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The recent development of analytical techniques to determine routinely noble-gas concentrations in the pore water of uncon-
solidated sediment allows the application of the well-established concepts of noble-gas geochemistry to sediments from lakes
and oceans. In particular, the accumulation of non-atmospheric noble-gas isotopes in the sediment column allows tracing the
geochemical origin and transport processes of the pore fluids.

Helium (He) is known to emanate from solid earth. Therefore, the abundance of terrigenic He isotopes can reflect the residence
time and transport dynamics of the pore fluids in the sediment pore space. Moreover, different geochemical He components can
be distinguished by their typical3He/4He isotope ratios (˜10−5 for mantle-type He, ˜10−8 for crustal He). Therefore, the3He/4He
isotope ratios measured in the pore water of unconsolidated sediments allow characterization of the geochemical reservoir from
where terrestrial He and simultaneously other transient fluids originate.

We present noble-gas data measured in the pore water of sediment samples collected from various sediment cores from Lake
Van (eastern Anatolia, Turkey). Lake Van is one of the largest terminal lakes and the largest soda lake on Earth. The lake basin is
situated in a tectonically active region and it is known to accumulate mantle fluids.

We determined the effective diffusivity in the uppermost ˜2 m of the sediment column of Lake Van by tritium (3H) analysis.
The effective diffusivity allows conversion of the measured He concentration profiles into He fluxes.

The geographical distribution of the He fluxes within the lake basin is discussed in the context of the available geological
and seismic data. Our measurements reveal a north-south zonation of the determined He fluxes in the lake basin whereby low
He fluxes are observed near the volcanic region in the north and high He fluxes are present near the intrusive and metamorphic
rocks of the Bitlis massif in the south. The strongest He emission is identified at the borders of the deep main basin of Lake Van
and correlates well with seismic features that suggest the presence of preferential pathways in the sediment column (probably
generated by the ongoing subsidence of the basin) that may foster the release of terrigenic fluids.

The3He/4He isotope ratios in the sediment pore water identify the terrigenic He injected into Lake Van as a mixture of crustal
and mantle He with a3He/4He ratio of (2.6-4.1)x10−6. The samples from the shallow water and the deep water have distinctly
different isotopic composition. This geochemical separation suggests that the terrigenic He entering the sediments of Lake Van
is further enriched in radiogenic He produced in the sediment minerals during the migration in the pore space.

Our result make a strong case that noble-gases in the pore water of unconsolidated sediments have the potential to be used as
proxy to characterize differences in the petrology and lithology within basins of lakes and oceans as well as the origin and the
transport processes of the pore fluids.

キーワード: terrigenic He, geogenic fluids
Keywords: terrigenic He, geogenic fluids
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室戸斑礪岩非変質ガラスに認められたスーパーサブダクション組成
Supra subduction zone chemistry of intrusions into a Miocene accretionary prism, south-
west Japan
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室戸斑礪岩に付随する玄武岩岩脈の急冷ガラスは、付加体構成岩としては例外的に非変質で、成分移動は無視できると
考えられる。微量分析したところ、REEパターンは同時に分析した箱根 JB-1スタンダードサンプルに全く重なり、明ら
かにMORBと区別される。また、MORB規格化パターンもそれと区別できない、島弧パターンをもっている。従って、
室戸斑礪岩は伊豆小笠原弧そのもの、あるいは類似の沈み込み帯セッティングでの産物と見なされるが、両者を地質学
的に直接対応させることは難しく、現実はより複雑である。オフィオライトで提唱されている超沈み込み帯類似の環境
が、島弧組成の火山岩、しばしば酸性岩も伴う付加プリズム形成にも必要で、海嶺沈み込みスタックモデルを提唱する。
付加体玄武岩には島弧組成は必ずしも稀ではなく、このような環境は中新世以外にも、しばしば起こった。

キーワード:室戸斑礪岩,玄武岩岩脈,非変質ガラス,箱根 JB-1スタンダードサンプル,カルクアルカリ,伊豆小笠原弧
Keywords: Muroto gabbroic suite, basaltic dike, fresh glass, Hakone JA-1 standard sample, calc-alcaline, Izu-Bonin arc
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伊豆―小笠原沈み込み帯形成過程におけるマグマの組成及び生成条件の変遷
Variations in compositions and genetic conditions of magmas through the Izu-Ogasawara
subduction zone establishment

金山恭子 1∗,海野進 1,石塚治 2

Kyoko Kanayama1∗, Susumu Umino1, Osamu Ishizuka2

1 金沢大学自然科学研究科環境科学専攻, 2 産業技術総合研究所地質地質情報研究部門
1Earth Scence, Kanazawa Univ.,2Geological Survey of Japan/AIST

Ogasawara (Bonin) Archipelago comprises the Eocene submarine volcanoes that represent initial stage of the Izu-Ogasawara
subduction zone to a more matured arc magmatism along the present volcanic arc. We have discussed petrogenetic processes
of the volcanic rocks of the Hahajima Island Group, southern Ogasawara Archipelago (Kanayama et al., 2010JGU Meet.). This
study shows secular evolutions of composition and thermal structure in the wedge mantle through the Izu-Ogasawara subduction
zone establishment.

