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東北日本弧プレート境界および前弧間の比抵抗不均質
Electrical resistivity heterogeneity between the trench and fore-arc area in NE Japan arc

市原寛 1∗,笠谷貴史 1,馬場聖至 2,市來雅啓 3,小川康雄 4

Hiroshi Ichihara1∗, Takafumi Kasaya1, Kiyoshi Baba2, Masahiro Ichiki3, Yasuo Ogawa4

1 海洋研究開発機構, 2 東京大学地震研究所, 3 東北大学大学院理学研究科, 4 東京工業大学火山流体センター
1Japan Agency for Marine-Earth Science and Technology,2Earthquake Research Institute, University of Tokyo,3Graduate
School of Science, Tohoku University,4Volcanic Fluid Research Center, Tokyo Institute of Tecnology

We discussed 2-D resistivity distributions around the rupture zone of the 2011 Tohoku earthquake (M9.0) along latitude 38 de-
grees north and 39 degrees north in order to clarify structural properties and fluid distribution. Magnetotelluric (MT) impedances
were obtained mainly in the ocean using ocean bottom electro-magnetometers (OBEMs). Long period land MT data also obtained
near the coastline. Based on these data, we carried out 2-D resistivity inversion after the evaluation of 3-D bathymetric effect.
The inverted resistivity model in the survey line of latitude 38 degrees entirely consists of conductive surface layer (< 3 ohm-m)
and subsequence resistive area (> 1000 ohm-m). The thickness of surface conductor is a few km at landside of trench axis. On
the other hand, the conductor distributes from surface to about 10 km deep in the Pacific plate and thus seems to correspond to
the oceanic crust. The oceanic crust conductor can be recognized after the subduction, however, is disappeared at the about 20
west of the trench axis. It implies fluid dehydration from fluid rich oceanic crust soon after the subduction. In the presentation,
resistivity distribution in the cross section along latitude 39 degrees will be discussed.

キーワード:地殻流体,比抵抗構造,海底電位差磁力計,東北日本弧, 2011年東北沖地震,日本海溝
Keywords: Geofluid, electrical resistivity structure, OBEM, NE Japan arc, 2011 Tohoku-oki earthquake, Japan Trench
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東北地方下に沈み込む海洋性地殻のP波速度構造
P-wave velocity structure in the subducting crust of the Pacific plate beneath northeast
Japan

椎名高裕 1∗,中島淳一 1,松澤暢 1

Takahiro Shiina1∗, Junichi Nakajima1, Toru Matsuzawa1

1 東北大・理・予知セ
1RCPEV, Grad. Sch. of Sci., Tohoku Univ.

It is considered that the low-velocity oceanic crust exists at the uppermost part of the oceanic lithosphere. Water produced
by dehydration reactions of hydrous minerals is considered to weaken the strength of faults by increasing pore-fluid pressure
and facilitate seismic activity in the oceanic crust. Therefore, it is important to reveal the spatial variation in seismic velocity to
understand where fluids are trapped and where dehydration reactions occur in the oceanic crust. However, it is generally difficult
to obtain the detailed velocity variation in the oceanic crust, because the direct P- and S-waves from intraslab earthquakes tend
to propagate in a short distance in the crust.

It is known that P-to-S converted phases at the plate interface are often observed in seismograms of intraslab earthquakes.
Matsuzawa et al. (1986) examined arrival times and amplitudes of PS-converted phases, and suggested the existence of a low-
velocity layer at the top of the slab down to a depth of at least 150 km. Here, we follow the strategy of Matsuzawa et al. (1986),
and estimate the spatial variation in P-wave velocity in the oceanic crust beneath northeastern (NE) Japan using arrival times of
PS-converted waves.

At first, we identified PS-converted waves in seismograms of intraslab earthquakes and obtained 2,798 arrival times of PS
converted waves from 305 earthquakes. Before estimating P-wave velocity structure in the oceanic crust, we applied tomographic
inversion method of Zhao et al. (1992) to arrival-time data of the direct P and S waves, and estimated 3D seismic velocity
structures beneath the entire region of NE Japan. We then relocated earthquakes with the obtained 3D velocity model and
determined P-wave velocity in the oceanic crust using arrival-time data of PS-converted waves.

