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Preface

We regard central Kyushu, one of the largest volcanic and geothermal fields in the world, as a natural
experimental facility. The Institute for Geothermal Sciences is promoting a comprehensive research into
volcanism, geothermics and tectonics mainly by fieldwork, laboratory experiments, and theory. Based on
the fundamental scope of our research covers the thermal structure and the dynamics of the Earth’s interior.
A variety of research works can flexibly cooperate within this interdisciplinary Geothermal Science
research system. We have the following five research sections, for geothermal fluids, for geothermal
tectonics, for volcanic structure, for volcano-dynamics and Geothermal intelligence section (from abroad).
It was passed 8 years since the last reorganization. In 2004 financial year, Kyoto University was reformed
to juridical personalization of national universities. The situation puts us under pressure to do efficient
education with limited staff. We must make effort to intensify the essential cooperative studies on Aso and
Beppu.

Associated with the personalization, limitation of the travel budget is removed and we can go and back
to Kyoto campus freely. This is a merit of the reformation, however, total revenue is decreased and it forced
us to get other competitive fund. On the management, a steering committee is forced , witch composed with
professors, associate professors of our laboratory and 8 other members elected by the faculty meeting. In
this situation, we must make our position clear for education and research work, more over it will be
important to reinforce with the earth-planet subject stuff in Kyoto. In this year, we met many disasters by
lightning and typhoon, however many damaged devices were restored with financial support. In building of
Aso, the library and reference room was repaired to the first floor and three private research rooms were
formed 3" floor.

In personnel affairs, Mr. Hiroyuki Inoue arrived as a technical professional at Aso in April, Dr.
Tsuneomi Kagiyama arrived as professor of research section for volcano-dynamics in September. As a
visiting faculty, Dr. Jianguo Du left at the end of September, and Dr. Yong LAI arrived at Beppu. As
postdoctoral associate, Dr. Naoto Kitada left to a trainee of Kyoto University in November, and Dr. Koshi
Nishimura transferred to 21COE, and Dr. Takeshi Saito and Dr. Takeshi Sugimoto replaced at Beppu. Dr.
Takehiko Mori left to Geological Survey of Japan, AIST, at the end of March.

The 2™ KAGI21 International Symposium witch organized by the Kyoto University Active Geosphere
Investigations for the 21™ Century Centers of Excellence program, was held at Beppu in October
31-November 4, and new multi-disciplinary approaches for the Active Geosphere were discussed. In the
end of July, observational geophysical field exercise for undergraduate was opened at Aso and Beppu.
These events contributed to understand our laboratories. In the end of financial year, TV meeting systems
were introduced at Aso and Beppu, and connected to Kyoto campus. We expect effective use of these

devices.

Aso, May 2005

Yoshikazu Tanaka, Professor/ Director
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WF7Ei5E®Eh  Research Activities

MBI PN ILEIRFZE  Insider Colaboration

Origin of Arima-type deep thermal water from hot spring wells in Oita plain, eastern
Kyushu, Japan

Amita, K., Ohsawa, S., Du, J., Yamada, M.

Chemical and isotopic compositions (concentrations of major dissolved constituents, 6 D
and § 180 of water and § 13C of dissolved inorganic carbon) were determined for 11 hot and
cold spring waters of Na—Cl, HCOs type especially which have high salinity collected from
deep wells and natural springs in the Oita plain, eastern Kyushu, Japan. On § 80 and 6 D
diagram, most data points of the sampled hot and cold spring waters are plotted near local
meteoric water line and this shows that these waters come from local precipitation. However,
two of them with very high Cl concentration (24000mg/L: and 19000 mg/L) have extremely
high & D and § 180 values (—22.2%o, —27.1%0 and +2.7%o, ~+ 1.9%o, respectively) and it can
be classified into the “Arima-type deep thermal water”. We thought that such high values in
water isotope composition imply that these saline waters are originated from andesitic
magmatic steam or metamorphic water. Linear relationship between reciprocal of
concentration and stable carbon isotope ratio (§13C) of dissolved inorganic carbon (DIC) of
the sampled waters shows that DIC in the hot and cold spring waters laid under the Oita
plain is the mixture of soil COz and magmatic or mantle-derived COz2. Concentration and §
13C of DIC in the foregoing heavy waters are 24000mg/L, 19000mg/L and —3.8%o0, — 3.2%o,
respectively and these accord with the deep-originated end-member of the mixing relation as
shown before. Therefore, it is appropriate that the Arima-type deep thermal water found in
the Oita plain this time is derived from the Earth’s interior. Furthermore, formation of this
deep-originated thermal water should have no relation to magma generation, because the
Oita plain is located in fore-arc region. Linear relationships between § D versus Li
concentration and § D vs. B concentration of the sampled hot and cold spring waters also
show that these waters are a mixture of two end-members: one is subsurface water of
meteoric origin having low § D and low Li and B concentrations and the other is
deep-originated thermal water having high ¢ D and high Li and B concentrations.

The latter would be the fluid devolatilized from the subducting oceanic plate. In addition,
good liner relations between Li and Cl concentration and B and Cl concentrations of the
sampled hot and cold spring waters suggest that Cl as major constituent of these waters of

Na—Cl, HCOs type in the Oita plain is also derived from the devolatilized fluid of the slab.
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Fig. 1. Map of sample locations in the Oita plain. Solid squares, gray hatched crosses and open circles show
sampling points at hot spring (well), cold spring and river, respectively.
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Fig.5. Plots of Li versus Cl concentrations and B versus Cl concentrations of the hot and cold spring waters collected from the

Oita plain (left side) and Arima area (right side). Asterisks stand for saline waters found in the Oita plain in this study.

Table 1. Concentrations of major constituents and trace elements (Li and B) of water samples

springs), cold springs and rivers in the Oita plain.

collected from wells (hot

Depth

No. Sampling date  Type of well Temp.  pH Na NH, K Mg Ca Ci NO; SO Li B
(m) (°C) (me/L)
Oita-01  Nov. 26, 2003 spring - 16.5 59 1534 62.0 767 153 91.§ 2286 nd. n.d. 104 268
Oita-02  Nov. 26,2003 spring - 153 6.1 1878 568 822 195 1754 2360  nd. n.d. 9.0 18.6
Oita-03  Nov. 28,2003 well 800 469 82 1711 385 133 14.1 370 2634 nd. 2.0 0.2 3.9
Oita-04  Nov. 28,2003  well 473 83 1509 32.8 116 84 98 1807 nd n.d. 0.4 13.2
Qita-05  Nov. 28,2005  well 800 327 8.0 897 384 696 528 889 392 n.d. nd. 13 3.8
Oita-06 Nov, 28,2003 well 710 340 8.1 1649 412 125 849 440 2018 nd. n.d. 4.5 7.2
Oita-07  Dec. 2,2003  spring - 16.4 63 3255 538 723 742 1253 4243 ad n.d. 72 41.2
Oita-08  Dec.2,2003  spring - 148 65 3721 860 215 195 1384 4356 nd. n.d. 165 751
Oita-09  Dee.2,2003  well 575 348 67 13221 287 678 784 347.5 18649 nd. nd. 518 145
Oita-10  Dec.2,2003  well 800  48.1 6.6 3702 903 244 125 776 2135  nd. nd. 217 509
Oita-11  Dec.3,2003 well 900  36.1 6.7 13581 383 231 1042 282.0 23878 nd. nd. 335 278
Oita-12 Dec.3,2003  well 800 484 8.0 1575 49.1 15.0 352 528 2675 nd. n.d. 0.1 54
OitaR-01 Nov. 26,2003 river - 137 7.5 190  nd. 1.3 11.3 5.0 204 2.7 8.0 0.1 n.d.
OitaR-02  Dec, 2,2003  river - 124 74 6.4 nd. 0.5 5.5 46 39 3.6 6.7 nd nd
OitaR-03  Dec.2,2003  river - 116 74 85 0.1 1.7 7.4 29 6.0 33 5.5 nd. nd.
QitaR-04  Dec. 2,2003  river - 116 7.6 12.1 nd. 24 9.8 4.9 5.6 2.5 e n.d. nd.
OitaR-05 Dec. 3,2003  river - 126 179 6.2 n.d. 0.7 11.6 84 49 3.7 146 nd n.d.
OitaR-06  Dec. 3,2003  river - 124 74 6.7 n.d. 0.5 9.2 43 57 2.9 9.8 n.d. 9.8
[Rem] n.d. : not detected



Table2. 5D, §"¥0and & "*C values and DIC concentration of the water samples in the Oita plain.

No. Type 8 Dino & " O 8 ®Cpie DIC
(%0) (mg/l)

Oita-01  spring -39.8 6.2 4.6 1670
Oita-02  spring -44.3 -6.7 229 1040
Oita-03 well -53.9 -7.5 -14.5 118
QOita-04 well -53.3 -7.3 -13.5 320
Oita-05 well -57.0 -8.5 -3.7 2340
Oita-06 well -59.7 -9.0 -6.5 882
Oita-07  spring -47.5 -5.8 -7.5 3020
Oita-08  spring -47.1 -42 -5.0 2880
Oita-09 well -27.1 +1.9 -3.2 3780
Oita-10 well -48.3 -5.3 -6.4 1310
Oita-11 well -22.2 +2.7 -3.8 4320
Oita-12 well -59.4 -8.3 -7.1 200
OitaR-01  river -48.8 -7.4 n.a. n.a.
OitaR-02  river -50.6 -7.8 na. na.
OitaR-03  river -51.8 -7.8 n.a. na.
OitaR-04 river -53.0 -8.2 n.a. na.
OitaR-05 river -50.4 =17 n.a. n.a.
OitaR-06 river -43.5 -13 n.a. n.a.

[Rem] n.a. : not analyzed



Evaluation of Laser Ablation system of LA-ICP-MS in IGS
Y. Lai, J. Yamamoto, T. Shibata, and M. Yoshikawa

Laser ablation coupled with an inductively coupled plasma mass spectrometer is a powerful
tool for the rapid and precise In situ of trace elemental analysis. It has been applied to
determination of trace element zonation in silicate and carbonate minerals. Natural and
experimental crystal-melt partition coefficients, whole rock analyses using pressed pellets
and fussed glasses, determination of Pb isotopic ages of zircons, and analysis of fluid
inclusions(Jackson et al. 1992, Fedorowich et al. 1993, Feng, 1994, Hirata & Nesbitt, 1995,
Norman et al. 1996).

Operation conditions of LSX200 Laser ablation system (UV 266nm Nd-YAG-Laser with
Q-switch mode) were studied for coinciding with ICP-MS in BGRL (Beppu Geothermal
Research Laboratory). The laser is capable of operating continuously as pulse rates of 1-20 Hz
with beam energy in the range of 0.1-4 mJ per pulse. The effects of pulse rate, energy level
and ablation time have been evaluated by comparing time resolved signal intensities. XRF
glass bead and obsidianite glass chip were used as the test samples. Because the signal
produced by laser ablation is transient, raster method was used for tuning.

Both Ar and He were compared their effects as a carry gases. It is similar to results of
published (Cabri et al., 2003, Ishida et al., 2004), there is few powdery material deposited
around the crater under the He gas circumstance. He gas is a better carrier than Ar gas.

Crater depths were measured for understanding the effect of laser energy level and pulses.
Different laser shots were selected for versus 10, 15 and 20 energy levels. Crater shapes were
observed under a microscopy after cutting vertically through the crater center. The results

show that depths of the crater mainly depend on the laser energy level. There is a good liner

3500 relationship between laser pulse and
g Level 20]
~& Level 15

i Level 10 level (Fig 1). The laser can’t dig a hole

3000

depth under 100 shots above 15 energy

2500

2000 1 over 100 pym at a low energy level (e.g.

1500

Depth #m

lower than 10 levels) no matter how
0T many shots (Fig 2). The craters are

500 -

cone-shaped, and the deeper, the

00 o8 S

0 100 200 300 400 500 600 sharper. That means that only a few
Shot

Fig 1 Shot vs. crater depth in different energy levels materials can fly out after 500 shots at

any energy levels. So, for general solid
geological sample (crater depth is between 100-200um), laser energy level should be over 10
and shot be lower than 500. On the other hand, for melting inclusion sample, it is better to
choose a condition of over 10 energy level and lower than 100 shots. The best spot size is

between 50-200pm.



