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The Altai Orogen in the southwestern margin of the Central Asian Orogenic Belt (one of the largest accretionary and col-
lisional orogen in the world) extends from Russia and East Kazakhstan to the west, through Northern China, to southwester
Mongolia to the east. It contains various volcano-sedimentary rocks that were deformed and metamorphosed under variot
pressure-temperature (P-T) conditions from greenschist to amphibolite and partly granulite facies. We report first detailed petrc
logical and fluid inclusion data of pelitic schists and mafic rocks from Bodonch, Zereg, Sharga, and Altai areas, southwestert
Mongolia, which occupy a significant part of the Paleozoic history of the Altai Orogen in the southwestern margin of the Central
Asian Orogenic Belt (or Altaids), and discuss P-T evolution of the area.

Zereg, Sharga, and Altai areas contains mafic to ultramafic rocks and pelitic schists with various mineral assemblages suc
as amphibole + plagioclase + muscovite + chlorite + calcite, serpentine + olivine + chromium spinel + iron oxide, serpentine +
olivine + clinopyroxene + talc, chlorite + muscovite + plagioclase + quartz + ilmenite. In the context of traditional terrain tecton-
ics (Badarch et al., 2002) the belt belongs to the Hovd and Dariv terrains and classified as accretionary wedge and metamorph
belt with uncertain tectonic affinity.

Bodonch area contains pelitic schists and amphibolites with various mineral assemblages such as garnet + kyanite + stauroll
+ biotite + plagioclase, garnet + biotite + staurolite + cordierite, and amphibole + quartz + plagioclase + garnet + ilmenite.

We performed detailed petrologic, geothermobarometric and mineral equilibrium modelling studies on the rocks from Bodonch
area and obtained peak P-T condition of 640%®06.3-10.7 kbar and clockwise path from the area. The peak high-pressure
amphibolite-facies condition and clockwise P-T evolution of the area estimated for the first time in this study is consistent with
available reports of other localities in the Altai Orogen outside Mongolia. Three categories of fluid inclusions have been ob-
served in quartz: dominant primary and secondary inclusions, and least dominant pseudosecondary inclusions. As quartz in ti
samples are texturally associated with biotite, kyanite, and staurolite, which were probably formed during peak metamorphism
we regard that the primary fluid inclusions trapped in the quartz grains probably preserve peak metamorphic fluids. The meltin
temperatures of all the categories of inclusions lie in the narrow range of -57.5 t8§G5616se to the triple point of pure GO
Homogenization of fluids occurs into liquid phase at temperature range between -33.3 &Gt ¥hith convert into densities in
the range of 0.78 to 1.09 g/émiThe results of this study, together with the primary and pseudosecondary nature of the inclusions,
indicate CQ was the dominant fluid component during the peak amphibolite-facies metamorphism of the study area. Therefore
this is a rare example of GQrich fluid inclusions trapped in amphibolite-facies rocks.

O O 000 fluid inclusion, mineral equilibrium modeling, Altai Orogeny, Central Asian Orogenic Belt, Mongolia
Keywords: fluid inclusion, mineral equilibrium modeling, Altai Orogeny, Central Asian Orogenic Belt, Mongolia

1/1



Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]&g{;‘sgimc

Union

SCG62-02 00:102B 00:50 220 09:15-09:30

Fluid and cooling-driven reaction exsolution in garnet porphyroblasts: near-peak history
of UHT granulites, EGB, India
Fluid and cooling-driven reaction exsolution in garnet porphyroblasts: near-peak history
of UHT granulites, EGB, India

Kaushik Das*, Naotaka Tomiokd SANKAR BOSE?, Jun-ichi Andd
DAS, Kaushik*, TOMIOKA, Naotak&, BOSE, SANKAR, ANDO, Jun-icht

I Department of Earth and Planetary Sciences, Hiroshima Univettsfgl, Okayama University, MisaséDepartment of Geol-
ogy, Presidency University, Kolkata, India
IDepartment of Earth and Planetary Sciences, Hiroshima Univettsfg], Okayama University, MisaséDepartment of Geol-
ogy, Presidency University, Kolkata, India

