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The CPO and deformation processes of K-feldspar in the Kawai mylonites from the Ryoke
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The seismic anisotropy will provide us the information about deformation in the Earth’s interior. In order to interpret observed
anisotropy, we must understand the relationship between deformed textures and elastic properties. Plastic deformation gives ri
to the lattice preferred orientation (LPO) of mineral grains, which leads to elastic anisotropy in deformed rocks. The developmen
of SEM-EBSD has enabled us to measure the orientation of individual mineral grains in a deformed rock. Using the measure
orientations and elastic constants of single crystals, we can calculate elastic properties of the deformed rock using Voigt or Reu:
averaging schemes. No information about the shape or arrangement of grains is used in these averaging schemes. The \Vc
average gives an upper bound, and the Reuss average a lower bound to elastic stiffness. The stiffness of the rock sample sho
be found within these bounds. When component minerals have similar elastic properties and weak anisotropy, Voigt and Reu:
averages are nearly equal. These values can provide a good prediction of elastic properties. However, when component miner
have strong anisotropy, Voigt and Reuss values are far apart (Mainprice and Humbert, 1994). Additional information like the
shape and arrangement of grains should be taken into account for a better prediction of elastic properties.

As the arrangement of grains, we focus on a layered structure seen in deformed rocks. For simplicity, we consider an altel
nation of two compositionally different layers. The two layers are composed of different mineral grains, which are well aligned
in each layer. Two layers have different effective elastic constants. The elastic properties are assumed to have the symmetry
orthorhombic systems in both layers. Two layers are assumed to have the same principal axes of elastic tensors. The calculat
effective elastic constants show Reuss values in relation to deformation perpendicular to the layers. The calculation gives Voig
values in association in relation to deformation parallel to the layers. In this presentation, we will also compare calculated anc
measured velocities for serpentinite mylonites.

gooobo:0b,000,000,00b0000,000
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Migrating interface derived from interdiffusion of ionic species in permeable solution in the plate boundary rocks occurs as
wavy boundary between mono- and bi-mineralic bands. Simple examples are found in the banded basic schists of the Sambaga
metamorphic belt. Albite - quartz - calcite bands having wavy interface are commonly sandwiched by thin chlorite bands and
sometimes by thin epidote bands. The trails of hematite grains are continuously pervaded into albite - quartz bands from chlorit
band, indicating the advancement of interface into chlorite bands.

The wavelength of the interface increases firstly and then reaches the constant level with width of albite - quartz band. I
suggests that the preferable wavelength of the interface develops with time, considering the increasing width of albite - quart
band with time. However, the ratios between width of band and wavelength of the interface varies in different rock specimens.

The modeling of the wavy interface development should be constructed in the system of chemical equilibrium of solution with
albite, chlorite, quartz and calcite. At the interface chemical equilibrium attains but being apart from the interface, the diffusion
of ionic species relevant with chlorite and other minerals should make change in equilibrium concentrations. As the concen
trations gradients of ionic species in grainboundary solution makes constitutional oversaturation (1) of one side mineralogy, the
interfacial geometry becomes unstable for small waveform perturbation. The selective wavelength in this case is governed b
the ratio of oversaturation degree and interfacial energy. In this study, the authors can propose the capillarity effect constitutione
oversaturation instability of the metasomatic banding interface. This is called as metasomatic instability which controlled by
velocity of interface advance.

Reference

(1) W.Kurz and D.J.Fisher, Fundamentals of solidification, Trans Tech Pub., 1986.
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The rock-forming minerals include several polymorphic minerals such as aluminosilicates, serpentine, carbonates, carbon, ar
silica. These minerals have been used as indicators of P-T condition and/or fluid compositions, when they formed. It is also wel
known that metastable phases commonly appear especially during fluid-rock interaction, including aragonite in carbonate sinter
and opals in silica sinters. Okamoto et al. (2010) found that the dominant silica minerals precipitated from aqueous solutions i
order of amorphous silica, cristobalite to quartz, and that quartz is dominant in the solutions including minor Al and Na. The
formation of less stable phase prior to the most stable phase is called as the Ostwald step rule. The phenomena following t
Ostwald step rule is explained by relative differences in growth rate among the polymorphic minerals in the presence of seeds ¢
all phases, but nucleation of these seeds should be considered. In this study, heterogeneous nucleation and the effects of impu
are investigated by a simple microscopic model, Potts model, in Monte Carlo simulation.