500 laser pulses 1000 laser pulses 1500 laser pulses

Conclusions

- He gas is a better carrier gas than

10 Level argon gas during the process of laser
ablation;

- The depth of hole mainly depend on the
laser energy level;

15 Level - There is a good liner relationship
between laser pulse and depth under
100 shots above 15 energy level;

20 Level - The best conditions for solid material
analysis are 50-200um diameter,
15-20 energy level and 5-500 shots

Fig 2 Cross sections of the craters made by the different (melting inclusion 5-100).

laser shots
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Seismic activity in the northeastern part of Kyushu, Japan

T. Ohkura, K. Takemura, H. Mawatari and Y. Furukawa

In the northern part of Kyushu, there is a regional graben-like structure called the
Beppu-Shimabara rift zone. In this zone, active volcanoes such as Tsurumi, Yufu, Kuju, Aso and
Unzen are distributed almost perpendicular to the strike of the volcanic front. We have been
investigating seismic activity in the eastern part of the rift zone.

In Fig.1, epicenter distribution from Jan. 2001 through Mar. 2005 is shown with E-W and
N-S cross-sections. We can recognize that many small and shallow events are located in the Beppu
graben where E-W striking normal faults are dominated. Another area with a high seismicity is
located to the northwest of Mt. Kuju, which corresponds to high geothermal activity in this area.

Barthquakes deeper than 30km in this area are considered to be caused by subduction of
the Philippine Sea plate and to have implications for the magma genesis of the area. Although we
can delineate the Wadati-Benioff zone beneath Mt. Tsurumi located on the volcanic front, no deep
event occurs beneath Mt. Kuju that is located to the west of the volecanic front. Also some
tomography studies showed that the slab could not be imaged beneath active volcanoes in the back
arc region such as Mt. Unzen and Mt. Aso. Any simple subduction volcanism cannot account for
this feature. We should consider not only vertical but also lateral movement of magmatic fluid to
explain the existence of such volcanoes. Therefore, in order to reveal magma system of this area,
other studies such as precise seismic tomography or waveform analysis are necessary to obtain
velocity and attenuation structure in the mantle wedge.
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Fig.1 Epicenter distribution in the northeastern part of Kyushu from Jan. 2001 to Mar. 2005 with E-W and
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represents the location of the Beppu graben. The solid lines and the triangles indicate the active faults
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hemisphere, of the major events are also shown.



Trace element and Sr, Nd and Pb Isotopic compositions of Quaternary volcanics from
Hime-Shima volcanic group

Tomoyuki Shibata, Jun’ichi Itho, Keiji Takemura

Hime-Shima is located in about 4 km north offshore of Kunisaki peninsula, Kyushu, Japan.
Northeastern extend of Hime-Shima, adakite derived from slab melt heave been found from some
volcanoes (e.g. Daisen; Morris, 1986). On the other hand, the obvious along arc variations of
chemical compositions (e.g. Zr/Nd ratios; Shibata, 2004) are observed in the southern extend. In
these areas, the Philippine Sea plate is subducting and the boundary of seismic (southern part)
and aseismic zone (northeastern part) exist below Hime-Shima (Shibutani, 2002). Thus, the
magma genesis of Hime-Shima volcanic group is important to understanding the relationship
between the mechanisms of material transfer form subducting slab and geophysical
characteristics of the slab. Therefore, we analyzed trace elements and Sr, Nd and Pb isotopic
compositions of Hime-Shima volcanic rocks

It is observed that Nb/Zr ratios (0.06 — 0.6) are high compared to general island arc magma
(0.03). The similar results were reported by Itho (1990). In the Y — Sr/Y diagram, the
Hime-Shima volcanic rocks are plotted in the field of adakite, which are considered to be generated
by partial melt of subducting oceanic crust. The Pb isotope systematics show liner trends, which
indicate mixing relations. Sr, Pb and Nd isotope ratios of the rocks with high Sr/Y ratios are
enriched character compared to those with relatively low Sr/Y ratios. These chemical
characteristics cannot be explained by the general model that the origin of island arc magma is
MORB-type mantle wedge and fluid derived from subducting slab. On the other hand, contribution
of the mantle plume is emphasized on the bases of the temporal and regional chemical variations
of volcanics from middle Kyushu (Nakada and Kamata, 1991). However, the trends of Pb isotope
systematics indicate that the enriched mantle source cannot be a source material of Hime-Shima
volcanic rocks. The relationship between isotopic compositions and St/Y ratios is consistent that
partial melt of subducting Philippine Sea plate is one of the source material of Hime-Shima
volcanic rocks. This observation may suggest the aseismic subduction is one of the important

factors to generate the slab melt in subduction zone.
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Late Quaternary tephrochronology in eastern part of central Kyushu recorded in the
soil-loam sequence

Takemura, K., Yamamoto, J. and Mawatari, H.

Tephrochronology is a valuable tool in many areas in earth sciences. In particular, distinctive and
widespread tephra layers have much stratigraphic value, for they represent time-parallel markers that permit
reliable correlations over long distances. In subaerial and marine sequences it is difficult to verify the original
stratigraphic position of thin superimposed or disseminated tephra because of syn- and post-depositional
reworking and mixing processes. To establish tephrochronology in the area, it is the first step to summarize the
stratigraphical relationship among the tephra layers observed at different outcrops.

Around the Beppu region, thick soil and loam sequences were found including the tephra layers. We
summarize the tephrostratigraphy of the soil and loam sequences since Late Pleistocene time. Most clear outcrop
indicating the tephrostratigraphy of this area is located at the south of Mt. Yufudake (Photo 1).

Tephra layers found mainly in this region is as follows in descending order.

1. Yufu dake volcanic ash layer (Yf-1) erupted from Yufu dake volcano at 2.2ka.

2. Kikai-Akahoya volcanic ash layer (K-Ah) is found at about 30cm within the black soil (called

“Kuroboku™) . This ash is the product from Kikai Caldera located to south of Kyushu Island at about 7.3 ka

eruption (.Photo 2), and is composed of bubble wall type glasses with brown colored glasses.

3. AT volcanic ash layer is intercalated with yellowish loam sediments just above the second dark grey

soil horizon. This ash is composed of bubble wall glassed, and eruption age is about 26-29 ka. Source

caldera is Aira Caldera including the present Sakurajima Volcano in south Kyushu.

4. Kuju Daiichi tephra layer (Kj-P1) is found in the yellowish brown loam sequences, and is composed

of light grey volcanic sand (lower) and pumiceous volcanic ash (upper). This ash erupted from Kuju volcano

at about 50 ka.

5. Aso-4 pyroclastic flow deposit is found at the basal horizon of soil sequence and erupted from Aso

Caldera region at about 85-90 ka. This tephra has reddish brown color, and is composed coarse pumiceous

ashes.

For constructing more precise tephrochronology with small eruptions, it is useful to analyze using

microtephra analysis of continuous measurement of sequences.
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Noble gas isotope constraints on the origin of Oninomi basalt: implications for
subduction-related components in arc magma

Yamamoto J. and Takemura K.

Abstract

We have determined the elemental and isotopic compositions of noble gases in phenocrystic olivine from
the Oninomi basalt, Yufuin, Japan. The *He/*He of gas extracted by crushing olivine from the Oninomi basalt
(6.7 +/- 0.9 Ry Ry is *He/*He of air) is slightly lower than that of MORB (8 +/- 1 Ry). It indicates that the
magma was derived from the MORB-like source with slight influence of radiogenic “He such as crustal
materials.

Argon isotopic ratio (‘*’Ar/*°Ar) is high (538) compared to that of air (295.5) but far lower than the values of
MORB(up to 40000). It requires that the mantle source of the Oninomi basalt mixed with materials with lower
“* Ar/*°Ar, such as materials containing atmospheric argon. Given that the helium in the sample is a mixture of
two nonatmospheric components derived from MORB-like and crustal materials. It is therefore reasonable to
argue that the nonatmospheric Ar in the sample is a mixture of mantle and crustal materials rich in radiogenic
““Ar. Thus, the Ar in the Oninomi basalt can be accounted for by mixing of a dominant atmosphere-like
component with MORB-like and crustal materials.

The crustal materials have two possible sources for the island arc basaltic magma: arc crust above the
mantle wedge and subducted slab. If the arc crust has a significant influence on the magma source, the Oninomi
basalt should have the production ratios of “He/* Ar* and *He/*'Ne*. The Oninomi basalt shows *He/*’Ar* of 0.1
which is one or two orders of magnitude lower than the “He/** Ar production ratio. The “He/”'Ne* of the Oninomi
basalt is also two orders of magnitude lower than the *He/*'Ne production ratio. The arc crust is not likely for the
source of the crustal argon contribution to the Oninomi basalt. The low “He/**Ar* and *He/*'Ne* are typical of
the samples from island arc and active continental margin. These data may result from the kinetic fractionation
between He and heavier noble gases in the subduction processes.

The Oninomi basalt would therefore be derived from MORB-like source that has been infiltrated by

slab-derived fluids fractionated via subduction processes.
Introduction

In recent decades, the isotopic compositions of samples from the Earth’s interior have been used as
important tracers in the Earth’s evolution. In particular, noble gas isotopic compositions of Ocean Island Basalts
(OIB) and Mid-Oceanic Ridge Basalts (MORB) have provided important constraints on the evolution of the
Earth and the atmosphere. The source of MORB has generally been regarded to be derived from the suboceanic
mantle, and to be located in the upper-mantle. The *He/*He in MORB shows quite uniform values of (8 +/- 1) Ra.

MORB-like *He/*He have often been observed in mantle-derived rocks from island arcs and subcontinental

13



mantle (e.g., Yamamoto et al., 2004). There is a widespread consensus that the source of MORB is a ubiquitous
component of the upper-mantle. Recently, however, occurrences of *He/*He lower than that of MORB have been
reported for some mantle wedge-derived magma (e.g., Patterson et al., 1994). The fundamental question is
whether these variations in magmatic *He/*He trace involvement of subducted slab in the generation of arc
magmas, or alternatively, provide a record of interaction of ascending magma with arc crust. Helium has been
the focus on noble gas studies of arc-related samples in part because contamination by atmospheric helium
generally is insignificant, owing to very low abundance of helium in the atmosphere. In contrast, the heavier
noble gases (Ne, Ar, Kr and Xe) in mantle wedge-derived magma and mantle xenoliths appear to be almost
entirely atmospheric in origin. It should be, however, emphasized that most previous studies of
subduction-related volcanic arcs have been almost restricted to the analysis of arc-related fluid samples such as
water, steam and gas collected from volcanic fumaroles, hot springs and geothermal wells. In an attempt to
circumvent the problem of addition of atmosphere-derived heavier noble gases to fluid samples, we have
measured the elemental and isotopic composition of all five noble gases trapped in olivine phenocrysts sampled
from a basalt erupted just on the current volcanic front. On the basis of these data and the present understanding
of the origin and evolution of arc-magmas, we present a generalized qualitative model for the movement of
noble gases through subduction zone.

We have another unsolved problem whether the magma originated from a hotspot or not. To reveal this

problem, noble gas isotopes would work effectively.
Samples

Samples analyzed in this study are collected from a lava cliff in the Oninomi basalt, which is a
well-preserved monogenetic volcano erupted at the Yufu-Tsurumi Graben in central Kyushu. The Oninomi
volcano has very young eruption age of around 10 ka, which is found between the volcanic ashes,
Kikai-Akahoya ash and Aira Tn ash, with the age of 6.5 ka and 25 ka, respectively. Though the Oninomi volcano
is previously reported to be a non-arc type volcanism (Ohta et al., 1992), it should be intimately related to
subduction. This is because it locates just on present volcanic front. Further, typical arc type volcanoes (Mt. Yufu
and Tsurumi) contemporaneously erupted in the same area.

