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High-T metamorphic rocks and exhumation process of the Tseel terrane, SW Mongolia
High-T metamorphic rocks and exhumation process of the Tseel terrane, SW Mongolia
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Tseel area, Tseel metamorphic terrane, SW Mongolia is mainly composed of metapelitic gneisses, amphibolites (sillimanite
zone) and intruded by ring structure of the granitoids (sillimanite zone) and covered by sediments. Three mineral zones in th
pelitic gneisses determined based on the petrographic study and mineral assemblages of each zones as follows: (1) Biotite zc
(Bt + PI + Qtz + Ms + Chl + Cal) (2) Garnet zone (Grt + Bt + Pl + Qtz +/- Chl +/- Ru +Il + Cal) (3) Sillimanite zone (Grt + Bt
+ Pl + Qtz + Sil + Ms + Chl +/- Crd +/- St + Ru + I+ Cal +/- Fe-Mg Amp). Biotite zone observed in most area of southern and
northern parts of Tseel area. Garnet zone is determined between biotite and sillimanite zones. The sillimanite zone is observe
in the central parts of Tseel area. All mineral zones observed along the foliation from E to W trends at Tseel area.

We showed the characteristic features of chemical compositions of garnet, biotite and plagioclase in the pelitic gneisses an
determine the P-T paths deduced from the garnet chemical zoning using thermodynamic equilibria in Tseel area as follows
Garnet in the pelitic gneisses shows almandine-rich compositions and some samples show clear compositional zoning. Bas
on the Ca (grossular) composition of garnet, the sillimanite zone is subdivided into sillimanite A and B zones. Garnet in the
garnet zone shows relatively homogeneous compositions in the range of (53G@&0@ 6.0-10.0 kbar). The garnet chemical
compositions in the sillimanite B zone show a homogeneous composition in a range of (62C-25@ 1.8-6.0 kbar), and
sometimes contain the retrograde rim produced by post-growth diffusion. The garnet chemical zoning in the sillimanite A zone
typically is divided into three zones from core to rim: zone 1 (high Ca with homogeneous), zone 2 (decrease in Ca), and zone .
(low Ca). The compositions of zones 1 and 2 correspond to those of garnet in the garnet and sillimanite B zones, respectively, ar
zone 3indicate the effect of the post-growth diffusion. The P-T conditions during garnet growth were calculated by garnet-biotite
geothermometry and garnet-biotite-plagioclase-quartz geobarometry. In application of geothermobarometry to garnet zoning
we calculated P-T conditions for four cases with highest and lowest XMg, Bt and XAn, PI, that provide the possible P-T ranges
for a given garnet composition and constrain roughly the shape of P-T path. The shapes of the P-T paths obtained for individuz
garnets are similar among the four cases, and the differences in pressure and temperature among the four cases are within
°C and 2.5 kbar, respectively. The P-T conditions estimated from the garnet zone are in a range of E3@&60®.0-10 kbar,
that are located at the kyanite stability field. The P-T conditions estimated from the sillimanite B zone are in a range of (570-69C
°C and 1.8-8.0 kbar). The longest P-T path is obtained from the samples in the sillimanite A zone, such as sample 3001, whic
shows a decompression from zone 1 (530-5Z@nd 6.0-9.6 kbar) to zone 3 (570-620 and 2.0-4.0 kbar), corresponding with
a change from the kyanite stability field to the sillimanite stability field. Zone 2 shows an increase in temperature@warido
a decrease in pressure by 4-6 kbar.

The intrusions of the granitoids occurred during the exhumation of the Tseel terrane, and produced the regional anticline
structures and mineral zones. The high temperatures and homogeneous garnet zoning of the sillimanite B zone were result
from the thermal effects from the granitoids. The sillimanite A and B zones experienced the P-T conditions of the kyanite
stability field, that was similar to the garnet zone. The high temperature of the garnet zone cannot be explained solely by th
contact metamorphism by granitoids, but the regional high geothermal gradient is expected in the subduction zones.