In the Potts model, each spin (molecule) in a lattice has one of q states (phases). Each lattice site i has a spin si taking valu
in the range of 1 to g, and the energy of a configuration s is given by the Hamiltonian, Hsz; [9][h,M,], (eq. 1) , where
M, is the number of spins of the spin type a. The first term is the sum of nearest-neighbor pairs of spins with the symmetric
interaction energy (surface energy), and the second term describes the effect of external fields ha acting on spin type a (bulk fr
energy). To evolve the system, we employed discrete-time Metropolis dynamics. Here, we consider spins of four states (1-4) in
30 x 30 square lattice in two dimensions and periodic boundary conditions. We set T = 0.80, and impose the external fields as h
=0.1x(a? 1), indicating that state 4 is the most stable. When we set the diagonal elements of the interaction matrix to unity ani
the other elements to zero, any metastable phase does not appear. The sequential nucleation of metastable phases following
Ostwald step rule is realized when we introduce a non-diagonal interaction,J; = F1> 0 (attractive), between neighboring
phases, and all other non-diagonal interactions havg=JF2 < 0 (repulsive) (Sanders et al. 2007). The successive nucleation
of metastable phases in order of 1, 2, 3 and 4 appears with F1 =0.1 and F2 = -1.0. We also find that phase i nucleated in pha
i-1. This result is qualitatively same to the occurrences of the silica minerals in the pure Si solution of Okamoto et al. (2010):
homogeneous nucleation of opal-A from the solution, heterogeneous nucleation of opal-C upon opal-A and that of quartz or
opal-C. A new phase preferentially nucleates on the next-less-stable phases, as they are probably more structurally similar to ne
phase than are other phases.

The effect of impurities was introduced as,]] that is the interaction between the impurity, p, and spin a into equation 1
following Sear (2005). To consider the case of silica, we propose that an interaction between phase 4 and an impurity equals
and that interactions between other states and an impurity are zero. The simulation results reveal that the evolution of the syste
varies with increasing number of impurities. When the number of impurities is small, nucleation of the most stable phases occur
via the formation of metastable phases. In contrast, with a larger amount of impurity, phase 4 is able to nucleate directly. The
direct nucleation of quartz in the solution with small amounts of impurities (Okamoto et al. 2010) indicates the strong interaction
between quartz and these cations.

References:

Okamoto A. et al. (2010) Geochim Cosmochim Act, 74, 3692-3706.

Sanders DP. (2007) Phys Rev B, 75, 132101.

Sear PS (2005) J. Phys. Condens. Matter 17, 3997-4004.
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Recent researches on zircon behavior showed that zircon can crystallize at various stages of metamorphism. In order to i
terpret the results of the U-Pb zircon dating, it is essential to understand how zircon behaves and responds to the metamorpt
processes (Harley et al. 2007). However, zircon-forming, zircon-consuming and zircon-modifying reactions are controlled by
the whole-rock composition, pressure-temperature conditions, and fluid-melt-rock interactions. This complexity leaves zircon
behavior in metamorphic rocks still unraveled. This research aims to describe the mode of occurrence of zircon in the uppe
amphibolite facies metamorphic rocks exposed in the western part of the Aoyama area (west of the Kachiji fault), Ryoke meta:
morphic belt, SW Japan (Yamaguchi and Kawakami, 2008), and to understand the behavior of zircon during the high-temperatur
metamorphism.

In the Aoyama area, upper amphibolite facies pelitic schists and pelitic-psammitic migmatites are widely exposed and the
metamorphic grade increases from the north to the south (Takahashi & Nishioka, 1994; Kawakami, 2001). The metamorphi
conditions of the study area estimated by the geothermobarometry were abo@,63 @bar in the north and about 7€, 6
kbar in the south. Kawakami and Suzuki (2008) reported the CHIME monazite age of the Ao granite that is intruded to the soutf
of the Aoyama area to be 79.8+/-3.9 Ma.

Eighteen pelitic-psammitic metamorphic rock samples from the study area were examined under SEM-EDS and about 25
grains of zircon were described in detail. As a result, at the north of the study area, zircon grains larger than 20 um in diamete
were abundant than in the south.

In order to confirm whether this trend is controlled by the whole-rock Zr composition or not, the remaining half of the chips
that was used for the thin section preparation were powdered and analyzed by the XRF analysis. As a result, most of the whole
rock Zr was resided in the zircon grains larger than 20 um in the north, whereas zircon grains larger than 20 um occupied onl
20-30 % of the whole-rock Zr in the south.

Based on the result above, a hypothesis is made that most of the coarse-grained zircon in the north larger than 20 um would |
detrital. In contrast, at the south, zircon is likely dissolved and may have newly nucleated during the metamorphism, so that Z
may be resided in zircon smaller than 20 um and in other minerals.

In order to check this hypothesis, zircon U-Pb dating by LA-ICPMS was carried out. As a result, ziscB@sitn) in the north
showed the Proterozoic to the Jurassic discordant ages both in the core and the rim. These ages would represent detrital ones.
the other hand, zircon grains in the south showed the Cretaceous discordant ages. This may represent the partial resetting of
old, detrital zircons during the Cretaceous or the Tertiary time. Therefore, it is likely that in the study area, detrital zircon grains
including coarse ones dissolved and partially reset during the Ryoke metamorphism and/or during the contact metamorphism t
the Ao granite and the Kabuto granodiorite intrusions postdating the Ryoke metamorphism. To confirm that new zircon grains
nucleated in the south of the study area during the Ryoke metamorphism or not, the dating of tiny grains and thin overgrowths o
zircon and check of the REE patterns of them are important.

o0o000:00000,0000,U-PbO0C, 00000000000 ICPMS,000000,000000O
Keywords: high-temperature metamorphism, zircon, U-Pb dating, laser ablation ICPMS, zirconium, Ryoke metamorphic belt
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Occurrence of garnet in the Sanbagawa metamorphic rocks from Nagatoro area, Kanto Mountains, east Japan, was investiga
in detail.

