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200nmフェムト秒レーザーアブレーションSF-ICPMS元素分析法によるマトリクス
効果の低減
Origin of Suppressed Matrix Effect by 200Fs-SF-ICPMS Elemental Analysis

木村純一 1∗,常青 1

KIMURA, Jun-Ichi1∗, CHANG, Qing1

1 海洋研究開発機構
1IFREE/JAMSTEC

We have tested an ultraviolet 200nm femtosecond laser ablation (200FsLA) sector-field inductively coupled plasma mass
spectrometry (SF-ICPMS) system for major and trace element analyses in silicate glasses and minerals. By optimizing the
200FsLA optics and the analytical protocol and employing a modified ion sampling interface in the SF-ICPMS, the sensitivity
of the system has been improved with reduced backgrounds, achieving accurate spot analyses of 44 elements from ppb to wt.%
levels at a crater diameter of 30 microns. Corrections for differences in the laser sampling efficiency between samples and
the standards were performed by 100% normalization of the sum of the oxides of all the elements analyzed. Use of 200FsLA
minimized the matrix effect by 50% compared to that by a 193-nm nanosecond excimer LA. The origin of this improvement
was identified as the suppression of melting point-induced element fractionation at the laser ablation site due to a decreased
thermal effect by 200FsLA. Sensitivity enhancement in some elements with high first ionization energy still remained in the
basalt aerosols relative to silica-rich aerosols. This is inferred to be due to the higher thermal conductivity of the basalt aerosols
in the inductively coupled plasma enhancing ionization. Accurate determination of trace elements (within 5% of the accepted
values) was achieved for glasses ranging from MPI-DING komatiite to rhyolite, using single basalt glass BHVO-2G as the
calibration standard. This method is also applicable to various anhydrous silicate minerals such as plagioclase, pyroxenes, and
garnet. However, SRM610 glass, which has a very different matrix than BHVO-2G, is preferred for zircon. Apart from this
exception, the proposed method does not require any external analytical techniques when the amounts of unmeasured elements
such as halogens or water in the materials are negligibly low, which is the case for many geological materials.

キーワード:フェムト秒レーザーアブレーション, ICP-MS,元素分析,マトリクス効果
Keywords: Femtosecond laser ablation, ICP-MS, Eelemental analysis, Matrix effect
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地球内部物質大循環と希ガス同位体
Global recycling of materials in the Earth’s interior and noble gas isotopes

兼岡一郎 1∗

KANEOKA, Ichiro1∗

1 東京大学地震研究所
1Earthquake Research Institute, University of Tokyo

海嶺におけるプレートの生成や火山噴火を含むさまざまな形態の火成作用、島弧周辺におけるスラブの沈み込みなど
を通じて、地表物質が地球内部にもちこまれた後、またその一部が地表に表出する大規模な循環が生じていることが、放
射性起源同位体を含む各種の同位体比などの結果から推測されている。また地震波トモグラフィーなどの結果から、ス
ラブがマントル内に沈み込んでいく様子が示されている。
　しかし地表物質が実際に循環する深さや状況についての詳細は、不明なところが多い。例えばスラブの沈み込みに

より、そのスラブ表層部から放出された水などの効果で島弧マグマの形成などが議論されている。しかしその関与する
程度や残りのスラブの地球深部への影響などについては、研究者によって見方が大きく異なっている。
　希ガスは化学的に不活性なのえ、その挙動に関しては物理的な性質のみに支配されていると見なしてよい。また大気

と地球内部では、その元素・同位体組成が大きく異なっていることも知られている。さらに揮発性元素であるので、地表
付近で形成された物質の大部分はマグマ中に存在していた希ガスと大気中の希ガスが交換していることも分かっている。
そのため、地表物質の希ガスは放射性源同位体以外では大気組成の同位体比をもっていることで識別できる。さらに放射
性起源同位体を含む 3He/4He, 40Ar/36Arなどの同位体比を組み合わせることで、異なるマグマ源の性質も推定できる。
　このような希ガスを用いて地球内部の状態を調べる試みは非常に多く行われてきており、3He/4He, 40Ar/36Arなど