The Oninomi basalt contains abundant phenocrysts of olivine, clinopyroxene and plagioclase. Rarely,
orthopyroxene is present as microphenocrysts. Plagioclase has large grain size of more than | mm in diameter
and characteristically shows sector and oscillatory zoning, indicating several stages of crystallization. Olivine
and pyroxene are euhedral and not zoned. Average size of olivine and clinopyroxene is about 0.5 mm in diameter.

The olivine includes abundant melt inclusions.
Experimental method

Noble gases were extracted from fresh olivine by vacuum crushing. Olivine is relatively retentive for
helium (Kurz, 1986; Trull et al., 1991), and in-situ addition of radiogenic *He is quite small due to very low

contents of U and Th in olivine. Further, the crushing method is thought to be effective in extracting noble gases
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trapped in fluid inclusion, which contains little /n-situ generated nuclides. Recently there have been, however,
reports of cosmogenic nuclides release by this method (e.g., Yokochi et al., 2005). We consider that such an
effect would have a negligible influence on results reported here because the present sample was collected from
a cliff, where cliff failure occurred within 100 years inferred from a growth of surrounding trees.

Before vacuum crushing of olivine grains, a crushing vessel was preheated at 150°C overnight. During
crushing, the crushed sample together with the vessel was heated at 120°C. Gases extracted were exposed to a
cold trap at liquid N, temperature in order to remove gases adsorbed on newly created powder surfaces. Noble
gas analyses were performed on a sector-type mass spectrometer (VG-5400) installed at the Earthquake
Research Institute (ERI), University of Tokyo. Procedural crushing blanks for *He, “He, °Ne, **Ar, **Kr and
2Xe were less than 3.0 x 107, 2.0 x 10™, 2 x 10" 1 x 10, 2 x 10™ and 4 x 10" cm®STP, respectively.
Analytical conditions for noble gases at the ERI have been reported by Hanyu et al. (1999).

Results

Noble gas isotope results are summarized in Table 1. The present sample shows relatively high helium
1sotopic ratio of 6.74 +/- 0.85 R,, which is slightly lower than MORB value (8 +/- 1 Ry).

The present sample shows a slightly high *'Ne/*Ne (0.034 +/- 0.004) in comparison with that of
atmosphere (0.029). It may be due to nucleogenic *'Ne generated from (o, n) reaction on *0 and (n, o) reaction
on **Mg. Since the crushing minimizes contributions from noble gases in the mineral, excess *'Ne would exist in
fluid inclusions as nucleogenic *'Ne.

Argon isotopic ratio (**Ar/*° Ar) is high (538) compared to that of air (295.5) but far lower than the values of
MORB (often up to 10000 and sometimes as high as 40000: Burnard et al., 1997). The “He/**Ar* is much lower
(~0.1) than that of MORB (2 - 3), where *°Ar* indicates *°Ar corrected for air-addition.

Krypton and xenon isotopic ratios are indistinguishable from the atmospheric values within the

experimental uncertainty of 1 sigma level.

Table 1. Noble gas isotopic compositions of olivine phenocrysts in the Oninomi Basalt

weight (g) He (104) +He (10%) 2Ne (10-1) sAr (109 “Ar(109) 84K (1019 2Xe (1019
1.088 172 + 02 174 =+ 016 216 + 022 737 + 044 397 + 0283 194 + 019 634 =+ 043
*He/*He (R/R,) *NefNe ?Ne/Ne “OATPSAT BArPAY ‘He/®Ar* ‘He/*'Ne* (167

674 = 085 996 =+ 0385 00340 + 00087 5380 & 21 01883 = 00010 0097 =+ 0010 16 =+ 12
N.B., Unit for abundance 1s cn™STP/g. All tabulated data were corrected for blanks,

Discussion

This study shows that gas extracted by crushing olivine in the Oninomi basalt displays *He/*He (6.7 +/- 0.9)
lower than that of MORB (8 R,). Post-eruptive addition of radiogenic *He appears unlikely given the low
*He/*He in the olivine of modern lava. The lower *He/*He compared to that of MORB does not result from
pre-eruptive accumulation of radiogenic “He in the olivine in magma chamber. This is because the accumulation
time appears too long (> 1 myr) compared to the refilling interval of the magma chamber (~100 kyr). The
influence of cosmogenic *He is negligible for the olivine, since the sample was collected from a lava cliff.

Further, the crushing method 1s thought to be effective in extracting noble gases trapped in liquid inclusions or
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shrinkage bubbles in melt inclusions, which contain little in-situ generated nuclides (e.g. Kurz et al., 1983). Thus,
the low *He/*He does not result from addition of secondary generated nuclides in the olivine.

One of the most important points regarding the origin of the Oninomi basalt is whether the magma
originated from an OIB-like hotspot or not. Basalts of mid-ocean ridge (MORB) and ocean island (OIB) are
generally regarded to be derived from the depleted and primordial mantle, respectively. Secondary generated
nuclides are expected to give more influence on the MORB-source mantle than the OIB-source. Hence, *He/*He
of the MORB (8 Ry) is generally lower than that of the OIB (up to 50 Ra: Stuart et al., 2003), because addition
of radiogenic “He generated in their mantle sources works more effectively to the MORB source due to the lower
abundance of He in the MORB source than the OIB source. Helium isotopic ratio of the present sample indicates
that the magma was derived from the similar source to that of MORB rather than that of OIB.

The *He/*He in MORB shows quite uniform .

values of around 8 R,. MORB-like *He/*He have ol . |
also been observed in the samples from island arc a:?t A AOOA* ° o, s s

and subcontinental lithospheric mantle (SCLM) \cD/ © o Mantle Operi:;;ite
xenoliths. The *He/*He of the mantle wedge and g 1L Ar g iz::’;a |
subduction-related SCLM are, however, more %Cl:.) v Oosf < Japan
variable compared to those of MORB (Fig. 1). A @O PhenoEyslt;l::cmi
recent study of He isotopes in a proterozoic 0.1 0 10‘0 - 0o

subcontinental lithospheric mantle xenoliths from

40Ar/3eAY

western Europe (Gautheron et al., 2005) has shown

a low and uniform *He/*He (6.32 +/- 0.39 Ry)
obtained by crushing of olivine. Gautheron et al.
(2005) discusses two models to explain the low and
uniform “He/*He, where the lithospheric mantle
beneath western Europe was invaded by recent and

local metasomatic fluid having *He/*He of around

Fig. 1. 3He/tHe versus 40Ar/6Ay diagram of gases
extracted by the crushing method for the phenocrystic
olivine of the Oninomi basalt with data obtained by
crushing olivine in mantle peridotites and basaltic rocks.
Data sources for the continental mantle xenoliths are as
follows: FER (Far Eastern Russia) (Yamamoto et al.,
2004), Europe (Gautheron et al., 2005, Australia
(Matsumoto et al., 1998; 2001) and Japan (Matsumoto et
al., 2001) . Data source for the basaltic magma in Italia is
Marty et al. (1994). Data with uncertainties in 3He/*He of

6 Ra; metasomatism occurs globally through the  more than 5 Ra are removed.
entire SCLM. It is noted that relatively low
*He/*He (4.2 R,) have been reported for olivine separates from mantle-wedge derived spinel peridotites by
crushing (Dodson and Brandon, 1999). Furthermore, extremely low *He/*He (< 1 R,) were reported for mantle
xenoliths from Far Fastern Russia (Yamamoto et al., 2004) where the Far Eastern Russia area was located at a
subduction zone in the Mesozoic Era. On the other hand, high *He/*He like those of MORBs are reported from
some subcontinental ultramafic xenoliths (Matsumoto et al., 1998; 2000). The mantle wedge may therefore be a
MORB-like source that has been partly infiltrated by exotic fluids having a radiogenic *He-rich component
derived from subduction-related crustal material. The Oninomi basalt may be one such example.

Argon isotopic ratio (**Ar/**Ar) of the Oninomi basalt is low compared to those of MORB. Low O Ar/ e Ar
have also been observed in samples from the SCLM (e.g., Yamamoto et al., 2004) and the mantle wedge (e.g.,
Matsumoto et al., 2001). If these low “°Ar/*°Ar directly reflect the isotopic compositions in the mantle source, it

requires that the mantle source mixed with materials with low “Ar/*®Ar, such as materials derived from
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subduction-related components containing atmospheric argon (Sarda et al., 1999; 2000; Matsumoto et al., 2001).
Ballentine and Barford (2000) have argued that most atmospheric contamination might occur in the laboratory
especially for heavier noble gases. However, for noble gas analysis, samples and analytical lines are always
preheated in order to reduce adhered atmospheric gases. If air addition has a significant effect on the gases
released by crushing minerals, it makes elemental ratio of heavier noble gases of present sample air alike.
Elemental ratios of heavier noble gases in the olivine of the Oninomi basalt, for example **Kr/**Ar (0.026 +/-
0.003) or "*Xe/**Ar (0.00086 +/- 0.00008), in which errors are expressed as 1 sigma, are not similar to the
modern air value (0.021 and 0.00074, respectively). Therefore low “*Ar/*Ar observed in the present olivine is
considered to represent the value of sample.

As discussed above, the “*Ar/*°Ar of the present sample ranges from atmospheric to the value higher than
atmospheric value. This variability must reflect mixing of atmospheric and nonatmospheric noble gas
components. Given that the helium in the sample is a mixture of two nonatmospheric components derived from
mantle and crustal materials, it is reasonable to argue that the nonatmospheric Ar in the sample results from
mixing of mantle or crustal materials rich in radiogenic “°Ar. Thus, the Ar in the sample is interpreted to be a
mixture of three components derived from the MORB-source, crustal materials and the atmosphere. We
calculated the contribution of each component (mantle (MORB), atmoshphere and crust) to total PAr in gas
extracted from the present sample as calculated following the procedure and assumptions of Patterson et al.

(1994) (Table2 and Fig. 2). The dominance of the atmospheric component is clearly apparent, accounting for

51.0% of the total *Ar. Of the nonatmospheric o
Table 2. Calculated argon contribution

components, Ar derived from the assumed

. . Argon fraction (%)
MORB-source dominates, accounting for 41.3% of

MORB Crust Atmosphere
41.3 77 51

the total **Ar. Such data is fairly common in the

previous study for both the xenolithic and
phenocrystic olivine in New Zealand (Patterson Air
et al., 1994).