When subduction of the Pacific plate beneath the Philippine Sea plate initiated at ˜50 Ma, the eastern edge of the Philippine Sea
plate was started to extend, which led to upwelling of asthenosphere and producing depleted MORB-like basalt magma without
slab contribution (Stern and Bloomer, 1992; Ishizuka et al., 2006, 2009; Reagan et al., 2010). As subduction proceeds, subducted
slab-derived fluids and melts changed the magma composition from depleted MORB to boninite and arc tholeiite at 48 Ma per-
vasively along the Izu-Ogasawara-Mariana forearc (Ishizuka et al., 2009; Reagan et al., 2010). On the Ogasawara Ridge, boninite
and arc tholeiitic magmas were replaced by low-Si boninite and calc-alkalic magmas at 45 Ma in the Chichijima Island Group
and at 43-42-Ma on the western escarpment of Ogasawara Ridge (Ishizuka et al., 2006; Umino and Nakano, 2007) Arc tholeiite
and calc-alkaline magmas after 44 Ma generated by melting of the asthenospheric counterflow that upwelled from deeper parts
of the wedge mantle. By ˜35 Ma, the volcanic front shifted to the present position and formed the Eocene Izu-Ogasawara arc by
arc tholeiitic and calc-alkalic magmatism with similar geochemical signatures to the Quaternary Izu-Ogasawara arc lavas. Since
35 Ma, position of the volcanic front remained unchanged during the splitting of the Kyusyu-Palau Ridge and the opening of the
Shikoku-Parece Vela Basin, suggesting that the thermo-chemical structure of the wedge mantle has reached a stable condition
for the first ˜15 million years since the subduction initiation.

The variation of magma compositions in time and space on the Ogasawara Ridge denotes the decrease in the melting region
within the wedge mantle from broad areal and depth ranges (48-46 Ma-boninite and arc tholeiite) to a limited deeper part of the
mantle (44 Ma-basalt).

Source mantle composition changed from highly depleted peridotite as the boninite source to relatively fertile MORB-source
peridotite as the SHIs basalt source, strongly suggesting that fertile mantle upwelled from a deeper part and replaced depleted
boninite source. This indicates that circulation of wedge mantle start around 44Ma, which the time SHIs magmatism began.

The change in slab component from melt-dominant Eocene boninites through less melt-enriched SHIs basalts to fluid-dominant
Quaternary front lavas can be ascribed to cooling of the wedge mantle as the result of successive plate subduction for the last 50
Ma.

キーワード:小笠原群島,ウェッジマントル,初生マグマ,生成条件,融解度,沈み込み帯
Keywords: Ogasawara (Bonin) Islands, wedge mantle, primary magmas, genetic conditions, degrees of meting, subduction zone
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地球の鉄ピクライトと火星のシャーゴッタイト・表土の化学組成の比較
Chemical comparison between terrestrial ferropicrites and Martian shergottites and soils
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地球上の様々な時代の巨大火成岩区には鉄ピクライトと呼ばれる超苦鉄質マグマが活動しており、ペチェンガ（コラ
半島、原生代前期）、シベリア（ペルム紀）、エテンデカ（南米、ジュラ紀）、東グリーンランド（白亜紀～新生代）な
どから産出が報告されている。最近、我々は日本のジュラ紀付加体中に産するペルム紀の緑色岩からも鉄ピクライト及
びそれに関連するピクライト質鉄玄武岩やスピニフェックス組織の玄武岩を報告した (Ichiyama et al. 2006; Ichiyama et al.
2007)。これらの鉄ピクライトについては、火星隕石であるシャーゴッタイト（鉄玄武岩、鉄ピクライト、超苦鉄質集積
岩など）との類似が指摘されている (Filiberto, 2008)。一般に、Mg/Si-Al/Si図、Ca/Si-Mg/Si図、Fe-Si図などにおいて、
地球の通常の玄武岩やピクライトと火星隕石ははっきり区別できるが、鉄ピクライトとその関連岩は火星隕石と同じ領
域にプロットされる。20重量%程度の FeOを含む鉄ピクライトは、地球の普通のマントルかんらん岩の溶融や通常のマ
グマからの結晶分化作用によって作ることはできず、地表付近でのソレアイト・マグマの結晶分化作用によって形成され
る鉄に富む玄武岩などが沈み込みによってマントル中にリサイクルした変成岩（鉄に富むエクロジャイト）がスーパープ
ルームに取り込まれて上昇する際に高圧で溶融することによって形成されると考えられる（Ichiyama et al. 2006）。そし
て、火星のシャーゴッタイトの成因もそのような「改変されたマントル」の部分溶融によるものと解釈されている。ただ
し、火星隕石は地球の鉄ピクライトよりもMnと Crに富む特徴があり、この特徴は火星探査車「スピリット」が分析し
たグーセフ・クレーター内の鉄に富む表土（Gellert et al. 2006）にも見られる。Mnと Crはそれぞれ液相（マグマ）と固
相に濃集しやすい元素で、マグマの分化作用の中では対照的な挙動を示すはずなので、両者がともに多いことは、火星全
体のマグマ（マントル）組成の特徴である可能性が高い。また、火星の岩石は地球の岩石よりも Coに富むが、Ni には
乏しい特徴があり、全ての親鉄元素に富むわけではない。これは金属鉄や鉄硫化物に富むマントル起源とは非調和であ
る。Crに富み Ni に乏しいことから考えられることは、かんらん石よりも輝石に富むマントルに起源をもつことである。
火星の表土の化学組成が鉄ピクライトとよく似た組成を示すことは、この岩石が火星表面に広く分布することを示唆し、
地球ではこの岩石が非常に稀であることと大きく異なる。つまり、火星のマントルはもともと鉄に富む輝石岩ないしエ
クロジャイト質であるために、地球では稀な鉄ピクライト質マグマが比較的普通に生産された可能性がある。かんらん
岩よりも融点が低いマントル物質が多いことは、小さくて冷却しやすいこの惑星において長期にわたり大規模なマグマ
活動が続いてきたことの一つの説明になるかもしれない。

