wedge as a grain-boundary
component and melt inclusion, or as fluid inclusion, containing features of depletion in HFSE
and Ce with the lanthanide tetrad effect as mentioned before. In this respect, the HFSE
depletion in the grain-boundary components of the present xenoliths is related to subduction

processes. In the Jurassic - Early Cretaceous Period, a subduction zone was formed in Far



Eastern Russia. The aqueous fluid released from the descending oceanic lithosphere would
trigger partial melting of the mantle wedge at the depth of ca. 60 km. The melt therefore
ascend through the mantle wedge, and engender subduction-related volcanism. The
present mantle xenoliths were derived from the uppermost part of the mantle wedge (35-40
km) beneath Far Eastern Russia (Yamamoto et al., 2002). Such a region must be infilfrated by
the melt that had ascended from the partial melting zone. Consequently, both the
grain-boundary component and the melf inclusion, which have a relation to the aqueous

fluid in their generation, are fluids related to the subduction system.

5. Summary

(1) Trace element pattern of the whole rock shows large depletion in HFSE and Ce. Such
anomalies are not well identified in the acid-leached consfifuent minerals. Trace element
patterns of the leachates of the constituent minerals are similar to the whole-rock pattern.
These results suggest the contribution of the grain-boundary component. The application of
LA-ICP-MS to in-situ analyses of rare earth elements in the grain-boundary component and
melt inclusion revealed that the negative Ce anomaly were originafed from both the
grain-boundary component and the melt inclusion.

(2) The depletion in HFSE and Ce in the trace element pattern of the grain-boundary
component and the melt inclusion indicate a relationship with aqueous fluid. Because the Far
Eastern Russia area was located at the subduction zone in the Jurassic - Early Cretaceous
Periods, the present mantle xenoliths, which are located immediately above the partial
melting zone, had been infiltrated by the melt derived from the partial melting zone or the
aqueous fluid derived directly from subducted slab. Therefore, several anomalies observed in
both the grain-boundary component and the melt inclusion are common features of the

mantle wedge.
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Equilibrium temperature and pressure conditions of the peridotite xenoliths in the French
Massif Central

Yoshikawa Masako, Kawamoto Tatsuhiko, Yamamoto Junji

Cenozoic volcanoes in the Central Massif, France, brought peridotite xenoliths to the
surface. Extensive studies were carried out with those peridotite samples by the use of
pefrography, trace element chemistry and isotopic compositions. Mercier and Nicolas (J.
Pefrol., 1975) suggested that the Puy Beaunit xenoliths were recrystallized and brought up
from the shallower upper mantle, near the depth for the Moho discontinuity based on (1) the
presence of spherical spinel and (2} the existence of transitional rock type from uliramafic to
charnockitic with increasing silica contents. Also, clinopyroxenes of the Puy Beaunit xenoliths

were characterized by (1) higher Sr and lower Nd isotopic compositions than those of the
other peridotite xenoliths of the French

Massif  Central and {2) isotopic

compositions similar to the granulite

xenoliths derived from the lower crust

underneath the French Massif Central

(e.g. Downes and Dupuy, Earth Planet.
Sci. Lett.,, 1987). On the basis of these

isotopic and textural signatures of the

Puy Beaunit peridotite xenoliths,
Downes and Dupuy (Earth Planet. Sci.
Lett., 1987) and Downes et al (Chem. FE5 Torrain Boundary

£ Voleanic Rocks S
Geol., 2003) also inferred that these E=Faults j

EZ3 Hereynian basement. | |

perdotite xenoliths experienced with Fig. 1. Sketch map of Massif Central modified from

mechanical mixing between peridotite Downes et al. (Chem. Geol., 2003) showing localities of

the analyzed peridotite xenoliths and of the peridotite

xenoliths studied by Downes and Dupuy (Earth Planet.

region. In order to assess this hypothesis, Sci. Lett, 1987) and Zanga et al., (Contrib. Mineral
Petrol., 1997).

and enriched pyroxenite in the Moho



we should know the pressure and temperature conditions of the peridofite xenoliths before
the erupfions.

The xenoliths of Puy Beaunit show secondary equigranular and protogranular fextures and the
other xenoliths are protogranular and protogranutar-to-porphyroclastic textures according fo
the definition of Mecier and Nicolas {J. Petrol., 1975). We examined the PT conditions of 10
peridotite xenoliths in scoria deposits from Puy Beaunit and Mont Briangon, and in Bruzet lava
flow erupted at the Ray Pic crater, in the Massif Central, France (Fig. 1). We determined the
equilibrium temperatures based on the two-pyroxene geothermometer using chemical
compositions of Ca-rich and Ca-poor pyroxenes (Wells, Confrib. Mineral. Pefrol., 1977). A
promising depth scale for the peridotites is the residual pressure of CO: fluid inclusions. If the
residual pressure, and consequently the density, of CO2 was determined, extrapolation of the
pressure to the equilibrium temperature estimated from the mineral thermomefter indicates
the pressure of CO2 when the fluid inclusions were thermally equilibrated with the surrounding
host mineral in the deep Earth. Micro-Raman spectroscopy is highly effective for determining
density of CO2 in CO:2 fluid inclusions (Yamamoto and Kagi, Chem. Lett., 2006). The estimated
ranges of equilibrium temperatures and pressures are 860-940°C and 0.47-0.68 GPa for Puy
Beaunit, $20-1000°C and 0.95-1.1 GPa for Mont Briancon and 960-990°C and 0.91-1.1 GPa for
Bruzet, respectively (Fig. 2). These results indicate that the Puy Beaunit xenoliths were derived
from obviously shallower depths (around 17-25 km) than the other localities (around 32-42 km).
We conclude that the peridotite xenoliths of Puy Beaunit were brought up from the slightly
shallower depth than the present Moho depth (around 27km, Zanga et al., Conftrib. Mineral
Petrol., 1997), and this is consistent with the hypothesis by the previous studies on the basis of
petrography (Mercier and Nicolas, J. Pefrol., 1975) and isotopic compositions (Downes and
Dupuy, Earth Planet. Sci. Lett., 1987; Downes et al (Chem. Geol., 2003).
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Reconstruction of ground surface temperature history in the southeastern part of the Republic

of Korea over the last 300 years

Shusdku Gofo, Hyoung Chan Kim (Korea Inst Geosci Mineral Resour, Korea)
Youhei Uchida, Yasukuni Okubo (AIST, Tsukuba)
1. Infroduction

Past changes in temperature at the earth surface have penetrafed info the
subsurface and have been recorded as transient temperature perturbations to the
background thermal field. In the absence of fluid moving, changes in ground surface
tfemperature (GST) slowly propagate downward by heat conduction. Depth of the
perturbation and fime at which GST changes have occurred is linked nonlinearly by thermai
diffusivity of rock. Subsurface temperature perturbations attenuate with increasing depth due
to the diffusive process. The aftenuation depends on frequency of GST variations: higher
frequency components are diffused out at shallower depth. Thus, subsurface temperature
perturbations indicate signals of long-term trend of GST variations.

Northeast Asia is geographically important to study global and hemispheric climate
frend. The purpose of this stfudy is to infer a change in GST over the last 300 years in Ulsan (Fig.
1) by inversion of borehole temperature logs. Here, we report outline of this study. See Goto et
al. (2005) for the detailed discussion.
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Fig.1 Locations of boreholes and weather station (Ulsan Gauging station of
Korea Meteorological administration) in Ulsan, southeast of the Republic of

Korea. Index map of the location of Ulsan is inserted.



2. Borehole temperature data in Ulsan, southeast of the Republic of Korea

In Ulsan, nineteen borehole temperafure logs have been carried out for
geothermal and hydrological surveys since 1986. To avoid non-climatic distortions
(heterogeneity of the earth material and advection due to groundwater) fo the GST history
reconstruction, we selected three boreholes (5220005, 5220013 and 5220014} in Fig.1.