Intergrowth textures in porphyroblastic assemblages of granulites are extremely important to decipher the near-peak evolutior
ary history of deep continental crust undergoing several pulses of orogenic cycles. Eastern Ghats granulite belt of India evolve
through Proterozoic orogenic events has occurrences of aluminous granulites and associated quartzofeldspathic gneisses wt
garnet porphyroblasts contain nanometer- to micrometer-thick ilmenite needles oriented crystallographically. Such garnet poi
phyroblasts are presumably a product of dehydration melting reaction(s) of Ti-rich phlogopite during the pre-peak metamorphic
stage leading to the UHT peak condition. The high oxygen fugacity condition during this stage promoted the enrichment of
possible Ti-bearing andradite component in garnet porphyroblasts in appropriate bulk chemistry. In the subsequent post-pes
cooling-dominated history with lowered oxygen fugacity, Ti-bearing components of garnet porphyroblasts decomposed to rhom:
bohedral oxide solid solution (ilmenite-hematite). Transmission electron microscopic study of the garnet porphyroblasts anc
needle-shaped monomineralic ilmenite solid solution indicates that though there is an overall parallelism-aif[B&@4{ garnet
and [011k of ilmenite, structural coherence between the two phases is progressively lost during growth from thin to thick needles.
We argue that cooling from high-temperature peak metamorphic condition promoted growth of ilmenite solid solution through
reaction-exsolution process within garnet porphyroblasts. Integrated temperature and fO2 information during deep crustal evolt
tion can thus be retrieved from the detailed petrographic, SEM. EPMA and TEM studies of high-grade granulites.

O 0000 : Oriented ilmenite needles, Garnet porphyroblasts, UHT granulites, Reaction-exsolution, EGB, India
Keywords: Oriented ilmenite needles, Garnet porphyroblasts, UHT granulites, Reaction-exsolution, EGB, India

1/1



Japan Geoscience Union Meeting 2012 2 ) ;
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ gon

Geoscience
Union

SCG62-03 00:102B 00:50 220 09:30-09:45

oboooooobgon
0)

Joddddooooooddddoooood | _
e Neogene granitoid plutons in the Izu Col-
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Neogene granitoid plutons are widely exposed in the Izu Collision Zone in central Japan, where the northern tip of the Izu-
Bonin arc (juvenile oceanic arc) has been colliding with the Honshu arc (mature island arc) since middle Miocene. Three mair
granitoid plutons are distributed in this area: Tanzawa Plutonic Complex (TPC), Kofu Granitic Complex (KGC), and Kaikoma-
gatake pluton (KP). The TPC and southern part of the KGC were intruded in submarine volcanic piles of the 1zu-Bonin arc,
while the KP and the northern and central parts of the KGC were intruded in Shimanto metasedimentary rocks of the Honsht
arc. In this study, | compile geochemical data of these three plutons (Kawate and Arima 1998; Saito et al. 2004; Saito et al
2007a,b; Saito et al. in press), and propose a petrogenetic model explaining the geochemical diversity of granitoid plutons in th
Izu Collision Zone.

The TPC consists of tonalite and trondhjemite and characterized by J@vdéntents € 2.5 wt %), whereas the KP is char-
acterized by relatively high ¥O contents (3-5 wt %) and composed of granodiorite and monzogranite. The rocks of KGC range
from tonalite, trondhjemite, granodiorite to granite, and show wide variation, 6f €ontents (0.5-7 wt %). Previous petrogenetic
studies on the plutons have been suggested that (1) the TPC formed by lower crustal anatexis of juvenile basaltic rocks occurrir
in the Izu-Bonin arc (Kawate and Arima 1998), (2) the KGC formed by anatexis of hybrid lower crustal sources comprising
of both basaltic rocks of the Izu-Bonin arc and metasedimentary rocks of the Honshu arc (Saito et al. 2007b), and (3) the KF
formed by anatexis of hybrid lower crust consisting of K-rich rear-arc crust of the 1zu-Bonin arc and metasedimentary rocks of
the Honshu arc (Saito et al. in press). These studies collectively suggest that the chemical diversity within the 1zu Collision Zone
granitoid plutons reflects the chemical variation of basaltic sources (i.e., across-arc chemical variation in the Izu-Bonin arc) a:
well as variable contribution of the metasedimentary component in the source region.
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The dual Quaternary volcanic chains of the North-eastern Japan (NEJ) Arc sit 100 km and 150-170 km above the top of the
subducting Pacific Plate. We focus on a particular variation in the isotopic compositions of Quaternary volcanic rocks in the NEJ
Arc because isotope data are useful for estimating the influence of subducting components on mantle wedges. In general, sle
derived materials from subducting plates add to mantle wedges, and these materials induce the generation of island arc magm

In this study, we report a new spatial variation of Hf isotopic compositions in combination with Sr-Nd-Pb isotopes and trace
element compositions. Although a high-field-strength elements (HFSE), Hf is one of them, rare earth elements (REE), and large
ion lithophile element (LILE) behave as incompatible elements during mantle-melting processes, they distinctively separate fron
each other into preferentially partitioned aqueous fluids due to the increased solubilise from LILE, REE to HFSE. Therefore, Hf
isotopes in combination with other geochemical signatures serve as identification of metasomatic agents in subduction-relate
magma generation.