キーワード:鉄ピクライト,巨大火成岩区,海台,マントル,火星隕石,シャーゴッタイト隕石
Keywords: ferropicrite, LIP, oceanic plateau, mantle, Mars meteorite, shergottite



SMP005-05 会場:201B 時間:5月 23日 15:20-15:40

太平洋型造山運動と広域変成帯の上昇モデル
The Pacific-type orogeny and exhumation model of regional metamorphic belt
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太平洋型造山運動は Dewey and Bird (1970)によって最初のモデルが作られたが、1980年代以降の研究によって大きく
発展した。更に近年、構造侵食の普遍的存在が明らかになり、新たなモデルの構築が必要となっている。
　世界各地の太平洋型造山帯の研究の中で、飛びぬけて研究が進んでいる日本列島の地質をベースにしつつ、更に現

在進行形の造山運動を参考にしてモデルを作った。



SMP005-06 会場:201B 時間:5月 23日 15:40-16:00

三波川変成帯の年代学
Geochronology of the Sanbagawa belt in SW Japan
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The Sanbagawa belt was one of the classical high P/T metamorphic belts that trends roughly E-W over 800 km in central to
SW Japan. However, recent U-Pb analyses of detrital zircon revealed that the belt consists of two metamorphic belts; Sanbagawa
and Shimanto. The Sanbagawa schists consist mainly of metabasites, and pelitic and psammitic schists, with subordinate amounts
of siliceous and calcareous schists. The protoliths of the psammitic and pelitic schists are of continental affinity. The protolihs
of the metabasites, and siliceous and calcareous schists are oceanic in origin. The protoliths (Triassic to early Cretaceous) were
accumulated and mixed at an ancient trench between 142-120 Ma and buried into the subduction zone to be metamorphosed at
the conditions from the pumpellyite-actinolite through blueschist to epidote-amphibolite facies and up to eclogite facies.

Timing of peak metamorphism has been estimated by Rb-Sr whole rock isochron method using pelitic schists in the
oligoclase-biotite zone (122+-12 Ma), zircon U-Pb method of Iratsu eclogite (110-120 Ma) and Lu-Hf method of garnet-
omphacite pair in Seba and Kotsu eclogites (88-89 Ma). Multichronology of Iratsu eclogites concluded the peak age is 115-120
Ma. The oligoclase-biotite zone schists that once reached eclogite facies have the mineral paragenesis (P=7-11 kbar, T= 460-
510oC) formed at 85.6+-3.0 Ma with an extensive hydration during exhumation. The Iratsu eclogites also record the over printing
of epidote amphibolite facies at 109 Ma. These evidences suggest the overprinting has a long duration (23 mys) and depends
on permeability of rocks controlling the timing of overprinting with hydration; less permeable eclogites being restricted in the
hydration.

The Sanbagawa and the Shimanto metamorphic belts overlap in phengite argon age though both belts are completely
different in their peak ages. This is due to mainly significant argon depletion from phengite in the Sanbagawa schists that have
experienced severe ductile deformation for the duration longer than 31 my during exhumation in coparison with the Shimanto
schists that have experienced the deformation shorter than 13 my to reset the phengite K-Ar system. This significantly different
duration of deformation during exhmumation result in the two contrasting age-temperature-structure relationships of the San-
bagawa and Shimanto metamorphic sequences. The former has the thermal structure that the highest-grade rocks occur in the
middle part of the apparent stratigraphy and a positive correlation in age-temperature relationship that the ages get progressively
older with increasing metamorphic temperature. The later where the thermal structure for the higher-grade zone is in the lower
part of the apparent stratigraphic succession, displays a negative correlation that younger ages are in the higher-grade metamor-
phic rocks. This contrasting relationship is also observed in the Ishigaki and the Nishiki metamorphic sequences of the Triassic
Suo belt. The different natures of subducted oceanic plate boundary may control the different exhumation processes of Pacific
type of high P/T metamorphic belts.