00 000: Tseel terrane, garnet, P-T paths, exhumation process
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The Red River shear zone is left-lateral shear zone caused by collision of the India to the Eurasian continent at the Paleogen
Although most metamorphic rocks were reset by the deformation, recent U-Pb and Th-Pb in-situ chronological investigations
have suggested complex ages from 262 to 25 Ma. In this presentation, we make clear the timing of the high-grade metamorphis
using HP and HT-UHT granulites.

To realize the metamorphic conditions and timing of the high-grade event, we use the fluid inclusion technique in associatior
with in-situ U-Pb zircon age. Abundant fluid inclusions are observed in garnet, corundum, staurolite, while are rare in quartz anc
zircon. Raman analysis shows that all fluid inclusions are composed £fTB@ir average densities calculated from two Raman
peaks are 1.00 +/- 0.06, 1.07 +/- 0.04, 1.09 +/- 0.03, 0.29 +/- 0.07, and 1.15 +/- 0.05g/garnet, corundum, staurolite, quartz,
and zircon, respectively. The low-density €€uids in quartz imply that garnet and corundum have grown up at the different
stage than quartz. The estimating pressure-temperature condition based on the mineral paragenesis (exclude quartz) and isoch
ical phase diagrams using whole rock chemistries of 3 rock types (garnet-corundum-sillimanite, garnet-spinel-sillimanite, anc
garnet-corundum-spinel granulites), former eclogite-faci€a.@ GPa at 800 C) metamorphism and subsequent decompression
under granulite-facies condition-L000 C at 1.5 GPa) are identified.

U-Pb zircon ages show wide range from 265 to 36 Ma, however dark luminescent core of zircon containing high-density
CGQO;, inclusions yields a concordia age of 257 +/- 8 Ma, clearly indicating time of high-grade metamorphic event. This simple
technique of combining Raman microscopy and U-Pb age could be easily and widely applicable to evaluate the zircon age an
mineral associations in considering pressure-temperature-time evolution of multi-metamorphic events.

ooodOo:in-situU-POOO OO, 00000,000000,000000000,0000
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Spinifex-textured olivine-enatatite rock and clinoenstatite formed by high pressure break

down of antigorite
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Petrogenesis and implications of jadeite-kyanite eclogite from the Iratsu body of the San

bagawa belt, SW Japan
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Discovery of a new occurrence of jadeite- and kyanite-bearing eclogite from an outcrop within the Iratsu body of the subduction
type Sanbagawa belt, SW Japan, allows us to assess existing solid-solution models for clinopyroxene, and obtain insights in
spatial variation in P-T conditions and/or@ activity during the eclogite-facies metamorphism of this region. The jadeite +
kyanite assemblage is stable at higher P-T conditions or lowé€) &ttivity compared to paragonite. There is no significant
difference in bulk rock composition between the newly found jadeite-kyanite eclogite and paragonite eclogite, which is the
predominant eclogite type in the Iratsu body. The jadeite-kyanite eclogite is a medium-grained massive metagabbro consis
ing mainly of garnet, omphacite, kyanite, quartz, epidote, phengite, subcalcic amphibole and rutile. Pre-eclogitic relics of sodic
augite (Jd_o4Acmg_16), actinolitic hornblende, Fe-rich garnet (Alg171Grsi9—_o5Prps—13Sps—4) and magnetite are sporadi-
cally preserved. Eclogitic garnet (A_¢1Grsig_20Prpo—_25Sps —2) optically shows a dusty appearance due to abundant mi-
croscopic inclusions of kyanite, quartz, epidote, phengite, omphacite_G3d\cm;_3) and impure jadeite (3d_ggAcmy_~).

Jadeite is exclusively present as inclusions in garnet. The miscibility gap between the ordered omphacite (P2/n) and disordere
impure jadeite (C2/c) progressively narrows during garnet growth, implying the temperature of the solvus apex coincides with
the thermal peak of metamorphism. The observed compositional gap and the result of garnet-clinopyroixénig &echange
thermometry are consistent with the phase diagram calculated in the pseudo-binary ayglite,(#icmy)-jadeite system by