Fig.2 shows temperature profiles of the selected boreholes measured (thin solid line).
Temperatures shallower than 30 m are not plotted in the figure because the effects of annual
temperature change af the ground surface are seen. Background thermal regime for each
borehole, calculated by a linear fitting from the temperatures deeper than 180 m, is also
shown as a dashed line in Fig.2. The temperature gradients are 24-30 mK/m (K/km). Fig.3(a)
shows the reduced temperature profiles that represent departures from their background
thermal regimes (Fig.2). All of these reduced temperature profiles show positive femperature

anomalies with amplitude of ~0.8 K at a depth of 30 m, indicating the recent warming at the

surface.
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Fig.2 Temperature profiles in boreholes in Ulsan. Thin solid lines indicate measured

temperatures. Dashed lines are the background thermal regimes.

3. Resulls and discussion

Fig.3(b) shows the result of GST history reconstruction from the three reduced
temperature profiles in Fig.3(a). In the reconstructed GST history, a cold period is seen in the
late 19th century. After the cold period, the GST shows an increase of 1.5 K by 1980. The
synthetic tfemperature profile calculated from the GST history explains the long wavelength

trends of the reduced temperature profiles (Fig.3(a)).



In Ulsan, surface air temperature (SAT} measurement has begun since 1946. In
Fig.3(b). the mean annual SAT records from 1946 to 1988 are plotted. The GST history in Ulsan
agrees with the long wavelength frend of the SAT records. Since 1962, Ulsan has developed as
one of the major industrial cities in the Republic of Korea and major industrial plants and
factories have been built. Thus, the increase in SAT in Ulsan suggests local warming due to the

industrial activities in the area, along with global warming.

Reference
Goto, S., H.C. Kim, Y. Uchida, Y. Okubo (2005}: Reconstruction of ground surface temperature

history from borehole tfemperature data in the southeastern part of the Republic of Korea. J.
Geophys. Eng., 2, 312-319.
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Fig.3 Results of GST history reconstruction. (a) Comparison of reduced
temperature profiles and synthetic temperature profile calculated from the
reconstructed GST history in the right figure. (b) Plots of GST history and SAT
records in Ulsan.



A review of hydrous phases and water tfransport in the subducting slab

Kawamofio, T.

Arc volcanoes are typically located 90-180 km above the surface of downgoing slabs, as
shown by Wadati-Benioff deep seismic foci (Gill 1981; Tatsumi 1989). The intimate relationship
between the dip angles of the subducting slab and the locations of volcanic arcs indicates
that subduction zone magmatism is triggered by material input from the subducting slab
(Tatsumi and Eggins 1995). The slab-derived components are thought to be agueous fluids or
H.O-rich partial melts of subducted oceanic crust. Therefore, knowledge of the stability of
hydrous phases and the chemical and physical properties of aqueous fluids in downgoing
slabs is essential to understand the material fransport in subduction zones. In this section, | will
review the stability of hydrous phases in downgoing peridofite, basalt and sediment systems,
and the chemical and the wetting properties of aqueous fluids.

Recent experimental studies indicate that 3 — 4 GPa, equivalent to 90 - 120 km depth, is a
key pressure, where (1) the chemical compositions of silicate components dissolved in
aqueous fluids equilibrated with mantle minerals approach the composition of mantle
peridotite itself (Stalder et al. 2001; Mibe et al. 2002; Kawamoto et al. 2004), (2) the dihedral
angle between olivine and aqueous fluids starts becoming smaller than 60° (Watson et al.
1990; Mibe et al. 1998; 1999), and (3) the immisciblity gap between peridotitic melis and
aqueous fluids disappears and consequently hydrous minerals liberate supercritical aqueous
fluids (Mibe et al. 2004; 2006). The similarity between these pressures and the depths of
downgoing slab underneath volcanic fronts, where the maximum numbers of volcanoes are
formed, 124 +/- 38 km (Gill 1981) or 112 +/- 19 km (Tatsumi 1986), suggests that subduction
zone magmatism can be triggered by the input of supercritical fluids from the downgoing
peridotite and basalt.

Both the change of chemical composition and of wetting properties of mantle
fluids with pressure may be related to the onset of complete miscibility between silicate
melt and aqueous fluids as the pressure and temperature conditions approach the
critfical endpoint.

(Reviews in Mineralogy and Geochemistry, Volume 62, in press)

Direct observation of criical behavior between aqueous fluids and and andesitic melt:
major element chemistry of supercritfical fluids in mantle wedge

Kawamoto, T, Kanzaki, M (ISEl, Misasa), Mibe, K (ERI, Tokyo), Matsukage, K, N (Ibaraki),
Ono, S (JAMSTEC, IFREE)

Aqueous fluids dissolve significant amounts of silicates under high-temperature and
high-pressure conditions. Silicate components dissolved in aqueous fluids coexisting with
mantle peridotite change their major element chemistry from silisic at 1-2 GPa to peridotitic at
3 GPa and higher pressures (Ayers et al. 1997 EPSL; Stalder et al. 2001CMP; Mibe et al. 2002
GCA; Kawamoto et al 2004 Am Min). In the present study, we show direct observations of
complete mixing between aqueous fluids and a calc-alkaline andesitic melt (61.5 weight



percent SiOz) af around 1 GPa by use of Bassett type exiernally heated diamond anvil cell
(Bassett et al 1993, Rev Sci Instrum). Aqueous fluids and andesitic melts can mix completely
around at 3 GPa. Mibe et al. (2004 Fall Meeting) reported a possible second critical endpoint
between aqueous fluids and a peridotitic melt at 3.8 GPa by use of synchrofron X-ray
radiography using mulfi-anvil type high-T and high-P apparatus at SPring-8. These experiments
suggest that the slab-derived component can be under supercritical conditions. Whether the
component has chemical characteristics like a partial melt or an aqueous fluid depends on
temperature. In wedge mantle, such supercritical fluids can lose water by forming hydrous
minerals as reactions with mantle minerals, and get rich in silicate components. In this case,
those fluids can become gradually water-rich meilts. Critical temperature, which is a
boundary between two-fluids and a single supercritical fluid regions, increases as decreasing
pressure (Shen and Keppler, 1997 Nature; Bureau and Keppler 2001 EPSL). Therefore,
supercritical fluids separate into silicate melts and aqueous fluids along its migration to the

surface. In this case, an elemental fractionation should occur between an aqueous fluid and
a silicate melf.
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Figure Critical temperatures observed between aqueous fluids and albite (Ab, Shen and
Keppler 1997 Nature), nepheline (Ne), jadeite (Jd), and haplogranitic {Hgr) melts, Ca bearing
haplogranitic melts (Ca-Hgr) and dacite (Bureau and Keppler 1999 EPSL), and natural
calc-alkaline andesite/dacite (Kawamoto 2004 Rev High Pressure Sci Tech). The estimated
second critical endpoints between albite (Stalder et al. 2000 Am Mineral), basalt (Mibe et al.

2006 AGU Fall meet), and peridotite (Mibe et al. 2005 AGU Fall meet) and aqueous fluids are
also plotfed.



Slip rates and late Quaternary activity of the Unzen active faulis in western Kyushu

Matsuoka, A. (Nippon Koei), Tsuisumi, H.(Kyoto Univ), Takemura, K.
Hoshizumi, H., Matsumoto, A. (GSJ, Tsukuba),

The Unzen Graben, which is bounded by normal faulis to the north and south, is located at
the western end of the Beppu-Shimabara Graben. The faults in the Unzen Graben have
developed in association with the growth of the Unzen volcanoes and deformed volcanic
materials such as lavas and pyroclastic deposits.  The detailed location and vertical offsets of
the active faults have been reporfed by previous studies, but the timing of faulfing was poorly
costrained. In this study, we calculate vertical slip rates of the faults based on recently
obtained radiometric ages of volcanic rocks and sediments. The active faults in the Unzen
Graben can be divided into five groups, based on fhe slip rates and the fiming of faulting.
The faults located on the northwestern and southeastern margins of the Unzen Graben have
vertical slip rates as high as 0.12 to 1.0 mm/yr. However, the faulls located on the
northeastern margin of the graven are less active and have slip rates of 0.28 to 0.38 mm/yr.
The faults inside the graben have slip rates of 0.085 to 0.46 mm/yr, except for the
Akamatsudani fault which has a slip rate of 0.91 to 1.7 mm/yr. These faults show cumulative
vertical offsets and their slip rates tend fo be higher closer to the Fugen Volcano. On the
other hand, the faults outside of the Unzen Graben have considerably lower slip rates of 0.026