The crustal materials have two possible
sources for the island arc basaltic magma: arc
crust above the mantle wedge and subducted slab.
The ‘He/*Ar* and “He/*'Ne* can be a useful
indicator for examining the magma’s source or
subsequent transport processes, where ‘’Ar* and
INe* indicate nonatmospheric “OAr
(*® Arobserved[(** Ar/*° Ar)observed -
(A Ar)air]) and 21Ne MORB Crust

2 21ng . /22

(" Neobserved[(" Ne/*Ne)observed ~  TFig. 2. Estimated argon contributions from mantle

20\ 22 . . : (MORB), atmoshphere and crust in gas extracted
Ne/““Ne)air]), respectively. For time scales of > ]

( Jairl) P Y from olivine as calculated following the procedure

10% years or less, the instantaneous *He/*’Ar*  and assumptions of Patterson et al. (1994).

production ratio in the mantle is 5 - 20,

depending on the K/U assumed (13000 - 3000) (Fig. 3). On the other hand, *'Ne can be nucleogenically
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generated from (o, n) reaction on 0 and (n, o) reaction
on *Mg (Wetherill, 1954). “He/*'Ne* production ratio in
the mantle is estimated to be 2.2 x 107 (Yatsevich and
Honda, 1997; Leya and Wieler, 1999). *He/*Ar* and
*He/*'Ne* of the lithosphere are primarily determined by
its chemical composition which is are unlikely to change
dramatically between reservoirs, therefore the “He/*Ar*
and “He/*'Ne* of the mantle is likely to be relatively
constant (minor dependence of the *He/Ar* and
“He/*'Ne* on accumulation time can largely be ignored
for long lived reservoirs: Jambon et al., 1985; Allegre et
al., 1986; Bumard et al, 1998; Honda and Patterson,
1999). “He — ?'Ne - “*Ar systematics are therefore
especially suited for deconvolving noble gas fractionation
in mantle derived magmas. Figure 4 presents a diagram of
*He/*Ar* and “He/*'Ne* for the Oninomi basalt along
with the data of the olivine in mantle peridotites and
phenocrysts from subduction-related region. The Oninomi

basalt shows minimum “He/*°Ar* of 0.1 which
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Tig. 3. Instantaneous production ratio of
radiogenic He and Ar in the original mantle
source having various K/U ratios in weight
and uniform Th/U ratio of 3.1. The
production ratio of *He and Ar is strongly
dependent on the K/U ratio in the source
region. K/U=12700 of MORB is from
Jochum et al. (1983). Th/U=3.1 is from
Staudacher et al. (1989).
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fractionation of “He from nonatmospheric *'Ne
“He/2'Ne*

and “*Ar (Patterson et al., 1994). The degree of

He-Ne-Ar fractionation depending on the
degassing mechanism in addition to the extent
of volatile loss can be calculated using He, Ne
and Ar solubilities (Fig. 4). The overall
correlation between *He/*’Ar* and *He/*'Ne*
in Fig. 4 is inconsistent with degassing as the
relative

dominant control on mnoble gas

abundances. Gautheron et al. (2005) explained

Fig. 4. ‘He/MAr* versus *Hel2Ne* diagram of the
phenocrystic olivine of the Oninomi basalt with data
obtained by crushing olivine in mantle peridotites and
basaltic rocks, where “Ar* indicates “°Ar corrected for
air-addition. Symbols as for Fig. 1. The production ratio
of “He/?!Ne is constant in the mantle at 2.2 x 107
(Yatsevich and Honda, 1997; Leya and Wieler, 1999). The
production ratio of ‘He/Ar in the mantle is avound 4
(Fig. 3). The solid lines show elemental fractionation
caused by He loss, mass-dependent fractionation and
solubility-controlled mass fractionation from the original
mantle source having mantle production ratio of ‘He/*0Ar
and “He/?!Ne.
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the low He/Ar in mantle xenoliths by preferential loss of helium from fluid inclusions in the mantle xenoliths to
the matrix of mineral grains. This process is not, however, supported by experimental evidence. The low
*He/*Ar* and “He/*'Ne* are typical of the mantle wedge and phenocrysts from subduction-related region. It
suggests that the low *He/40* and “He/*'Ne* have a close relationship with subduction processes.

Before turning to elemental fractionation during subduction processes, the influence of crustal assimilation
must be clarified. As mentioned above, ‘He/*’Ar* and “He/*'Ne* of the mantle-related component are unlikely to
change dramatically. If arc crust has a significant influence on the magma source, the phenocrystic olivine and
mantle peridotites should be plotted near the both production ratios of “He/*’Ar* and *He/*'Ne*. Thus, the arc
crust is not likely for the cause of low *He/*?Ar* and *He/*'Ne*.

There are some possibilities of the kinetic fractionation between He and heavier noble gases in the
subduction processes. Beneath the continental active margin or island arc, aqueous fluid derived from the
subducted slab ascends into the mantle wedge. Hydrated peridotite is formed by the mvasion of slab-derived
aqueous fluid. Hydrous minerals such as amphibole, chlorite and phlogopite in the hydrated peridotite break
down in downward flow of the mantle wedge and release H,O. Interconnection of the aqueous fluid in the
hydrated peridotite is controlled by dihedral angles. 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 (Mibe ef al., 1998; 1999). When the aqueous fluid reaches the region with the solidus temperature of
hydrous peridotite, partial melting in the mantle wedge takes place to produce initial magma. The melt will be
extracted upwards, ascending through the mantle wedge, engendering subduction-related volcanism if melt

segregation occurs. The subduction processes provide endless opportunities for noble gas fractionation during

degassing or segregation of volatiles from

Mantle peridotite
. e . O FER
the waterbearing silicate melt. As mentioned A Euope
above, solubility of He relative to Ne and Ar 5 :\::Z:ha
in silicate melt is negatively correlated with Phemc;yﬁna"a
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evidence regarding the mechanism by which
the segregation occurs at high temperature SHe/*He (RA)
and pressure remains equivocal. Fig. 5. 3HeMHe versus ‘He/®Ar* diagram of the Oninomi

basalt. ‘He/*°Ar* of MORB is from Staudacher et al. (1989)
Though the subduction-related samples  and Moreira et al. (1998). Symbols as for Fig. 1. The solid

. dor AD A e e line shows radiogenic change of the original mantle source
cover a wide range of "He/"Ar* (Fig. 4), the L. spyo pre 1ike MORB (8 Ra), low “He/®0Ar (0.1) and K/U
samples with high *He/*°Ar* like MORB  of 12700 in weight.
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source are separated into two groups by “He/*He (Fig. 5). Both the *He/*He and ‘He/*°Ar* measured in the
samples from current subduction zone (e.g., Italia and Japan) are relatively high. Also the Far Fastern Russian
samples with low *He/*He show high “He/*’Ar* like MORB source. On the other hand, some samples from Far
Eastern Russia show low “He/*°Ar* and *He/*He. Yamamoto et al. (2004) explained that the *He/*He-"He/** Ar*
trend indicates mixing of coexisting two kind of fluid inclusions in the samples: CO, inclusions having *He/*He
like MORB and low *He/**Ar* of ~0.5, and melt inclusions having low *He/*He but relatively high “He/*’ Ar*.
The low *He/*He measured in the melt inclusions may result from invasion of an exotic fluid with a high U/He
and a subsequent addition of radiogenic nuclides (Yamamoto et al., 2004). In the Far Eastern Russia area, before
the opening of the Japan Sea, slabs were subducted into the subcontinental mantle. If fluids derived from such
subducted slab have infiltrated and remained in the mantle wedge as melt inclusions for a sufficiently long time,
they would accumulate enough radiogenic nuclides to lower *He/*He or raise “He/*’Ar up to the possible
production ratio. Thus, the *He/'He and *He/*Ar* in Fig. 5 can be explained by the kinetic fractionation between
He and heavier noble gases in the subduction processes and a subsequent addition of radiogenic nuclides. In the
case of Oninomi basalt, the extremely low ‘He/*’Ar* may result only from the kinetic fractionation process

because the sample was collected just from the active volcanic front area.
Conclusions

The Oninomi basalt is a well-preserved monogenetic volcano erupted at the Yufu-Tsurumi Graben in central
Kyushu and has the potential to be OIB-like hotspot origin. We have measured the elemental and isotopic
composition of all five noble gases trapped in the olivine phenocrysts from the Oninomi basalt and obtained
MORB:-like *He/*He. It indicates that the magma was derived from the similar source to that of MORB.

Argon isotopic ratio (*’Ar/*°Ar) of the olivine phenocrysyts is far lower than the values of MORB. The
atmospheric “*Ar/**Ar must reflect mixing of atmospheric and nonatmospheric noble gas components. The
existence of crust-derived noble gases in the Oninomi basalt is inferred from slight low *He/*He compared to the
MORB value. The Ar in the Oninomi basalt is therefore mterpreted to be a mixture of three possible components
derived from the MORB-source, crustal materials and the atmosphere.

The crustal components have two possible sources for the Oninomi basalt: arc crust above the mantle
wedge and subducted slab. If arc crust has a significant influence on the magma source, the sample should have
similar *“He/*°Ar* and “He/*'Ne* to their production ratios. The Oninomi basalt shows extremely low ratios of
*He/*Ar* and “He/*'Ne* compared to the production ratio. Thus, the arc crust is not likely for the source of the
crustal argon contribution.

Selective He loss can readily explain the low ‘He/*Ar* and *He/*'Ne* of the Oninomi basalt. The low
*He/* Ar* and *He/*"Ne* are typical of the samples derived from mantle wedge and subduction-related SCLM. It
suggests that the low ‘“He/40* and “He/*'Ne* should have a close relationship with subduction processes.

The Oninomi basalt would therefore be derived from MORB-like source that has been mfiltrated by

slab-derived fluids fractionated via subduction processes.
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Concealed active faults in the eastern part of Oita Plain, east central Kyushu, southwest
Japan
Chida, N., Takemura, K. et al.

In the eastern part of Oita Plain, there are concealed active faults with ENE-WSW direction, and they
have been active in Holocene epoch. To presume the position and the activity of the faults which lay
beneath the plain, the reflection method, the drilling survey and Geo-slicer investigation were done.

The northern fault named Misa Fault passes the vicinity of a former coast line and the fault in the
south named Shimura Fault can be confirmed even in the vicinity of Otozu river. The Oita group and
equivalent layers are covered directly with Holocene deposit in the south of the Shimura Fault. The
deposit of Late Glacial-Late Interglacial Stage is thick covered with Holocene deposit on the north side.
In addition, marine deposit of Late Interglacial Stage exists in the subordinate position and the Late
Glacial deposit is considerably thicker than that of the south from the Misa Fault.

On the other hand, the fault confirmed in the Hioka district, thick deposit of Late Interglacial Stage
distributes at the south of the fault, and is different from the Shimura Fault. Judging from the geological
features, the fault confirmed in the Hioka district has a similar character as the Funai Fault.

Thus, the Misa and Shimura Faults which are concealed by Late Quaternary deposit in this region,
greatly restrict the distribution of the stratum sine Late Pleistocene. The base of Holocene marine
deposits (ca 10,000 years ago) is about 48m, in amount of displacement and the K-Ah volcanic ash layer
is 26.5-30m by the Misa Fault, and the vertical slip rates are about 4.8 m and 4.2-4.8m/1000 years each
other. The activity of the Misa Faults since Holocene is judged to be A class.

(Active Faults Research, vol.24)
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Thermal response of sediment with vertical fluid flow

to periodic temperature variation at the surface

Shusaku Goto (Aso Volcanological Laboratory, Kyoto University), Makoto Yamano
(Earthquake Research Institute, University of Tokyo), Masataka Kinoshita (Japan Agency for
Marine-Earth Science and Technology)

Characteristics of thermal responses of sediment with vertical fluid flow to periodic temperature

variation at the surface are examined by the one-dimensional analytical solution of Stallman [1965]:

2 2
vz z  |o;+v 2t z |a;—v
T0=) 4, - : -0, ' 1
@n=2 ’ex‘{zxm 2, | 2 JCOS[ P 2%, | 2 J @
1

m

where 7(z, 1) is the sediment temperature at depth z and time . A; and 6, are the amplitude and phase,
respectively, of the sediment surface temperature variation of period P;.  «x;, 1s the thermal diffusivity of
fluid-saturated sediment and v is the specific fluid flow velocity, which is a product of the fluid flow

velocity vy and the ratio of the heat capacity of the fluid (pc,); and fluid-saturated sediment (pc,)

= (pcp)f

v= v, (2)
(,OCP ™
¢; 1s a function of P,, k,, and v:
2
8k
a,= v 1+] —2 (3)
Pv

Equations (1) to (3) indicate that the amplitude of the thermal response decays exponentially and the
phase is delayed linearly with increasing depth, but these depend on direction and velocity of vertical
fluid flow, thermal diffusivity of fluid-saturated sediment, and period of surface temperature variation.
Downward fluid flow propagates the effects of surface temperature variation efficiently. On the other
hand, upward fluid flow enhances decay of amplitude of the thermal response. In both fluid flow

directions, the effect of surface temperature variation propagates faster than that in conductive heat
transport.