using the newest solid-solution model of Deiner and Powell (2012), and the calculated apex of the omphacite-jadeite solvus i
at 625 deg.C. However, calculated pseudosections with XRF-derived bulk rock composition and the solid-solution model have
no jadeite stability field for any reasonable values of P, #,2¢ and Mgy 10, although the matrix assemblage is satisfactorily re-
produced. This may suggest effective bulk composition around growing garnet was significantly different from the XRF-derived
bulk rock composition. The localized feature of eclogite-facies equilibration is also inferred from the observed microstructures
such as Omp + Qz + Amp pseudomorphs (prograde symplectites) after igneous augite. We obtain the jadeite stability field in th
calculated pseudosections by subtracting augite from the XRF-derived bulk composition. High chlorine contents of amphibole
(<1.5 wt% CI) and apatite<7.0 wt% CI) indicate that the eclogite-facies equilibration was triggered by an influx of saline fluids.
Multi-equilibrium thermobarometry for the assemblage Grt + Omp + Ky + Ph + Ep + Qz gives metamorphic P-T conditions of
around 2.3 GPa and 600 deg.C. The estimated high-P conditions are also supported by high residual pressure (max. delta omeg
=13.3 cn1!, equivalent to 0.85 GPa) of quartz inclusions in garnet. These results imply the presence of a significant metamor-
phic pressure gradient within the Iratsu body, and detailed baric structure of this region will be revealed by further application of
the quartz-in-garnet barometry (Enami et al. 2007).

Reference: Deiner and Powell (2012) J Metam Geol 30, 113-130; Enami et al. (2007) Am Mineral 93, 1303-1315.
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Metamorphism of garnet glaucophane schists from the Bizan area, Sambagawa metamc
phic belt, eastern Shikoku, Japan
Metamorphism of garnet glaucophane schists from the Bizan area, Sambagawa metamc
phic belt, eastern Shikoku, Japan
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! Department of Geoscience, Shimane University, Japan

The Bizan area is located in the Tokushima Prefecture of eastern Shikoku, Japan and it is mainly composed of pelitic schist:
basic schists and siliceous schists with minor garnet glaucophane schists. Faure (1983) suggested that there occur a melange \
tectonic blocks of serpentinite, metagabbro and garnet-amphibolite (garnet glaucophane schists in this study) along the ducti
shear zone between spotted and non-spotted zones in the Bizan area. Garnet glaucophane schists consist mainly of garnet, am
bole, epidote, phengite (Si 6.41-6.80 pfu), paragonite, chloritoid, chlorite, albite, rutile, titanite, ilmenite and quartz. A schistosity
is defined by preferred orientation of glaucophane, phengite and chlorite.

Garnets are almandine-rich composition and display prograde growth zoning with deciégsin@.18-0.01) and increasing
X a1m (0.54-0.70) from the core to the rim. The cores of garnet contain inclusions of chlotkaid 0.08-0.23), chlorite, epi-
dote, phengite (Si 6.41-6.55 pfu), paragonite, titanite and quartz and polyphase inclusions of phengite + paragonite + epidote
chloritoid + chlorite + quartz assemblage. The rims of garnet contain inclusions of amphiboles (glaucophane; zoned amphibols
with barroisite core and glaucophane rim), epidote and quartz and polyphase inclusions of glaucophane + epidote. Garnets &
partly replaced by chlorite. Glaucophanes in the matrix contain inclusions of phengite, epidote, chlorite, titanite and quartz. Som
of them are partly replaced by Wnc, Brs, Mg-Ktp and Act at their rims and cracks. Phengites (Si 6.50-6.80 pfu) in the matrix
are contain inclusions of glaucophane, epidote and chlorite. Some large grains of epidotes and chlorites contain inclusions ¢
glaucophane, phengite, epidote, titanite and quartz.

Textural relationship, mineral assemblage and thermobarometric results suggest a polyphase tectonometamorphic evoluti
of the garnet glaucophane schists. The mineral assemblages of polyphase inclusions within the cores of the garnet such as b
roisitic amphiboles, cloritoid, chlorite, epidote, phengite, paragonite and quartz constrélfirtbenditions of a prograde stage
at 450-500C and 9-11 kbar (by THERMOCALC) at epidote-blueschist facies metamorphic conditions. The rims of the porphy-
roblastic garnets include inclusions of glaucophane, epidote, quartz and schistosity-forming matrix phengite suggesting the pe:
metamorphic mineral assemblages. THERMOCALC averagecalculation suggests a metamorphic condition of the eclogite
facies metamorphism of 550-600 and 17-19 kbar. Porphyroblastic garnets are partly replaced by chlorite at their rims, and
matrix glaucophanes are replaced by Wnc, Brs, Mg-Ktp and Act along rims and cracks suggests a retrograde metamorphis
took place at the epidote-amphibolite facies to follow a clockwise decompression path.