10 0.068 mm/yr.
(Active Fault Reseach, vol 25, 2005)

Second critical endpoint in the basalt-H20 sysiem

Mibe, K (ERI, Tokyo), Kanzaki, M (ISEl, Misasa), Kawamofo, T,
Matsukage, K, N (Ibaraki), Fei, Y (Gephys Lab), Ono, $ (JAMSTEC, IFREE)

The water released from subducting slab plays an important role in mass fransport within
subduction zones. Therefore, understanding .the phase relations in the basalt-H20 system is
fundamental for clarifying the subduction zone magmafgism. In order to determine the
second crifical endpoint in the basalt (MORB)-H20 system, experiments were conducted
using X-ray radiography technique fogether with Kawai-type double-stage multi-anvil high
pressure apparatus (SPEED-1500) installed at SPring-8, Japan. Direct X-ray beam, which passes
through the anvil gaps of SPEED-1500 and sample under high pressure, is observed with an
X-ray camera. The sample container should not react with hydrous samples, but should be
x-ray fransparent. We, therefore, developed a new sample container, which is composed of
a metal tube and a pair of single crystal diamond lids put on both ends of metal tube. The
sample in the metal container can directly be observed through the diamond lids with X-ray
radiography. The experimental conditions are at pressures from 1.8 to 4.0 GPa and at



femperatures up to aboutf 1400 deg. C. Pressure is applied first, and then femperature is
increased. In the experiments at pressures below the second critical endpoint, the
experimental P-T path encounters the stability field of aqueous fluid + silicate melt. in this case,
one phase (either aqueous fluid or silicate melt) forms spheres in the other phase because of
their differences in the inferfacial tension. Therefore, round shape is expected to be observed
in the radiographic images. On the other hand, in experiments beyond the second crifical
endpoint, round shape should not be observed because supercritical fluid is the only phase
existing at high temperature. In the experiments up to 3 GPa, two phases (fluid and melt)
were observed. Above 3 GPa, however, we could not distinguish two phases in the
radiographic images, indicating that aqueous fluid and silicate melt can coexist up to 3 GPa
and there is no difference between these two phases above 3 GPa. it could be concluded
that the second crifical endpoint in the system basalt (MORB)-H20 occurs at around 3 GPa.
Our experimental results suggest that the agueous fluid and silicate becomes
indistinguishable at the depths deeper than 90 km in subducting hydrous slab. The fluid
released from the slab in the for-arc region could be one phase (aqueous fluid) or two phases
(aqueous fluid + hydrous silicate melt) depending on the slab temperature, whereas the
released fluid beneath the volcanic front and in the back-arc side should be the only one
supercritical fluid phase.

A Hydro-geochemical Study on Hydrothermal System and Formation Processes of Hot Springs
in Unzen Graben of the Shimabara Peninsula, Kyushu, Japan
S. Ohsawa
in this study, a model for hydrothermal system and formation processes of hot springs
{Obama, Unzen and Shimabara hot springs) in Unzen Graben of the Shimabara Peninsula was
constructed on the basis of a detfailed analysis of hydro-geochemical data obtained by
Ohsawa et al. (2002} and NEDO (1988). Both of Obama and Unzen hot springs at the western
part of the graben, which are located atf the southwest side of the volcanic center of Unzen
Volcano, are generated by one active liquid-dominant hydrothermal fluid of Na-Cl type.
Fumaroclic area adjoining Unzen hot spring being on the uplands is developed by a steam
separated from the hydrothermal fluid at some 300°C, and hot water of H-SO4 type of Unzen
hot spring is formed by mixing of the secondary steam into shallow groundwater at about
150°C. Heat and material source of the liquid-dominant hydrothermal fluid is a high-pressure
magma-derived hydrothermal fluid in which chloride is contained in Na-form. The “residual”
deep thermal water migrates laterally toward the western coast while conductively cooled,
and finally the mixing of seawater into the thermal water results in the formation of boiling or
hot water of Obama hot spring at approximately 200°C. Warm water of HCOs type of
Shimabara hot spring at the eastern part of the graben, which is located at the east side of
the volcanic centfer of Unzen Volcano, is formed at less than 100°C by mixing of a
low-temperature magma-derived CO2-dominant gas info shallow groundwater of meteoric

origin. This low-temperature gas might be derived from a solidified magma relevant to a



monogenetic volcano, Mt. Mayu-yama formed 3000 year before present, but the formation
mechanism of such gas is still unaccounted for. This hydro-geochemical study cannot
pinpoint the precise location of the primary magma chamber of Unzen Vocalno which is sfill
hotly argued, however the conclusion of this study for the aspect of geochemical formation
mechanism of hot spring waters agrees to the previous model (Ohta, 1973; 1975) on the
whole.

(Journal of Geothermal Society of Japan, Vol.28, No.3, in press)
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in Unzen graben.

Seismicity within the Philippine Sea Slab in the Ceniral and Southern Kyushu, Japan

Kyo Okamoto, Takahiro Ohkura, Tetsuzo Seno (ERI, Tokyo)
In order to determine where (within the oceanic crust or mantle alone, or within both of
them) infraslab earthquakes occur in the Central and Southern Kyushu, Japan, we analyzed
the waveform data observed in the Chugoku-Shikoku region, and determined whether they
have P- and S-waves guided by the oceanic crust of the Philippine Sea (PHS) slab or not.
Secondly, with a view to locate hypocenters of the infraslab earthquakes with a high
accuracy, we relocated them using Double-Difference hypocenter determination method.
The results are as follows: (1) In the north part of the study area, several infraslab earthquakes
occurred within the oceanic crust, and in the south part, they occurred within the oceanic
mantle. (2) It is not clear whether earthquakes occurred also within the oceanic mantle in the
north part and within the oceanic crust in the south part. (3) We recognized the double

structure of seismicity at several cross-sections in the study area. Submitted fo ZISIN 2



Isotope Compositions of Submarine Hana Ridge Lavas, Haleakala Volcano, Hawaii:
Implications for Source Compositions, Melling Process and the Structure of the Hawaiian

Plume

Ren, Z.-Y. (TITECH), Shibata, T., Yoshikawa, M., Johnson, K.T.M. (University of Hawaii)
Takahashi, E. (TITECH)

We report Sr, Nd, and Pb isotope compositions for 17 bulk-rock samples from the submarine
Hana Ridge, Haleakala volcano, Hawdaii, collected by three dives by ROV Kaiko during a joint
Japan-US Hawaiian cruise in 2001. The Sr, Nd, and Pb isotope ratios forthe submarine Hana
Ridge lavas are similar to those of Kilauea lavas. This contrasts with the isotope ratios from the
subaerial Honomanu lavas of the Haleakala shield, which are similar fo Mauna Loa lavas or
infermediate between the Kilauea and Mauna Loa fields. The observation that both the Kea
and Loa components coexist in individual shields is inconsistent with the interpretation that the
location of volcanoes within the Hawaiian chain confrols the geographical distribution of the
Loa and Kea frend geochemical characteristics. Isotopic and frace element ratios in
Haleakala shield lavas suggest that a recycled oceanic crustal gabbroic component is
present in the mantle source. The geochemical characteristics of the lavas combined with
petrological modeling calculations using frace element inversion and pMELTS suggest that the
melting depth progressively decreases in the mantle source during shield growth, and that the
proportion of the recycled oceanic gabbroic component sampled by the melt is higher in the
later stages of Hawaiian shields as the volcanoes migrate away from the central axis of the

plume.