On the rear arc (RA) side, we collected samples from the Chokai, Sannome-gata, Moriyoshi, and Kampu volcanoes. On th
volcanic front (VF) side, we collected samples from the north area (the Iwate and Akita-koma-ga-take volcanoes), the centra
area (the Zao and Azuma volcanoes), and the south area (the Nasu and Takahara volcanoes).

The RA volcanic rocks have limited and slightly enriched Sr-Nd-Pb isotopic ratios and trace element compositions as com-
pared to those of mid-ocean ridge basalts (MORB) from the Japan Sea. In contrast, the compositions of the VF samples ter
to be more enriched with wide variations. The Sr-Nd-Hf isotopes in the VF rocks tend to be more enriched as one goes fron
north to south, and the sample with the most enriched isotopic compositions is from the Takahara volcano. In the correlatior
diagrams of the Sr-Nd isotopic compositions, the trend from the RA to the VF samples appears as a mix of depleted MORE
mantle (DMM) and enriched oceanic sediments or continental crust materials. However, the variation in the Hf-Nd isotopes in
the VF samples could not be explained by a model of bulk-mixing between DMM and subducted oceanic sediments. Moreover
these isotopic ratios decrease with increasing,Si@ntent. These observations indicate that the variations in the VF samples
were formed during processes of magmatic evolution, such as assimilation-fractional crystallization (AFC) or mixing with silicic
magma, thus resulting in enriched isotopic compositions. Furthermore, the VF rocks have different Pb isotopic compositions ir
different area, which indicates that such a varied trend was probably caused by a variety of contaminated crust composition:
In contrast, the Sr-Nd-Hf-Pb isotopic ratios for the RA rocks suggest that their enriched isotopic compositions as compared tc
MORBSs were most likely influenced by the enriched subducting components, and not the crustal material, because the values
the isotopic ratios become constant when their,SiGntent increases.

00000:00000,000000,0000000000,HO00000O0O
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Rocks of SDW (spinel-rich dunite-wehrlite) suite of the Horoman peridotite complex are characterized by fresh black-colored
olivines. The black color is caused by numerous minute inclusions in olivine. The inclusions are homogeneously distributed
in olivine grains of the SDW. They are different from the secondary inclusions of magnetite associated with hydrous minerals
aligned in olivine both in the SDW dunite and in the MHL harzbugite. The inclusions are abundant in dunites from the central
part of the SDW layer, whereas they are scarcely observed in olivines near the contact with the MHL harzburgite. The MHL
harzburgite do not contain olivines with such inclusions.

Raman spectroscopy revealed that the numerous minute inclusions consist of magnetite and orthopyroxene. It is very difficu
to form such magnetite inclusions by secondary oxidation of olivines. They are possibly subsolidus exsolution products from
OH-bearing olivines, precipitated from a hydrous magma. The "black olivine” in dunite can be an indicator for involvement of
hydrous melt. Fresh olivines with black colors are frequently found in course-grained dunites.
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nourthern Oman ophiolite
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Two types of podiform chromitite, concordant and discordant, are exposed on the same cliff in the mantle section of Wadi
Hilti, northern Oman ophiolite. Chromian spinel grains only from the concordant chromitite contain thin lamellae of diopside
and enstatite. This indicates that the concordant chromitite has experienced cooling, and probably decompression, for a long
prolonged period than the discordant one. Olivines in the dunite enveloping the concordant chromitite is sometimes extraordi
narily high in NiO (up to>0.5wt%), suggesting subsolidus Ni diffusion from the chromitite. This is not the case for the dunite
envelope around the discordant chromitite. Ni has moved over about 10cm from the boundary between the concordant chromiti
and dunite, which is consistent with the appearance of pyroxenes lamellae in spinel of the concordant chromitite. According tc
the well-known Ni diffusion coefficient in olivine, the high-NiO olivine in the dunite envelope can constrain the cooling duration
of the concordant chromitite. Podiform chromitites are enigmatic in origin, and their origins should be systematically classified
to understand concerning mantle processes. Their temporal relationship is a clue to solve this problem.
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A technique for EBSD analyses of phyllosilicates in petrographic sections and determi-
nation of polytypes in lepidolite
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Applications of Electron backscatter diffraction (EBSD) to obtain crystallographic information of minerals in petrographic
thin sections are increasing in mineralogy and petrology. However, platy phyllosilicates that mostly appear with their silicate
layers terminated by the surface of the thin section generally do not show sharp EBSD patterns in spite of gentle mechanical po
ishing using colloidal silica. Transmission electron microscopy (TEM) examination indicated that this is due to crystal bending
of phyllosilicates from the surface to a few micrometers in depth, caused by the polishing process (Fig. a) . lon beam etching
commonly used to prepare TEM specimens was found to be applicable to remove the surface region with crystal bending (Fig.
and c). As a result, clear and sharp EBSD patterns were acquired from the phyllosilicates (micas, chlorite, etc.) in petrographi
thin sections, by which their crystal orientations and polytypes were unambiguously determined. This technique was applied t
the determination of polytypes of lepidolite, a lithium-rich aluminous mica whose general composition is expressed as K(Li, Al)
2-3 (Si,Al) 4 O 19 (OH,F) .