キーワード:三波川変成帯,四万十変成帯,フェンジャイト K-Ar 年代,ジルコン U-Pb年代, Sm-Nd年代, Rb-Sr年代
Keywords: Sanbagawa HP belt, Shimanto HP-belt, phengite K-Ar ages, zircon U-Pb ages, Sm-Nd ages, Rb-Sr ages
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深部沈み込み帯での泥質変成岩の部分融解　－三波川変成岩中の石英エクロジャイ
トから発見された部分融解組織―
Partial melting of deeply subducted metasediment -discovery of the melting textures from
the quartz bearing eclogite in

岡本和明 1∗,荒川幸 1

Kazuaki Okamoto1∗, Miyuki ARAKAWA 1
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Study of dehydration process of the subducting crust is important to understand the Island arc magmatism and recycling water
to deep mantle. We have systematically done UHP experiments, petrology and geochemistry on natural UHP eclogites from the
Kokchetav and Dabie-Sule UHP belts (Okamoto and Maruyama, 1999, 2004; Okamoto et al., 2000, 2006) . The results have
suggested that decomposition of phengite would produce melt (or super critical fluid) in coesite and diamond stability depths.
That is, migration of K-rich melt might be rather dominant in overlying mantle wedge in deep mantle. Quartz bearing eclogite
from the Sanbagawa belt has been considered as subducted metasedimentary rocks down to upper mantle (e.g. Okamoto et al.,
2004; Utsunomiya et al., 2011) . Recently we have discovered partial melting texture from the quartz bearing eclogite body in
central Shikoku, Japan. The outcrop reveals that plagioclase-quartz rich veins in the eclogite. The veins contain large garnet
overgrown with Fe-rich, red coloured rims. The sample was carefully collected and observed under microscope, SEM-EDS at
Saitama Univ. and EPMA at Waseda Univ. Under BSE image, the eclogite exhibit well equilibrated texture consisted of garnet,
clinopyroxene, phengite and quartz. Garnet has inclusion free core and rims. Ca content is high in the core, however, there is
no chemical zonation in Fe, Mg and Fe/Mg ratio. Garnet from the melt portion suffered extensive brittle fractures and shows
obvious zonal textures. In the core of the garnet, clinopyroxene, epidote, rutile and quartz are included. In the mantle, phengite is
included and matrix quartz is included in the rims. There is no Ca variation from core to rims although there is an increase of Fe
and Ti from core to rims. From these lines of evidence, we conclude that melt were produced due to decomposition of phengite
with clinopyroxene and quartz. P-T estimates using phengite-garnet-clinopyroxene geothemobarometer give that P, T exceed 2.5
GPa, and 750 oC.

キーワード:深部沈み込み帯,泥質変成岩,エクロジャイト,部分融解
Keywords: Deep subduction zone, Metapelite, Eclogite, Partial melting
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Significance of metacarbonate rocks in understanding the supercontinental evolution
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Extensive metasedimentary supracrustal sequences exposed in the crustal fragments of the East Gondwana supercontinent,
especially in East Antarctica, Sri Lanka, peninsular India, Madagascar and Mozambique, provide us with an opportunity to
understand the geodynamic evolution of supercontinent assembly and breakup, as well as to extract key information on the de-
positional environments of paleo-oceans that separated the proto-continents. The closure of the Neoproterozoic Mozambique
Ocean is considered to be a consequence of supercontinental assembly of East Gondwana and West Gondwana during a pro-
tracted Pan-African Orogeny that spatially extended from the Arabian-Nubian Shield to the East Antarctic shield, through East
Africa, Madagascar, peninsular India and Sri Lanka. The difficulty in constraining the characteristics of the Mozambique Ocean
is mainly due to the high-grade metamorphism and tectonic reworking of the sediments during the regional Pan-African Orogeny.
However, metacarbonate rocks potentially provide valuable information on the paleo-ocean geochemistry and depositional en-
vironments. Here we present a comprehensive geochemical/isotopic evaluation of metacarbonate rocks from East Antarctica,
Sri Lanka, peninsular India, Madagascar and Mozambique to constrain the age of deposition of carbonate in the Mozambique
Ocean. An extensive data set of C, O and Sr isotope geochemistry combined with trace and rare earth element geochemistry of the
high-grade metamorphosed dolomitic and calcitic marbles shows that most underwent post-depositional geochemical alteration.
In particular, Sr and O isotope alterations are extensive, with87Sr/86Sr(550Ma) ratios as high as 0.758 and oxygen isotope values
as low as -5 parts per thousand. For this evaluation we carefully screened out samples affected by diagenetic and metamorphic
alterations based on the carbon, oxygen and strontium isotope results in comparison with reported geochemical parameters of
non-metamorphic Meso- to Neo-proterozoic carbonate sediments. Some of the metacarbonate layers preserve pre-metamorphic
geochemical characteristics, such as low Sr isotope ratios, high oxygen and carbon isotopic values and well-equilibrated, un-
altered trace and rare earth element patterns. Consistently low87Sr/86Sr(550Ma) ratios of 0.705 with high carbon and oxygen
isotopic compositions suggest an apparent age of deposition in the Neoproterozoic (ca. 700-850 Ma), with rare exceptions of
0.704 that indicate a Mesoproterozoic age. These apparent depositional ages are consistent with ages obtained from detrital
zircons in metapelitic rocks associated with the metacarbonates. Our study thus provides important constraints on the age of
carbonate deposition in the Mozambique Ocean that separated East and West Gondwana.