(Journal of Petrology, 47, 255-275, 2006)

Magnetic peirology: applications fo volcanology

Takeshi Saifo

Magnetic petrology is the science of magnetic minerals, mainly iron-titanium oxide minerals
{figure). It aims to identify the magnetic carriers and fo determine the factors that control the
occurrence and abundance of these phases by using two fraditional fields of study, rock
magnetism and petrology. By rock magnetic analyses, we can find the magnetic properties
that give us information about magnetic minerals. By petrological analyses, we can find the
occurrence of oxide minerals. By integrating both types of information, the origin of
magnetization and the evolution of oxide minerals can be considered. In volcanic materials,

there are abundant iron-titanium oxide minerals and they show a wide variation in a single



lava dome, a single lava flow and one sequence of tephra. Therefore, by magneftic
petrological analyses, we can estimate the genesis and evolution of magma. In this paper, |
describe three studies about magnetic petrology. 1) Oxides can be frequently oxidized during
initial cooling between the magma reservoir and a deposit. According to the difference of
temperature, cooling rate and oxygen fugacity, various oxide minerals are produced in lava
dome eruptions. 2) In many volcanic materials, like lava flows or tephra, fine-grained oxides
can be crystallized in a matrix during the cooling process. This process is important in
considering the genesis of the magma or the materials. 3} Heating experiments indicate that
exsolution titanohematite lamellas in fitanomagnetite can be an indicator of heating

temperature and duration. (Journal of Geography. 114, 296-308, 2005.)
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Figure Sketch of the world of magnetic petrology. Magneftic petrology is based of rock

magnetism, petrology and geology.

Characteristic magnetic petrological behavior of historical lavas of Unzen volcano

Takeshi Saito, Hiroki Kamata, Naoto Ishikawa (IHS, Kyoto)
Recently, studying magnetic behavior and petrology of iron-titanium oxide minerals have
achieved steady resulfs and such a method of study have been known as magnetic
petrology or magneto-petrology (e.g. Frost, 1991). Magnetic petrology is an effective method
for studying the genesis or evolution of volcanic materials because they contain abundant
iron-titanium oxides which show wide variation according to the difference of eruptive and
cooling processes (e.g. Gromme et al., 1969; Audunsson et al., 1992; Kontny et al., 2003; Saito
et al., 2004). | have been working on understanding the mode of eruption in various

volcanoes by using magnetic pefrological methods {e.g. Saito et al., 2003, 2004, JVGR). In this



presentation, | will report about characteristic magnetic properties and petrology of
iron-titanium oxides in lavas from Unzen volcano, Japan, indicating the difference of eruptive
conditions.

Unzen volcano is one of the most active volcanoes in Japan. Historical eruptions occurred in
1663, 1792 and 1990-1995. Andesite lava (57.5 wt.% SiO2) flowed out in 1663 and dacite lava
flow (66.5 wi.% SiO2) was effused in 1792 (Ohta, 1984). The most recent acfivity is the 1990-1995
eruption, which is characterized by the effusions of dacite lava domes (64.5-66.0 wt.% SiO2)
and the generations of abundant block-and-ash flows of dome collapse origin (Nakada et al.,
1999). Although the 1792 lava showed the highest SiO2 bulk rock composition in these three
lavas and it would be expected that the 1792 lava showed the lowest fluidity, the 1990-1995
lava formed lava domes and showed the lowest fluidity. Nakatani and Sato (2002) fried to
explain this discrepancy by petrological analyses, but they did not get consistent results.

In order to clarify the eruptive condition of the last three erupfions at Unzen volcano and to
explain the above-mentioned discrepancy, | carried out magnetic petrological analyses on
the 1663, 1792 and 1990-1995 lava samples. High-temperature susceptibility and the
orthogonal IRM experiments revealed that three kinds of lava samples show distinct magnetic
behavior and iron-titanium oxide mineral assemblages (figure). All samples contain two kinds
of titanomagnetite with different Ti content. Ti-poor tifanomagnetite whose Tc is about 450
degrees C is commonly found in three lava samples. However, each lava shows another
Ti-rich titanomagnetite with distinct Ti content. Ti-rich titanomagnetite in the 1990-1995 lava
shows the highest Tc of about 350-400 degrees C. The 1792 lava shows lower Tc of about 300
degrees C and the 1663 lava shows the lowest Tc of about 200 degrees C. Generally speaking,
Ti-rich fitanomagnetite shows high equilibrium temperature (Ghiorso and Sack, 1991). This
indicates that Unzen samples are derived from two magmas with different femperature and
temperature of the high-T magma in the 1990-1995 lava is lower than that of the 16463 and
1792 lava. In addition, IRM experiments indicate that the remanence carried by Tirich
fitanomagnetite shows greater contribution to the fofal remanence than Ti-poor
fitanomagnetite. This character is more apparent in the 1663 and 1792 samples than in the
1990-1995 lava. This indicates that supplied high-T magma during 1663 and 1792 eruption is
greater in amount than in the 1990-1995 erupfion. This is consistent with the microscopic
observations, which indicate that the 1990-1995 lava shows higher groundmass crystallinity
and richer in phenocrysts than the 1663 and 1792 lava. These resulfs suggest that temperature
of the 1990-1995 magma is lower than the 1663 and 1792 magma. This difference of magma
temperature probably causes the different mode of eruption and the different fluidity of three

lavas. {Earth Monthly, 2006, in press)
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Magnetic petrology of the 1990-1995 dacite lava of Unzen volcano, Japan: degree of

oxidation and its implications for lava dome growth

Takeshi Saito, Naoto Ishikawa, Hiroki Kamata (IHS, Kyoto)

In order to understand the oxidation state and process in lava dome, magnetic petrological
analyses were carried out on lava samples from the lava domes and block-and-ash-flow
deposits of the 1990-1995 eruption of Unzen volcano, Japan. As a result, three different types
of magnetic petrology are recognized in our samples related fo the redox reaction during
initial cooling (figure). Type A oxides are characterized by homogenous fitanomagnetite and
fitanohematite with low coercivity, indicating low oxidation state. Type B oxides are weakly
exsolved and titanohematite laths and rutile lenses develop. They have higher coercivity with
a small quantity of hematite, indicating higher oxidation state. Type C oxides, the highest
oxidation state, are completely exsolved and composed of multiphase; Ti-poor
titanomagnetite, titanohematite, rutile and pseudobrookite. Considering with geological
occurrences, we found that the oxidation processes is quite different between endogenous
dome and exogenous dome and the position of the sample and the process of dome growth
is the important factor in oxidation. Lava samples from endogenous dome were oxidized
concentrically and classified into the three types according to the sample position; samples

from surface are strongly oxidized and reached to type C, while inner part are unoxidized and



classified to type A. Samples from the vent of exogenous dome were not oxidized and
classified to type A. In block-and-ash-flow deposifs, which were generated from exogenous
dome, many oxidized lavas classified to type B or C were contained, suggesting flow front or
distal parts can be oxidized in varying degrees. This implies that horizontal oxidation is

dominant process in exogenous dome. (submiftted fo J. Volcanol. Geotherm. Res.)
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Observations of red glow at Aso volcano, Japan, using a consumer digital camcorder

Takeshi Saito, Takahiro Ohkura, Satoshi Sakai (IHS, Kyoto)

Aso volcano in central Kyushu, Japan, had shown the activity of red glow again during last
summer. Fukuoka center of Japan Meteorological Agency issued volcanic observation report
no. 28 on Aso volcano stating that red glow was observed at the first crater in Naka-dake at
Aso volcano on 31 May 2005. Red glow is high temperature spots at surface of crater, which
can be seen glowing red with the naked eye at night. Red glow have been observed in many
volcanoes around the world because it sometimes indicates the rising magma.

Recent activity at Naka-dake is characterized as a cycle of hot water pool (dormant period),
mud eruption, dry-up of the pool, red glow, and Strombolian eruption. Red glow have been
carefully monitored as a precursor of the next eruption. Recently, red glow had been
observed at the southern wall of the first crater between November 2000 and August 2004.
Since August 2004 red glow had not been seen in the first crater.

This activity had been observed between May 2005 and September 2005. Since 8 September
water in the crater had been increased and glowing region had been submerged below the
surface.