Garnet have been known to occur in the Nagatoro-area pelitic rocks, which contributed to the definition of the metamorphic
zonation in the area. The occurrence , or texture, of the garnet grains have, however, not been described in detail. Textural obst
vation of garnet is becoming more and more important, since garnet grains with different texture has now been reported from th
Sanbagawa metamorphic rocks in Shikoku.

In this study, pelitic samples were taken from the high-grade zone area in the Sanbagawa belt exposed in the Kanto Mountain
Most garnet grains found in the pelitic schists were smaller than 0.1 mm in diameter, and were either included in the albite por
phyroblasts (referred as albite-spot, hereafter) or among muscovite grains. The heterogeneous distribution is similar to the type-
garnet found in Shikoku (Inui, 2010). The average size of the albite-spot seemed to be larger in samples with garnet than in thos
without garnet. The shape of the garnet grains included in the albite-spots were mostly euhedral, whereas about half of the garn
grains within muscovite layers had round shape. Many of the rounded grains had aspect ratios larger than 2. Such grains ofte
accompanied chlorite "tails” at their either end, which suggests that the grains have been resorbed after their euhedral growtl
The overall texture suggests that the euhedral garnet grains in albite-spots are perfectly preserved, on the other hand, the lo
and round grains among muscovites are partly preserved. It is likely that garnet grains formed in the other parts of the rock:
are mostly resorbed and are lost. It infers mechanism that resulted in the heterogeneous distribution of the garnet in the schis
The correlation of the size of garnet grains and the distance to its nearest neighbor suggested that the initial garnet growth ws
controlled by the velocity of material transfer in the rocks.

The heterogeneously distrubuted garnet grains in the Nagatoro area were compared to the similar garnet in the Asemigav
River area and the origin of the garnet will be discussed.

Inui, M. (2010) Two types of garnet in Sanbagawa pelitic schists along Asemigawa River, central Shikoku Journal of Miner-
alogical and Petrological Sciences, 105, 274-279.

gooobo:b0bog,0bboo,00,0000,0bo00d
Keywords: garnet, Kanto Mountains, Nagatoro, grain size distribution, heterogeneous distribution
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High-Mg cores of the garnets in the Sambagawa pelitic schists from the Besshi district
central Shikoku, Japan
High-Mg cores of the garnets in the Sambagawa pelitic schists from the Besshi district
central Shikoku, Japan

Kabir Md Fazlé*, Takasu Akira
Kabir Md Fazlé*, Takasu Akira

IShimane University
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Pelitic schists adjacent to the Seba metagabbro consist mainly of garnet, phengite, epidote and quartz with small amounts
amphiboles (Na-Ca and Ca-amphibole), albite, chlorite, biotite and carbonaceous matter. Rutile, titanite, ilmenite, calcite, parag
onite, hematite and zircon are occasionally present as accessory minerals. A schistosity is defined by preferred orientation
coarse-grained phengite (3.5 mm).

Garnets in the pelitic schists occur as euhedral to subhedral grains up to 3 mm across. The garnets are optically zone
from pale red-colored cores to colorless rims. The garnets have almandine-rich composition (XAIm=0.50-0.60) with variable
amounts of the grossular (XGrs=0.18-0.31) and pyrope (XPrp=0.08-0.24) components. Two zones (almandine-pyrope rich cor
and almandine rich rim) were identified based on chemical composition. The cores are abundance of rich in pyrope, decreasir
toward the core-rim boundary (XPrp=0.24-0.18) and they show antithetic zoning of XAlm (0.50-0.56). The boundary between
the core and the rim shows a sharp chemical discontinuity. In the rim, XAIm (0.56-0.58) and XPrp (0.09-0.13) increase, XSps
(0.02-0.01) decreases, and XGrs (0.29-0.31-0.28) increases and then decreases slightly. The garnets contain inclusions of €
dote, Ca-amphibole (Mg-hornblende), phengite (Si=6.53-7.27 pfu), paragonite, albite (An 0-3), chlorite, calcite, ilmenite, rutile,
titanite and zircon. The garnets also contain polyphase inclusions of Mg-hornblende+paragonite+quartz; epidote+paragonite
epidote+paragonite+quartz and epidote+albite. Garnets are partly replaced by aggregates of amphibole (Mg-hornblende), phe
gite (Si=6.47-6.52 pfu), epidote and albite (An 0-3) and symplectites of Ca-amphibole (Mg-hornblende) and albite (An 0-5)
with rare quartz. The margins of the garnets are occasionally replaced by chlorite, phengite and biotite, or by biotite and calcite
aggregates.

Amphiboles occur in the matrix as subhedral to anhedral prismatic grains up to 2 mm long. Some amphiboles in the matrix are
zoned from winchite, barroisite cores to Mg-hornblende rims.

According to the petrography and chemical compositions of the minerals the pelitic schists are adjacent to the Seba metagabb
mass probably suffered high-pressure metamorphic condition. The chemical discontinuity between the core and the rim of th
garnets is formed in the different metamorphic conditions for the core and the rim. Similar zoning of garnets have been reporte
by Higashino and Takasu (1982), Takasu (1984) and Nomizo (1992) from the Besshi district. Takasu (1984) reported simila
garnet from the Seba metagabbro mass, the core of garnet undergone an eclogite facies metamorphism at higher temperat
conditions (720-750 C, 12-24 kbar) and the rim together with the surrounding Seba eclogitic basic schists (610-650 C, 7-24
kbar).