の系統的な違いから、MORBのマグマ源より OIBのマグマ源は、より深い部分に存在することが推定されてきている。
また一般的に Heについては、地表から地球内部に循環することはないとされている。希ガスのもつ性質を利用すると、
地球内部における物質循環に関する情報を得る有力な手段となる。例えば、Ar,Kr,Xeなどの重希ガス水などとともに地
球内部に循環し、大気成分の希ガスが海水などとともに特に OIBのマグマ源に大きく寄与しているとの報告もある。そ
の説に従うと、循環物質はOIBや島弧玄武岩などへの影響は大きいが、MORBのマグマ源への影響は相対的に小さいこ
とになる。また大気成分は OIBのマグマ源に広がり、その影響が OIBの希ガス同位体比に反映されていることになる。
しかしその影響の程度と固体元素同位体比などの間には特に相関は見られない。一方、これらの重希ガスなどよりもはる
かに移動度が高いと見なされている Heで、地殻循環物質が関与していると見なされるようなMORBより低い 3He/4He
を示す OIBは、固体元素同位体比などでもやはり地殻物質の関与を示している。3He/4Heがマントル内で特有の値を示
すことは、循環物質の影響が限られていることを示唆する。一方、マントル内で、移動しやすい Heの影響が地域的に限
られていることは、OIBにおける重希ガスの大気成分の源は、Heが示す循環物質の影響とは異なった要因による影響も
含んでいることを示唆している。この例に見られるように、希ガス同位体比から循環物質の影響について論じるために
は、それぞれの試料が示している情報の意味を明らかにすることが重要であり、それらの再検討を必要とする。

キーワード:物質大循環,地球内部,希ガス,同位体
Keywords: Global recycling, Earth’s interior, Noble gas, Isotope
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FOZOとHIMUの成因の違いは何か？
FOZO-HIMU connection: link to chemical heterogeneity of MORB
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One of fundamental concepts of the mantle geochemistry is a hypothesis called ‘mantle reservoir model‘ (White, 1985; Zindler
and Hart, 1986), in which isotopic composition of the ocean island basalts (OIBs) are explained by mixing of distinct and iso-
lated reservoirs in the Earth‘s interior. In early research on the mantle reservoirs, the isotopic compositions of OIBs were mainly
explained by the mixing of depleted MORB mantle (DMM) and three enriched reservoirs (HIMU, EM1, and EM2) whose iso-
topic compositions are enriched extremes. In addition to these ‘extreme reservoirs‘, the importance of reservoirs whose isotopic
compositions are common and intermediate has been pointed out, such as FOZO (Focal Zone, Hart et al., 1992), C (common
component; Hanan and Graham, 1996), PREMA (Prevalent Mantle, Zindler and Hart, 1986) and PHEM (Primitive Helium Man-
tle, Farley et al., 1992). Although the existence of these ‘intermediate reservoirs‘ is still in debate, the isotopic compositions of
these reservoirs, in particular FOZO, have been commonly used to describe the isotopic distribution of OIBs.

The origin of mantle reservoirs is considered to be recycling of oceanic crust with/without sediments. Thus recycling of pure
oceanic crust is important because the oceanic crust is the major constituent of recycled material. As the recycling of pure oceanic
crust is inferred to produce HIMU and FOZO components, elucidating the origin of these reservoirs should be important from the
perspective of production of mantle heterogeneity (e.g., Stracke et al. 2005). A major question about the origin of these reservoirs
would be the process that made the difference between HIMU and FOZO. Additional question about their origin is the process
that can explain the rare occurrence of HIMU and ubiquitous presence of FOZO.

In the present study, we have conducted geochemical modeling for understanding the origin of HIMU and FOZO. For the
model, MORB compositions from East Pacific rise and Mid-Atlantic ridge are compiled from published data. The results suggest
that oceanic crust with various stages of magmatic evolution can produce U and Th enrichment that is suitable for the origin
of HIMU and FOZO, i.e., less evolved common MORB can be the source for FOZO and strongly evolved rare MORB can be
the source for HIMU. Although the magmatic evolution processes also produce high Pb concentration that is inappropriate for
the origin of HIMU, sulfur enrichment during the evolution can erase the effect of Pb enrichment due to desulfurization and Pb
loss beneath subduction zones. Depleted Sr isotopic composition of HIMU seems to contradict high Rb concentration of evolved
MORB magmas. However, high degree of dehydration and Rb loss beneath subduction zones can produce depleted Sr isotopic
composition of recycled crust. In this context, magma evolution at mid-ocean ridges and variable degree of dehydration beneath
subduction zones play an essential role in producing the isotopic variations between HIMU and FOZO.