We conducted a field survey on 7 June and 29 July and observed red glow inside the crater.
We adopted near-infrared image system using a Sony's consumer digital camcorder, which
was summarized in Saito et al. (2005, Earth Planets Space). Our system shows better
performance in observation and thermometry of high temperature spofs than previous
infrared thermometers or thermal infrared cameras.

As a result, we observed some high temperature spots around the hot water pool inside the
first crater (figure). There was a largest region of about 10 meters, named spot A, at the
western bank. In this region, a number of high femperature spots were observed. A large lava
block in the pool, named spot B, glowed red. The temperature of red glow was estimated by
using ThermoShot, the software which converts a bitmap image info a thermal image. We
found that the high temperature region had a temperature of more than 600°C and the
maximum temperature reached about 730°C. There was no high femperature spof in
southern wall, indicating the temperature was less than 300°C.

While red glow was observed, hot water level in the crater decreased by about 20% of usual
and pool was boiling violently. These facts show signs of volcanic activity. Heat supplied to the
crater may be increasing, compared with dormant period from 1993 to 2000. However, no
abnormal is found in seismicity (volcanic earthquakes and tremors) and the other monitoring
data. In addition, glowing region was submerged after September because of increasing
rainfall and water. They indicate that Aso is not so active as eruption occur immediately.
Anyway, we must pay attention to the volcanic activity of Aso volcano. (2005 fall meeting,

the Volcanological Society of Japan)



ThermoShot
The software which converts a bitmap image info a thermal image, developed at School of
Earth Sciences, Kyofo University. You can download from the following website.

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

Figure The thermal image of the crater bottom at the first crater in Naka-dake at Aso

volcano. Two near-infrared images of two spots are also shown.

Resistivity structure of Unzen Volcano derived from Time Domain Eleciromagnetic (TDEM)

survey

Wahyu Srigutomo, Tsuneomi Kagiyama, Waiaru Kanda (DPRI, Kyoto)
Hiroshi Munekane (Gepgrphy Survey Inst), Takeshi Hashimoto (Hokkaido)
Yoshikazu Tanaka, Hisashi Uiada (ERI, Tokyo), Mitsuru Utsugi

Time-domain electromagnetic {TDEM) surveys were carried out around Unzen Volcano,
Shimabara Peninsula, South-west Japan in 2001 and 2002 in the eastern part of the peninsula.
The surveys were the completion of the previously interpreted TDEM data collected from 1995
surveys conducted in the western part of the peninsula (Fig. 1).

The most prominent results from both TDEM measurements in the western and eastemn part
of Unzen is the existence of the conductive layer beneath a resistive surface layer in most of
the sites. The resistivity structure roughly can be estimated by a 3 layer model:i.e., a resistive or
moderately resistive surface layer (several tens fo several hundreds Q@.m) followed by a low
resistive layer (< 10 Q.m) and third resistive layer. The conductive layer is located at about
depths of 300 m to 3 km below the surface. They are equivalent to depths of sea level to 2.5
km beléw sea level depending on the altitude of each site. At several sites to the west of

Fugen-dake and in the eastern part of Unzen the minimum resistivity values attain 1Q.m.



Around the northeastern part of the peninsula, which is near from the coast, the low resistive
layer appears aimost at the same as the sea level. On the other hand, this layer appears af
deeper depth along the western part of Chijiwa Fault, and at shallower depth along some
other normal faulfs within the western part of Unzen Graben. At several sites to the west of
Fugen-dake and in the eastern part of Unzen the minimum resistivity values attain 1Q.m. {Fig.
2). The low resistive shallow layer is inferprefed to be a complex of water saturated and
altered layers, which spreads widely beneath Shimabara Peninsula.

Distribution of spatial conductance, derived from the resistivity structure to recognize the
anomalous region indicated that a high conductance zone trending W-E from around
Tachibana Bay to the summit area with values from 450 to 700 S. This high conductance
region corresponds to the distribution of earthquake hypocenters around the shore of
Tachibana Bay toward an area west from the summit as inferred by Umakoshi et al. (1994)
indicated by a dashed line in Fig.3. The earthquake occurrences before the erupfion
probably were seated in many fracture zones in the western part of the peninsula, and these
fracture zones became the pathways of volcanic gases to escape and dissolve info the
water-saturated layer. The elongated high conductance zone which is related to a high ionic
concentration might be atfributed fo the continuous supply of magmatic volatiles that
intiated long before the eruption. Another high conductance zone occupies the
northeastern part of the investigated area, near from Mayu-Yama with conductance value
higher than 1000 S. This zone is correlated with the high spatial distribution of volcanic gases as
inferred from geochemical studies {Nofsu et al., 2001; Ohsawa et al., 2002; Takahashi et al.,
2004) that traced the escape of volcanic gas from a deeper magmatic source, and might

indicate the presence of magmatic source beneath Mayu-yama.
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Fig.1 Locations of TDEM sounding receivers. UZ01 — UZ13 denote location of 2001 TDEM survey;
N101—-N112 denote 2002 survey. AB is the current transmitter used in both surveys. The solid circles
in the western part of Unzen and CD denote TDEM sounding locations and the current transmitter of
the 1995 surveys (Kanda, 1997) respectively.
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Lithofacies and bulk rock chemisiry of borehole cores from Mayuyama, Unzen volcano, Japan
Takeshi Sugimoto, Hideo Hoshizumi (GSJ), Hiroshi Shimizu (Kyusyu Univ)

The Mayuyama volcano is located at the easternmost part of the Unzen volcano. it comprises
fwo lava domes of the Shichimenzan and the Tenguyama. A fission track date for the Shichimenzan lava
is 5.1 ka and a 14C date for the Mutsugi pyroclastic flow that derived from the northern part of the
Mayuyama dome is 4.2 ka BP. The borehole cores have been obtained from the northeastern flank of
the Mayuyama volcano (75.0 - 119.8 m in depth). We have made a detaled growih history and
stratigraphy of the Mayuyama volcano by lithofacies and bulk rock chemistry analysis of cores.

The borehole cores are subdivided into four geologic units from boftom 1o top as follows. First
unit is dacitic lava flows of the Older Unzen volcano (OU). The second unit is products of pre-Mayuyama
volcanic rocks (PM), which may comelate with Clder Unzen volcano, Nodake, Myokendoke and
Fugendake collapse. Small and sparse biotite with pyroxene phenocrysts are specific 1o the rocks of PM.
PM contains many glassy dark blocks as essential dacitic fragments. The third unit is subdivided to four
subunits. They are comespondent to the growth of the Mayuyama volcano, composed of three
pyrociostic flows (M1-M3) and related lahar deposits (M4). Large bictite phenocrysts are specific 1o the
essential fragments of M1-M4. M1 is monomictic and contains vesicular blocks and their ash. M2, M3 and
M4 contain dark blocks which originated in OU and PM. Soll appear at the top of M4. The fourth unit is
corespondent o the erosion of the Shichimenzan dome characterized by many lahar deposits (MC).
Large biotite phenocrysts are specific to the rocks of MC. MC contains few dark blocks.

Rock samples were collected from whole geologic units. They chemically show a broad
cluster in Harker's variation diagrams. The whole rock SiOz contents of essential fragments from OU and
PM range from 59.8 to 65.7 wt%. On the other hand, those from M1, M2, M3, M4 and MC range from
65.1 1o 66.5 wt%, which overlap with outcrop samples of the Mayuyama volcano. Dark blocks which
included from 2 to 30% in M1-M4 suggests that products of OU and PM may have been partially
withdrawn along with Mayuyama lava during the eruption.

(Abstract of Japan Earth and Planetary Science Joint Meeting, 2005)

Japanese lacushine records as a knot between continent and ocean environmenial change

Takemura, K.

Located on the convergent margin of the Eurasion plate, Japanese Archipelago has long
suffered from tectonic deformation during the Quaternary. Lakes in Japan between Pacific Ocean
and Asian confinent have the important record on environmental history in East Asia.  For example,
Lake Biwa and Lake Suigetsu were formed as fectonic depressions, where lacustine sediments have
been continuously deposited af least since the Middle Pleistocene.