Reference:
Higashino, T and Takasu, A., 1982, Journal of Japan Association of Mineralogy, Petrology and Economic Geology. 77, 362-
367. Takasu. A, 1984, Journal of Petrology. 25, 619-643. Nomizo, A, 1992, Journal of Geological Society of Japan. 98, 49-52.

xCorresponding author: fazlekabir@gmail.com

O 0000 : pelitic schist, high-Mg garnet, Sebadani, Sambagawa
Keywords: pelitic schist, high-Mg garnet, Sebadani, Sambagawa



Japan Geoscience Union Meeting 2011 Jd
(May 22-27 2011 at Makuhari, Chiba, Japan) J

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
I‘%‘Ei‘?"..
SMP046-11 00:201B ood:50 270 11:15-11:30

Jodododooogoogooooooooog
Metamorphism and thermal structure of subduction zone: a case study on the Sanbaga\

pelitic rock
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The thermal structure of the present subduction zones has been a focus of geophysical studies regarding the origin of a
magma, transportation of volatile component such a® ldnd CQ into the deep mantle, and origin of the subduction zone
earthquakes. Many studies employing numerical modeling have been done for the aim estimating the thermal structure of th
subduction zone. The results contributed semi-quantitative understanding of the thermal structure of the subduction zone, hov
ever, diversity of the results among the models is not negligible to be applied to the natutal system.

It has also been one of the motivations of metamorphic geology that analysis of prograde metamorphism of a suite of meta
morphic rocks in a metamorphic belt yields information of the the subduction geotherm. Recent advance in decoding metamor
phic P-T condition enabled revealing true peak P-T condition and prograde P-T path excluding extensive retrograde hydratior
Therefore, now, we can discuss the subduction geotherm of past subduction zone in a context of metamorphic geology.

In this presentation, we review nature of the thermal structure in the subduction zone, and prograde- and progressive
metamorphism, at first. Then a case study on the Sanbagawa pelitic rock is demonstrated with implications to the mantle-wedc
dynamics and the material transportation.

oooobo:0b000,0b0o00,00b0,000000
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Wedge extrusion followed by major out of sequence thrusting accompanying duplexing.

the high P/T Sambagawa blue schist
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Tectonics of the Kamuikotan metamorphic rocks distributed in the western part of Asahika

city, Hokkaido, Japan
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A clockwise P-T path deduced from metapelites and aluminosilicates-bearing veins fron
the Tseel terrane, SW Mongolia
A clockwise P-T path deduced from metapelites and aluminosilicates-bearing veins from
the Tseel terrane, SW Mongolia

ulziiburen burenjargdt, 00 0O ', 00 00O ¢!
burenjargal ulziiburelt, Atsushi Okamotb, Noriyoshi Tsuchiya

Tohoku University
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The Tseel terrane of the Central Asian Orogenic Belt, SW Mongolia, contains a record of amphibolite-facies (locally granulite-
facies) metamorphism related to several igneous activities. In the central part of the Tseel area, the andalusite (And) + sillimanit
(Sil) + kyanite (Ky)-bearing quartz veins occur, whereas only sillimanite occurs in host pelitic gneisses, that contain garnet +
biotite + plagioclase + quartz. Textural relations indicate that aluminosilicate polymorphs formed in the order of And-Ky-Sil.
Garnet in a sample of gneiss collected from near an aluminosilicates-bearing quartz vein shows compositional zoning, chara
terized by decreases in Ca and Mn from core to rim, and increases in Fe and Mg, along with minor retrograde zoning at the
outermost rim.

We calculate P?T conditions by garnet-biotite geothermometry and garnet-biotite-plagioclase geobarometry based on comp
sitional zoning in garnet, assuming constant compositions for biotite and plagioclase, to roughly constrain the P?T path durin
garnet growth. This approach is based on the following assumptions: (1) biotite, plagioclase and quartz coexisted with garnet; (2
the compositional ranges of biotite and plagioclase during garnet growth were retained in the thin section; and (3) intracrystalline
diffusion was negligible within the crystals. For individual samples, we selected the biotite compositions with highest and lowest
Mg/Fe2+ ratio and plagioclase compositions with anorthite contesy, Xhe P-T estimates along the garnet zoning is carried
out for four cases as follows: (1) highest X, highest MgFé&t Bt; (2) highest X4.,, lowest Mg/Fé*Bt; (3) lowest X4,,, highest
Mg/Fe+Bt; and (4) lowest X,,,, lowest Mg/Fé* Bt.

We obtained the decompression P?T path from the kyanite stability field (530-570 C and 6.0-9.6 kbar) to the sillimanite stabil-
ity field (590-620 C and 2?6 kbar), with slight increase in temperature. Although garnet does not record the P-T conditions at the
burial stage, the occurrence of aluminosilicates indicates the change from the andalusite stability field to kyanite stability field.
These observations suggest that the metamorphic rocks in the Tseel terrane experienced a clockwise P?T path, although the p
pressure remains unknown.