The obtained results show that P-wave velocity in the oceanic crust varies across the arc, with Vp of 6.5-7.5 km/s in the
fore arc and 7.5-8.5 km/s in the back arc. P-wave velocity at depths of< 100 km is much lower than the values derived from
MORB model beneath NE Japan (Hacker et al., 2003), suggesting the existence of aqueous fluids in the oceanic crust. High
seismic activity at depths of 70-90 km (Kita et al., 2006) is located in areas of abundant aqueous fluids. The enhanced pore-fluid
pressures and the resultant reduced effective normal stress weaken the strength of the faults sufficiently to bring the system into
the brittle regime. Fluid-related embrittlement is probably working for the genesis of crustal earthquakes. Another important
observation to be noticed here is that the observed P-wave velocity is almost consistent with the prediction of MORB model at
depths of>100 km. This suggests that aqueous fluids in the crust should be released to surroundings at depth of ˜100 km, and
the fluids thus liberated may contribute to metamorphic reactions in the overlying mantle wedge.

キーワード: PS変換波,海洋性地殻,太平洋スラブ
Keywords: PS converted wave, oceanic crust, Pacific slab
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オーストラリア下マントル遷移層の 3次元電気伝導度構造
3-D electrical conductivity structure in the mid mantle beneath Australia region

小山崇夫 1∗,カーン　アミール 2,クヴシノフ　アレクセイ 2

Takao Koyama1∗, Amir Khan2, Alexey Kuvshinov2

1 東京大学地震研究所, 2 チューリッヒ工科大学
1Earthquake Research Insittute, Univ. Tokyo,2ETH Zurich

The 3-D electrical concductivity in the mid and mostupper lower mantle beneath Australia was elucidated by inverting C
response data at 8 observatories in Australia. We just used data obtained by Semenov and Kuvshinov (2012) estimating by using
very long time series up to 51 years maximum. The period range used in this study is between 4 and 100 days by removing
data with shorter period to avoid contamination of some irregular source effects such as auroral effects. By using this data under
the assumption that the source is external dipole field in geomagnetic coordinate, the 3-D conductiviy map beneath Australia is
inverted.

To invert data, we used the 3-D inverse code developed by Koyama (2002), in which integral equation method with modified
IDM pre-conditionor is applied for forward calculation and the misfit function is minimized by quasi-Newton iterative method.
By conducting a hundred of numerical tests, we found that the conductivity in the depth between 510-900 km is well resolved.

Mainly we detected a highly conductive body in the mid-mantle beneath eastern Australia, which is almost 1.0 S/m. This might
indicate the existance of fluid and/or melt in the mid-mantle.

キーワード:電気伝導度,マントル遷移層,オーストラリア,インバージョン, C　レスポンス
Keywords: electrical conductivity, mid mantle, Australia, inversion, C response
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ケイ酸塩メルトへの二酸化炭素の溶解機構
Dissolution mechanisms of CO2 in silicate melts

神崎正美 1∗,薛献宇 1

Masami Kanzaki1∗, Xianyu Xue1

1 岡山大学地球物質科学研究センター
1Inst. Study Earth’s Interior, Okayama U.

See English abstract.

キーワード:ケイ酸塩メルト,二酸化炭素,メルト構造,溶解メカニズム,核磁気分光法,ラマン分光法
Keywords: silicate melt, carbon dioxide, melt structure, dissolution mechanism, NMR spectroscopy, Raman spectroscopy
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日本各地の温泉水のホウ素同位体組成の高精度迅速分析
B isotopic variation of spring water in Japan

谷水雅治 1∗,永石一弥 2

Masaharu Tanimizu1∗, Kazuya Nagaishi2

1 海洋研究開発機構高知コア研究所, 2 マリンワークジャパン
1Kochi Institute, JAMSTEC,2Marine Works Japan

Boron has two stable isotopes 10B and 11B with abundance of 18.98% and 81.02%, respectively. Natural isotopic variation of
11B/10B among geological samples is from -30 permil to +60 permil as delta-11B values, which is defined as relative deviations
from an isotopic reference material (NIST-SRM 951) in parts par 1000. Boron isotope ratio is a powerful tracer in the fields of
geochemistry, biochemistry, and environmental chemistry to trace the origin of materials.

Here B isotope ratios of spring water samples were precisely determined by ICP-MS with a multiple collector array. About 70
samples were selected among those collected from the whole area of Japan. Boron was extracted from the water samples of less
than 1mL, and anion and cation ion-exchange chromatography was applied to separate B from matrix elements. Boron amount
required was about 50 ng, and procedural B blank was typically around 100 pg.