Lake Biwa is the largest and oldest fresh-water Icke in Japan, where deep diilings for
paleoimnological studies were canied out in 1970's and 1980's.  These studies revedled that the Lake
Biwa basin bears a sedimentary sequence of about 900 m thickness, which were deposited in lacustine
or fluvial environments during the Quaternary. The uppermost unit s a confinuous sequence of



lacustine clay of 250 m thick infercclating more than 50 layers of volcanic ashes. The
tfephrochronclogical and paleoclimatological data suggest that the 250 m clay unit has been deposited
from the last 430 kyrs and is correlated to major glaciakinterglacial cycles (e.g., Takemura, 1990; Meyers
etal, 1993).

Lake Suigetsu is a part of Mikata Five Lakes, located near the coast of the Japan Sea o the
north of Lake Biwa.  Sediments of Lake Suigetsu are characterized by dark-colored clay with white layers
due to the diatom blooming in spring, constituting thin, sub-milimeter scale lominations.  The sequence
of annudlly laminated sediments provides a unique continuous age conirol fo the paleoenvironmental
record, probably since the last inferglaciat period (Fukusawa, 1995, Kitagawa and van der Plicht, 1998,
Nakagawa et al., 2004).

To recover and to investigate complete set of lacustrine sequences, which cover at lecst the
Holocene and the last inferglacial period, from Lake Biwa and Suigetsu is useful for understanding the
environmental change af eastern im of Asian continent.  The composite records wil provide a
database and conceptual framework for understanding palecenvironmental history of Asian summer
and winter monsoon and tectonic development of islkand arcs.

[{COEKAGI 21 Interanational Meeting at Wuhan, 2005)

Lake Biwa sediments in Japan: Conelalion with deep drilling cores and reconsiruciion of
paleoenvironment during Quaternary

Takemura, K. , Hayashida, A. (Doshisya Univ), Inoue, N. (Kyolo Univ)
Danhara, T. (Kyofo Fission Track), Masuda, F. (Doshisya Univ)

Lake Biwa is the largest freshwater lcke in Japan, measuring 22.6 km side by 68 km long and having a
maximum depth of 104 m. The lcke has a long history from the eary Pliocene based on the geological
survey and paleogeographical study of lake sediments around Lake Biwa  (Kobiwako Group). The
sediments revedled the paleoenvironmental change and tectonic events at the convergent margin of
the Eurasion plate since eary Pliocene fimes.

Deep drilings were camed out 1970's and 1980's in and around present Lake Biwa. These studies showed
that the present Lake Biwa Basin bears a sedimentary sequence of about 200 m thickness, which were
deposited in lacustrine or fluvial environments.  Recently obtained fission-frack age of fephra layer ot
deeper part in the present lake shows the continuous sedimentation of whole lake basion during
Quaternary.  Affer comelafion of three deep core samples in laoke basin and on lond by
tephrochronological method, we can figure out the paleotopography of the initiction of present Lake
Biwa basin. Correlation of sequence in lake basin with that on land by precise tephrochronology and
sedimentaray sequence shows the sedimentary reply at lake basin and shore fo major glacial -
interglacial cycles.

(American Geophysical Union, Fall Meeting, 2005)



Subsurface geology of Kansai Intemational Airport, ceniral Japan

Takemura, K, Nakaseko, K. (Inst Eng Geol Res)

The subsurface sediments of Kansai Intemational Ainport (KIX) & composed mainly of Pliocene -
Pleisfocene sediments called Oscka Group. The Osaka Group is characterized by dlternating
sequences of marine and nonmarine strata. The siratigraphy at KIX established by micropaleontological,
tephrochronological and magnetostratigraphical method and corelated with the standard stratigraphy
of Osaka Group using marine clay and volcanic ash layers. The sedimentary sequence at KiX is divided
info two main units (Kukojima and Sennanoki Formations in ascending order) with the uncomformable
relation. Although thick marine clay units are main components of the subsurface sequence,
characteristics of coarser sediment units have an important role of moving of water during construction
of the reclaimed land. Coarser units (ST~ S10) of the Kukojima Formation, which is the uppermost unit of
the subsurface sequence., are characterized from the viewpoint of evaluation of coarser sand units on
the basis of sedimentary environmental andlysis and characteristics of distibution of coarser sand units.
Especially, ST and S$10 units have the characteristics of more permeable rather than other coarser units.
(Proc. of Infernational Symposium on Geotechnical Aspects of Kansai Infernational Aiport)
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The Pefrology and Geochemisiry of Oto-Zan Composite Lava Flow on Shodo-Shima Island, SW Japan:
Remeliing of a Solidified High-Mg Andesite Magma

Tatsumi, Y., Suzuki, T, Kawabaia, H., Sato, K., Miyazaki, T., Chang, Q. Takahashi, T.
Tani, K. (JAMSTEC), Shibata, T, Yoshikawa, M.

The Ofo-Zan lava in the Sefouchi volcanic belf is composed of phenocryst-poor, sparsely
plagiocliase-phyric andesites {sanukitoids) and forms a composite lava flow. The phenocryst assemblages
and element abundances change but S-Nd-Pb isotopic compaosifions are constant throughout the lava
flow. The sanukitoid at the base is a high-Mg andesite {(HMA) and contains Mg- and Nivich olivine and
Crich chromite, suggesting the emplacement of a mantle-denved hydrous (~7 wt % H.O) HMA magma.
However, Oto-Zan sanukitoids confain litfle H2O and are phenocryst-poor. The liquid lines of descent
obtained for an Oto-Zan HMA at 0.3 GPa in the presence of 0.7-2.1 wt % H0 suggest that mixing of an
HMA magma with a differentiated felsic melf can reasonably explain the petrographical and chemical
characteristics of Oto-Zan sanukitoids. We propose a model whereby a hydrous HMA magma crystalizes
extensively within the crustresulting in the formation of an HMA pluton and causing liberationof HaO from
the magma system. The HMA pluton, in which interstitial rhyolitic melts still remain, is then heatfed from the
base by infrusion of a high-T basalt magma, forming an H20-deficient HMA magma at the base of the
pluton. During ascent, this secondary HMA magma entrains the overlying inferstitial rhyolitic melt, resuliing in
variable self-mixing and formation of a zoned magma reservoir, comprising more felsic magmas upwards.
More effective upweling of more mafic, and hence less viscous, magmas through a propagated vent
finally results in the emplacement of the composite lava flow.

(Journal of Petrology, 47, 595-629, 2006)

The peirology and geochemisiry of volcanic rocks on Jeju Island; plume magmatism along the Asian
continental margin

Taisumi, Y., Shukuno, H. (JAMSTEC), Yoshikawa, M., Chang, Q., Sato, K. (JAMSTEC)
Lee, M.W. (Kangwon National University)

The incompatible element signatures of volcanic rocks forming Jeju kland, located at the eastem
margin of the Asian continent, are identical to those of fypical infraplate magmas. The source of these
volcanic rocks may be a mantle plume, located immediately behind the SW Japan arc. Jeju plume
magmas can be divided into three seres, based on major and frace element abundances:
high-alumina alkalic, low-alumina alkalic, and sub-alkalic. Mass-balance calculations indicate that the
composifional varafions withineach magma series are largely governed by fractional crystalization of
three chemically distinct parental magmas. The compasitions of primary magmas for these series, using
infered residual manfle olivine compositions, suggest that the low-alumina alkalic and sub-alkalic
magmas are generafed at the deepest and shallowest depths by lowest and highest degrees of melting,
respectively. These estimates, fogether with systematic differences in frace element and isofopic



compositions, indicate that the upper mantle beneath Jeju Island is characterized by an increased
degree of metasomatism and a change in major metasomatic hydrous minerais from amphibole fo
phlogopite with decreasing depth. The original plume material, having rather depleted geochemical
characteristics, entrained shallower metasomatized uppermost mantle material, and segregated
least-enriched low-alumina alkalic, moderately enriched high-alumina akalic, and highly enriched
sub-alkalic magmas, with decreasing depth.