キーワード: FOZO, HIMU,マントル貯蔵庫, MORB,リサイクリング,海洋島玄武岩
Keywords: FOZO, HIMU, Mantle reservoirs, MORB, recycling, OIBs
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カンラン岩部分融解時の白金族元素の挙動について
Behavior of platinum-group elements during peridotite partial melting

小木曽哲 1∗

KOGISO, Tetsu1∗

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

Platinum-group elements (PGE) are key tracers for the chemical differentiation of the early Earth and the subsequent chemical
evolution of the Earth’s interior. PGE abundances in the mantle are much higher than expected from core-mantle equilibration,
which is often attributed to late meteorite bombardment (so called ”late veneer”) on the Earth after core formation, although
alternative hypotheses have also been proposed. A critical point to testify the models for the excess PGE in the mantle is accurate
estimation of the PGE abundances in the primordial mantle. Many peridotite samples with relatively primitive composition have
broadly chondritic relative abundances of PGE, which is in favor of the late veneer hypothesis. However, absolute concentrations
of PGE are strongly variable among rock types and sample locations, because PGE concentrations in peridotite samples are likely
to be modified by partial melting processes the samples experienced. Thus it is highly required to understand the PGE behavior
during partial melting processes in order to accurately estimate the PGE abundances in the mantle. Since PGE in peridotite
samples are dominantly concentrated in base metal suflides (BMS) and platinum-group minerals (PGM), it is necessary to know
the phase relations of BMS and PGM in partially molten peridotite minerals. I will review the experimental studies on the stability
of PGM and BMS during partial melting of peridotite, and discuss the role of these minerals for the generation of the diversity
of PGE concentrations in peridotite samples.

キーワード:白金族元素,白金族鉱物,マントル,部分融解
Keywords: platinum-group element, platinum-group mineral, mantle, partial melting
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イタリア・フィネロかんらん岩体のSr-Nd同位体・微量元素組成
Sr-Nd isotopic and trace element geochemistry of the Finero peridotite massif, southwest-
ern Alps, Italy

芳川雅子 1∗,森下知晃 2,田村明弘 2, Alberto Zanetti3, Maurizio Mazzucchelli4,荒井章司 5
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The Finero mafic-ultramafic complex is one of the orogenic peridotite massifs emplaced into granulite facies metabasites of
the Ivrea-Verbano Zone of Northern Italy. The Finero mafic-ultramafic complex is an antiformal body that comprises four main
units from core to rim: a Phlogopite Peridotite, an layered Internal Gabbro, an Amphibole Peridotite, and an External Gabbro
(e.g. Cawthorn, 1975, JG; Coltorti & Siena, F, 1984, N. Jb.Mineral. Ab). The Phlogopite Peridotite and other units have been
interpreted as residual mantle left after extraction of 18 % mid-ocean ridge basalt (MORB) and a crustal cumulate body, respec-
tively (Coltorti & Siena, 1984, N. Jb.Mineral. Ab.; Siena & Coltorti, 1989, N. Jb.Mineral. Ab. Hartmann & Wedepohl 1993,
GCA). The Phlogopite Peridotite unit consists of dunite and harzburgite with minor pyroxenites and chromitite. Amphibole and
phlogopite are remarkable in the phlogopite peridotites of the Finero Phlogopite Peridotite massif than other Ivera-Verbano peri-
dotite massifs (Balmuccia and Baldissero, Hartman & Wedepohl, 1993, GCA). Amphibole ubiquitously occurs, and amphibole
and/or phlogopite-bearing segregations and veins are locally abundant of the Finero Phlogopite Peridotite unit (e.g., Selverstone
& Sharp, 2011, EPSL). These hydrous minerals were believed to be formed by interaction with residual peridotite and slab de-
rived flulid/melt (e.g. Zanetti et al., 1999, CMP). Apatite and carbonate also founded in the phlogopite peridotite as sporadic
region and thin layer (e.g. Zanetti et al., 1999, CMP; Morishita et al., 2003, Lithos). The sporadic region seems to be influenced
by mantle derived melt (Raffone et al., 2006, MCA) or slab-derived CO2 bearing hydrous agent (Morishita et al., 2008, CG),
whereas the thin layers was expected to result from passage of evolved slab-derived CO2 bearing hydrous agent (Morishita
et al., 2003, Lithos; Matsumoto et al., 2005, EPSL; Morishita et al., 2008, CG). In recent, Selverstone and Sharp (2011, EPSL)
divided the Finero phlogopite peridotites into the four groups (from type 1 to type 4) based on the petrographic feature of hydrous
minerals and suggested at least two chemically distinct metasomatic fluids from the Cl, H, and O stable isotope geochemistry
with petrologic and major and trace element data.