キーワード: metacarbonate geochemistry, strontium isotopes, carbon and oxygen isotopes, gondwana, chemostratigraphy
Keywords: metacarbonate geochemistry, strontium isotopes, carbon and oxygen isotopes, gondwana, chemostratigraphy
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クロミタイト：マントルダイナミクスのトレーサーの可能性
Chromitite as a possible tracer of mantle dynamics

荒井章司 1∗

Shoji Arai1∗

1 金沢大学自然システム学系
1Dept. Earth Sci., Kanazawa Univ.

Podiform chromitites are frequently found from the Moho transition zone to upper mantle section of ophiolites, and inter-
preted as a kind of cumulates formed by melt/harzburgite interaction and related magma mixing within the shallowest part of
the upper mantle. They have been traditionally classified into two types, concordant and discordant ones: the former and the
latter are concordant and discordant, respectively, to foliation of surrounding harzburgite. The two types of chromitites are com-
pletely different in petrography and chemisty as Ahmed and Arai (2002) described. I would like to propose that some of the
concordant chromitites have experienced ultra-high pressure (UPH) conditions and are possibly of deep recycling origin. The
diamond-bearing chromitite from the Luobosa ophiolite, Tibet, is a typical example. Our preliminary data on the two types of
podiform chromities from the Oman ophiolite are consistent with this interpretation.

キーワード:クロミタイト,成因,超高圧鉱物,マントルダイナミクス
Keywords: chromitite, origin, ultrahigh-pressure minerals, mantle dynamics
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The Gfoehl unit in the Behemian Massif is a unique metamorphic belt, as both ultra-high pressure (UHP) and ultra-high tem-
perature (UHT) metamorphic rocks are exposed together. The maximum P-T conditions of the Ky-bearing Gfoehl granulite are
estimated as ? 1000C and 1.5?2.0 GPa (e.g., Carswell & OBrien, 1993), equivalent to UHT conditions (Harley, 2004) or high-P
granulite-facies conditions (OBrien & Roetzler, 2003), while the most of UHP conditions (> 3.0 GPa) have been identified from
lenticular bodies in the country rock with felsic compositions, i.e., Grt-peridotite and associated eclogitic rocks. Thus, a signif-
icant pressure gap is apparently existed between UHP lenses and surrounding (U)HT host. However, recent petrologic studies
succeeded to identify the UHP conditions from some peculiar rocks/minerals mostly derived from crustal materials, such as Cpx
with K-feldspar lamellae (Becker & Altherr, 1992), pyrope/Opx-bearing quartzite (Kotkova et al., 1997), and garnet with minor
but significant amounts of Na2O (=0.18wt%) and TiO2 (=0.5 wt%) in migmatitic gneiss of the Gfoehl unit (Vrana & Fryda,
2003). These geological and petrologic lines remain the issue to be solved, how and where the UHP and (U)HT rocks were
mixed with both together? What is the predominant mechanism to bring up these rocks from upper mantle to the earth surface?

This paper briefly introduces the present state of our research.
Re-evaluation of peak P-T conditions of a Ky-eclogite associated with Grt-peridotite hosted by migmatitic gneiss at Nove

Dvory gave 1050?1150C and 4.5?4.9 GPa (Nakamura et al., 2004), which are well concordant to those of the host peridotites
(Medaris et al., 1990). Some garnet porphyroblasts in the Ky-eclogite remain a chemical zoning suggesting P-increase during
the garnet growth, which infers that the host peridotite and the associated eclogite experienced the subduction to ? 150 km depth.
Any signs of UHP conditions had not been found from the country migmatitic gneiss at Nove Dvory. However, Raman spectra
for SiO2 phases indicating the transformation from coesite to quartz were found from the migmatitic gneiss at relevant area
(Kobayashi et al., 2008). These results suggest that at least a part of the Gfoehl migmatitic gneiss has been subducted to UHP
depths and its P-T history is more complicated rather than the traditional idea of moderate-T/Low-P origin of the gneiss (Linner,
1994). The rareness of UHP evidence in the Bohemian Massif may owe to the higher-T overprinting of post-UHP metamorphism
than those in the Dabie-Sulu belt, China.