Large grains of epidotes and chloretes in the matrix which contain peak metamorphic mineral assemblages of glaucophan
phengite, epidote and quartz suggesting another high-pressure prograde metamorphism took place. This high-pressure metan
phism can be correlated with the Sambagawa metamorphism in the Besshi area, central Shikoku (Aoya, 2001; Kabir and Takas
2010a, b).

The eclogite facies metamorphism followed by another high-pressure metamorphism as the Sambagawa metamorphism is fir
described from the garnet glaucophane schists in the Bizan area, Sambagawa metamorphic belt. The metamorphic evolution
similar to that of the eclogites in the Besshi area, central Shikoku (Kabir and Takasu, 2010a, b). Eclogite in the Sambagawa be
occurs mainly in the Besshi area, central Shikoku and slightly in the Kotsu area, eastern Shikoku. This study revealed that th
occurrence of eclogites now extend to the Bizan area in eastern Shikoku.

Reference:

Aoya (2001)J Petrology 42, 1225-1248; Faure (1983)Geol Soc of Japa@9, 319-329. Kabir and Takasu (20104dYleta Geo/
28, 873-893; Kabir and Takasu (201QBarth Scj 64, 183-192.

0 0 0O 0O O : Sambagawa metamorphic belt, garnet-glaucophane schist, eclogite, chloritoid, Bizan area, eastern Shikoku
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Metamorphic conditions of kyanite-garnet-chloritoid schists associated with eclogites in
the Lake Zone, SW Mongolia
Metamorphic conditions of kyanite-garnet-chloritoid schists associated with eclogites in
the Lake Zone, SW Mongolia
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LGeoscience Dept. Shimane University, Jagahongolian University of Science and Technology, Mongolia
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The kyanite-garnet-chloritoid schists associated with eclogites from the Alag Khadny metamorphic complex, Chandman dis-
trict, Lake Zone, SW Mongolia, consist of garnet, chloritoid, muscovite, phengite, chlorite, paragonite, kyanite, rutile, iimenite,
zircon, quartz and carbonaceous matter. Garnets occur as subhedral to anhedral porphyroblast up to 5 mm across and tt
are almandine-rich variety in composition. The garnets are zoned with inclusion-rich cores and inclusion-poor rims. The gar-
nets display a prograde pattern of compositional zonkg,, decreasing an& p,, increasing from core to rim. The cores
contain inclusions of muscovite5(=6.06-6.29 cations per formula unpfu), paragonite, chlorite, chloritoid and quartz. The
rims contain inclusions of kyanite (F®; <1.24 wt%; CsO{3} <0.03 wt%), phengite §i=6.40-6.63pfu), chloritoid (X a4
[Mg/(Fe+Mqg)]=0.08-0.18), chloriteX »;,<0.42), and quartz. A well-developed schistosity is defined by preferred orientation of
chloritoid (X a74 = 0.11-0.21), chloriteX »;,=0.36-0.53) and white micas [phengitgi€6.57-6.63pfu) and muscovite$i=6.23-

6.34 pfu)] in the matrix.

Based on the textural relationship and chemical composition of minerals, following metamorphic stages are distinguished ir
the kyanite-garnet-chloritoid schists, i.e. (i) pre-peak stage, (ii) peak metamorphic stage, and (iii) retrograde stage.