Microthermometry was based on analyses of fluid inclusions in quartz in an aluminosilicates-bearing quartz vein collected
from the locality of sample 0701c. Heating and cooling experiments were performed for the primary inclusions within quartz to
measure the homogenization (Th) and ice melting (Tim) temperatures. The values of Th are scattered over the range 110?240
with most between 160 and 200 C (mean value, 171 +/- 28 (1?) C). The values of Tim range from ?4.0 to ?9.6 C, with a mear
value of ?6.8 +/- 1.3 (1?) C, corresponding to salinity of 10.2 +/- 1.6 wt.% NaCl equivalent. Microthermometric analyses of fluid
inclusions reveal that the aluminosilicates-bearing quartz veins formed in the kyanite stability field (530-600 C and 6.0-8.5 kbar).
Abundant fluid supply along fractures would have enhanced the formation of coarse-grained kyanite in quartz veins.

The P-T path during the exhumation in the Tseel area cannot be explained by subduction of old slab, but is well consisten
with the geothermal gradient along the interface between the slab and the arc crust just after the ridge subduction (after c. 1 Myr
The intrusion of granitoids and mafic dikes and high temperature metamorphism of the Tseel terrane would be caused by th
subduction of young oceanic lithosphere during the evolution of CAOB in the Devonian ages.

00 000: Tseel terrane, aluminosilicates, garnet, clockwise P-T path, ridge subduction
Keywords: Tseel terrane, aluminosilicates, garnet, clockwise P-T path, ridge subduction
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Multi-events metamorphism of the eclogites in the Lake Zone, southwest Mongolia
Multi-events metamorphism of the eclogites in the Lake Zone, southwest Mongolia
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Early Cambrian eclogites have been described from the Chandman district in the Lake Zone, southwest Mongolia (Hanzl an
Aichler, 2006; Takasu et al., 2008; Stipska et al., 2010). The Alag Khadny metamorphic complex consisting of metamorphic
rocks and ultramafic bodies is exposed for about 10 km across and 4 km wide, and it occurs between the ophiolite complex ar
migmatized metamorphic rocks in the Lake Zone. Several lenticular-shaped bodies of eclogites and amphibolites (max. 2 km .
0.8 km) occur in the matrix of orthogneisses and minor pelitic gneisses.

Eclogites consist mainly of garnet, omphacite Qa6 %), and amphibole with subordinate amounts of epidote, phengite,
paragonite, plagioclase, biotite, K-feldspar, rutile, titanite, quartz, calcite, hematite, ilmenite and zircon. The eclogites experi-
enced three metamorphic events i.e. the precursor metamorphic event (M1) of HT-amphibolite facies; HP metamorphism (M2
of the eclogite facies; and HP-metamorphism (M3) of the epidote-amphibolite facies.

Garnets occur as porphyroblast and they show a prograde zoning. The core of the garnets contain polyphase and single grain
clusions of high TiO2 (up to 1.32%) taramite, taramite+quartz, Fe-pargasite, tschermakite, plagioctas®)@iotite+epidote.

Those inclusions indicate relatively high-temperature metamorphism of amphibolites facies conditions (M1).

The prograde stage of the first HP metamorphic event (M2) is characterized by polyphase and single grain inclusions in the
garnets such as barroisite+taramite+epidote+quartz, barroisite+Mg/Fe-hornblende+quartz, plagioclase (An=3-5)+epidote, chl
rite, calcite, and rutile. The peak eclogite facies conditions of 560-680 C and 22-25 kbar (Ravna, 2000; Ravna and Terry, 2004
estimated by the compositions of garnet+omphacite 4&)+phengite (Si=6.58-7.11) assemblage. The retrograde stage of eclog-
ite facies is characterized by symplectite of sodic plagioclase (An=1-11)+amphibole and/or Na-poor clinopyroxene (Jd=2-25)
These mineral assemblages give 450-560 C and 4-11 kbar (Holland and Blundy, 1994; Holland, 1983).

The second HP metamorphism of the epidote amphibolites facies (M3) is characterized by prograde zoned amphibole
with winchite, actinolite, tremolite core and barroisite rim. They contain inclusions of garnet, omphacite and symplectite of
clinopyroxene+sodic plagioclase suggesting that the amphiboles crystallized after the M2 metamorphism. The cores of the an
phiboles indicate 300-400 C and 3-8 kbar, whereas the rims indie4@®-600 C and 3-12 kbar (Otsuki and Banno, 1990).
Taramite/tschermakite outermost rim is occasionally developed.

Reference:

Hanzl, P. and Aichler, J., (2007) Pracha, Czech Geological Survey

Holland, T., 1983 Contributions to Mineralogy and Petrology, 82, 214-220;

Holland, T.J.B and Blundy, J.D., 1994. Contributions to Mineralogy and Petrology, 116, 433-447.

Otsuki, M. and Banno, S., 1990 Journal of Metamorphic Geology., 8, 425-439

Ravna, E.J.K., 2000. Journal of Metamorphic Geology, 18, 211-219

Ravna E.J.K and Terry, M.P., 2004. Journal of Metamorphic Geology, 22, 579-592

Stipska, P. et al., 2010. Journal of Metamorphic Geology, 1-19.