The mica structure generates six standard polytypes expresséd,a&\l,, 2M,, 20, 3T and 6R. They are divided into
two subfamilies:subfamiliesA and B. 1M, 2M | and 3T are classified intaubfamilies A, and 2V 5, 20 and &R are classified
into subfamiliesB (Backhaus and Durovic 1984). Using EBSD pattern, it is possible to distinguish thetifamilies(Kogure
2002). We investigated lepidolite from a lithium pegmatite in Myoken-san, Ibaraki, where various polytypes have been reported
(Kogure and Bunno 2004). EBSD analyses of lepidolite crystals in petrographic thin sections showed that polytypes with differ-
ent subfamilies coexist within a single crystal: The outside Wds(subfamilie\) and inside was &, (subfamiliesB).
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Distribution of cations at two tetrahedral sites in Ca2MgSi207-Ca2Fe3+AISIO7 series

synthetic melilite and its relation
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Synthetic melilites, WT1T2,0;, were analyzed to determine the distribution of F&etween two different tetrahedral sites
(T1 and T2), and the relationship between ionic substitution and incommensurate structure in melilite. Melilites on the join
Ca,MgSi, O, (" <a>kermanite: Ak)-CaFe* T AlSiO; (ferrialuminium gehlenite: FAGeh) system were synthesized from starting
materials with compositions of Ak (L00AK), AksgFAGehy,, (80AK), Ak;oFAGeh;, (70Ak) and Ak FAGeh;, (by sintering at
1200-1250 <0>C and 1 atm. The synthetic melilites were analyzed using X-ray powder diffracfisa,Mossbauer, and high-
resolution transmission electron microscopic methods. The average chemical compositions and end-member components, A
FAGeh and Geh (CQd\lQSlOﬂ, of the Synthetic melilites were G.@15Mgl_0238i1_98107 (100Ak), C@.017Mgo.788Fe{5+0_187A|0,2218i1.7910
(BOAK), Ca .995Mgo.695F€ T 0.258Al 03158 Si1.72307 (70AK) and Ca 9s2Mgo.495F€ T 0.449Al 0 510Si1 53507 (50AK), respectively.

The site populations at the T1 and T2 sites were [0.788Mg+0.054fe158AI]T1[0.056F&"+0.153Al1+1.791Si]T2 for
80AK, [0.695Mg+0.105F& +0.200AI]T1[0.112F&"+0.165AI+1.723Si]T2 for 70Ak and [0.495Mg+0.173F&-0.332AI]T1[0.281F& +
for 50Ak (apfu: atoms per formula unit), respectively. The results indicate tHatiBelistributed at both the T1 and the T2 sites.
The mean T1-O distance decreases with the substitution®df4Al3+ for Mg?* at the T1 site, whereas the mean T2-O dis-
tance increases with substitution of’Fe-Al3+ for Si*t at the T2 site, causing decrease in th@imension and increase of the
¢ dimension.

The existence of incommensurate structure in all synthetic melilites at room temperature was confirmed by Mossbauer an
CUK uipha1 X-ray line profile analyses. The Mossbauer spectra of the melilites consist of two doublets assigneddothe
T1 site and two or three doublets to*Feat the T2 site, which imply the existence of multiple T1 and T2 sites with different
site distortions, respectively. The existence of two T1 sites is not influenced by ionic substitution. Conversely, the splitting of T2
sites becomes more remarkable with the substitution &f Fal3* for Si** which results in the increase of volume and site
distortion of the T2Q-tetrahedra.

Incommensurate structure in melilite has been interpreted rather statically, based on the crystal stru@ikemhénite, that
the incommensurate structure is caused by the misfit between the tetrahedral sheet and the polyhedral sheet However, as fot
in this study, effect of ionic substitution at the T1 and T2 sites on the formation of incommensurate structure is also significant.
The first factor is the site distortion arising from the distribution of cations with different ionic radii in the T1 and T2 sites. Even
though the cation sites are symmetrically equivalent in the average structure, each tetrahedron which is occupied by differer
cation(s) has variant volume. The second factor is the site distortions caused by the difference of adjacent coordination polyhed
around tetrahedra. Therefore, in Ak-FAGeh melilite solid solutions, the site distortions caused by the ionic substitution at the
tetrahedral sites play important role on the formation of the incommensurate structure.

ooooo:0b0o00000o,bo000,00 Xooo,ooooo, 0000000000
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Accessory mineral phases in deep-crustal granulites often preserve plethora of information regarding the pressure-temperatul
fluid evolution of the crust undergoing orogenesis. Their presence in different bulk compositions in granulites offer significant
inputs to reconcile thé>-T histories, as minor components present in these accessory phases may play crucial effects on the
topology of petrogenetic grids. One such minor component is fluorine which is accommodated within accessory minerals anc
hydrous minerals in metapelitic granulites of 'appropriate’ bulk compositions. Apatite is one of the common minerals that contain
fluorine. On the other hand, wagnerite is rare phosphate mineral reported from some metapelitic granulites in different regiong
granulite terranes of the world.