The porphyroblastic garnets represent a typical prograde zoKigg, decreasing ani p,, increasing from core to rim. The
pre-peak stage (i) is defined by the mineral inclusions in the cores of the garnets. They are musie6i®@6(6.29pfu),
paragonite, chlorite, chloritoidX(,,,=0.08-0.13) and quartz, and they indicate relatively low-pressure and low-temperature
conditions such as the greenschist facies. The peak metamorphic stage (ii) is defined by the mineral assemblage of the incl
sions in the rims X p,,<0.13) of the garnets, i.e. kyanite, phengi&=6.40-6.63pfu), chloritoid (X 5,,=0.08-0.18), chlorite
(X 114=0.42), rutile and quartz, and schistosity forming minerals, i.e. chlorit¥ig;{ = 0.11-0.21), phengite§j=6.57-6.63
pfu), and chlorite X »,,=0.36-0.53) coexisting with the rims of porphyroblastic garnet. THERMOCALC (V. 3.33) (Powell and
Holland, 1994) calculations for the rim of the garnet coexisting minerals of kyanite, phengite, chloritoid, and chlorite yielded P-T
conditions of T=575-58%C and P=10-11 kbar of high-pressure epidote-amphibolite to low-pressure eclogite facies conditions of
the high-pressure intermediate type metamorphism which are distinctly lower in metamorphic pressure than accompanied eclo
ites (T=590-610C, P=20-22.5 kbar; Stipska et al., 2010) even though the similar temperature conditions. HéWav&tAr
muscovite plateau ages of the eclogite (543 +/- 3.9 Ma) and kyanite-garnet-chloritoid schist (537 +/- 2.7 Ma) are similar (Stipske
et al., 2010), indicating simultaneous exhumation of both metamorphic rocks to the crustal level. There is no evidence of high.
pressure type metamorphic event similar to the eclogites in the kyanite-garnet-chloritoid schists. These fact suggest that subdu
tion within low-geothermal gradient conditions to produce the eclogites occurred first, subsequently relatively high-geothermal
gradient metamorphism for the kyanite-garnet-chloritoid schists took place, and then whole sequence of metamorphic rocks wel
exhume to the shallower levels at ~ 540 Ma.

Reference
Powell, R. and Holland, T.J.B. (1994). Amer. Miner., 79, 120-133
Stipska, P., Schulmann, K., Lehmann, J., Corsini, J., Lexa, O. and Tomurhuu, D. (2010) J. of Meta. Geol., 28, 915-933

0O 0 0O 0O O : Kyanite-garnet-chloritoid schist, Eclogite, Alag Khadny metamorphic complex, Lake Zone, Mongolia
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Raman spectra and reflectances of carbonaceous matters showing graphitization temp

atures at around 300 - 400 C
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The degree of graphitization of carbonaceous matter (CM) has long been investigated using X-ray diffraction analyses, optice
(reflectance) studies and Raman spectroscopies to analyze thermal histories of sedimentary rocks. Hirotaka and Hoshino (20(
noted that the degree of graphitization may reveal much detailed thermal histories than those recorded in the mineral asser
blages. Komorek and Morga (2003) also demonstrated that the reflectances of CMs increased by only several hours heating
an oven. Therefore, we may expect the CM geothermometers for analyses of short-range thermal events such as dike intrusic
vein formation and faulting.

However, the thermometer using Raman spectrum of CM proposed by Beyssac et al. (2002) can be applied to the temperatu
range from 640 to 330 C with poor correlations at low temperatures. On the other hand, the thermometers by reflectance c
CM (Vvitrinite reflectance’) are probably limited below 300 C (e.g., Hashimoto et al, 2004). Therefore, we have studied detailed
characteristics of Raman spectra and reflectances of CMs showing their graphitization temperatures at around 300 - 400 C
investigate a future possibility of the CM geothermometer as a tool for analyses of the short-range thermal events.

We collected pelitic rock samples of the Kuga formation of the Jurassic accretion complex from the Yasaka contact aureole
Yamaguchi Prefecture, where the Hiroshima-type granite of the Cretaceous age intruded. Takami et al. (1993) classified the col
tact aureole into the cordierite zone (eal km from the contact) and the biotite zone (1 - 2 km wide). Takami and Nishimura
(2000) mentioned that the apparent d002 of CM decreases sharply in the biotite zone at around 1 km from the contact.