Peak P-T conditions of a Grt-rich granulite at Rohy were estimated as ? 2.2 GPa and 1000C based on the association of
omphacitic Cpx inclusions (XJd=30 and XTsch=15), Pl inclusions (XAn=30) and the host Grt (Prp18˜27Alm38˜41Grs34˜40).
Similar peak-P values can be inferred from using GASP barometer for the composition of grossular-rich Grt core (Grs20) in the
Ky-bearing granulite at Plesovice. However, Grt-peridotite hosted by the Ky-bearing granulite at Plesovice records UHP con-
ditions (850?1030C and 2.3?3.5 GPa; Naemura et al., 2009) for Variscan HP metamorphism. An apparent peak-P gap among
mantle- and crust-derived rocks still remains. The Plesovice Grt-peridotite records post-peak decompression conditions, repre-
sented by the development of kelyphites around UHP garnet, as 730?770C and 0.5?1.5GPa (Naemura et al., 2009). Although
partial melting textures are also common but their P-T conditions is not well constrained in the at Plesovice, P-T values of
the post-peak decompression stage for Grt-peridotite are almost over lap to those of partial melting in the nearby area, at Ktis
(Kobayashi et al., 2010). These facts may infer the partial melting can give a buoyant force for the mixture of mantle materials
and crustal rocks from lower crustal depth to the earths surface, but the exhumation mechanism from upper mantle to the lower
crust for the UHP rocks is still under the veil.

キーワード: UHP metamorphism, UHT metasomatism, continetal collision, Bohemian Massif
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ザクロ石の組成累帯構造と包有物から見たボヘミア地塊Lhenice shear zoneの泥質片
麻岩の変成履歴
Metamorphic history of Grt-rich gneiss in Lhenice shear zone, Bohemian Massif inferred
from inclusions and zoning of Grt

小林記之 1∗,平島崇男 2,廣井美邦 1,河上哲生 2,マルチン　スフォイッカ 3

Tomoyuki Kobayashi1∗, Takao Hirajima2, Yoshikuni Hiroi1, Tetsuo Kawakami2, Martin SVOJTKA3

1 千葉大学大学院理学研究科, 2 京都大学大学院理学研究科, 3 チェコ地質アカデミー
1Graduate School of Sciences, Chiba Univ,2Graduate School of Sciences, Kyoto Univ,3Geologicky ustav Akademie, Czech
Rep

Multiple equilibrium stages were identified from peraluminous garnet (Grt)-rich gneiss at Ktis in the Lhenice shear zone, lo-
cated between Blansky les and Prachatice granulite massifs in the southern Bohemian Massif, Czech Republic (e.g. Rajlich et al.,
1986). The matrix of the rock mainly comprises cordierite (Crd), sillimanite (Sil), biotite (Bt), Grt, quartz (Qtz), K-feldspar (Kfs)
and plagioclase (Pl) along with accessory minerals such as spinel (Spl), apatite (Ap), monazite (Mnz) and zircon (Zrn). Bt, Sil,
kyanite (Ky) and Pl occur as inclusion phases in Grt. Crd occurs only in the matrix both as isolated grains and as reaction coronas
developed around Grt. Spl is closely correlated with the Crd corona. Some coarse-grained (> 3 mm) Grts show chemical hetero-
geneity both in major and trace elements. Grossular (Grs)-content is homogeneous and high (Xgrs = 0.27) in a center of the grain
and smoothly decreases towards the grain margin (Xgrs = 0.02). However, pyrope (Prp)-content shows an inverse pattern against
Grs-content; i.e., Prp-content is low and constant (Xprp = 0.03) in the center of the grain and gradually increases towards the
margin (up to Xprp = 0.28). The contours of Grs and Prp contents show symmetrical hexagonal shapes. The distribution pattern
of phosphorus, however, shows a striking contrast against Grs-content. The core of the grain is characterized by low-phosphorus
content almost below the detection limit of the EPMA analysis but it is armored by the high-phosphorus rim accompanying with
local development of phosphorus-poor outermost rim. Phosphates, such as Ap and Mnz, with large amounts of CO2-N2 fluid
inclusions are abundant in the phosphorus-poor core but are lacking in the phosphorus-rich rim. The outline of phosphorus-poor
core shows a hexagonal shape, which is symmetrical to those of Grs and Prp content contours, but it is located outside of higher
Xgrs (=0.27)- and lower Xprp (= 0.03)-content contours. These observations suggest that the outline of phosphorus-poor core
should indicate the original shape of Grs-rich garnet developed during an early stage of the metamorphism. The zoning pattern
of major/trace elements in garnet and the mode of occurrence of constituent minerals suggest that the studied rock experienced
three equilibrium stages represented by following mineral assemblages with excess of Bt, Pl, Qtz and Kfs:

Stage 1: Xgrs-rich (= 0.27) and phosphorus-poor Grt core + Ky + Ap+ Mnz + CO2-N2 fluid
Stage 2: Xgrs-poor (= ca. 0.05) and phosphorus-rich Grt rim + Ky/Sil
Stage 3: Xgrs-poor (= 0.02) and phosphorus-poor Grt outermost rim + Sil + Crd +/- Spl + Mnz
The geothermobarometory gives following P-T conditions for each stage: 1.5-2.3 GPa at 700-900oC for Stage 1, 730-830oC

and 1.0-1.3 GPa for Stage 2, and 740-850oC and 0.6-0.8 GPa for Stage 3. The P-T conditions for the Stage 2 are slightly higher
than the peak P-T conditions for gneisses of the Varied /Monotonous Units in the literatures and the P-conditions for the Stage
1 are similar to those of HP-granulite in the Gfoehl Unit. The inferred P-T conditions both by a model petrogenetic grid and a
pseudosection analysis suggest that the studied rock experienced the isothermal decompression at least from the Grt rim stage
(Stage 2, 1.0-1.3 GPa) to the matrix stage (Stage 3, 0.6-0.8 GPa). This decompression path would overstep following dehydration
melting reactions at different depths: Ms + Qtz = Grt + Bt + Sil + Kfs + Liq at 1.0-1.2 GPa and Bt + Sil + Qtz = Grt + Crd +
Kfs + Liq at 0.3-0.6 GPa. Furthermore, phosphorus-poor core includes Ap and Mnz, but the phosphorus-richest rim is free of
them. This kind of zoning of phosphorus in Grt was probably formed related to the partial melting reaction including phosphate
minerals. The high-phosphorus Grt rim should be formed through these reactions, in other words, higher-phosphorus content of
Grt can be used as an indicator of partial melting of the host rock.
Keywords: Bohemian Massif, Lhenice shear zone, Partial melting, Phosphate, Phosphorus, Fluid inclusion
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The Ise area is located in the western part of the Hida Marginal Tectonic Belt (central Japan), which includes several spo-
radic exposures of ultramafic rocks sometimes forming serpentinite melange of Paleozoic age. Ultramafic rocks in the Ise area,
enveloped by Paleozoic-Mesozoic sedimentary rocks, are completely serpentinized; however, the abundance of bastite after or-
thopyroxene suggests harzburgite protoliths. The bastite- and mesh-textural serpentinites after orthopyroxene and olivine, respec-
tively, are distinguished from each other in Al2O3, Cr2O3 and NiO contents. The bastite-textured serpentine is high in Al2O3
(up to 4.0 wt%) and Cr2O3 (up to 1.2 wt%), but low in NiO (<0.3 wt%) relative to mesh-textured one. Relic chromian spinel is
vermicular in shape and sometimes enclosed in orthopyroxene (bastites). It shows an intra-grain chemical homogeneity, and is
sometimes altered to ferritchromite at the margin. It has an average composition of 32.0 wt% Al2O3, 14.0 wt% MgO, 36.0 wt%
Cr2O3, 17.0 wt% FeO∗ (total iron) and 0.03 wt% TiO2. The chromian spinel has a narrow range of Cr# [= Cr/(Cr + Al) atomic
ratio] from 0.38 to 0.51 (0.43 on average) and low Fe3+ [(Fe3+/(Cr + Al + Fe3+) atomic ratio,<0.03)], similar to chromian
spinel in lherzolite-harzburgite from Kotaki and Oeyama ultramafic blocks. It is also similar in chemistry to spinels in forearc
peridotite in supra subduction zone setting (SSZ). We found siegenite ((Ni, Co)3S4), millerite (NiS), violarite (Fe2+Ni2S4) and
Cobalt gersdorffite Co-(NiAsS). The degree of melting using Cr# of chromian spinel is around 15-17% partial melting, which
is slightly lower than the degree (around 18-25%) estimated by using Cr# versus TiO2 model. This is consistent with the pet-
rographical observation (harz. protoliths). The harzburgite protoliths were possibly serpentinized by slab-derived fluids in SSZ
during the exhumation process. The slab-derived fluids causing serpentinization, which contained fluid-mobile elements (e.g.,
As), are responsible for formation of the Ni-Co-sulfides and arsenides.