To examine the general characteristics of the subsurface thermal response, we
defined two dimensionless parameters, & (related to thermal diffusivity of sediment
(km), specific fluid flow velocity (v) and period of surface temperature variation (F))
and Pe (thermal Peclet number), which is a measure of relative importance of heat

transport by advection and conduction, as [Goto et al., 2005]:

8k

f=—P;§'i (vr#0) €
pe =2 (v,# 0) (5)
P 7

m
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where z, is the specific penetration depth at which the amplitude of the thermal

response decays to e’

of that at the surface. Examinations using these two
dimensionless parameters show that there are three heat transport regimes for
downward fluid flow as (i) heat transport strongly governed by advection (£ < ca. 0.2
and Pe > ca. 400), (ii) heat transport strongly governed by conduction (£ > ca. 40000
and Pe < ca. 0.01) and (iii) transition between these two regimes (ca. 0.2 < & < ca.
40000 and ca. 0.01 < Pe < ca. 400) (Fig. 1a) [Goto et al., 2005]. When =17, Pe =1,
indicating that heat transport by advection and conduction have the same contribution
to the downward propagation of surface temperature variation. For upward flow (Fig.
1b), there is also three heat transport regimes as (i) balance of heat transports by
advection and conduction (&< ca. 0.2 and Pe = 1), (ii) heat transport strongly governed
by conduction (£ > ca. 40000 and Pe < ca. 0.01) and (iii) transition between these two
regimes (ca. 0.2 < & < ca. 40000 and ca. 0.01 < Pe < ca. 1) [Goto et al., 2005].
Equations (1) to (3) could be applied to studies of subsurface thermal and hydrological

regimes in geothermally active areas.

& = 17 (Advection = Conduction) Downward fluid flow
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Fig. 1 Plots of Pe versus ¢ for (a) downward fluid flow and (b) upward fluid flow.
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C-potential measurements for rock samples from Takano-obane lava
H. Hase, T. Ishido, K. Furukawa and T. Hashimoto

Ground water within a volcanic edifice plays an important role not only in controlling the manner of
a volcanic eruption but in effective transfer of thermal energy through hydrothermal circulation. Electrical
self-potential (SP), stationary component of the earth currents, has been recently utilized to assess
subsurface hydrothermal system in active volcanic fields. The electrokinetic effect, or the streaming
potential associated with fluid flow in a porous media, is a dominant cause of the SP generation in
volcanic fields.

Quantitative assessment of subsurface fluid flow from the field SP data requires the streaming
potential coefficient, a conversion factor between electric current and fluid flow. The {-potential of a
rock-water interface is essentially important to evaluate the streaming potential coefficient. Recent
laboratory study (Hase et al., 2003) has reported a significant variability of the C-potential, including its
polarity, for volcanic rock samples from Aso caldera.

The present study focuses on the variability of the (-potential due to the difference of mineral species
on the solid side. For this purpose we have done a systematic measurement of the {-potential for rock
samples from a well core. The core was taken from a drill hole at Takano-obane lava dome, a rhyolitic
unit of 100m thick, in the western part of Aso caldera (courtesy of Aso volcanological laboratory, Kyoto
University). It has been reported in the petrological study by Furukawa et al. (2004) that a gradual change
in mineral species such as from hematite to magnetite can be seen from top to bottom, though the major
elemental component is almost stable through the core. We took 16 core samples from the surface to about
100m deep. The samples were grained into 0.5mm for {-potential measurement by using the streaming
potential method.

Temperature, concentration, pH conditions of the liquid side are 30 °C, 107 mol/1 (KCI), 2.5~11.5 (by
1.0 step), respectively. We made a surface conduction correction by using 0.1 mol/l (KCI).

The isoelectric point (IEP, the pH condition at which the C-potential becomes apparently null) was
almost the same for all the samples. In contrast, the {-potential itself showed an increasing trend in

magnitude from top to bottom. One of the implications of this result is that the {-potential is affected by

the valence number of Fe.
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Relationship between subjacent source faults and surface faults
- 3D visualization of integrated information -

N. INOUE (KITADA), N. Kitada. (Geo-Research Inst.), M. Kohara (Muse Lab.), T. Kagawa
(Geo-Research Inst.), K. TAKEMURA and A. Okada (Kyoto Univ.)

1. Introduction

We have studied relationship between

Surface

subjacent source fault and surface fault (the
concept of both faults are shown in Fig. 1). The
purpose of the study is to infer the geometry of
subjacent source fault from that of surface
rupture or active fault on the surface. We

selected 15 earthquakes which were investigated

from geological and seismological viewpoint
Fig.1 Concent of faults in this studv

(Fig.3) by the published papers. There are many

available papers for 15 -earthquakes. We Surface i Subjacent Fous and
b pap o qua Rupture Source fault Topography After Shock
attempted to reveal the relationship between both \X l '
faults based on collected information. We made Caluourate | gm0
digitize | | Goorinate and D-DYF

table of both faults (strike, dip, length, location digitize
of focus, geology and so on) based on the

Sotid
compiled information. We visualized collected A::frdfc'a‘t"fon
data to comprehend relation among various ‘
information. We carried out correlation analysis Epert

of geometric parameters of the faults. We show Fig.2 Flow of visualization
the result of visualization of various data and
indicate results of the principal component and

cluster analysis of relation among various information.

2. Visualization of various data
The topographic data and focus were also collected to visualize. The visualization procedure is
indicated in Fig.2. Constructed visualization models were exported QTVR format, which could be viewed

by Quick Time player at any view angle and scale. Fig. 3 shows examples the data set and the result of

visualization.
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Fig.3 Index map of 15 earthquakes in this study and few result of visualized model
Solid lines indicate surface rupture and active faults. Solid circles show focus and aftershock.

N=(L/2-8)/ (L/2)

3. Principal Component and Cluster Analysis L : Length of surface rupture

. . . . i Genter of Surface g
We carried out principal component analysis of L Rupture -
. Short Side i N M : Long Side
geometric parameters of surface rupture and source ¢ Epicenter ‘ 1
R, 2

. . . . LI A —" 5

fault. Fig.4 indicates the concept of defined parameter , ! ;"'""“T““““’ﬁ )

Short Side - Long Side

. H
for analySIS. Center of Source

Fault
I : Length of source fault
n=(t/2-a}/ (1/2)

4. Discussion and Conclusion Fig.4 Concept of parameter for correlation analysis
Solid lines indicate surface rupture and active faults.

The relation among magnitude, L, 1 A, a, B and
b indicates higher correlation coefficients over 0.7. The relation among N and n are correlation coefficient
0.5-0.7. Fig.5 shows relationship between 1st. and 2nd principle components and clustered earthquakes
derived from the result in cluster analysis.

Based on the factor (principle) loading, lst. principle component corresponds to the scale of the
earthquake and rupture area (magnitude, L, 1). On the contrary, 2nd. principle component corresponds to
location of focus and gap of surface and source faults (N, n). As shown in Fig.5, these earthquakes were

classified into three groups (A-group, B-group and C-group).
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Characteristics of three groups were described in brief.

A-group

Focus was located at edge of the fault and scale of earthquake was small. Focus does not correspond
to location of maximum displace or high asperity in A-group.

B-group

Focus was located at center of the fault and scale of earthquake was intermediate. Focus located at
center of maximum displacement and high asperity in B-type.

C-group

Focus was located between edge and center of the fault and scale of earthquake was large.

However, relation between displacement and asperity depend on the depth of the high asperity region.

We will compare subjacent source fault with distribution of aftershock region as next problem.
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Report of Absolute Geomagnetic Measurement in Aso Volcanological Laboratory
N. Inoue (Kitada), M. Utsugi and Y. Tanaka

The Aso volcanological laboratory has constructed the geomagnetic observatory near
Aso volcano to record the geomagnetic variation and disturbance. The new digital recording
observation system was installed in 2002. Our institute has been carried out continuous
observation of total force and three components of geomagnetic field in the new observation
system from 2002. We reported the result of the absolute measurement and determined the

base value of the fluxgate magnetometer.

Absolute measurement and determination of base value
We carried out several absolute geomagnetic measurements to determine base value

of the fluxgate magnetometer. Declination and inclination were observed referring to the

o (e Ry w mark near absolute observatory. The azimuth
f,::w - ;g of the mark was estimated by several
';“: e e, pe observations of the Pole star. The observed
Ef:: . declination and inclination are shown in Fig.1.
;§Z‘;122; et e The F, H, D and Z are also indicated. In Fig.1,

45120

after 2002/11/28, the sensitivity of the fluxgate
magnetometer was changed. The F in 2003/5/15

et and 2003/6/19 were not available and not used
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Fig.1 Result of Absolute measurement and F,

Period 1 Component ___Sensitivity _Temperature correction

H, D and Z. H 0.100 ~0.380
D 0.101 -0.057
z 0.100 0.060

Period 2 Component __Sensitivity Temperature correction
H

0.998 0.234
D 1.005 ~0.010
z 1,000 0.146
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To determine the base value, the coefficients of sensitivity and temperature

correction of each component were required. The

Talbe.2 List of base value.

sensitivity was derived from calibration system of

No Temperature Gorrection

Tempureture Corrected

8401 351714
0193 35166
0193 35166
7501 35266
0504 35147
6217 35058
3612 35058
5826 35062
4082 35060
7419 35058
8042 35053
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fluxgate magnetometer. We attempted to estimate

2003/4/231 3
2003/5/15] 3
2003/6/19] 3
2004/2/101 3

temporary temperature coefficient by regression
analysis between absolute and fluxgate data. The
constant are shown in Table.1. The coefficient of
the sensitivity during period 1 was not available.

The temporary value of (sensitivity of period 2)

/10 was applied. The base values were obtained based on the constant in Table 1. Table.2 is

the estimated base value of 1-day absolute data set. Fig.2 indicates the fluxgate data

corrected by base value and residual (total force — synthetic total force by H and 7). The

temperature dependency was seen in the residual. We were attempted to remove the

temperature dependency by the linear regression.

T

{4} enpisay

HonthDay

Fig.2 Recorded data corrected by base value and constants.
Residual of gray line is obtained by I - synthetic F by H and Z (F). Residual of dotted line is obtained by

removing temperature dependency from the residual I

- F' based on linear regression. Residual of black

line is obtained by removing dependency of temperature and D component from the residual F - F' based

on linear regression.
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Configuration of Paleogene rocks around Unzen volcano, Shimabara Peninsula,
Kyushu, Japan, inferred from gravity analysis

N. Inoue (Kitada) and K. Takemura

1. Introduction

The Unzen volcanic scientific Drilling Project (USDP) has been performed flank- and
conduit drillings around the Unzen volcano in the Shimabara Peninsula, Kyushu, Japan. The
results of the flank-drillings revealed the subsurface structure, geological history and
physical property around the Unzen volcano in the eastern part of the Shimabara Peninsula.
On the contrary, the New Energy Development Organization (NEDO) has conducted various
surveys on the geothermal field research project in the western part of the Shimabara
Peninsula.

The purpose of this study is to reveal the basement structure in the Shimabara

Peninsula by integration of previous gravity study and recent surveys.

2. Gravity Data
The gravity data published from (AIST) was used for analysis. The reduction density
was estimated by correlation between gravity anomaly and topography. The density, 2.30

g/cm? indicated the minimum correlation with the topographic variation.

3. Density for gravity analysis

The stratigraphy of the Shimabara Peninsula is as follows in descending order.
Unzen product, Pre-Unzen, Paleogene sediment

The density of Unzen product and Pre-Unzen depend on the lithofacies rather than
the stratigraphy. The density of volcanic rock is higher than that of pyroclastic flow deposit or
sediment. Thus, it is difficult to construct the density model of the Unzen based on the
stratigraphy. In the western part of the Shimabara peninsula, high density body was
considered for constructing of the subsurface model (NEDO, 1984). The basement
corresponds to the Paleogene deposits. The outcrop or borehole information about
distribution of the Paleogene deposits is sparse in the study area. The overlaying layer of the
model consisted of the Unzen volcano products and the Neogene - Quaternary deposits. Based
on the previous study, the density of the basement and overlaying layer were decided 2.50
and 2.30 g/cm?, respectively.

4. Trend surface analysis

The previous gravity analysis carried out by NEDO (1984) indicated density
variation due to complex stratigraphy resulted from Unzen volcanic activity. In this section,
simple trend surface analysis was performed to find out the outline of the basement. This
method supposes local gravity anomaly is the linear relationship with the depth of the
basement. The regional trend is fitted by polynomial surface. The assumption of linear

relation between the local gravity and the depth of the basement corresponds to the 2 layer
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assumption. The  collected
basement information 18
located outside of the graben.
The basement
configuration obtained outside
data set indicated shallower
depth in the graben than the
base of the Unzen Products.
This was contrary to the graven
structure of the basement of
the Pre-Unzen (Hoshizumi et al,
2002). This suggests that
difficulty of determining
graben depth from gravity

analysis.