Resultant delta-11B values had a very wide range from +40 permil to almost -10 permil. There was a decreasing tendency of
delta-11B values from fore-arc to back-arc of Japan Island, which was consistent with the previously reported trend of delta-11B
values observed in volcanic arc rocks. These results indicate that some kind of spring water has a B isotopic signature of fluids
derived from continuous dehydration reaction within the slab, though interaction with granitic rocks during upwelling should be
evaluated.

キーワード:ホウ素同位体,同位体比, ICP質量分析法
Keywords: Boron isotope, isotope ratio, ICP-MS
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岩内岳超塩基性岩体にみられる鉱物組織の連続変化と蛇紋岩化反応の進行
Progress of serpentinization reactions and successive changes of mineralogical textures in
Iwanai-dake ultramafic body

三好茜 1,小木曽哲 1∗

Akane Miyoshi1, Tetsu Kogiso1∗

1 京都大学大学院人間・環境学研究科
1Graduate School of Human and Environmental Studies, Kyoto University

We investigated successive change of serpentine textures accompanied with progress of serpentinization observed in serpen-
tinized harzburgite and dunite samples from Iwanai-dake ultramafic body, Hokkaido, Japan. The change of serpentine textures
shows serpentinization processes of harzburgite are different from dunite. Serpentine mesh texture of serpentinized harzburgite
has two kinds of mesh rim types; type A rim is mixture of serpentine (Mg#97) and brucite (Mg#75), and type B rim consists
of only serpentine (Mg#93). Type B rims are always accompanied with brucite-magnetite veins. The formation of type B rims
and brucite-magnetite veins are observed concurrently with serpentinization of orthopyroxene. These observations suggest that
two-stage reactions occurred during the serpentinization processes of harzburgite, and magnetite was formed by the later-stage
reactions, which were triggered by supply of silica component from serpentinization of orthopyroxene. This is consistent with
the higher magnetic susceptibility in moderately and highly serpentinized harzburgite than in less serpentinized ones. In case of
serpentinized dunite, type A rim was dominantly observed and the amount of magnetite doesn’t increase with the progress of
serpentinization. These observations suggest that silica supply is a trigger of the later-stage serpentinization reactions, in which
magnetite and hydrogen are generated.

キーワード:蛇紋岩,蛇紋岩化,鉱物組織,初磁化率,含水量,磁鉄鉱
Keywords: serpentinite, serpentinization, mineralogical texture, magnetic susceptibility, water content, magnetite
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Electrical conductivity measurement of albite-quartz-water system under high P/T condi-
tions
Electrical conductivity measurement of albite-quartz-water system under high P/T condi-
tions

Guo Xinzhuan1∗,芳野極 1

Xinzhuan Guo1∗, Takashi Yoshino1

1 岡山大学地球物質科学研究センター
1ISEI, OKAYAMA UNIVERSITY

Magnetotelluric surverys have revealed that the high conductivity anomalies exist in the middle to lower crust. Electrical con-
ductivity (EC) of dry crustal rocks are much lower than the high conductivity anomalies, suggesting the existence of conductive
material in the crustal rocks that are stable only with the middle to lower crustal conditions. Aqueous fluids seem to be most
likely candidate to explain the high conductivity anomalies. Quartz-water system has been investigated recently, but it cannot
account for the high conductivity anomalies. Therefore, other ionic species, such as Na+, in addition to silica phases dissolved in
fluid is required to increase conductivity. In this study, albite was introduced to add the ionic species in the fluids. The electrical
conductivities of albite- water and albite- quartz-water systems have been measured using an impedance analyzer at 1 GPa and
400-1100 K. Albite-water samples with water contents of 0.5, 1, 5, 9.3 wt.% were prepared by natural albite powder and mixture
of 1Na2SiO3, 5SiO2 and 2Al(OH)3 (mole ratio) in designed ratios. Albite-quartz-water samples with water contents of 0.34,
1.2, 5.6, 10 wt.% were prepared by natural albite powder and silicic acid (SiO20.5H2O) in designed ratios. EC and temperature
relationship of all the other samples cannot be expressed by the Arrhenian formula except for the sample with 0.34 wt.% water
content. The electrical conductivity of these samples decreased from highest designed temperature (e.g., 1000 K) during cooling,
but the temperature dependence was getting weaker and weaker. EC, however, increased upon further cooling from 800 K until
around 500 K. Then temperature dependence of EC was negligible. The tendency of EC changes with temperature indicates
the concentration of electrical charge carrier changes with temperature assuming the charge carrier series will not change. The
thermal dynamic calibration shows the total electric charge carriers (including H+, OH−, Na+, AlO2