{Journal of Petrology. 46, 523-553, 2005).

3-D magnetic imaging using 2-D Fourier fransform.
M. Ulsugi

In the study of aeromagnetic field observation, it has
a very important meaning fo estimate the three
dimensional  subsurface  structure. In - usualy, o
estimate the magnetic structure using ceromagnetic
data, 2 dimensional analyses are widely performed.
But, in the volcanic region, aeromagnetic observation

is performed for the purpose of detecting anomaly of

Fig. 1 Model geometry. We assume that a subsurface subsurface magnetization distribution associated with

region (5x5x2km) is only magnetized (1.5A/m) and underground heat distribution. For this purpose, we

outside of it is demagnetized. cannot obtfain enough information o discuss about

the subsurface heat distibution from 2D analysis

because of the calculated structure obtained by 2D

analyses includes not only structure of shallower area but also magnetization distibution of a depth
direction. So, to breck off this problem, we have fo perform 3D structure analysis.

In the case of the 3D magnetic structure analysis, stability of a solution obtained by inversion is lost by the
number of unknown parameters becoming enormous. To improve this point, we fried to formulate the
equation of magnetic field in a cycle domain using 2D Fourer fransform. In generally, the equation of
magnetic structure analysis is expressed by convolution infegral of subsurface magnetization distibution
and the magnetic field created by a magnetfic dipole in an underground arbitrary point. Using the
formula of a Fourer fransform of convolution integral, most of summation that appear in the field
equation are gathered up and the dimensions of equation is largely decrease. Thus, stability of a solution
of inversion improves drastically. We show the result that performed inversion which was based on the
algorithm using 2D Fourier fransform. We assume a very simple  magnetic sfructure as shown in Fig. 1.
We used the magnetic anomaly produced by this model as an input data, and calculated the
subsurface structure by inversion. The result is shown in Fig. 2. From this result, we can see that, the resulting
magnetization distribution accords with a model of Fig. 1 very well. We can obtain this result very rapidly
and with high accuracy.
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The thermadl sfruciure of lithospheric manile beneath Japan Trench oceanward slope
Yamamoio J., Hirano N. (Tifech) Gofo S., Kagi H. (Lab Earthg Chem, Tokyo)

Pilow alkali-basait outcrops were sampled at depth of 7324 to 7360 m on the oceanward slope of the
northern Japan Trench during JAMSTEC (Japan Marine Science and Technology Center) R/V Kairei/ROV
KAKO cruise KR97-11, Kr03-07, KR04-08 and YK05-06. The Ar-Ar age of the akalHbasalt is 5.95 +/- 0.31 Ma
and is reported as a new form of infra-plate volcanism where decompression and magmatic activity
occurs off the fore bulge of the downgoing Pacific slab (Hirano et al., 2001; 2004). Several mantle
xenoliths and xenocrystic olivine were observed in the basalts. Assuming P-T conditions of the xenoliths,
the geothermal gradient of the downgoing Pacific siab is estimated. The thermal structure of the
subducted slab is absolutely essential to elucidate a lot of geological phenomena occuning at the
mantle wedge such as dehydration, magma generation and deep-focus earthquakes.

Both xenoliths and xenocrysts include abbundant liquid COz2 inclusions. For mantle-derived rocks, residual
pressure in the fluid inclusions has offen been used o estimate the depth where the xenolith was
entrained by host magma. If the density of CO:z in the fluid inclusions is determined, the P-T condiition
where the fluid inclusions were equilibrated with the host minerals can be determined using the equation
of state for CO2 and a temperature estimated from a geothermometer. Micro-Raman speciroscopic
analysis allows us fo estimate density of a very small amount of CO2 by non-destructive analysis
{Yamamoto et al.,, 2002; 2005; Kawakami et al., 2003). The density of COz2 is estimated to be 1.2 g/cm?.
The equilibration temperature estimated from the two-pyroxene geothermometer is around 1130°C.
Exiraporation of the density of 1.2 g/cm? o higher temperatfure indicates that the infemal pressure of
inclusions comesponds to about 1.3 GPa at 1130°C. Such a pressure corresponds to 44 km or more in
depith. The xenoiiths are derived from the lowermost part of the downgoing Pacific lithosphere. The
geothermal gradient determined from the P-T condifions of the xenoliths is cleary high (see figure) and is
not consistent with some models for thermal evolution of oceanic fithosphere (e.g., GDH-1 or CHABLS).
The anomalously high thermal gradient may have an effect on thermal structure of the mantle wedge.

Hirano N., Kawamura K., Hatftor M., Scifo K. and Ogawa Y. A new type of infra-plate volcanism; young

akal-basalts discovered from the subducting Pacific Plate, northern Japan Trench. Geophys. Res. Lett.
28,2719-2722 (2001)



Yamamoto J., Kagi H., Kaneoka 1., Lai Y., Prikhodko V. S. and Arai S. Fossil pressures of fluid inclusions in
mantle xenaliths exhibifing rheoclogy of mantle minerals: implications for the geobarometry of mantle
minerals using micro Raman spectroscopy. Earth Planet. Sci. Lett. 198, 511-519 (2002)

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

Hirano N., Yamamoto J., Kagi H. and Ishii T. Young olivine xenocryst-bearing alkal-basalt from the
oceanward slope of the Japan Trench. Contrib. Mineral. Petrol. 148, 47-54 (2004)

Yamamoto J., Ishibashi H., Kawakami Y. and Kagi H. Raman spectiroscopic geobarometer applicable fo
mantle xenolith. Japan Mag. Min. Petrol. Sci. 34, 159-172 (2005)
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Rb-Sr and Sm-Nd isofopic systematics of the Kurose mantle xenoliths from the southwest Japan arc
Masako Yoshikawda, Shoji Arai (Kanazawa University)

Cenozoic volcanism of the southwest Japan arc has following characteristics, (1) extensive akaline
volcanism which is consisted with monogenetic volcanic groups, (2} voluminous andesitic volcanism
resticted fo the back arc side and (3) no observation of the Wadati-Benioff zones of the Pacif and
Phillippin Sea plates (Takamura, 1973; Sugiura and Ueda, 1973, Yoshii, 1973, lwamor, 1991, 1992). From
these geological and geophysical characteristics, many petrological and geochemical studies have
been accumulated to understand the magma generation process. As the results, it has been suggested
that the Cenozoic akaline magmas in the SW Japan have been derived from mantle plume, of which
the chemical composition was affected by fluid with volatie and incompatible elements (Nakamura et



al., 1986; wamor, 1991, 1992). Recently, however, Tatsumi et al. (2005) inferred that the mantle plume of
the SW Japan arc had rather depleted isotopic signature on the bases of the comprehensive data set
including mineral compositions, major and frace element compositions and Si-Nd-Phb isotopic ratios of
volcanic rocks from the Cheju Island. Thus, it has been controversial issue that the chemical and isotopic
structure of upper manfle beneath the SW Japan arc and origin of the enriched component. These
alkaline basalls frequently confain mantle xenoliths {e.g. Takamura, 1973; Aoki, 1987). Pefrologicd,
petrographical and isotopic researches of these mantle xendliths suggested that the upper mantle
beneath the SW Japan arc were heterogeneous (e.g. Kaneoka et al., 1978; Arai and Kobayashi, 1981).
Recently, Arci et al.(2000) indicated that these mantle xenoliths could be divided intfo two types,
unmetasomatized (Kurose) type and metasomatized (Aratoyama) type. It was infered that the latter
type is metasomatized by alkali basaltic melts which was concerned with asthenospheric upwelling in
the Miocene time (Arai et al., 2000). Therefore, it is suitable to obtain the geochemical and isofopic
information of upper mantle benecath the SW Japan before opening of the Japan Sec.