キーワード: chromian spinel, sulfides, serpentinite, Ise, Hida Marginal Belt, Japan
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Kohistan island arc of Pakistan is squeezed as lensoidal mass between the Indian continent to the south and Karakoram micro-
continent to the north. The delineating contacts are the suture zones known as the Main Mantle Thrust or Indus suture and
the Main Karakoram Thrust or Shyok suture. The arc contains four major magmatic complexes: from bottom to top the mafic-
ultramafic Jijal complex, mafic-ultramafic Sapat complex, mafic and ultramafic Chilas complex at the base, and the Kohistan
batholith in the middle part. Back-arc basin rock assemblages, the Jaglot group, occur as septum within the Kohistan batholith.
Mafic dykes are found to intrude the ultramafic and mafic rocks of the Chilas complex and the granitoids of the Kohistan
batholith. Mafic dykes both basaltic and dolerites, intrude the slate, quartzite and gabbros of the Jaglot group. Petrographic and
geochemical studies reveal variations in mafic dykes. Mafic dykes of the Chilas complex are primitive and range from picrobasalt
to basalt, tholeiitic and subalkaline. These dykes are mainly amphibolites. Mafic dykes of the Kohistan batholith are tholeiitic
and calc-alkaline to alkaline and basaltic-andesite to trachy-andesite, which preserved trachytic-type texture. Mafic dykes of the
Jaglot group are tholeiitic basalt and basaltic andesite, which preserved ophitic to subophitic texture. Mafic dykes of the Chilas
complex are high in Al2O3, MgO, CaO, and low in Na2O, K2O, P2O5, Zr, Rb, Sr, Ba and Nb. Mafic dykes of the Kohistan
batholith contain comparatively high Al2O3 and low TiO2, Zr, Rb, Sr, Ba and Nb. The calc-alkaline/alkali basaltic mafic dykes
are distinctly high in Na2O, K2O and P2O5, Rb, Sr, Ba, Nb and low in MgO, CaO, Fe2O3 and Y. Mafic dykes of the Jaglot
group are distinct to contain high TiO2, Fe2O3, Na2O, Y, Zr and low Al2O3, K2O, Rb, Sr and Ba. These dykes show flat pattern
with slightly high HFSE/LILE ratios whereas the other dykes show sloping pattern with marked Nb depletion and Sr enrichment,
when compared with N-MORB and primitive mantle values. Mafic dykes of the Jaglot group show enriched MORB-type affinity
of back-arc basin origin whereas mafic dykes of the Chilas complex and the tholeiitic dykes of the Kohistan batholith give island
arc type signatures. Calc-alkaline/alkali basaltic dykes give continental margin origin. All mafic dykes of the area are derived by
the partial melting of depleted, heterogeneous mantle and enriched mantle sources during island arc, back-arc and continental
margin tectonic settings.

キーワード: Kohistan, Island arc, Continental margin, Back-arc, Mafic dykes, Geochemistry
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Urumieh-Dokhtar Magmatic Arc (UDMA) is formed by the subduction of the Neotethyan oceanic slab beneath central Iran.
The magmatic activity in the south Ardestan, central UDMA, has been classified into Eocene, upper Miocene and Plio-Quaternary
sequences. The Eocene sequence comprises volcano-sedimentry strata, which are interlyered with the basaltic and andesitic lavas.
It is noted that the last Eocene magmatic event occurred as basaltic dyke that cut through the Eocene sequence and as tabular
basaltic lavas on the top of Eocene sequence. The basaltic rocks in the upper and lower Eocene sequence have porphyritic texture
with phenocrysts of plagioclase, clinopyroxene and olivine, in decrease order. Their major element compositions indicate high
alumina characteristic (SiO2=48-53 wt% Al2O3>17.5 wt%, CaO>8.5 wt%, MgO<9 wt%); MORB-normalized trace element
patterns exhibit a typical continental arc signature with characteristic enrichment in LILE and depletion in HFSE. LILE show
temporal variations from lower to upper Eocene, for example Rb and Th decrease from 56 to 8 ppm and 1.95 to 0.50 ppm re-
spectively. Similarly, the rare earth element (REE) patterns of the basalts become progressively less fractionated toward upper
Eocene. The temporal variation in trace elements appears to reflect decrease in subduction components in their source mantle at
the end of the subduction period. The Miocene volcanic rocks occur as basaltic andesite to andesite lava flows. Most basaltic
andesites contain phenocrysts of plagioclase, olivine, pyroxene and magnetite. The andesite lavas contain plagioclase, orthopy-
roxene, clinopyroxene, and opaque minerals. The Pliocene dacitic lava domes intruded Miocene lavas, and they belong to the
last volcanic activity in this region. They are composed of plagioclase, orthopyroxene, amphibole, quartz, and opaque minerals.
Miocene basaltic andesites have a high Mg composition (SiO2 =54.39 wt %, Al2O3 =16.2 wt %, MgO =6.79 wt %, Mg# =61, Ni
=121 ppm, Cr =256 ppm). In contrast, the Pliocene dacites have adakitic signature with low Mg# (47.7- 45.4), high Sr/Y (88-
71; Sr =558-816 ppm, Y=7-9 ppm) and low HREE concentrations. Such adakitic signatures suggest that they were generated by
partial melting of basaltic protoliths. Based on geochemical variations of south Ardestan volcanic rocks, we infer that subduction
of the Neotethyan oceanic plate beneath central Iran was ceased at upper Eocene and volcanism has resumed at Miocene under
the post collision environment. The co-existence of Miocene high Mg andesite and Pliocene adakite can be accounted for by the
model of delamination of lower continental crust.
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