The Eastern Ghats Belt of India evolved in phases in response to Proterozoic orogeneses in the span of c. 1.80-0.50 Ga. T
high-temperature to ultrahigh temperature (UHT) granulites of this belt were retrogressed after emplacement to mid-crustal leve
as deduced fron®-T history. Metamorphic fluid played an important role throughout this journey and its presence is character-
ized from mineralogical, theoretical and fluid inclusion analyses. Although wagnerite was previously reported from this belt, its
composition is hydrous as presence of vapor fluid was interpreted to be responsible for its stability at the retrogressive stage ¢
evolution. We report for the first time, presence of fluor-wagnerite in peak metamorphic porphyroblastic assemblages as well a
retrograde matrix assemblages from Eastern Ghats Belt and explore its implication for the different stages of evolution of the
lower crust. Fluor-wagnerite crystals develop inside garnet porphyroblasts of aluminous granulites as well as in the quartzofelds
pathic matrix. Based on EPMA data and Micro-laser Raman analyses, we document an unusual high-Mg-F-rich chemistry o
the mineral. Abundance of F over,® implies brine-rich nature of the fluid which was earlier inferred from F-rich nature of
phlogopite crystals from this belt. Apatite is characteristically absent in the primary assemblages containing wagnerite, excer
a very late occurrence decomposing the matrix wagnerite grains. We propose that, given the ’suitable bulk and fluid chemistry’
fluor-wagnerite can occur as a common accessory mineral in lower-mid crustal rocks, and fluorine should be taken into consid
eration while reconciling the P-T grid in the higher temperature side of biotite-dehydration melting curve.

0 0000 : Fluor-wagnerite, UHT granulites, EGB, India
Keywords: Fluor-wagnerite, UHT granulites, EGB, India
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Olivine-clinopyroxene rocks (dunite, wehrlite, olivine clinopyroxenite and clinopyroxenite) very frequently occur as ultramafic
xenoliths in volcanics and as plutonic rocks in ophiolites. Dunites and olivine-clinopyroxenites can be formed by cumulates
during fractional crystallization, but wehrlites, intermediate in mode and very frequently observed, cannot be formed in the
same work. Olivine-clinopyroxene rocks containing green clinopyroxene from the Takashima xenolith suite, northern Kyushu,
show a gradual variation ratio of olivine to clinopyroxene from dunite to clinopyroxenite. The olivine-clinopyroxene rocks from
Takashima are examined to understand their formation processes. They have recrystallization textures formed at subsolid
conditions, leading to change of Mg# (=Mg / (Mg + total Fe) atomic ratio) of olivine and clinopyroxene. Based on compositions
and modal amounts of olivine and clinopyroxene from high temperature magmatic values, the igneous Mg# of olivine and
clinopyroxene is recalculated to be 0.927-0.902 for dunites, 0.869-0.854 for wehrlites, and 0.886-0.876 for clinopyroxenites.
Relationships between the Fo content and the NiO content of olivine and the Cr/(Al+Cr)atomic ratio of spinel suggest that these
rocks were basically formed by crystal accumulation in fractional crystallization. The Takashima dunites and clinopyroxeneites
are cumulates by fractional crystallization. Intermadiate wehrlites are a mixture of accumulated crystals of olivine with high
Mg#s and olivine-clinopyroxene precipitated crystals with lower Mg#s from evolving intercumulus melt. These crystals were
homogenized structurally and compositionally through subsolidus recrystallization.

goooob:oobob- oboobo,bobboobo,boobob,oboob,bo0ba
Keywords: olivine-clinopyroxene rocks, wehrlite, fractional crystallization, intercumulus melt, Takashima xenolith suite
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Modification of continental lithosphere by the Miocene alkali basaltic activity recorded
in gabbroic xenoliths in Shingu
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Miocene alkali basaltic dikes in the Shingu area, Ehime Prefecture, brought up abundant crustal and mantle fragments. The
bear the information of the petrological structure beneath the region at the beginning of subduction of the Philippine Sea plate
We provide results of petrological examinations on the xenoliths and discuss the chemical diversities in magmas at the ea:
Eurasian continental margin.