Our purpose of this study is to confirm the relationship between the petrographic features and other geochemical signatures
such as trace element and Sr-Nd isotopic compositions. Sr-Nd isotopic compositions of acid washed amphibole separates from the
spinel harzburgite with minor amphibole and/or phlogopite (type 1), harzburgite with segregation phlogopite and/or amphibole
(type 2) and amphibole-rich segregations (type 3) are significantly enriched character (87Sr/86Sr =0.7075 - 0.7091,143Nd/144Nd
= 0.51232 - 0.51237) similar to those of the continental crust as suggested by previous studies (Voshage et al., 1987, CMP; Lu
et al., 1997, CG; Zanetti et al., 1999, CMP; Matsumoto et al., 2005, EPSL). Such enriched isotopic feature is common for the
peridotite xenoliths from cratonic subcontinental lithospheric mantle (e.g. Pearson et al., 1995, GCA). Amphibole of type 1 spinel
harzburgite has most enriched Sr-Nd isotopic compositions. Amphibole of the type 2 and type 3 spinel harzburgites have similar
Sr-Nd isotopic compositions with each other. Selverston and Sharp (2011, EPSL) inferred that these segregations had originated
hydrous melt induced by H2O-CO2 fluid derived subducting slab. Our results combined with previous studies, therefore, suggest
that hydrous silicate melt formed amphibole-rich segregation has relatively depleted Sr-Nd isotopic compositions.

キーワード:金雲母かんらん岩,フィネロ苦鉄質－超苦鉄質岩体, Sr-Nd同位体組成,微量元素組成
Keywords: phlogopite peridotite, Finero mafic-ultramafic massif, Sr-Nd isotopic compositions, trace element compositions
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小笠原諸島の浜砂から採取したクロムスピネルのOsから明らかになった沈み込み帯
での酸化還元環境
Redox condition in subduction system elucidated from Os in Cr-spinel from Bonin Island
beachsands

鈴木勝彦 1∗,仙田量子 1,清水健二 1

SUZUKI, Katsuhiko1∗, SENDA, Ryoko1, SHIMIZU, Kenji1
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1IFREE/SRRP, JAMSTEC

The Os isotopic system is a potential tracer of a recycled crustal component in mantle or volcanic rocks because of the signifi-
cant contrast between Os isotope ratios of crust and mantle. It is because, fractionation between Re and Os during mantle partial
melting leads to a significant contrast in (187Os/188Os between high values (187Os/188Os> 0.5) in crustal rocks and low values
((187Os/188Os< 0.13) in mantle rocks. For instance, a recycled ancient crustal component with high (187Os/188Os is involved in
the production of hotspot volcanic rocks in Polynesia (Hofmann, 1997). However, the potential for crustal contamination over-
printing this possible signal has hampered the utility of Os isotopic ratios.

We explored the use of Os isotopes in chromian spinel (Cr-spinel) as a discriminator of primitive magma Os compositions in
the Izu-Bonin arc, using beach sands as composite samples of the boninite and tholeiite magmas in three different islands. Cr-
spinel is an early-stage crystal that7 preserves its isotopic composition even during later crustal contamination of the bulk rock.
We found highly unradiogenic Os isotopic compositions in Cr-spinels from boninites, suggesting that they represent primitive
magmas with slight or no Os contribution from the subducting slab during the generation of boninites in the infant arc stage
(48-46 Ma). Conversely, the radiogenic Os isotopic ratios in Cr-spinels from tholeiites most likely reflect the contribution from
a slab-derived component, because more oxidative conditions in the subarc mantle probably allowed Os to mobilize from the
subducting slab during the transitional arc stage (45-41 Ma). Although shallow-level assimilation of crustal components with
radiogenic Os may overprint the original Os signature of tholeiite magma during its ascent, Cr-spinel allows us to compensate
such possibilities.