Two types of CM can be identified under microscopic observations of the collected rock samples. Hereafter, we may call then
temporarily as M-type and P-type CMs. The former shows visible reflection pleochroism as well as anisotropism, while the latter
does non- or weak ones. Therefore, the P-type CM is probably collinite for so-called ‘vitrinite reflectance’ measurements. They
can be identified clearly also by their Raman spectra. The G bands of the P-type CMs are broad, while those of the M-type ar
characteristically narrow and sharp. It is interesting that the P-type CM could not be observed in the samples collected from th
vicinities of the contact with granite.

The R2 ratio of the Raman spectrum of the M-type CM shows a systematic change with a distance from the contact. It in-
creases from 0.47 (= 430 C, estimated from the equation of Beyssac et al., 2002) at Loc. 03 (0.1 km away from the contact) ti
0.60 (370 C) at Loc. 10 (2.4 km). On the other hand, although the ratio of the P-type CM is the highest as 0.77 (300 C) at Loc.
10, the ratio in the other samples closer to the contact does not vary with the distance and is stable as 0.75 (310 C), implying tF
lower limit of the ratio of the P-type CM.

The P-type CM from Loc. 10 shows the lowest reflectance as 3.8 % (= 320 C, from the equation of Barker, 1988), while those
from the other localities are around 4.7 % (350 C) and show no significant variation with the distance, implying also the upper
limit of the reflectance of the P-type CM. Although the reflectance of the M-type CM is slightly higher than that of the P-type
CM in the sample from Loc. 10, no obvious difference between the two could be seen in the other samples.

It should be emphasized that there may be a size dependency of the M-type CM on its R2 ratio in the samples close to th
boundary, thatis, a smaller CM tends to show a higher temperature. Hence, it can be expected to apply the R2 ratio of the M-typ
CM not only as a thermometer but also as a 'chronometer’ for short-range thermal events.

An estimation of a P-T condition of the vein-formation in the footwall of the Nobeoka thrust will be presented as an example
of the analyses of the thermal events.

goooo:0bo0,000,000,00000
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Study of negative residual pressure of quartz in garnet: Quartz Raman spectra of higl
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Kimberlite pipes carry peridotite xenoliths derived from the deep upper mantle (70-250 km) beneath Archean cratons. Suct
xenoliths contain well-developed deformation microstructures. This study presents microstructures of peridotite xenoliths from
two kimberlite pipes in South Africa: Kimberley and Lesotho.

The peridotite xenoliths of Kimberley kimberlite pipe consist of lherzolite, harzburgite and dunite. The lherzolites consist
of olivine, orthopyroxene, garnet and clinopyroxene. The harzburgites consist of olivine, orthopyroxene, garnet and a minol
amount of clinopyroxene. A small amount of phlogopite occurs in both rocks. These rocks are texturally divided into two types:
coarse granular (granular type) and extensively sheared peridotites having obvious foliations (foliated type). The granular typi
peridotites show equigranular textures with slightly curved grain boundaries. The foliated type peridotites show porphyroclastic
textures, which consist of coarse-grained porphyroclasts and very fine-grained neoblast matrix. These peridotites display no vis
ble evidence of extensive metasomatism, but show some secondary serpentine alterations along grain boundaries. Major-elem
compositions of minerals were determined by an electron probe microanalyzer (EPMA). Mineral chemistries for the Lherzo-
lites and the harzburgites indicate that these mantle rocks were equilibrated at similar P-T conditions regardless of their textur
types. Olivine crystal-preferred orientations (CPOs) were measured in highly polished XZ thin sections using a scanning elec
tron microscope (SEM: Hitachi S-3400N) equipped with electron back-scattered diffraction (EBSD: Oxford-HKL Channel5).
The peridotite xenoliths show various olivine CPO patterns.

The peridotite xenoliths of Lesotho kimberlite pipe are grouped into two types: coarse granular type and small-grained elon-
gated type. Olivine CPOs show intense concentrations of [010] axes normal to the foliation, with girdles of [100] and [001] axes
within the plane of the foliation (AG type). In particular, the small-grained elongated peridotites show strong concentration of
[010] axes. This CPO pattern may result from axial shortening. The coarse granular peridotite shows higher equilibrium temper
atures than those for the small-grained elongated peridotites. It suggests that the cratonic mantle beneath Lesotho may contai
domain where the coarse peridotites alternate with the small-grained elongated peridotites at around 150 km deep.