− and HSiO3
−) solved in

water decreases with decreasing temperature from 908 to 773 K and then increases with decreasing temperature down to 573
K. The experimental result can be well explicated by the theoretical calibration. EC of the albite-quartz-water or albite-water
systems are much higher than that of quartz-water system. We can well explain the high conductive anomalies in the crust even
the temperatures are lower than the normal geotherm by dissolved albite in fluids.

キーワード: electrical conductivity, albite, quartz, water, fluids, high pressure
Keywords: electrical conductivity, albite, quartz, water, fluids, high pressure
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様々な場における蛇紋岩化と酸化還元
Serpentinization and redox in various geologic environments

大森聡一 1∗

Soichi Omori1∗

1 放送大学・教養学部
1The Open University of Japan

In this study, serpentinization and simultaneous redox reactions in various geologic environments are described from a petro-
logic viewpoint with thermodynamic calculations for minerals and fluids. Serpentinization occurs at where geofluid and ultra-
mafic rock interact. Sites of serpentinization spatially and temporally range and have physical, chemical, and biologic implica-
tions for the Earth’s process.

Serpentinization in the present seafloor and deeper part of the oceanic plate is an entrance of water to deep mantle via subduc-
tion zone. Serpentinite has been found from the Mars surface suggesting that the existence of water and hydrothermal system in
the early stage of the Mars history. It is known that the serpentinization of ultramafic rock simultaneously produces hydrogen by
reduction of H2O during the serpentinization. Hydrogen is one of the key elements to control the metabolism of the ecosystem,
therefore the importance of serpentinization in biologic process has also been raised. Forearc mantle wedge is also the site of
serpentinization in the present Earth.

Regarding the various site of serpentinization described above, phase diagrams for serpentinite in the model system CaO-
MgO-FeO-Al2O3-SiO2-O-H are calculated using internally consistent thermodynamic-dataset for the rock forming minerals and
fluid. Using the diagrams, we discuss how the serpentinization and redox reactions depend on temperature, pressure, and bulk
composition of the host rock and effect to redox of the geofluids.

キーワード:蛇紋岩,状態図,酸化還元反応,蛇紋岩化
Keywords: serpentinite, phase diagram, redox reaction, serpentinization
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沈み込み帯での流体の数値計算：グローバルな同位体異常への示唆
Numerical simulation of subduction zone fluid processes: implications for global compo-
sitional anomaly

池本昭彦 1∗,岩森光 1

Akihiko Ikemoto1∗, Hikaru Iwamori1

1 東京工業大学地球惑星科学専攻
1Earth and Planet. Sci, Tokyo Inst. Tech.

Aqueous fluids released from subducting slabs are thought to transport incompatible elements from the slabs to the overlying
wedge mantle, which consequently concentrates the incompatible elements in an arc magmas, and causes elemental differentia-
tion.

Element transportation by slab-derived fluids has an important role on global material differentiation; however this process is
not constrained well due to its complexity such as dehydration reaction, fluid migration, fluid-solid reaction, and melting. In this
study, we try to induce the transportation and reaction of trace element during these complex processes in the solid-melt-water
system. Based on numerical simulation with generation and migration of water by the relevant phase relationships, we construct
numerical model for solid-fluid-melt flow beneath the NE Japan arc in order to estimate the influence of subduction process on
chemical compositions of the each constituent phases.

As a result, we have successfully estimated trace element distributions in the solid, melt, and aqueous fluid and their migration
in subduction zones. For instance, melts is distributed 80km˜150km above the Wadati-Benioff Zone, which is consistent with
volcanic distribution in NE Japan. Based on the obtained elemental mapping over the subduction zone, we have also found a high
Rb/Sr and Th/Pb layer above the subducting slab along the bottom of the mantle wedge. This layer subducts to the deeper mantle,
which may contribute to a source region with high 87Sr/86Sr and 208Pb/204Pb ratios deep in the mantle: if they are accumulated,
e.g., beneath a supercontinent associated with focused subduction towards it, such a source region can explain Dupal anomaly
(Hart, 1984) or ”Mantle Eastern Hemisphere” (Iwamori and Nakamura, 2012), in which the mantle-derived basalts show isotopic
anomaly over the region.