Possible mechanism for the difference in Os transfer from the subducted slab between the early stage and transitional stage
of the Izu-Bonin arc system is redox condition in the wedge mantle. We suggest that during boninite formation in the infant arc
stage, the mantle beneath the Izu-Bonin arc was not strongly oxidized, resulting in less mobile Os in the subduction system. This
leads to minimal input of radiogenic Os derived from the subducting slab to the primitive boninite magma. During formation of
the Mukoojima tholeiites, the mantle was well oxidized by continuous input of slab-derived fluid and/or melt, providing mobile
Os to the source mantle. This may account for the oxidative chemical compositions of Cr-spinel and the elevated Os isotopic
compositions in the mantle source of the Mukoojima tholeiites.
Keywords: osmium isotope, Cr-spinel, Bonin Islands, redox condition
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Mineralogy and petrology of the basalts from the Erdenetsogt Formation, Hangay-Hentey
fold belt of central Mongolia
Mineralogy and petrology of the basalts from the Erdenetsogt Formation, Hangay-Hentey
fold belt of central Mongolia
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This paper deals with the first mineralogical and petrological study of the basaltic rocks from the Erdenetsogt Formation
(EF) in middle Paleozoic accretionary complex hosted by Tsetserleg terrane, which is westernmost part of the Hangay-Hentey
fold belt (HHFB) of central Mongolia. EF is mainly made up of intensively deformed oceanic plate stratigraphy (OPS): pelagic
radiolarian/ribbon chert, red and green quartzites (metachert), fine to medium-grained sandstone, siltstone with minor amount of
limestone, and some basaltic rocks which have been discovered lately during geological mapping in the south Hangay region.
The basaltic rocks exhibit mostly metabasalts, dolerites, microgabbros, and occational meta-picrites composition with subophitic,
intersertal, and partly intergranular textures. The phenocryst assembladge is composed of olivine (completely altered by chlorite,
carbonate and serpentine and is only observed in meta-picrite) and clinopyroxene (well-preserved in all basaltic rocks) and
smaller matrix plagioclase (replaced by albite). Accessory minerals include chromian-spinel, titanomagnetite and pyrite. Here, we
present preliminary major element data for phenocryst and groundmass clinopyroxene (Ca-rich augite/diopside) and chromian-
spinel measured by electron microprobe from the north and south of Uyanga Soum (village), where these basaltic rocks are
exposed. There was no chemical variation in relict minerals observed from the basaltic rocks from these two parts. The preserved
clinopyroxenes in basaltic rocks have a Mg# between 78-85, and follow a typical tholeiitic trend in the Ca-Mg-Fe diagram with
rims slightly enriched in Fe relative to the cores. On the basis of Ca +Na vs. Ti and Ca vs. Ti+Cr discrimination diagrams, our
results are consistent with tholeiitic magma of non-orogenic origin. The relict chromian-spinels (up to 0.25 mm in size) are found
only in completely altered olivine phenocrysts of meta-picrite and its chemistry exhibits very limited in composition with Cr#
of 55-68 numbers, which consistent with intraplate tholeiite. Spinel plot of Al2O3 wt.% vs. TiO2 wt.% (range from 0.9 to 1.8
wt.%) ratio suggests OIB rather than MORB. In the Cr-Al-Fe+3 diagram, along with the Cr-Al line with low ferric iron content,
resembling spinel among spinel peridotite xenoliths. In Mg# vs. Cr# diagram, it implies more fractionated magma than MORB.
From this fact it is concluded that the chromian spinel of meta-picrite may have been derived from a mantle plume source. Our
review of previous limited geochemical studies suggests enriched OIB for these basalts. In general, the mineral chemistry of the
basalts from EF indicates tholeiitic OIB (hot spot/seamount) affinity in agreement with previous suggestions by some researchers.
The OIB have been developed within Paleo-Pacific Ocean plate located between the Siberian and the North China Cratons, and
then accreted to the active continental margin of Siberian Craton during middle to late Paleozoic.

キーワード: Hangay-Hentey fold belt, Erdenetsogt Formation, mineral chemistry, basaltic rock, clinopyroxene, chromian spinel
Keywords: Hangay-Hentey fold belt, Erdenetsogt Formation, mineral chemistry, basaltic rock, clinopyroxene, chromian spinel
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室生火砕流堆積物とその類似凝灰岩の全岩化学組成
Whole-rock chemical compositions and REE analyses of the Muro pyroclastic flow de-
posit and related tuffs

原川朋矢 1∗,壷井基裕 2

HARAKAWA, Tomoya1∗, TSUBOI, Motohiro2

1 関西学院大学大学院理工学研究科, 2 関西学院大学理工学部科学科
1Sci. Tech., Kwansei Gakuin Univ.,2Sci. Tech., Kwansei Gakuin Univ.