The gabbroic xenoliths in the Shingu can be classified into three groups: Amph-bearing gabbro (A type), brown Cpx-bearing
gabbro-pyroxenite (B type) and gabbronorite (C type). The microtextures of the A-type gabbro are almost granoblastic with local
subhedral Pl. The Hbl-PI thermometry indicates the lowest equilibration temperature among the Shingu mafic and ultramafic
xenoliths. Therefore, they probably formed a part of the lower crust beneath the Shingu. The B type gabbro-clinopyroxenite ha
petrographical features similar to the Group2 xenoliths that are considered as cumulates from an alkali basaltic magma. Tt
C type gabbronorite contains granular Cpx with abundant exsolutions of Opx and brownish interstitial Cpx with no exsolution.
High temperature crystallization (12500C) and re-equilibration (1050-11000C) are estimated for the gabbronorite, indicating tha
they were located at a mantle depth. Mineral chemistry of exsolution-rich Cpx in gabbronorite (C type) is richer in Cr and Mg
and has a lower abundance of REE than Cpx in groundmass of the host alkaline basalt and the B-type gabbros whereas Pl
richer in alkaline elements. The major and trace element mineral chemistry of the interstitial Cpx is similar to the B type Cpx.
These textural and chemical features indicate that the C type gabbronorite were modally metasomatised by an alkaline magn
that have crystallized the B-type cumulates.

In order to explain the silica-saturated and Cr-rich but highly alkaline nature of the magma for the C type gabbronorite, we
consider assimilation of Opx in lithospheric mantle by ascending alkali basaltic magma. Model calculation including Opx assim-
ilation and subsequent fractionation of Cpx largely reproduces the chemical signatures of Cpx in gabbronorite. The significantly
HFSE-enriched geochemical character implies a separation of carbonatite melt in the magmatic evolution. Considering the highl
potassic nature of the C type, the original alkaline magma was formed by a low degree of partial melting of mantle probably at
the earliest stage of the alkaline magma activity in the SW Japan. Such a silica-undersaturated magma modified the lithosphel
structure beneath SW Japan by removing Opx from peridotite in mantle and by crystallizing gabbronorite at around the Moho.
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The Hayachine-Miyamori ophiolitic complex in the Kitakami Mountains, northeastern Japan is located in the Hayachine Tec-
tonic Belt, which is one of the oldest geological terrane in Japan and consists of ultramafic tectonite and cumulate member
correponding to the lower ultramafic sections of ophiolites (e.g. Ozawa, 1984; Ehiro, 2000). Peridotites in this complex are
extensively serpentinized (most of them consists>a080 % serpentine; Ozawa, 1988). The tectonite member is divided into
two suites on the basis of spinel Cr-number (Cr# = 100xCr/(Cr+Al)): aluminous spinel ultramafic suite (ASUS4Qr#nd
chromite-bearing ultramafic suite (CSUS; C##40; Ozawa, 1988). The Sm-Nd isotopic data with trace element compositions
of clinopyroxenes of this complex suggest that the complex experienced partial melting events around 450 Ma ago with influx of
three agents derived from the subducting slab (Ozawa and Shimizu, JGR, 1995; Ozawa, JGR, 2001; Yoshikawa & Ozawa, GF
2007).

We found a least serpentinized boulder of spinel harzburgite (73003) belonging to CSUS and determined a bulk-rock majo
element compositions and”Re/*80s -1870s/%80s isotopic ratios. The sample 73003 is characterized by high CaO and low
Al,05 contents than other orogenic peridotites. Similar feature was observed from the Victoria peridotite xenoliths (Yaxley et
al., 1991). Yaxely et al. (1991) proposed carbonatite metasomatism for the high CaO and @ohthe xenoliths from the
following lines of evidence; (1) replacement of primary orthopyroxene by clinopyroxene and olivine, which may be attributed to
the reaction between orthopyroxene and,@{®@h melt to produce clinopyroxene and olivine, (2) presence of accessory apatite,
which can be produced by reaction from primary olivine + diopside + cabonatite melt to secondary orthopyroxene + haloapatite
(3) high bulk-rock CaO/ AJO5 value and extreme large ion lithophile element (LILE) enrichment without concomitant TiO2 en-
richment. CSUS peridotites have petrological and geochemical features consistent with (2) and (3), although the replacement
orthopyroxene by clinopyroxene + olivine has not been observed in CSUS peridotites. The modal abundances of clinopyroxen
in CSUS peridotites, however, are as high as or even higher than in ASUS peridotites which have lower Cr# ratios indicating les
degree of melting than CSUS peridotite. It suggests addition of clinopyroxene by influx of a CaO-rich agent. On the basis of the
above observations, we infer that CSUS peridotites underwent influx of a silicate-carbonatite melt most probably from subducte
slab.