キーワード:沈み込み,数値計算,微量元素,同位体異常,物質循環,スラブ
Keywords: subduction, simulation, trace element, isotopic anomaly, material recycling, slab
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蛇紋岩の脱水反応によるスラブマントルの酸化作用
Oxidation of slab mantle due to dehydration of serpentinite

清水以知子 1∗,勝田長貴 2,村上拓馬 3

Ichiko Shimizu1∗, Nagayoshi Katsuta2, Takuma Murakami3

1 東京大学理学系研究科地球惑星科学専攻, 2 岐阜大学教育学部, 3 金沢大学環日本海域環境研究センター
1Department of Earth and Planetary Science, Facluty of Science, University of Tokyo,2Faculty of Education, Gifu University,
3Lnstitute of Nature and Environmental Technology, Kanazawa University

The oxygen fugacity in subduction zones controls the speciation of C-O-H-bearing fluids and phase equilibria in metamorphic
processes. It is therefore important to quantify the oxidation states in the Earth’s interior. This study used X-ray absorption near
edge structure (XANES) spectroscopy to investigate changes in redox state that accompany the dehydration of serpentinite. A
run product (Atg02) of our previous deformation experiment (Shimizu et al., 2011) was used for the analysis.

The starting material of the experiment was dark-green natural serpentinite (from Oeyama, Kyoto Prefecture, Japan) consisting
mainly of antigorite and accessory wustite. A cylindrical sample of serpentinite (diameter 10 mm, height 15 mm) was enclosed
in Ni and Ag sheets, and was set in confining mediums of talc and pyrophyllite. High-pressure and high-temperature deforma-
tion experiments were conducted with a piston-cylinder type apparatus. The confining pressure was kept at 800 MPa during the
experiments. A graphite furnace was used to heat the sample to 700oC. After the constant strain-rate experiment, the color of the
sample had changed to pink or red, and forsterite and talc had grown in the antigorite matrix. Small particles of hematite were
identified in the matrix by optical microscope and micro-Raman spectroscopy.

The oxidation state of the serpentinite before and after the experiments was investigated by the Fe-K edge XANES spectra
acquired at BL9A, Photon Factory, KEK (Tsukuba, Japan), using Fe standards of FeS2, fayalite, magnetite (Fe3O4), FeO,a-
FeOOH, anda-Fe2O3. Following Wilke et al. (2001), the ratio X(Fe3+) = Fe3+/(Fe2+ + Fe3+) was calculated from the Fe-K
pre-edge centroid positions. The results show that X(Fe3+) increased from 7% of the original sample to 23% in the reacted sam-
ple. It is probable that the oxidation state of the sample was buffered by a large amount of free water liberated by the following
dehydration reaction: antigorite => forsterite + talc + H2O.

The mechanical data of the antigorite-serpentinite showed drastic dehydration weakening. This result supports the hypothesis
that intermediate-depth earthquakes in subduction slabs are triggered by the dehydration instability of serpentinite. If this hy-
potheses holds true, then the subducting slab mantle must be largely serpentinized.

In general, the oxygen fugacity of peridotites is equilibrated near the fayalite-magnetite-quartz (FMQ) buffer at the top of the
upper mantle, and decreases with increasing depth (Frost and McCammon, 2008). However, if large parts of the slab mantle are
serpentinized and if free water is released by the breaking down of antigorite, the reaction front of antigorite would be highly
oxidized. The redox states in the subducting oceanic crust and the wedge mantle would be also influenced by water supplied
from the slab mantle.

References

Shimizu I., Watanabe Y., Michibayashi K., Takahashi, M. Uehara, S. and Katsuta, N., 2011, Dehydration softening of serpen-
tinite and its roles in the intermediate-depth eartuquakes. First International Symposium on Geofluids, ”Geofluid Processes in
Subducation Zones and Mantle Dynamics”, Tokyo Institute of Technology, Tokyo, Japan, March 17-19.