Estimated Basement Depth (km)

Fig.1 Basement configuration derived from trend surface analysis.

Contour interval is 0.2 km. Solid circle indicates data point which
We assumed the depth was used for analysis. 3rd Order of polynomial surface was applied

of the basement in the graben

corresponded to the base of the

for removing the regional trend.

Pre-Unzen. The basement configuration (Fig.1) obtained with temporary data set indicates

the graben structure.

5. 2-D Gravity Analysis

The basement structure obtained
by the trend surface was not considered
structure and density variation. Thus, we
performed 2-D gravity analysis. The
basement corresponds to the Paleogene
deposits. The overlaying layer of the model
consisted of the Unzen volcano products
and the Neogene - Quaternary deposits.
Based on the previous study, the density of
the basement and overlaying layer were
decided 2.50 and 2.30 g/cm3, respectively.
The top surface of the basement was

iteratively adjusted to improve the

Fig.2 Location of 2D analysis profiles.
Solid circle indicate the location of borehole.

difference between the observed and calculated gravity anomalies. The control points were

referred to the result of the trend surface analysis (Fig.1). Fig.2 indicates the location of 2-D

gravity analysis profiles. Figs.3 and 4 indicated the result of the two-layer models. Figs. 5

and 6 indicated the multi-layered models considering the high density volcanic rocks (gray

lattice pattern and the density is 2.50 g/cm3).

8. Discussion and Conclusion
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The basement configuration inferred from trend surface indicated the graben shape.
The center of the graben moved southwards compared with that of Unzen Products base.

The result of 2D two-layer analysis indicated uneven surface of the basement. If the
basement show smooth graben surface as inferred by trend surface, there is the possibility of
existence high-density material between basement and Pre-Unzen.

To reveal basement structure from quantitative gravity analysis requires the
basement information in the graben from surface to the basement. The regional geophysical

data modeling was also need to solve gravity problem.
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(a) Gravity Anomaly. (b) Density structure. Red and
black broken lines indicate the basement derived
from trend surface and Unzen Products base
(Hoshizumi et al, 2002). Numerical value is density
in g/cm3.

Fig.4 Profile 4
(a) Gravity Anomaly. (b) Density structure.
Red and black broken lines indicate the
basement derived from trend surface and
Unzen Products base (Hoshizumi et al, 2002).
Numerical value is density in g/cm3.
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(a) Gravity Anomaly. (b) Density structure. Gray
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derived from trend surface and Unzen Products base
(Hoshizumi et al, 2002). Numerical value is density
in g/em3, The gray lattice pattern in figure shows the
high density volcanic rocks.

(a) Gravity Anomaly. (b) Density structure. Gray
and black broken lines indicate the basement
derived from trend surface and Unzen Products
base (Hoshizumi et al, 2002). Numerical value is
density in g/em3. The gray lattice pattern in figure
shows the high density volcanic rocks.

35



Time variation of volcanic plume related with the eruptions of Asama Volcano in
2004

Tsuneomi Kagiyama

Volcanic plumes have been recognized to have a certain kind of periodic variation
according to the volcanic activity. In recent years, acquisition and processing techniques for
continuous infrared or visible images have been developed to examine a time variation of
volcanic plume easily. Kagiyama et al. (2003) examined time variations of volcanic plumes of
the 2000 Eruption in Usu Volcano, and found a periodic variation of 12 seconds. It is very
interesting to examine if such a rhythm commonly exists or not in other volcanoes. It is also
interesting if such a rhythm depends on the state of volcanic activity or not. In Asama
Volcano, we have carried out infrared observation since August 2002, and have succeeded in
capturing successive imageries before and after the eruptions in 2004 (Figure 1). We can
detect long term and short term variations in volcanic plumes associated with the 2004
Eruptions as follows.

We examined long term variations of the height of the plume from January to November
2004 as shown in Figure 2. The height of the plume was low until February 2004, but tended
to increase gradually in March and May, respectively, and anomalously increased from July
25. The height of the plume continued to be high by the middle of August, and decreased in
the end of August, just before the eruption on September 1. The height of the volcanic plume
was low just after the eruption, and increased again from September 12. Eruptions occurred
again from September 14, and changed successively from September 16 to 17. After the
successive minor eruption stage, large explosions occurred intermittently and the height of
the plume decreased. This variation reflects the change of the volcanic activity. According to
the GPS observation by the Geographical Survey Institute, gradual inflation suggesting a
supply of magma was detected 2 or 3km beneath the western part of Asama Volcano from
April, and a rapid increase, suggesting moving magma to shallower part, was detected in the
end of July. Daily frequency of A-type earthquakes also increased in March and May.

We examined imageries during the early stage of the successive minor eruptions; from
00:57 a.m. to 08:00 a.m. on September 16, and detected short term variation of the volcanic
plume as follows. We obtained time series data of the average temperature on the certain
vertical line segment, which was crossed by the moving volcanic plume, and examined a
spectrum. As a result of the analysis, some power peaks were confirmed at the multiples of
0.0025Hz until 4 a.m. And this peak was found to move to high frequency according to the
eruptive activity; 0.013Hz at 7 a.m. (Figure 3). This result suggests two possible
interpretations; (1)Asama Volcano has some resonance beneath the crater (conduit), and the
characteristic length of the conduit changed to be shorter during the successive minor
eruptions. (2) The confining pressure decreased to activate bubbling within the conduit.
Japan Meteorological Agency reported the number of eruptions increased from 4 a.m., and
Geographical Institute found lava cake within the crater about 11 a.m. These evidences

suggest rising of magma around 4 or 7 a.m., and are consistent with our estimates.
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Late Quaternary movement of active faults in the Unzen Graben, western Kyushu,
based on trenching study at Chijiwa Town and observation of a fault outcrop at the
north slope of the Mt. Fugendake

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

The Unzen Graben is located on the western end of the Beppu-Shimabara Graben and is bounded by
normal faults on the north and south sides. The faults in the Unzen Graben have developed in association
with the growth of the Unzen volcanoes and offset volcanic materials such as lavas and pyroclastic
deposits. The detailed location and amount of offsets of these active faults have been reported by
previous studies, but timing of faulting was poorly constrained.

The Ogura fault is located on the northern margin of the Unzen Graben and offsets the alluvial fan
surfaces formed by the Chijiwa River. We excavated a trench across the Ogura fault at Chijiwa Town in
order to reveal the timing of recent faulting events. The faults exposed on the trench walls strike N70°
W-EW and dip 70° -90° S, and offset the terrace gravels of the Chijiwa River.  These faults may have
moved after the deposition of the AT Volcanic ash (26-29 ka), which was found in fine sands filling
coseismic open cracks.

We also found an outcrop across the Kusenbu fault inside the Unzen Graben, A layer containing

K-Ah volcanic ash (7.3 ka) is offset by the Kusenbu fault, suggesting that the fault has moved during the
Holocene.

(Matsuoka et al., Active Faults Research, 2004)
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A quantitative model for trace element behavior during crystal settling and

reequilibration in silicic magma chambers

Koshi Nishimura

In a magma chamber, heat loss, and thus crystallization, occurs primarily along the margin. In
the interior of the chamber, the melt is hotter and chemically less evolved, and crystals that settle
from the upper part are likely to react with the melt. High-silica ash-flow tuffs erupted
instantaneously from the zoned magma chambers provide ample evidence that crystals have sunk
and reacted with the surrounding melts. In order to quantify the trace element behavior in such
magma chambers, I developed a heat and mass transfer model for crystal settling and .

reequilibration with the following equations:

_G (T -T)

p=1-C »
Ci(I,=T)
a T ar L&
5:’{&2 _(¢VS+¢dvd)'}; +_c_5¢ )
Zy _ {o”(cm _ 0“(C:’¢)} G
a & & )

where ¢ is the crystal fration, C"y, is the bulk H,O content of the magma, Ty, is the y-intercept of
the linear liquidus curve, 7, is the H,0O-saturated solidus temperature and C", is the melt H,O
content at the saturated solidus, x is the thermal diffusivity, v, is the crystal settling velocity, ¢y is
the fraction of upward migrating melt, v, is the migration velocity of the melt, L is the latent heat, ¢
is the specific heat, C*,, C°; and C”,,, are the concentration of element « in the bulk magma, that in
the crystals, and that in the melt, respectively. Equations (1), (2) and (3) represent equilibrium state,

energy balance, and mass balance, respectively.
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A unique and important feature of this model is the temporal variation of liquid lines of descent
(Fig. 1). Previous crystallization models such as fractional and equilibrium crystallization have
assumed that a melt with a single composition evolves along a single liquid line of descent with
increasing degree of solidification. In the present model, however, melts of various compositions
exist within the chamber at a given time, and the liquid line of descent itself changes with time. The
chemical evolution expected from crystal settling and reequilibration is consistent with the data
from the Bishop Tuff high-silica magma chamber and may account for some of the characteristic

patterns of chemical zonation observed in high-silica magma chambers.
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Fig. 1 Comparison of liquid lines of descent for crystal settling followed by reequilibration, equilibrium
and fractional crystallization, and a magma mixing path [Anderson et al., 2000] with the liquid evolution
of the Bishop Tuff. Melt inclusion data are from Anderson et al. [2000] (‘Lu’ in legend) and Wallace et al.
[1999] (‘PJW’ in legend). Weighted regression lines through the data (late-erupted inclusions, 1.460 +
0.008; early- and mid-erupted inclusions, 1.673 £ 0.063 [Anderson et al., 2000]) are also shown in the
figure for the crystal settling and reequilibration paths (right-hand figure).
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Pressure response of Raman spectra of water and its implication to the change in
hydrogen bond interaction

Okada, T. (Osaka Univ.), Komatsu, K. (Tohoku Univ.), Kawamoto, T., Yamanaka (Osaka Univ.),
T., Kagi, H. (Univ. Tokyo)

In situ Raman spectroscopic measurements of water in the region of OH vibration
were conducted up to 0.4 GPa at 23 and 52 degree C. The frequencies of the
decomposed OH stretching bands initially decreased with increasing pressure, reached
a minimum at 0.15 GPa and increased up to 0.3 GPa and then decreased, which
corresponds to the variations of the strength of hydrogen bonding. This variation was
observed at 23 degree C, but not at 52 degree C, which suggests a change in pressure
dependence on the hydrogen bond interaction between these two temperatures. Based on
the equilibration model between hydrogen-bonded and non hydrogen-bonded molecules,
the present experimental results indicate that the pressure variation of the viscosity
depends on the ratio of hydrogen-bonded molecules, rather than the strength of

hydrogen bonding between molecules.
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Geochemical Investigation of Rivers Running through the Beppu
Geothermal Field

S. Ohsawa, H. Yamasaki, N. Takamatsu, K. Amita, M. Yamada, N. Kato

In the urban area of Beppu City, whose population is more than ten million, five rivers (the Shin,
Hirata, Haruki, Sakai and Asami Rivers) are running from west to east and flowing into Beppu Bay
(Fig.1). In this area, warm and boiling waters of about 20000 ton/day are discharged from as many as
3000 hot spring wells. Hot water of more than 45°C is prohibited to flush down the sewer by a municipal
bylaw of Beppu City. So, there is a possibility that the rivers in the urban area of Beppu City are affected
by drain of hot spring water. The purpose of our investigation is to grasp the present state of water
qualities of these rivers and to determine whether the waste water of hot spring has an influence on the
rivers and also on the coast of Beppu Bay or not.