The Muro pyroclastic flow deposit is the rhyolitic tuffs that are distributed from the central part of Nara prefecture to the
western part of Mie prefecture, southwestern Japan. It consists of a 15 km (north-south) x 28 km (east-west) body. The tuff is
classified into two main lithologies. One is a glassy dense welded tuff called ”black lava” and the other is a cryptocrystalline
tuff ”white lava” that have suffered devitrification1). Both FT and K-Ar dating methods indicate that the age of the tuffs is about
15 Ma2). Several studies have been done for the Muro pyroclastic flow deposit(Shinjoe.H. et al, 2002: Iwano.H et al, 2007),
however, the source is less well understood. In this study, we present newly obtained whole rock major, trace and rare earth ele-
ment compositions of the Muro pyroclastic flow deposit and related tuffs. The related tuffs we analyzed are the Tamateyama tuff
and the Sekibutsu tuff in Kii peninsula, and the Kn-1 tuff in Boso peninsula. A total of 15 samples were analyzed for chemical
compositions. The whole-rock major-trace element compositions and REE compositions were analyzed by XRF and ICP-MS,
respectively. Most of the samples except the Kn-1 tuff indicate that the SiO2 contents vary from 73.0 to 75.5 wt% and the
alumina-saturation index (A.S.I.) are more than 1.1 which shows those rocks are peraluminous. However, the Kn-1 tuff indicates
especially low values of SiO2 (SiO2 = 59.9 wt%) and A.S.I. (c. 0.3). It shows that the Kn-1 tuff is metaluminous. Furthermore,
the Kn-1 tuff has higher value of CaO, MnO, and P2O5 than the other samples. The Kn-1 tuff might have different type of source
from the Muro pyroclastic flow deposits. When compared with the chemical compositions between the white and black lavas,
SiO2 content of the white lava is higher than the black lava, whereas the CaO, MnO, FeO∗, MgO and Na2O content of the black
lava is higher than the white lava. However, both white and black lavas show similar chemical trends on the Harker’s variation
diagrams. Most of the samples show nearly same pattern on the REE composition diagram s normalized by CI-chondrite. They
are LREE-rich, mid-to HREE flat and negative Eu anomaly pattern. The chemical compositions of the Muro pyroclastic flow
deposits have relevance to the related tuffs (Tamateyama and Sekibutsu) except the Kn-1 tuff.

キーワード:室生火砕流堆積物,希土類元素,凝灰岩
Keywords: Muro Pyroclastic Flow Deposit, rare earth elements (REE), Tuff
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東北日本只見川古期花崗岩類の全岩化学組成および希土類組成
Whole-rock chemical compositions and rare earth element compositions of the Paleogene
Tadamigawa granitic rocks, northea

谷岡裕大 1∗,壷井基裕 2

TANIOKA, Yudai1∗, TSUBOI, Motohiro2

1 関西学院大学大学院理工学研究科, 2 関西学院大学理工学部化学科
1Sci. Tech., Kwansei Gakuin Univ.,2Sci. Tech., Kwansei Gakuin Univ.

The Paleogene Tadamigawa granitic rocks are located at the border between Fukushima and Niigata prefectures, northeastern
Japan. The granite is divided into two rock types, the Tadamigawa granite and the Hinoematagawa granite. The Tadamigawa
granite is coarse-grained biotite granite and it is characterized by the phenocryst of K-feldspar. The Hinoematagawa granite
is medium-grained biotite-hornblend granite, and it is intruded by the Tadamigawa granite. In this study, we have analyzed
whole-rock chemical compositions including REE of the Tadamigawa granitic rocks, and discuss the petrogenesis of the pluton.
7 samples of the Hinoematagawa granite and 18 samples of the Tadamigawa granite were analyzed for major-minor chemical
compositions and REE compositions by XRF and ICP-MS, respectively. SiO2 contents of the Hinoematagawa granite and the
Tadamigawa granite range from 59.6 to 69.4 wt.% and from 62.8 to 74.6 wt.%, respectively. The Tadamigawa granite and the
Hinoematagawa granite may be generated from the same magma origin because they show similar trend on the Harker’s diagram.
The Tadamigawa granitic rocks are plotted within the field of non-alkaline rock on the graph of SiO2-(Na2O+K2O)(Miyashiro,
1978). It is also assumed that the pluton belongs to calc-alkaline rock series because SiO2 contents increase with increasing
FeO/MgO ratio. Additionally, almost all samples were classified into VAG (Volcanic Arc Granite) on the Rb-(Nb+Y) dia-
gram(Pearce et al., 1984). Therefore, the Tadamigawa granitic rocks magma might be originated from the partial melting of
the basaltic crust. REE abundance patterns of all samples normalized by chondrite show high-LREE pattern. Many samples show
negative Eu anomaly, and the value of Eu anomaly increase with decreasing anorthite content calculated by CIPW norm. The
value of Eu anomaly might be concerned with the crystallization differentiation of the original magma. The degree of Eu anomaly
of the Tadamigawa granite is higher than that of the Hinoematagawa granite. Whole-rock chemical composition analyses suggest
that the Tadamigawa granite is more differentiated than the Hinoematagawa granite.