Takasu, A. et al., 2008 Abstract of the 115th Annual Meeting of the Geological Society of Japan. 246p. (in Japanese)
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Deformation of Lake Shorelines and Mid Crustal Flow in Tibet
Deformation of Lake Shorelines and Mid Crustal Flow in Tibet
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The mid crust beneath Tibet is generally thought to be highly mobile low viscosity material. A low viscosity layer of mid
crustal material can account for the relatively flat nature of the high plateau?high elevation but low relief?and injection of mid
crust into low lying regions around the Tibetan Plateau is thought to be one of the main processes involved in the expansion ¢
the Plateau. Mechanical modeling shows that many of the first order features of the Tibetan Topography can be explained by tf
presence of a mid crust with a viscosity of 10719 Pa s or less. However, there has been no independent quantitative estimate
the effective viscosity of the mid crust. Lake shorelines offer a way to achieve this.

Despite its low rainfall, Tibet contains a large number of lakes due to the lack of water outlets from the central plateau. Many
of these lakes are surrounded by well-preserved paleo shorelines. The presence of these shorelines shows that the lakes were ¢
much larger than they are now. One of the largest lakes in Tibet is Lake Nam Co, which lies 150 km to the north of Lhasa. This
lake shows good development of plaeo-shorelines and is of a suitable size to investigate properties of the mid crust. When the
is a drop in the water level of a lake, it reduces the weight on the underlying crust and resulting in a buoyancy force that tends t
uplift the substrate. The maximum uplift possible is determined by the ratio of the densities of water to rock: approximately 1 m
of uplift for every 3 m decrease in the water level. The reason for the uplift is the inflow of mobile rock at depth. Re-equilibration
will not be instantaneous?it will take time for crustal flow to occur. The time scale for this crustal flow depends mainly the
geometry of the lake basin and the viscosity of the crust. The geometry is well-known and viscosity can then be estimated fron
measurements of the amount of uplift and the time that it took for the uplift to occur. Shorelines are palaeo-horizontal markers
and, therefore, any uplift can be recognized by careful measurement that reveals present day deviations from horizontal. Prelin
inary results of age dating and surveys of shorelines using kinematic GPS show the potential of this methodology for obtaining
good first order estimates of the mid crustal viscosity.

googo:goboboo,gob,0oob,0boobooon
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Deformation experiment of Serpentinite with preferred orientation
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Subduction related Antigorite CPO patterns from forearc mantle in the Sanbagawa belt
southwest Japan
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Antigorite (Atg) is stable throughout large parts of the wedge mantle of most subduction zones. Atg shows very strong acousti
anisotropy, and recent studies have emphasized that the crystallographic preferred orientation (CPO) of Atg should be consider
as a possible cause of seismic anisotropy in convergent margins.

Only a few Atg CPO patterns have been published (Bezacier et al., 2010; Hirauchi et al., 2010; Moortele at al., 2010; Sod:
& Takagi, 2010). From these limited data, two main types of Atg CPO pattern can be defined: one with an a-axis parallel to the
stretching direction (A-type) and the other with the b-axis parallel to the stretching direction (B-type). In this study, we report
antigorite CPO patterns from the Higashiakaishi (HA) body?a sliver of forearc mantle preserved in the Sanbagawa belt of south
west Japan. These CPO patterns are a further example of the B-type antigorite patterns.

Because Atg has a low plastic yield strength, it is possible that original orientations of the Atg crystals may be affected by
mechanical damage caused by production of the thin sections used for measurement. However, statistical analysis using the eic
vector method of Atg CPO in two thin sections from two distinct directions in the same sample (YZ-section perpendicular to
foliation and lineation and XZ-section perpendicular to foliation and parallel to lineation) shows no significant differences. Atg
CPO developed during the same phase of deformation was also stronger in the sample with a greater proportion of Atg: the opp
site to that expected if Atg CPO is disturbed by sample preparation. We conclude that sample preparation by standard polishin
techniques has no significant affect on the resulting CPO.

Seismic anisotropy associated with the Atg-bearing HA peridotite calculated using the combined Olivine and Atg CPO pat-
terns requires thicknesses of 1.47?4.6 km for a time delay of 0.1 s and 5.31?11.56 km for a time delay of 1 s. The large range «
possible thicknesses represents the difference between Reuss and Voigt averages.

[References] Bezacier, L. et al. 2010, EPSL; Hirauchi, K. et al. 2010, EPSL 299. 196-206; Moortele, B. et al. 2010, J. Mi-
croscopy 239, 245-248; Soda, Y. and Takagi, H. 2010, J. Structural Geology 32, 792-802.
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The deepest peridotites in ocean floor: Tonga trench peridotites revealing forearc exter