The!870s/880s isotopic ratio (0.1235) of sample 73003 is consistent with those of present average abyssal peridotite (0.1238
n=96; Rudnick & Waker, Lithos, 2009) and the Izu-Bonin fore-arc mantle peridotites (0.1193 - 0.1273; Parkinson et al., Science,
1998). The Re-depletion age of this sample is around 500Ma. This age is consistent with the K-Ar amphibole ages (480 - 52
Ma) of the Matsugadaira-Motai metamorphic rocks which have been interpreted as formed at the subduction zone (Kanisaw
et al., GKK, 1992). The Os isotopic results thus strongly support open-system melting at subduction zone as presented by tt
previous studies.

ooogoDo:osO000,00000O0bOOoO0boOoDb,boobooobo,000o
Keywords: Os isotopic composition, Hayachine-Miyamori ophiolitic complex, whole rock comositions, metasomatism by silicate-
carbonatite melt
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Mineralogy of anorthite megacrysts from Take-shima, Kagoshima Prefecture, Japan
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Anorthite megacrysts of about about 1 cm in maximum diameter are found as phenocrysts in the basaltic lavas from Take
shima, Kagoshima Prefecture, Japan. Take-shima is an island located about 40 km SSW of the southern tip of Satsuma peninst
The island lies at the northeast edge of Kikai caldera, which measures 17 x?2@hdhnis one of the large calderas in southern
Kyushu (Matsumoto, 1943). Most of the caldera except for three islands, Take-shima, Satsuma-lou-jima and Shin-lou-jima, lie
below the sea level. The anorthite megacrysts occur in the basalt which is supposed to erupt from Magomeyama, pre-calde
volcano in Take-shima. Similar anorthite megacrysts have been found in the basalt from Satsuma-lou-jima (Ono et al., 1981)
The purpose of this work is to understand the mineralogical significances of anorthite megacrysts from Take-shima, and reve:
the genetic mechanism behind these megacrysts.

Thin section were made from fragments with anorthite megacrysts, and observed under a high-magnification polarizing mi-
croscope, Nikon ECLIPSE E600 POL. A polarizing stereoscope, MEIJI TECHNO EMZ-5POL-2 was also employed to study
microstructure and optical property throughout the megacryst in the same view. For mineral identification, X-ray powder patterns
were obtained using a RIGAKU Ultima IV Protectus, X-ray diffractometer with monochromated CuKa radiation (40 kV, 40 mA)
at Faculyty of education, Kagoshima University. Software PDXL was used for mineral identification. Refinement of cell parame-
ters was carried out using a single-crystal diffractometer, Rigaku R-AXIS RAPID at the Chemical Analysis Center, University of
Tsukuba. Chemical analyses were carried out using a JEOL JXA-8530F EPMA (20 kV, 1.0 A 6r qualitative analyses; 20
kV, 1.0 x 10~8 A for quantitative analyses and BSE image observation) at the Chemical Analysis Center, University of Tsukuba.
ZAF online full matrix corrections were used for quantitative analyses (Reed, 1996). Compositional maps were obtained using
HORIBA XGT-5000 X-ray analytical microscope (50 kV, 1.00 mA) at the Chemical Analysis Center, Kagoshima University.

The megacryst, reaching a maximum size of about 1 cm in diameter, are mainly found as phenocryst in augite-bearing olivin
basalt. The anorthite megacrysts show slight optical zoning. Zonal arrangement of opaque minerals and micro-bubble inclusior
are common in the specimens. Moreover they often contain several corroded inclusions of olivine, and albite twins occur in even
specimen. Though powder X-ray diffraction pattern of the megacryst shows that an ordered P-1 anorthite is the most likely can
didate, single-crystal X-ray diffraction data suggests the structure with ¢ = 0.7 nm cell. X-ray analytical microscope and electron
microprobe studies reveals that the megacryst is chemically homogeneous, whereas BSE image shows a slight oscillatory zonir
It indicates Anorthite content of the megacryst is about 94 mol%. Because a trifling amount of Fe and excess Si are detected k
EPMA, minor end-members of Fef$i,Og, CaFeSjOg and [ ]SiyOs are incorporated into the present megacryst.

Though further investigation is required for completely understanding the formation of the anorthite megacryst from Take-
shima, this new work provides fundamental information about the history of magmatic system related to anorthite megacrys
formation under island arc. The presence of oscillatory zoned micro-bubble inclusions implies the oscillation in pressure, tem:
perature or vapor pressure occurred at a certain narrow range around the melting point of anorthite. The textural feature seems
be consistent with limited chemical zonation observed in BSE image. Both the above implication and the presence of corrode
olivine inclusions as a nucleus lead to the megacrystallization of chemically almost homogeneous anorthite in host magma, whic
offers a good example of Ostwald ripening in nature.