References
Miyashiro. A., 1978,Contrib. Mineral. Petrol., 66, 91-104.
Pearce, J. A. et al., 1984,Jour. Petrol., 25, 956-983.
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Keywords: Tadamigawa, Hinoemata, Granite, rare earth elements (REE)
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希土類元素組成からみた熊野酸性岩類の成因
REE compositions of the Kumano acidic rocks, outer zone of southwestern Japan
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The Kumano Acidic Rocks (KAR) which distributes in south-eastern part of the Kii peninsula, outer zone of southwestern
Japan, are igneous rocks that were formed c.15 Ma (Iwano et al., 2007). Around the same time when KAR were formed, many
tectonic events occurred in this area (Shinjoe et al., 2007). The formation of KAR may have an important relationship with these
tectonic events.

KAR is composed of the Konogi rhyolite, rhyolitic tuff, the Kumano granite porphyry south unit and its north unit. An arc
intrusion body that has a characteristic like the Kumano granite porphyry intrudes in the Koza area, southern part of the study
area. KAR intrudes into Early Miocene sedimentary rocks of the Kumano Group (KG). In this study, we report the whole rock
chemical composition of each rock types of KAR and KG. A total of 19 samples of KAR and KG were analyzed. The major-trace
element compositions and REE compositions were measured by XRF and ICP-MS, respectively. The chemical compositions of
KAR indicate that KAR is per-aluminous (Al2O3 / (Na2O+K2O+CaO) = 1.10-1.69). It suggests that the original magma melted
the wall-rock of KG when it intruded, and/or the original magma was formed by the direct melting of other sediments. Because
no whole-rock chemical relationship between KAR and KG was found on the Harker diagram, KAR may have formed by the
direct melting of the sediments except KG. REE compositions normalized to CI-chondrite show the high-LREE and flat-HREE
pattern. In addition, LREE patterns are divided into two patterns, such as higher and lower value, on the normalized diagram.
KAR magma might be differentiated into two types in the magma chamber.

References
Iwano, H. et al., 2007,Jour. Geol. Soc. Japan,113,326-339
Shinjoe, H. et al., 2007,Jour. Geol. Soc. Japan,113,310-325
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斜長石斑晶のSr同位体比分析による鳥海火山のソレアイト系列およびカルクアルカ
リ系列の成因
Origin of TH and CA suits in Chokai volcanic rocks - examination of Sr isotope ratio in
plagioclase phenocrysts

高橋俊郎 1∗,平原由香 1,木村純一 1,常青 1,巽好幸 1,中野俊 2

TAKAHASHI, Toshiro1∗, HIRAHARA, Yuka1, KIMURA, Jun-Ichi1, CHANG, Qing1, TATSUMI, Yoshiyuki1, NAKANO,
Shun2

1 独立行政法人海洋研究開発機構, 2 産業技術総合研究所
1JAMSTEC,2Geological Survey of Japan, AIST

Tholeiitic (TH) and Calc-alkaline (CA) series lavas is coexisting at Quaternary volcanos in NE Japan arc. Generally, CA lavas
have evidence of magma mixing, e.g. diseqilibrium phenocrystic assemblage such as olivine and quartz. Therefore, many pre-
vious works discussed that the former is evolved from mantle-derived basalt magma by fractional crystallization, and the latter
is generated by magma mixing between basic and acidic magmas, both derived from the common TH basalt through fractiona-
tion. However, based on Sr isotope micro-analysis of plagioclase phenocrysts in lavas from Zao and Azuma volcanos at central
area of NE Japan arc, Tatsumiet al. (2008) and Takahashiet al. (submitted) argued that isotopically radiogenic TH basalt was
formed by melting of the lower-crustal amphibolite and CA was formed by magma mixing of the unradiogenic mantle-derived
basalt, the radiogenic crust-derived basalt and the differentiated magma which relates to basalt magmas. Additionally, although
estimated primary CA basaltic melt composition at Zao and Azuma volcanos is in frontal-arc, it is medium-K basalt and similar
in composition to back-arc side basalt at Chokai volcano. This result is not in agreement with traditional across-arc variation
model for mantle-derived basalt magma in island-arc magmatism (e.g. Kuno, 1966), and need reconsideration of the mechanism
for geochemical across-arc variation in island-arc volcanic lavas.