sion
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The Tonga trench is one of the deepest trenches in the world. We used peridotite samples collected from dredge hauls &
Boomerang Leg 8 Cruise aboard R/V Melville in 1996 at the deep landward trench slope (19'15.19S, 172'56.29W, depth 8,194
9,371m; Bloomer et al., 1996, Fall Meeting, Abstract, OG32B-01). Most of samples are remarkably fresh, indicating that tectonic
erosion is active in the Tonga trench. The samples are harzburgites and show some variations in microstructure consisting of dor
inantly coarset5mm) granular texture to minor fine-grained ("0.5mm) parts. They contain high-Cr# spinels in a range between
0.5 and 0.8 with very low Ti contents, suggesting that these peridotites were derived from the Tonga forearc. Equilibrium tem-
peratures estimated by Ca in orthopyroxene geothermometer are approximately 900-1250. Olivine fabrics are characterized |
intense [100]-fiber pattern, which could be developed by transtension type of strain (Tommasi et al., 1999, EPSL, 168, 173-186
These indicate that the Tonga trench peridotites have probably been derived from the lithospheric mantle due to the forearc e;
tension during slab rollback (Smith et al., 2001, Science, 292, 713-716).
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Elastic Wave Velocities of Antigorite-Bearing Serpentinite Mylonites
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The relationships between elastic wave velocities and petrofabrics were studied in antigorite-bearing serpentinite mylonites
Rock samples with antigorite content from 40 to 80 vol.% were collected from the Happo ultramafic complex, Central Japan.
Compressional and shear wave velocities were measured by the pulse transmission technique at room temperature and con
ing pressures of up to 180 MPa. Petrofabrics were examined by optical microscopy and SEM-EBSD. Olivine a- and c-axes ar
weakly oriented perpendicular to the foliation and parallel to the lineation, respectively. Antigorite b- and c- axes are distinctly
oriented parallel to the lineation and perpendicular to the foliation, respectively. Samples show strong anisotropy of velocity. The
compressional wave velocity is fastest in the direction parallel to the lineation, and slowest in the direction perpendicular to the
foliation. The shear wave oscillating parallel to the foliation has higher velocity than that oscillating perpendicular to the foliation.
As the antigorite content increases, the mean velocity decreases but both azimuthal and polarization anisotropies are enhanc
Measured velocities were compared with velocities calculated from petrofabric data by using Voigt, Reuss and VRH averaging
schemes. All averaging schemes show velocity anisotropy qualitatively similar to measurements. There are large velocity differ
ences between Voigt and Reuss averages (0.771.0 km/s), reflecting the strong elastic anisotropy of antigorite. Measured velociti
are found between Reuss and VRH averages. We think that the relatively low velocity is due to the platy shape of antigorite
grains, the well developed shape fabric and their strong elastic anisotropy. Measured velocities will be compared with calculatiol
considering layered structures in serpentinite mylonites.
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metamorphic belt
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Application of Micro-XRF analysis for estimation of igneous mineral compositions from

subduction zone meta-peridotites
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Ultramafic rocks in the metamorphic belt have been generally re-crystallized into fine-grained aggregates and the element:
components in the rocks have been re-distributed into newly formed minerals including hydrous phases. In order to discuss th
igneous processes related to the origins, we have to estimate such chemical and modal modification. For examples, Ni, Mg ar
Fe are important indicators of fractional crystallization and partial melting but they are expelled out from olivine and pyroxene
into magnetite (Mag), antigorite (Atg) and sulfides (pentlandite (Pn) etc.). The precise modal compositions of the metamorphic
constituents are necessary for reproduction of the igneous mineral compositions.

We test an elemental mapping using a Micro-XRF Analyzer (XGT-5000, HORIBA) to determine modal compositions of meta-
morphic minerals. In this system, an X-ray beam is focused on a polished thin section (30 micron thick) in a diameter of 0.1 mm
and fluorescent X-ray maps (512 x 256 pixels for a region of 2 x 1 cm2, for example) of elements with higher atomic number
than Ca are gained using an EDS detector.

Analytical samples are ultramafic rocks in Higashi-akaishi peridotite body (HA) in Sanbagawa metamorphic belt, southwest
Japan. They have been a part of olivine (Ol)-clinopyroxene (Cpx) cumulate composed of dunite and Cpx-bearing rocks. The
present constituent minerals are Ol, Cpx, Atg, Cr-Spl, ferricht Chr, Mag, Pn. The modal compositions of Cpx, Mag, Cr-Spl/
ferricht Chr and Pn are determined using Ca map, Fe map, Cr map and Ni map, respectively. Proportions between Ol and Atg a
determined by point counting. As a result, modal compositions are determined to one place of decimal, for example: Ol (4.2%)
Cpx (32.1%), Spl (0.5%), Mag (2.6%), Pn (0.1%) and Atg (60.5%).

Primary compositions are calculated from the present mode and mineral chemistry assuming a primary assemblage of Ol
Cpx + Cr-Spl, a semi-closed system with additions of H20 and SiO2 and KD(OI-Cpx) = 0.8. Resultant Mg# and NiO content
in Ol show significant effect of metamorphic changes from 0.862 to 0.822 and from 0.17 to 0.11, respectively. Our calculation
indicates that a modal composition of Pn should be determined with a precision to two places of decimals. Measuring sizes an
numbers of sulfide grains under a reflecting microscope will be the best way to make reliable estimation of primary NiO in Ol
instead of a XRF mapping.