We collected water samples from the rivers along the river current for chemical analysis of major
components and trace elements in Aug. 31 and Sep. 1, 2003 (Fig. 1) and also sampled waters from cold
springs, domestic wastes and the Hiya River (there is no hot spring around the basin) for reference. Major
components: Cl, SO,, HCO3, Na, K, Ca, Mg were analyzed by ion-chromatography and titration, and trace
elements: Li, B, Al, Sc, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, Ga, Ge, As, Rb, Sr, Mo, Cd, Cs, Ba, W, Pb were
determined by ICP-MS from preservative sample by HNO;. Variations in Total dissolved salt (TDS) of the
river waters from upstream to downstream are shown in Fig. 2. At every river, TDS concentration
increases as river water is going downstream. This variation is not uncommon, but we must make special
mention of high TDS concentration of the river waters and this strongly suggest that the waste water of
hot spring has a harmful influence on the rivers. At the Sakai and Asami Rivers, TDS concentrations
slightly decrease at the lower reaches of the rivers by inflow of the tributaries: the Itachi and Ayukaeri
Rivers, respectively, however TDS concentrations are still high.

Lithium will be a good tracer to determine whether the waste water of hot spring has an influence on
the rivers or not, because Li content of hot spring waters in Beppu: 50-8000 1 g/L (NEDO, 1990) is lager
than that of waters from cold spring and domestic waste: 0.4-0.6 u g/L and 7.6-8.5 u g/L ,respectively.
Li/Cl ratios of the waters from the hot spring, cold springs and the domestic wastes are 0.0031-0.029,
0.00007-0.00025 and 0.0007-0.00077, respectively, consequently Li/Cl ratio is a good tool for recognition
of contamination of the hot spring waste waters to the rivers. Figure 3 shows relationships between Li/Cl
ratio and TDS of waters from the rivers, hot springs, cold springs and domestic wastes. The river waters
having high TDS more than about 300mg/L show almost constant Li/Cl ratio regardless of TDS
concentrations and the Li/Cl ratios are within the range of that of the hot spring waters. Therefore, it is
unmistakable that all rivers except for the Hiya River are contaminated with the waste waters from the hot
springs.

Examination of relations between TDS and the 23 trace elements including Li was carried out and the
summary is shown in Table 1 and Fig. 4. Correlation factors (R*) of regressions for TDS versus B, Li, Ge,
Rb, Cs, As are more than 0.9, therefore these trace elements should be derived from the waste waters of
hot springs. Concentrations of B and As in the river waters are extremely higher than the environmental
standard values for public water area in Japan. This result warns that Beppu Bay would be polluted with B,

As and etc. through the rivers from the hot springs in the Beppu geothermal field.
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Fig.1 Map showing rivers in the Beppu geothermal field
and sampling points of river waters. Sampling
points of each river are numbered in Arabic

numerals order from upstream.
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Fig.3 Relationship between 0.1
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Trace element analysis of rock samples by X-Ray Fluorescence Spectrometry

T. Shibata, T. Sugimoto, T. Takahashi, M. Yoshikawa, T. Miyazaki and K. Nishimura,K.

Takemura

X-Ray Fluorescence Spectrometry (XRF) is one of the most versatile methods for analyzing major
and trace elements of rock samples. Although precision and detection limit of analysis is inferior
compared to inductively coupled plasma mass spectrometer, rapid analysis with small individual
difference is available by XRF. Therefore, we established the method for analyzing trace elements of rock
samples.

Used standards are listed in Table 1. To reduce the particle-size and mineralogical effect (e.g. Norrish
and Hutton, 1969), the standards were crushed again to < 200 mesh with vibration mill made of alumina
ceramic. The powdered standard, to which 0.4 ml of 3% polyvinyl alcohol has been added, is filled into
the ring made of polyvinyl chloride and pressed. After overnight evaporation, standards were measured by
XRF. The used anode tube and detector are rhodium (50kV, 50mA) and scintillation counter, respectively.

Detailed parameters for those calibration curves are described in Table 2. The calibration curves show
the good linearity, and the dispersion is small. The results of quantitative analyses for standards are also
shown in Table 1. The obtained concentrations show good agreements with recommended values except
for yttrium. Therefore, it can be concluded that the method for trace element analysis by XRF established

in this study is able to apply for the analyses of natural rock samples.
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Table 2 Regression functions of the calibrations lines for each element

Element Calibration Constant” Matrix Correction
A B C accuracy™
Ba 0.0000  260.6860 -21.9957 43.4598  45.3999-Cy
Rb 0.0000 57.6303 0.2737 42910  -0.0018-Cy, + 0.0434-Cy,
Nb 0.0000 67.5046 0.9224 2.4824 0
Pb 0.0000  237.2580 -1.1957 2.2445  0.0035+Cg, + 0.0061+C,,
Sr 0.0000 58.9483 2.3152 6.9751 0
Zr 0.0000 63.7892 4.2073 6.3908  -0.0734-C, ~0.0257+Cy, + 0.0829+Cy, ~0.0290+C,
Y 0.0000 82.2626 ~4,1427 10.2438  0.0159-C,, —0.0395+C, —-0.2333 Gy, +0.0175+ Cy,

W= A + Bl + C

W, standard value; I, measured intensity

*accuracy = 4(Ci- Wi*/(n-2)

Ci, analysis value; Wi, standard value; n, number of samples
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Tectonic movements in the central Kyushu, Japan
Takemura K.

The central part of Kyushu, Japan is a locus of active arc-volcanism associated with
northwest subduction of the Philippine Sea plate, and there the regional graben-like
structure (‘Beppu-Shimabara graben”) from Beppu Bay to the Shimabara peninsula extends.
Subduction of the Philippine Sea plate has played an important role in volcanic, geothermal
and tectonic activity in central Kyushu.

There are two main graben-like areas in central Kyushu such as Hohi-volcanic zone in the
eastern part and Unzen graben in the west. The tectonic movements in the Hohi-volcanic
zone are affected by the activity of Median Tectonic Line and Kokura-Tagawa Line related
with the movement of Philippine Sea Plate subduction. Initial northward subduction in late
Miocene was formed the half graben structure of initial Hohi-volcanic zone. Relative
convergence direction of the Philippine Sea plate shifted counterclockwise at about 1.5 Ma,
and the same time west-northwestward subduction enhanced right slip on the Median
Tectonic Line. Geologic, gravimetric and seismic data indicate that the Median Tectonic Line
has shifted its active trace northward in central Kyushu. As a result, the depocenter
adjacent to the transcurrent fault migrated northeastward in the Hohi volcanic zone, from
Shonai basin (early Quaternary) to Beppu Bay basin (late Quaternary). The latest
depocenter of the Beppu Bay is surrounded by active faults that delineate a rhomboidal basin
on the Median Tectonic Line. FEastern Central Kyushu (Hohi-volcanic zone) shows the basin
forming history and tectonic evolution at the termination of a large transcurrent fault system
of Median Tectonic Line.

Combining fault motions, which were modeled as dislocation planes embedded in an elastic
isotropic half space, restored the subsurface structure in Hohi-volcanic zone.

The tectonic movements in Unzen graben must be related to the activity of back arc

spreading of Okinawa Trough or volcanic activity around Northwest Kyushu hot region.

(Balneological Society of Japan, Vol.53, no.4)
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Lake deposits: Record of volcanic activity and climate variation

Takemura K.

Lake deposits have advantages to get the high-resolution information of environmental
change rather than marine sequence. Sedimentation rate of tectonic lakes is ten times or
more than ocean environments. Further more the annually deposited sediments in lakes are
very useful for detection of environmental change in the similar time interval of observation
during last 100 years if we can get good annually sediments sequence.

In convergent island arc, there are different types of lake such as tectonic lakes, volcanic
lakes. Lake deposits preserve well the record of volcanic activity and climatic changes at
different time solution of annual to 100 thousands years.

Lake Biwa is the largest and oldest fresh-water lake in Japan. Lake Biwa was formed as
tectonic depressions, where lacustrine sediments have been continuously deposited at least
since the Middle Pleistocene. Deep drillings were carried out in 1970's and 1980's. These
studies revealed that the Lake Biwa basin bears a sedimentary sequence of about 900 m
thickness, which were deposited in lacustrine or fluvial environments in the Pliocene and the
Pleistocene. The uppermost unit is a continuous sequence of lacustrine clay of 250 m thick
intercalating more than 50 layers of volcanic ashes. The tephrochronological and
paleoclimatological data suggest that the 250 m clay unit has been deposited from the last
430 kyrs and is correlated to major glacial-interglacial cycles. The sequences in Lake Biwa
can be correlated in detail by tephras and magnetic stratigraphy (paleointensity and
paleosecular variation). The composite records will provide a database and conceptual
framework for understanding paleoenvironmental history of Asian summer and winter
monsoon.

Pioneer studies on the long (1,400 m deep) sediment core from Lake Biwa revealed that
the fluctuations of climatic signals were successfully correlated to the Milancovitch cycles.
However, the resolution of analyses was also not high enough to detect shorter-term climate
fluctuations. In 1990's, 15 to 20 m long piston cores were taken from three sites in Lake
Biwa, and analytical studies at higher-resolution have been done. These studies suggested
that the Lake Biwa sediments record climatic fluctuations at millennial to century order,
which can be correlated to the Heinlich events or Dansgaard-Oeschger cycles. Some newly
discovered fine lamination in the cores implies high potential of the good age control. If we
succeed in recovering deep multiple cores without disturbance, it will be a fine source of
high-resolution paleoenvironmental proxies of the last 430 kyrs. The paleolimnological
setting of Lake Biwa offers outstanding advantages for high-resolution study of the East
Asian monsoon climate of the late Quaternary.

Detection on annual or decadal environmental change is very hopeful using the annual
sediments from Lake Suigetsu and another maar or coastal lakes.

There are many tephra layers in the sequence of Lake Biwa and other lakes in Japanese
Island. We have a catalogue on tephra distributed in Japanese island and surrounding

areas during 1 Ma, and those data let us indicate the distribution pattern of wind blow

50



system during geolgic time. Most of tephra were transported from their source volcanic
regions by west wind system, and we found tephra of the west distribution from source
volcano using the microtephra analysis that is very important tool for finding the trace of
voleanic materials. Kawagodaira tephra erupted at about 3000years before in Izu Peninsula
is one of them. In the mid-latitude area of the northern hemisphere, westerly wind prevails
throughout the year. However, the Kawagodaira volcanic ash layer was found on the
western side of the source volcano, indicating that an easterly wind must have prevailed at
the time of the Kawagodaira eruption. Three types of pressure distribution result in a
prevailing easterly wind: the Baiu frontal type in early summer, the Akisame frontal type in
autumn, and the type associated with a huge typhoon.

Another possibility can be indicated that lake sediments are well preserved the record of
sea level changes and loess transportation.

(KAGI International Symposium, Beppu, 2004)
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Isotope-hydrological study on formation mechanism of carbonate springs at the
southeastern foothills of Kuju Volcano, Central Kyushu, Japan

M.Yamada, K. Amita and S.Ohsawa

Groundwater, which discharge as hot springs, mineral springs, cold springs and well at
the southeastern foothills of Kuju Volcano, Central Kyushu, Japan, were collected for § D,
5180, § 13C and concentration of dissolved inorganic carbon (DIC) analyses. 6 D and § 180
values of the samples definitely show that all of the waters are derived from the local
meteoric water. Recharge elevation of the waters is estimated to be about 870—1230m by §
D values. The groundwater recharged at such elevations of the southeastern flank of the
volcanic edifice discharges as mineral springs at relatively high elevations of the
southeastern foothills of Kuju Volcano and partly discharges as hot springs at relatively low
elevations there (Nagayu area). The characteristics of §3C values and PCO: show that
magmatic CO2 is mixed into groundwater discharged from hot springs, the mineral springs
and some cold springs. Topographical distribution of concentrations of DIC and the result of
groundwater flow analysis by § D values suggest that highly carbonated groundwater is
produced by the mixing of magmatic COs into the recharged groundwater at the southeastern
flank of the volcanic edifice and the mixed groundwater flow from west to east and form the
carbonate water zone at the southeastern foothills of Kuju volcano. These highly carbonated
groundwater discharges as the mineral and hot springs, which are mixed with shallow

groundwaters dissolved soil COz nearby the discharge areas.
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Occurrence of subduction-related fluid in mantle wedge-derived rocks.