00000:0000000,00000000,0000,000000
Keywords: Kimberlite, Peridotite xenoliths, microstructure, crystal fabric analysis
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Mongolia is situated in the Central Asian Orogenic Belt (e.g. Mossakovsky et al., 1993), which extends from the Siberian
craton, Baltica craton, North China craton and Tarim craton. It is composed of subduction-accretion complexes and develope
from c. 1000 Ma to c. 250 Ma (Windley et al., 2007). Metamorphic rocks are partly distributed in the central and western part
of Mongolia. Metamorphic history would be a key for understanding the tectonic evolution of this area, however detailed study
on metamorphic rocks has not been well-documented, including geochronology. In this study, we report petrology and U-Pk
monazite and zircon ages on metamorphic rocks occurring in the Bayankhongor area.

The Bayankhongor area is situated between Gobi-Altai range and Hangay range in the central part of Mongolia. The area i
mainly composed of granitic gneisses (biotite gneiss and clinopyroxene-biotite gneiss), amphibolites and pelitic gneisses. Peliti
gneisses are classified into garnet-biotite gneiss, garnet-sillimanite-biotite gneiss and garnet -cordierite-biotite gneiss. Garn
in garnet-cordierite-biotite gneiss is replaced by cordierite and biotite, indicating decompression process. Sillimanite in garnet
sillimanite-biotite gneiss is replaced by andalusite, which also indicates later stage metamorphism under the lower pressur
condition. Amphibolites are classified into garnet-amphibolite, clinopyroxene-amphibolite and amphibolite. Garnet in garnet-
amphibolite is replaced by plagioclase and hornblende, which qualitatively imply decompression as well as pelitic gneisses
Thus, metamorphic rocks in the Bayankhongor area widely recorded amphibolite- to upper amphibolite-facies metamorphisn
with subsequent decompression.

In the presentation, we show additional data including mineral chemistry, P-T estimations and U-Th-Pb in situ dating and
discuss metamorphic evolution of the Bayankhongor area. Based on the interpretation of those data, we suggest its implicatic
for the tectonic process related to the development of the Asia continent.
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A primary and secondarily-modified microstructure of kelyphites in garnet pyroxenites
from the Ronda peridotite, Spain

oo oo
OBATA, Masaaki*

l0o0o0o0OoO0o0O0ooO0ooooooooo
IKyoto University

gooodoooooooooooboooooooooooooooooooooooooooo,booooooon
goooootoooooboooodoboobooboooooooooooooooooobooouooooboboon
O0Rondad DOO0O0OO00OOOODOOOO (OO0 RI27)DO0O0O000O0O0O0O0000OOOOOOOOOOOO
0000000000 (Obata, 19940 00 0000000000000 OOpx+PI+Spd (Zone 1), OI+PI+S@I (Zone 11),
OO00000 CpxUOOOOOOODODO O+PIOOZone OO OOOO0OOOOOODOOOOODOOOOODODO.OO
O0o0oooooooobooooooooooboooooooooooooooooooobooooooooooboon
00000000000 300000000000 00000b0b0O00000b0O0Db00000O0nOndObata, 1994 .
000000000000000000000000000000000 Zonel,NOOOOOOOOOOOOpx+PI+Sp
(ZoneN)OOOUOODOOOUOUOOODOOOOOUOODOOUOOUOUOOOOOOOOOOOOOODOOOOOOO RA1270 Zonel
OZonellDOOUOOOOOODOOOOD100000000 CpxUOOOOODODUOOFE-SEMO EBSDOOOOOOOOO
0000000000000 0oooooo00oooo000ooo0o0oooo000o0oo0o0oooogn (Obata, 19940
000000000000 000000000000000000000000000000OpX,Pl,Spt Cpxd OO
000000000000 00000000000000000000 ZonellO ZonelllOO ZonelOOOOOOO
0000000000000 00000000000oo0ooo0o000o0o0oooooo0o00000CpxOOOoug
Zone|OOOODOODOODOODOOOODODOO Seiland subfacies, OHara, 1960 0 000000000000 O Zonelll,
Zone OO OOOOO-00O0D0O0O0OO00O0O0O0O0D0O00O00O00O0O0O00D0DO0O0O00O0O0OO0O0OO0O0DOODOO0OOO00
0000000000000 Zonell, NOOOOOZonelOOOOOOOOOOOOOOOOOOOOOODOOOOO
godooooooooooooooooooooooooooooooooooooOooDooooooonoboOoon
0000000000000 00000O00b00000o00o00oO0bD00o00ooooOOoDOO0oDOo0oOoooOoOooOn
0000000000000 00000000000o0b00oo00o0oo00o0o0o0oDO0obDO00OooOooOooOoong
000000000000 0000000000000000000000000o0oo00DLDO00o0ooooOoooOoonog
godooooooooooooooooooboooooooooboooooooooooooooooOoobooonOoo
godooooooooooooooboooooooooon