Keywords: Micro-XRF analysis, modal composition, pentlandite, subduction zone, meta-peridotites
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Mode of occurrence of chlorine-rich biotite and zircon in the pelitic gneiss from Sor Ron-

dane Mountains, East Antarctica
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The Bt-Grt-Sil gneiss from northern Balchenfjella, Sor Rondane Mountains, East Antarctica contains Grt porphyroblast (5-10
mm in diameter) and fine-grained Grt (100-200 um in diameter). The Grt porphyroblast has characteristic zoning in P. The core
is P-rich with oscillatory zoning in P, and the rim is P-poor without oscillatory zoning. In this way, the core-rim boundary is
defined by the discontinuous P zoning. This discontinuity suggests that the Grt porphyroblast has experienced resorption ar
recrystallization (e.g., Kawakami & Hokada, 2010). The Grt core is homogeneous in composition while Fe and Mn increase anc
Mg and Ca decrease toward the rim. This trend is significant where the Grt is in contact with matrix Bt. The fine-grained Grt has
similar composition with the Grt porphyroblast rim, suggesting that the rim and the fine-grained Grt crystallized simultaneously.

Chlorine-rich Bt (0.08-1.08 wt%) and coarse Zrn (100 um in diameter) are included exclusively in the rim of the Grt porphy-
roblast. Bt in the matrix and that included in the core of the Grt porphyroblast are Cl-adn06 wt%). Coarse-grained Zrn is
present in the matrix and also included in the fine-grained Grt. Only one grain of tiny Zrn (20 um in diameter) is found included
in the core of the Grt porphyroblast so far.

Almost all of the Cl-poor Bt grains in the matrix give lowenx, [= Mg/(Mg+Fe;otq1)] (X arg = 0.56 +/- 0.03) than the Cl-rich
Bt included in the P-poor rim of the Grt (%%, = 0.60 +/- 0.04). Detailed examination of retrograde Fe-Mg exchange between the
inclusion Bt and the host Grt revealed that the Cl-rich Bt was originally as Mg-rich as the matrix Bt and changed its composition
to the Mg-rich one through the retrograde Fe-Mg exchange reaction between Grt. There is a possibility, therefore, that matrix B
was once Cl-rich and lost Cl via interaction with the Cl-poor fluid that subsequently infiltrated into the matrix.

The presence of resorption texture at the core-rim boundary of the Grt porphyroblast, and the intimate coexistence of Cl-rict
Bt and coarse-grained Zrn in the rim of the Grt porphyroblast implies the genetic relationship between them. The Cl-rich Bt may
be formed through the effect of Cl-rich fluids during metamorphism (e.g., Sisson, 1987) or through magmatic-hydrothermal evo-
lution (e.g., Coulson, 2001). Therefore, it is likely that the Cl-rich Bt included in the garnet rim is the evidence for the infiltration
of Cl-rich fluid, and coarse-grained Zrn (at least the rim part) and the Cl-rich Bt were formed almost simultaneously, during or
after the Grt porphyroblast resorption. Future dating of included Zrn may help constrain the timing of Cl-rich fluid infiltration
during the metamorphism in the Sor Rondane Mountains.

gooob:b0b,00bb,00,bbooboo
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Two modes of occurrence of "arrested charnockite” in Sri Lanka
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Felsic to intermediate lithologies charnockitized incompletely have been called as "arrested charnockite”. These types o
high-grade metamorphic rocks occur in Sri Lanka, as well as Antarctica and South India that formerly constituted Gondwana:
land. We described the mode of occurrence and chemical composition of the constituent minerals of the arrested charnocki
from two outcrops in Sri Lanka. In the first outcrop near Kurunegala, charnockite occurs as a number of patches with lentituclar
to ovoidal shapes. The long axes of the patches are not parallel to the foliation defined in the surrounding felsic gneiss. Th
boundary between charnockite patch and surrounding gneiss is obscure. Compositional layerings composed of Hbl-rich doma
and Hbl-poor domain disappear gradually into charnockite. Inthe second outcrop near Kandy, charnockite is developed as a ve
along a fracture of Grt-Bt felsic gneiss. The boundary is obscure. The compositional layerings and mineral preferred orientatiol
recognized in the host gneiss are preserved in the charnockite domain.

In the charnockite from the first outcrop, orthopyroxene occurs commonly. The orthopyroxene grains are locally re-
placed by cummingtonite along rim and cheavage. Orthopyroxene appears at inner portions of the boundary of charnockit
patches recognized by naked eye. The modal abundance of orthopyroxene increases with increasing distance from the bour
ary. In contract, vein-like charnockite from the second outcrop, many symplectites occur while orthopyroxene is not found.
The suroundring gneiss also has symplectites locally. The symplectites are composed of various mineral assemblages, such
Amp+Pl+lim+Mag+Cpx, Amp+PIl+lim+Mag and Pl+lim+Mag.

Amphibole can be divided into two based on the chemical composition. One has higher Ca and Al than another. The
former occurs in the host gneiss and also in the charnockite that defines gneissosity. The latter amphibole (cummimgtonite) i
recognized only in the charnockite and either replaces orthopyroxene in the patchy charnockite or consists of symplectite in th
vein-like charnockite. The cummingtonite in the symplectite showing similar composition to that replacing orthopyroxene sug-
gests that the symplectites in the vein-like charnockite were originally orthopyroxene which has broken down during retrograde
metamorphism.

goodbo:0b0000obo,0o0o00go
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Finding of brown hornblende bearing basic rock from Bungo-Ohno, Oita prefecture
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Metamorphic and granitic tectonic blocks of the Atokura Nappe in the Yorii-Ogawa dis-

trict, central Japan
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