Geochemical and isotopic compositions of the mantle xenoliths under the Japan arc including
the Kurose mantle xendliths were investigated by several scientists (Kaneoka et al., 1978; Kagami et
al. 1993; Abe et al. 1998; Nishio et al 2004., Abe and Yamamoto, 1999). Kagami et al. {1993) observed
regional variation in Sr and Nd isofopic compositions of them and similarity of isotopic compositions of the
Cretaceous felsic igneous rocks. Abe et dl. {1998} obtained the trace element compositions of
clinopyroxenes in mantle xenoliths from the NE and the SWlapan arcs. They inferred that these xenoliths
suffered various degree of metasomatism originated from island arc magma or magma derived from
plume which is responsiole for opening of the Japan Sea. On the basis of an exiremely low &7Li value
from mantle xenoliths in the SW Japan, Nishio et al. (2004) proposed that mefasomatic agent was
derived from subducted highly dltered basalt. Abe and Yamamoto (1999} determined Rib-Sr isotopic
systematics of whole rocks and their constituent minerals of the Kurose manfle xencliths. They inferred that
the metasomatfism or partial meliing with metasormatism was occured around 1, 3 and 5 Ga ago.
From these researches, it was presumed that Kurose xencliths recorded several metasomatic events.
However, origin of each metasomatic agent is unclecr because of insufficient isotopic information. Thus,
we determined the Rb-Sr and Sm-Nd isotopic systematics of separated minerals from the Kurose manle
xenoliths to understand origin of the metasomatic agent, and isotopic and chemical evolution of upper
mantle beneath the SW Japan arc.

{Abstract of Japan Earth and Planetary Science Joint Metting, 2005)

Rb-Sr and Sm-Nd isotopic systemaditics of the Hayachine-Miyamori ophiolitic complex:
Melt generation process in the mantle wedge beneath an Ordovician island arc

Masako Yoshikawa, Kazuhito Ozawa (University of Tokyo)

The Hayachine-Miyamori (HM) ophiolitic complex in the Kitakami Mountains, Northeastern
Japan consists of ulframalfic tectonite and cumulate members. The most fertile Iherzolifes have mineral
and frace element compositions similar to those of abyssal peridotites. They show 350-430 Ma Nd
depleted mantle model ages, which are within the range of the K-Ar emplacement ages obtained from
infrusive gabbroic rocks, suggesting a partial melting event just before the emplacement. The measured



3N /1#Nd ratio of clinopyroxene in the tectonite peridotites shows positive comelation with 47Sm/44Nd
and decreases with increasing refractoriness, which cannot be explained by a simple melting and melt
exiraction fo a varous extent followed by radiogenic ingrowth. it clearly suggests influx of a melt/fluid
enriched in highly incompatible frace elements during melting. Tme comrected isotopic compositions of
the HM complex exhibit a clear island arc signature with uniform initial isofopic rafio  (87Sr/&Sr
=0.7035-0.7041, na =+7.8-+5.0). Application of an open-system melting model fo the observed frace
element abundances in clinopyroxene suggests influx of three distinct agents fo the HM mantle with the
following characteristics: 1) moderate enrichment in highly incompatible elements with negative
anomalies of Sr and Zr, 2} extensive enrichment of highly incompatible elements with positive Sr and
negative Zr anomalies, and 3) extensive enrichment of highly incompatible elements with positive
anomdalies of Sr and Zr. These characteristics cover a variety of siab-derived components proposed in the
literatures, suggesting the agents responsible for the open-system melting in the HM ophiolite might
represent full spectrum of slab-derived components from back-arc to fore-arc regions of the Ordovician
island arc system.

(Gondowana Research, in press)

Nd-Sr isofopic compositions of the Hannuoba peridoiite xenoliths beneath the North China craton:
a preliminary siudy

Masako Yoshikawa, Xiachen Zhi (University of Science & Technology of China)
Katsuhilko Suzuki (JAMSTEC)

in order to understand evolution of subcontinental lithospheric mantle beneath the north China,
we determined the mantle-derived xenoliths in Cenozoic alkali basalts from Hannuoba. Cur obiained 4
acid leached clinopyroxene separates display in the small range on Nd/Nd - #5r/%Sr diagram
(14Nd/1Nd=0.5130-0.5133, &Sr/8Sr = 0.7026-0.7032). These data are within the previous reported variation
(e.g. Song and Frey 1989; Tatsumoto et al., 1992; Rudnick et al, 2004). Song and Frey (1989) divided the six
Hannuoba peridotite xenoliths into three types, that is depleted, PREMA and LoNdHike mantle types on
the bases of isotopicaly distinct mantle components (Zindler and Hart, 1986). In our resuft, two samples
(P12 and P17) are overlapped with PREMA type xencliths and rest two samples (P15, P16) are plotted on
the field for MORB between depleted and PREMA mantle types.

On the 9Sm/MNd-14Nd/“Nd diagram, the former samples are on reference isochron of 1.9Ga
which was interpreted to formation age of the lithospheric mantle beneath Hannuoba obtained from
Re-Os systemattics (Gao et al., 2002). The lafter samples are consistent with reference ishochron of around
1.1 Ga. Song and Frey (1989) suggested that LREE enrichment of Lo-Nd like type xenoliths had occured
at 1.1 Ga ago on the bases of the Sm-Nd reference isochron through ther samples. If our above
inference is correct, Sm-Nd systematics of the clinopyroxene separates support removal of archean
lithospheric keel under the eastern block of the North China craton and replacement by younger
lithspheric mantle as suggested by Mendies et al.,(1993) and Giriffin et al. {1998). On the bases of confents
of heavy rare earth elements (HREE) (Xiachean, unpublished data), the xenoliths were divided into three
groups. The samples P12 and P17 (which have relatively depleted isotopic signature) belong to
(HREE)n<10 group (the subscript N indicates a chondrife-normalized value). On the other hand, the



samples P15 and P16 are in (HREE}x>10 group. It is possible that the samples with relatively high REE
contents preserve the primary isotopic compaositions.  In this case, the reference isochron of 1.9Ga could
represent a mixing line between ancient (around 1.9Ga) depleted mantle and enriched component.
(Abstract of IUGS-SECE, Beijing, China, June 25-30, 2005)
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EE B  Routine Observations

Geophysical Monitoring Under Operation at AVL
Aso Volcanological Laboratory
Permanent Stations

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

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

Microphone: HND (microwave telemetry)

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

FF2 (proton; online)

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

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



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

Seismic, geodetic and geomagnetic stations in Kuju area.

Central Kyushu regional network
Seismic Stations: AVL(64), MAK, NBR, MKN, HDK, TAT, MGR (online telemetry)
ASJ, HNY, SKM, KBM, TRM (dial-up)

Seismic network in the central Kyushu.
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[Beppul

ICP emission Spectrometer

Wavelength dispersive electron microprobe
{lent o JAMSTEC)

Energy dispersive electron microprobe analyzer

Wavelength dispersion type X-ray Fluorescence
analyzer

Energy dispersionty type X-ray Fuorescence
analyzer

Powder X-ray diffractometer

Liquids scintiliation system

lon chromatography

Gas chromatography

[Aso]

Continuous seismic monitoring system for Aso
and

Kuju Volcanoes

Observation tunnel for ground deformation

Borehole temperature monitoring system for
Aso

Video monitoring system of Aso and Kuju
Volcanoes

Proton and fluxgate magnetometers

Geomagnetic absolute measurement system

Instruments and Facilities
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Automafic fitration system

Piston cylinder type high pressure apparatus

Laser ablation system

Inductively coupled plasma mass spectrometer
(ICP-MS)

Thermal ionization mass spectrometer (TIMS)

Externally heated diamond anvil cell

Raman microscope

FT-NIR spectrometer

IR microscope

Heatings stage

Titmeters

Portable seismometers (broadband short
period)

Car-mounted seismicsource

Gravimeters

Super-Conducting Gravimeter

Magneto-Telluric measurement system

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



Fig. 2. Thermal ionization mass specttometer

Fig. 1. Inductively coupled plasma mass spectrometer

Fig. 3. Sample evaporation system under the ultra clean
environment
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Fig. 4. Analytical method for isotopic and trace element compositions established at BGRL