Keywords: anorthite, megacryst, Take-shima, oscillatory zoning, Ostwald ripening
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The stable region of sibirskite and parasibirskite
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Electrical and magnetical properties of the sea-floor hydrothermal deposits
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The Bayankhongor metallogenic belt, “700 km southwest of the capital city, Ulaanbaatar, is the second productive gold-field ir
Mongolia. Production of this gold-field is not well known, but is estimated at about 50 kg/yr. Most gold is recovered from alluvial
deposits, however primary sources of alluvial gold in the district are not well understood. The Tsagaan Tsahir Uul (TTU) gold
deposit is located at the southeastern part of the Bayankhongor metallogenic belt, and is possible source of alluvial gold. Th
geology of the TTU deposit consists of Proterozoic tonalitic gneisses and marble-bearing schists, Proterozoic granitoid (647 Ma
and Permian small dioritic stocks (250 Ma) and Permian lamprophyre dikes (352 Ma). Gold mineralization in the TTU deposit
is accompanied by quartz veins hosted in migmatized schist and granite.

There are two types of quartz veins. First group is 15 gold-bearing quartz veins that have NNW to NS direction with length
of 0.2 to 2.8 km. The width of these veins is between 0.2 and 0.5 m. Quartz veins consist mostly of crustified bandings of
milky quartz, with associated silver-black bands. The other vein is barren quartz-carbonate vein with "4 km length and from 5
to 50 m width. This vein cuts quartz veins mentioned above. The veins composed of brecciated fragments of quartz and fractur
filling carbonate-quartz matrix. Ore minerals in quartz vein are pyrite, chalcopyrite, galena, sphalerite, tetrahedrite, arsenopyrit
and native gold. The fluid inclusions found in gold-bearing quartz veins were two-phase and some of them contaiithCO
homogenization temperature range from 1602Z200xygen isotope of quartz veins were analyzed by &3er ablated Brf
fluorination technique. The delO values of quartz vein range between 11.3 to 17.9 per mil, compared to -9.4 to -6.4 per mil
for the quartz-carbonate vein. Calculated dé€iavalues of fluid from the deltdO of quartz using fractionation factor between
quartz and water and homogenization temperatures (200 arfeC 18spectively) of fluid inclusion are 1.3 to 6.2 per mil for
gold-bearing quartz veins and -27.3 to -24.2 per mil for quartz-carbonate vein. These data suggest two veins were formed con
pletely different processes. Oxygen isotopic values of fluid suggest, the origin of gold-bearing fluid is metamorphic fluid from
deep crust and migrated along the big fault system. Fluid responsible for quartz-carbonate vein was dominated by meteoric wate
and this vein was probably formed at shallow level.

Based on the tectonic setting of the deposit, the TTU deposit possibly belongs to orogenic type gold deposit (Groves. 1998
The geological, mineralogical and geochemical features of TTU deposit are similar to those of worldwide orogenic gold deposits

gooob:0bo0000o, 00000, bo00ogoooboooog
Keywords: orogenic gold, oxygen isotope, Tsagaan Tsahir Uul
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Relationship between seismic velocity and permeability on granular rock model
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Fluid flow in a rock pore is of great importance in subsurface development, e.g., petroleum engineering and carbon dioxide
capture and storage. Permeability, which shows how easily fluid can pass through rock mass, is one of the most important ind
cators to evaluate fluid flow in porous media. Since permeability can be measured by laboratory experiments and well logging
permeability in a large-scale reservoir must be predicted by other information. In this study, we focus on seismic velocity as
information to predict permeability because it is the most trusted parameter in subsurface exploration. In order to predict perme
ability from seismic velocity, the relationship between permeability and seismic velocity must be revealed.

These two parameters are not directly connected to each other. Pore geometry of rock mass could be a bridge between the
because it is mainly governing fluid flow and seismic velocity. However, the geometry is very complicated. For a general discus-
sion, we adopted granular rock models including a lot of spherical grains whose size distribution is assumed to be Gaussian. Tt
permeability and seismic velocity are numerically computed from these rock models. The permeability is calculated by lattice
Boltzmann method, which is one of the computational fluid dynamic methods and well-suited for simulation under complicated
fluid-solid boundary condition. The homogenization by finite element method is adopted for the calculation of seismic velocity.

It is demonstrated that the sorting parameter is governing the seismic velocity and permeability in this model. Sorting param:
eter is one of the most important parameters in the discussion of grain size distribution. This is an indicator which shows the
standard deviation of grain-size. The result of this research shows the relationship between permeability and seismic velocit
granular rock models by the bridge of grain sorting.

ggoob:bobboog,bob,ooobb,ooooobo
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