Junji Yamamoto, Ichiro Kaneoka, Shun’ichi Nakai, Hiroyuki Kagi, Keiko Sato, Vladimir S.
Prikhod’ko and Shoji Arai

To reveal the occurrence of subduction-related fluid in mantle wedge we have investigated
the mantle wedge-derived xenoliths based on both trace element and noble gas chemistry.

At least two compositionally distinct groups of fluid are observed in the rocks. One is
liquid inclusions filled mostly with CO2. The other is melt inclusions. Such a melt may have
introduced into intergranular region. The grain-boundary component of rocks can be
separated by chemical treatment using hot nitric acid. The leachates of the constituent
minerals shows an apparent negative Ce anomaly and large depletion in Hf and Zr with
W-type tetrad effect. The tetrad effect and negative anomaly in Ce and HFSE in mantle rocks
indicate mantle metasomatism related to the specific subduction environments. Further, the
melt inclusions show low 3He/tHe and “0Ar/*Ar indicating a component related to the
subducted slab. Therefore, these results indicate the contribution of melt derived from a
partial melting zone. On the other hand, 3He/4He observed in the CO:z inclusions, which
similar to the MORB-like value, reflect the general character of the upper mantle.

These figures illustrate schematic cross-section beneath the paleo-Far Eastern Russia. We
explain history of infiltration of some kinds of fluid into the mantle wedge in the order of

events.

1. In the Jurassic-early Cretaceous Period, a
subduction zone was formed in Far Eastern
Russia. Hydrated peridotite is formed by the
addition of slab-derived H20 beneath

convergent margin with subduction zone.

2. Hydrous minerals such as amphibole,
chlorite and phlogopite in the hydrated
peridotite break down in downward flow of

the mantle wedge and release H:0O.

Interconnection of the aqueous fluid in the

hydrated peridotite is controlled by dihedral angles. At low pressure and temperature, most
of the aqueous fluid generated by the successive decomposition of the hydrous minerals in
downdragged hydrous peridotite cannot segregate from solids and will be transported to

greater depths as free fluid in isolated pores among crystals.

3. The downdragged hydrous peridotite
reachs at a region (shaded area) where the

dihedral angle is less than 60° aqueous fluid

is  supplied continuously from  the
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downdragged hydrous peridotite.

4. When the aqueous fluid reaches the region
with the solidus temperature of hydrous
peridotite (inner shaded area), partial
melting in the mantle wedge takes place to

produce initial magma.

5. If melt segregation occurs, melt will be
extracted upwards and ascend through the
mantle wedge, leading to subduction-related

volcanism.

6. Part of the melt should remain in the mantle wedge as a grain-boundary component or as

melt inclusions. This melt should also contain an atmospheric component inherited from the
water from the subducted slab. Also, the fluids derived from the subducted slab are likely to
have inherited high U/2He. This is because U is mobile in water, so that it is likely to
partition into aqueous fluids when the slab dehydrates. The high U/2He in the fluids will lead

to a rapid decrease in the 3He/{He. Further,
depletion in HFSE and Ce with tetrad effect
in the grain-boundary component indicates a
relationship with the melt.

On the other hand, 3He/4He observed in
the COz inclusions, which are similar to the
MORB-like value, might reflect the general
character of the upper mantle. The Far
Eastern Russian mantle was therefore a
MORB-like source that has been partly
infiltrated by subduction-related fluids.
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Sr and Nd isotopic composition of dunite channels in the Horoman peridotite
complex, Hokkaido, Japan: inference of the origin of passed melt

Masako Yoshikawa' and Kiyoaki Niida?
Y Beppu Geothermal Research Laboratory, Institute for Geothermal Sciences Graduate School of
Science
Kyoto University, Beppu, 874-0903, Japan
? Division of Earth and Planetary Sciences

Hokkaido University, Sapporo 060-0810, Japan

Peridotites are believed to be upper mantle material and provide direct information on the chemical
and isotopic compositions of the upper mantle. Orogenic lherzolite complexes are tectonically emplaced
large (kilometer size) pieces of the upper mantle compared with peridotite xenoliths which only represent
centimeter to meter size pieces of the mantle. They are thus capable of furnishing structural information
about the upper mantle than is provided by xenoliths. These complexes are mainly composed of a depleted
peridotite with a small propotion of pyroxenites, dunite and mafic dykes. The mafic and pyroxenite dykes
have been interpreted to be formed by crystallization from passed melt (e.g. Shiotani and Niida, 1997).
On the bases of the traverse change of isotopic and chemical compositions from peridotite to these dykes,
it has been explained that isotopic and chemical heterogeneity of the wall peridotites was caused by melt -
solid interaction (e.g. Bodinier et al., 1991). Furthermore, it has been suggested that this interaction was
important process to change the composition of upwelling melt through mantle (Kelemen et al., 1990;
1992).

The Horoman peridotite complex is one of the freshest orogenic peridotite complex and has been
provided detail petrological and geochemical studies (e.g. Niida, 1984; Obata and Nagahara, 1987; Frey et
al., 1991; Takahashi, 1991, 1992; Takazawa et al., 1992; 1995, 1996; Yoshikawa, 1993; Yoshikawa and
Nakamura, 2000). In this complex, many dykes, that is spinel rich dunite and wehrlite (Takahashi, 1991,
1992), gabbro (Niida, 1984; Shiotani and Niida, 1997; Takazawa et al., 1999), websterite (Niida and
Shiotani, 1997) and dunite (e.g. Niida, 2000) , was reported. Isotopic analyses of Sr and Nd of rocks
and constituent minerals are powerful tool to constrain the origin of the rocks and minerals. However,
isotopic systematics of Sr and Nd for most of dykes in the Horoman complex has not published ,although
those of host peridotites (e.g. Yoshikawa and Nakamura, 2000) and gabbro dykes (Takazawa et al., 1999)
were reported. Consequently, origin of the melt from which dyles were crystallized is controversial. To
discuss the origin of the melt, we analyzed mineral major compositions, trace element and isotopic
compositions of separated clinopyroxenes from three dunite dykes which were recent discovered, (Niida,
2000; Niida et al., 2002) and wall rock (harzburgite to lherzolite).

Niida (2001) and Niida et al., (2002) reported following structural and textual characteristics of
dunite dykes. They vary from lcm to more than 3 meters in width, cutting the pre-existing layering and
metamorphic fabric of the host rock. Boundaries between the dunite and the wall rock are sharp. A
peculiar characteristic of them is the grain size of olivine, which is major constitute mineral (> 90 vol. %)
of dunite, various from <100 m to .1.6 m length. Small segregations consisting of clinopyroxene
orthopyroxene and spinel is observed apparently in re-entrants at the outer rim of olivine megacryst. On

the basis of them, (1) transport of melt through fracture of host rock, (2) crystallization of megacrystic
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olivine, and (3) successive melt transport resulting in the two-pyroxenes + spinel segregations, were
inferred for formation process of dunite dykes (Niida, 2000; Niida et al., 2002).

The Cr# (Cr/(Cr+Al) atomic ratio) values of spinel in each segregations from the three dykes show
different ranges, that is 38-42 (sample 1.6) , 48-50 (sample SPR4), 57- 61 (sample 811) and 47-51 (host
rock of SPR4, SPR14). The averaged (Ce/Yb)y ratios  (subscript N means chondrite-normalized value)
of clinopyroxenes in the segregations are 4.22 for sample 1.6, 2.59 for sample SPR4, 1.15 for sample 811.
If the three dykes were made by a simple chemical fractionation process from a single melt, it must be
observed correlation between the Cr# - (Ce/Yb)y ratios. However, it is not given a such correlation from
our result. Furthermore, Sr and Nd isotopic composition of them are differ with each samples and each of
them is plotted in the range of different mantle component, that is MORB, HIMU and EMII (e.g. Zindler
and Hart, 1986) on a Sr-Nd isotope diagram. It has been presumed that the HIMU and EM I components
were originated from dehydrated ancient subducted slab and sedimentary materials (e.g. Weaver et al,,
1986; Woodhead and McCulloch, 1989; Kogiso et al., 1997). These observations are suggested that each
dyke was likely to formed from different melt and these melts might be involved with recycled subducted

slab and sediment.

Keywords: geochemistry, upper mantle peridotite, isotopic composition of Sr and Nd, melt-wall rock

interaction

(Abstract of The 2™ Kagi21 Internationl Symposium Beppu, 2004)
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E % # # Routine Observations

Geophysical Monitoring Under Operation at AVL
Aso Volcanological Liaboratory
Permanent Stations

Nakadake monitoring network
Seismic Stations : HNT, PEL, KSM, SUN, KAE, KAE, KAN, UMA, TAK (microwave
telemetry)
Tiltmeters : HNT (water tilt 3-comp.), SUN, KAE, NAR, UMA, KAK (on-site logging)
Extensometers : HNT (invar 3-comp.)

Microphone : HND (microwave telemetry)

Geomagnetic Stations : C1, C3, S0, 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.
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Kuju monitoring network
Seismic Stations : HNG (radio-telemetry), AKG, CJB, IOY (on-site logging)
Tiltmerers - 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(6), MAK, NBR, MKN, HDK, TAT, MGR (online telemetry)
ASJ, HNY, SKM, KBM, TRM (dial-up)

Seismic network in the central Kyushu.
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(Beppu)
ICP emission Spectrometer
Wavelength dispersive electron microprobe (lent to
JAMSTEC)
Energy dispersive electron microprobe analyzer
Wavelength  dispersion type
analyzer
Energy dispersionty type X-ray Fluorescence analyzer
Powder X-ray diffractometer
Liquids scintillation system
Jon chromatography
Gas chromatography

X-ray Fluorescence

(Aso]
Continuous seismic monitoring system for Aso and
Kuju Volcanoes
Observation tuninel 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
Tiltmeters
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Automatic titration system

Piston cylinder type high pressure apparatus

Laser ablation system

Inductively coupled plasma mass
(ICP-MS)

Thermal ionization mass spectrometer (TIMS)

Externally heated diamond anvil cell

Raman microscope

FI-NIR spectrometer

IR microscope

Heatings stage

spectrometer

Portable seismometers (broadband short period)

Car-mounted seismicsource

Gravimeters

Super-Conducting Gravimeter

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

Electronic distance measurement system

Leveling survey system (automatic reading)
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An analysing system of trace element and isotopic compositions

Radiogenic isotope and 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 transfer, such as magma
genesis and mantle-crust recycling. Hence, we established an analytical method for determining trace
elements by using an inductively coupled plasma mass spectrometer (Fig. 1) and for isotopic ratios of St;
Nd and Pb: employing a thermal ionization mass spectrometer (Fig. 2) at Beppu Geothermal Research
Laboratory (BGRL). The system presented here is made from collaboration with Institute for Frontier
Research on Earth Evolution. The methods of chemical preparation for the each analysis were also
established. All our chemical procedures are performed under a clean environment, which is basically
handmade with our original design (eg. Fig. 3). The analytical methods established at BGRL realize the
precise analyses of trace and isotopic compositions of ultra trace amounts of the samples (Fig. 4).
Furthermore, we are developing methods to realize the mass production of the assay tests. By
employing the described analytical methods, we are progressing with the study of magma genesis and
material transfer in the mantle, ete.
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Fig. 1. Inductively coupled plasma mass spectrometer

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

Fig. 2. Thermal ionization mass spectrometer

Present analysis capability

Isotope Ratios
Sr Bng (=50 ppm)
Nd 2NE (50 ppm)
Pb 25 nE (utw)

5,

- Bfite iv Tros X
Chemical Com POSITIONS () (orus vo Elumortal paa |
P arhansed with ehlosnes lans o Vs
1. Blgments colored anre rellably established | k) wud peballt for BF rasistancs
for routing analysis with a precision
better than 2% and accuracy amund 5%,
2. Low Imitations of the methoed were
demaonstrated by excellant analysis
of ultra-low leved {ng g-1} mantle-dedved
gample (dP-1, paddatite)
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e —

5

ding 26w, L0R0H
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Fig, 4. Analytical method for isotopic and trace element compositions established at BGRL
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