Wilke, M., Farges, F., Petit, P.-E., Brown, G. E. Jr., Martin F. (2001).Amer. Min., 86, 714-730.
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キーワード:蛇紋石,脱水反応,酸化還元状態, X線吸収端近傍構造（XANES）,高温高圧実験,沈み込み帯
Keywords: serpentine, dehydration reaction, redox state, X-ray absorption near-edge structure (XANES), high-PT experiment,
subduction zone
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Naに富む白雲母の組成改変から読み取った三波川変成帯上昇期の流体流入
Exhumation stage fluid migration recorded in Na-rich phengite in Sanbagawa metamor-
phic rocks

吉田健太 1∗,平島崇男 1

Kenta Yoshida1∗, Takao Hirajima1

1 京都大学大学院理学研究科地球惑星科学専攻
1Graduate School of Sciences, Kyoto University

天然に産する変成岩は多くの場合，昇圧・減圧（岩体上昇）過程に於いて複数段階の流体活動の影響を受けている為，
天然試料を用いて深部流体の研究を行う場合，それぞれの流体の活動時期の特定が必要となる．
本研究では，エクロジャイト相の変成作用（550～650oC，1.5～2.0 GPa: Endo et al., 2009）を被った四国中央部別子地

域五良津岩体より採取した，堆積岩に由来する変成岩（IR04）を研究対象とした．IR04は主として角閃石，白雲母，ザ
クロ石からなり，少量の緑泥石などを含む．Yoshida and Hirajima (2012)では IR04の主片理と平行に存在する石英脈か
ら，�昇圧期，�昇圧期ないし変成ピーク時前後，及び�岩体上昇期にトラップされたと考えられる三段階の流体包有
物を報告している．

IR04の母岩試料中の含水鉱物である白雲母は変形部や粒界に沿って組成改変を受けている．この組成改変部は劈開と
高角に斜行する方向に発達していることが多い．組成改変部は白雲母同士の粒界にも見られるため，後退変成に伴う隣
接鉱物間での元素分配による組成改変によるものではないと考えられる．未改変のコア部は Naに富み（Na-rich core），
Na/(Na+K)=XNa=0.16-0.20程度の組成をしているのに対して，改変部（Na-poor rim）では XNa<0.04と Naに乏しい組
成を持つ．また，XNaの減少に伴って，Mg#（=Mg/(Mg+Fe)）がコアのMg#=0.68-0.72からリムのMg#=0.62-0.68程度
へと減少する．
この組成改変部の形成タイミングを推定するために，PerpleX (Connolly, 2005)を用いて，岩体がピーク変成条件 650oC

／ 2GPaから 400oC／ 0.3 GPaまで上昇してくる過程で，系の含水量に対して安定な相と白雲母の組成がどの様に変化す
るかのモデル計算を行った（Composition-P(T) pseudosection）．計算結果から，白雲母のMg#は温度圧力の変化に対して
は鈍感であるが，系の含水量の増加と共に減少することがわかった．また XNaについては系の含水量によらず減温と共
に減少していく傾向が得られた．組成改変部で起きている化学反応に関与している物質の有効なバルク組成が，本試料
の全岩化学組成によって近似できるものと仮定すると，試料の組成改変部で見られた，XNaの減少（0.2→<0.04），及
びMg#の減少（0.7→ 0.62）の変化は，450oC以下の条件での系の含水量の増加により説明できることが判った．また，
白雲母の組成改変部が組成のギャップを持って存在していることから，450oC以下までの減温減圧は水が不飽和な状態で
進行し，その後，系の含水量の増加が生じたと考えられる．石英脈中の流体包有物の捕獲時期と比較すると，この含水
量の増加を引き起こした流体は上記�の流体である可能性が高い．
上記試料と同様の組成改変を呈する泥質変成岩２試料が，IR04の採取地点から 3km程度離れた，五良津岩体の北側近

傍地域の，黒雲母帯（それぞれの最高変成条件：IR27＝ 600oC／ 1.0GPa, IR28＝ 550oC／ 0.8GPa）からも見いだされ
た．別子地域の三波川変成帯黒雲母帯の岩石は，地下 25～30km付近で五良津岩体と接合し，共に上昇してきたと考え
られている．今回推定された流体流入の温度圧力条件（<450oC）は岩体接合以降の温度圧力を示す条件であり，上記の
流体流入は三波川変成岩の上昇過程において，五良津岩体近傍で広域的に起こった現象であることが示唆される．

キーワード:三波川変成帯,後退変成流体,シュードセクション,水岩石相互作用
Keywords: Sanbagawa metamorphic belt, retrograde fluid, pseudosection, fluid-rock interaction
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S-wave attenuation structure around the western part of Nankai subduction zone
S-wave attenuation structure around the western part of Nankai subduction zone