The Quaternary Chokai volcano is located at the rear-arc side of NE Japan arc, and this is typical of stratovolcano in Chokai
volcanic zone. Chokai volcano activity is divided into Stage1 to Stage3 (Hayashi, 1984: Banet al., 2001). Stage 1 lavas has not
disequilibrium texture or rarely has plagioclase phenocryst which has dimly dusty zone. Stage 2 is composed largely of olivine
two-pyroxene andesite with a small amount of olivine two-pyroxene basalt. Most of them contain hornblende as phenocryst.
Stage 3 is olivine two-pyroxene andesite and two-pyroxene andesite. The almost plagioclase phenocryst in Stage 2 and 3 lavas
has dusty zone and sieve texture. An% of plagioclase phenocrysts core in Stage 1 basalt shows monomordal distribution (An%:
80 to 90), whereas these in Stage 2 and 3 basalts have wide range (An%: 50 to 80). Chokai lavas are plotted on boundary of
high-K and medium-K on the SiO2 vs. K2O diagram. On the FeO∗/MgO vs. SiO2 diagram, trend of Stage 1 and Stage 2 & 3
lavas show the TH and CA, respectively. The range of bulk Sr isotope ratio of TH (Stage 1) and CA (Stage 2 and 3) are very
similar (TH: 0.70303 to 0.70341, CA: 0.70297 to 0.70342). But, Sr isotope ratio of TH is constant or look like slightly ascent
with increasing SiO2, whereas CA is distinctly ascent with increasing SiO2. Petrographical and petrological feature of Chokai
volcanic lavas indicate that TH is produced by fractional crystallization from basic magma and CA is formed by magma mixing
between basic and felsic magma. And, it is thought that a parent magma of TH and the basic end-member magma of CA has
different geochemical features.

In this study, we investigated the generation and evolution process of TH and CA suites in Chokai lavas using Sr isotope ratio
of whole-rock and plagioclase phenocrysts, and compared them with the frontal-arc volcanic lavas (Zao and Azuma).

キーワード:ソレアイト系列,カルクアルカリ系列,ストロンチウム同位体比,斜長石
Keywords: tholeiitic series, calc-alkaline series, Sr isotope ratio, plagioclase
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Pb isotope analysis of low-Pb geological glasses by femto-second laser ablation-multiple
ion counter-ICP-MS
Pb isotope analysis of low-Pb geological glasses by femto-second laser ablation-multiple
ion counter-ICP-MS

常青 1∗,木村純一 1,宮崎隆 1
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In-situ analysis of Pb isotopes for the sample with limited size and low Pb content is still great challenging. Such samples
include basaltic melt inclusions in olivine ranging from a few ten to one hundred micrometers in size and Pb contents of ˜10
ppm. We tested the suitability of femto-second laser ablation sampling coupled to an ICP-MS equipped with multiple Faraday
cups (MFC) and ion counters (MIC). Pb isotope ratios of 207Pb/206Pb and 208Pb/206Pb can be precisely determined with MFC
for samples with high Pb (> 40 ppm) at large crater size (>100 micrometer in diameter), but this approach is not applicable to
small melt inclusions. In contrast to ion current measurement by MFC, direct ion counting using MIC provides ˜100 times better
signal-to-noise ratio allowing measurement of Pb isotopes with lower intensities (i.e. small ablation crater on low-Pb materials).
However, use of MIC detection system is a big challenge due to its poor performance in both linearity and stability. We found
that mass bias factor obtained by MIC is signal intensity dependent. Standard bracketing method using similar ion intensities
between standard and sample can correct for both the linearity and time dependent decay of MICs. However, control of signal
intensity is not always easy for sample with unknown Pb content, especially for melt inclusion with limited sample volume. To
overcome this problem, we attempted a dual intensity standard bracketing approach. Different laser repetition rate was utilized
for measuring bracketing standard glass in order to cover expected intensity range of Pb signal of unknown sample. Response of
each ion counter is calibrated by using linear regression which is then applied to determine the isotope abundance of unknown
sample. This method was tested by analyzing Pb isotopes of well characterized reference material BHVO-2G (1.7 ppm Pb). The
obtained analytical precision and accuracy of 207Pb/206Pb and 208Pb/206Pb are 0.3-0.4% (2sd) for a spatial resolution of ˜30
micrometer. The precision and accuracy are comparable to published works, but spatial resolution is improved.

キーワード: UV-fs laser ablation, Multiple ion counter-ICP-MS, Pb isotope
Keywords: UV-fs laser ablation, Multiple ion counter-ICP-MS, Pb isotope
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