高橋努 1∗,尾鼻浩一郎 1,山本揚二朗 1,海宝由佳 1,仲西理子 1,小平秀一 1,金田義行 1

Tsutomu Takahashi1∗, Koichiro Obana1, Yojiro Yamamoto1, Yuka Kaiho1, Ayako Nakanishi1, Shuichi Kodaira1, Yoshiyuki
Kaneda1

1 海洋研究開発機構
1JAMSTEC

Seismic imaging of lithospheric structure is crucially important to investigate spatial distribution of geofluid and its role in
dynamics of the Earth’s interior. Even though Vp and Vs structures are widely imaged in various regions in the world, these
structures cannot explain complex and broadened seismic waves at higher frequency (>1Hz). Such complex wave trains can
be described by considering wave scattering and attenuation due to random inhomogeneities and inelasticity of the medium
[e.g., Sato & Fehler, 1992]. It can be expected that medium containing fluid-filled cracks is one of the possible causes of S-
wave scattering and attenuation. Therefore, medium inhomogeneities and inelasticity are also important to elucidate geofluid
distribution. In Nankai subduction zone, we have estimated the 3D distribution of random inhomogeneities [Takahashi et al.
submitted to JGR]. This study estimated the spatial distribution of 1/Q of S-wave around the western part of the Nankai trough.
In Kyushu and Shikoku regions, most of the medium shows weak attenuation (1/Q< 1/1500 at 8-16Hz). Volcanic area in
Kyushu region shows strong attenuation (1/Q = 1/600 ˜ 1/300 at 8-16Hz). Beneath west Shikoku, slightly strong attenuation
(1/Q=1/1000˜1/800 at 8-16Hz) are imaged at 20-40km depth. This anomaly is approximately located in or above the non-volcanic
tremor zones [e.g., Obara et al. 2010]. If we compare the random inhomogeneities and 1/Q, there are clear differences of medium
properties in volcanic area and tremor zone. This difference suggests that random inhomogeneities and attenuation may reflect
fluid properties (magma or aqueous fluid) or amounts of geofluid in medium.

キーワード:南海トラフ,ランダム媒質,散乱,減衰
Keywords: Nankai trough, random media, scattering, attenuation
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マントル最下層における沈み込みスラブの影響
Interaction of sinking slabs of the lowermost mantle

金子岳郎 1∗,中久喜伴益 1

Takeo Kaneko1∗, Tomoeki Nakakuki1

1 広島大学大学院理学研究科地球惑星システム学専攻
1Department of Earth and Planetary Systems Science, Graduate School of Science, Hiroshima University

Mantle plumes that rise from the lowermost mantle generate the most hotspots. The lowermost mantle has complex seismic
structure that consist long-wavelength seismic low- and high-velocity anomalies. These seismic anomalies are anticipated to
correspond with respectively. In addition, the margins of Large Low Shear Velocity Provinces (LLSVPs) under the African and
Pacific areas are related to hotspots, and have a sharp seismic discontinuity. In this study, we investigate roles of post-perovskite
(PPV) phase transition and compositional stratification in the generation of observed heterogeneity of the lowermost mantle and
the upwelling plume. We construct a 2-D integrated model of the mantle convection with a sinking slab.

The PPV phase covers over the whole area of the CMB when the compositional layering is not introduced. In the models with
high-density stratification, the structure of the lowermost mantle and the plume generation change significantly. The sinking slab
pushes the high-density layer so that the high-density layer is piled up in the outside of the subduction area. This is more distinct
in the case with lower density contrast of the chemical layering. The PPV phases in the high-density layer distribute very locally.
On the other hand, the PPV phase is stably maintained beneath the subduction zone. The top of the phase boundary reaches about
300 km above the CMB. The PPV phase boundary becomes vertical at the location where the slab contacts with the high-density
layer. This is expected to form the steep seismic discontinuity at the margin of the LLSVPs.

The slab also produces disturbances of thermal boundary layer, which causes the plume generation. The plumes grow more
rapidly in the case with the PPV phase than that without it. Although the high temperature anomaly is generated at the margin
of the high-density layer, the upwelling plume is not generated because the slab climbs up above high-density layer. Thicker
pile of the chemical layer with the lower density contrast used in our study may be required to generate plumes at the margin of
LLSVPs.

Keywords: plume, slab, high-density layer, LLSVPs, post-perovskite phase transition
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