Obata, M. (1994) Material transfer and local equilibria in a zoned kelyphite from a garnet pyroxenite, Ronda Spain. J. Petrol-
ogy, 35, 271-287.

O’ Hara, M. (1967) Mineral facies in ultrabasic rocks. In Wyllie, P. J. (Ed) Ultramafic and related rocks. John Wiley & Sons,
Inc. New York, pp. 464.

goooo:gogbobooo,0gooo,ooo,bobo,0o0oooon
Keywords: kelyphite, garnet, reaction zone, fluid, Ronda peridotite

1/1



Japan Geoscience Union Meeting 2012 ~® ’
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]'ggg;gience

Union

SMP46-P09 go:booboboobo 00:50 250 15:30-17:00

00o0oo0oOooooooooooooooooo _
Fault kinematics along the Itoigawa - Shizuoka Tectonic Line in western Yamanashi
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The Motagua fault zone (MFZ) of central Guatemala is a sinistral suture between the Maya Block (North American Plate)
and the Chortis Block (Caribbean Plate). High-P tectonic blocks occur in serpentinite-matrix melanges exposed immediately
north and south of the MFZ. The northern MFZ (NMFZ) melange hosts warm-subduction related blocks of epidote eclogite and
garnet amphibolite, whereas the southern MFZ (SMFZ) melange includes cool-subduction related blocks of lawsonite eclogits
and blueschist. Both the NMFZ and SMFZ eclogites give indistinguishable Sm-Nd garnet-omphacite isochron ages of arounc
140-130 Ma (Brueckner et al. 2009), but K-Ar phengite ages of the NMFZ high-P blocks (77-65 Ma) are significantly younger
than those of the SMFZ high-P blocks (125-116 Ma) (Harlow et al. 2004). Further petrological study especially on the NMFZ
high-P blocks is needed to interpret the available age data, and hence to understand the tectonic evolution of this region. W
present detailed petrological data of garnet amphibolite from the NMFZ melange exposed at Estancia de La Virgen.

Single garnet crystals in the studied sample consist of four distinct growth zones (Grtl, Grt2, Grt3 and Grt4) and grossu-
lar inclusions. Compoasitions of the four garnet generations are: Grtl4Aky Sps_13 Prps_¢ Grss_41), Grt2 (Almsr_43
Sps—16 Prpi—2 Grsyi—s1), Grt3 (Almyg_53 Sps 4 Prps_¢ Grsss—41) and Grt4 (Almy_ss Sps—3 Prz—10 Grszo—ss). Grtl
occurs as highly corroded cores of the garnet crystals, and contains inclusions of epidote, omphgitétdaite and acti-
nolite, indicating the first subduction-related metamorphism in the eclogite facies (M1). The second growth zone (Grt2) hosts
inclusions of chlorite, hornblende/actinolite, albite/oligoclase, allanite/epidote, zoisite, K-feldspar, indicating relatively low-P/T
metamorphism in the transitional greenschist/amphibolite facies (M2). Grossulas (Gr#\drg_22 Sps_~) is exclusively
present as discrete crystals included in an intermediate zone within Grt2. The third garnet generation (Grt3) is recognized as
skeletal/dendritic overgrowth on Grt2. Grt3 hosts abundant aqueous fluid inclusions in addition to an almost identical inclusion
paragenesis as Grt2. Metamorphism associated with Grt3 growth (M3) could be related to a pulse-like hydrothermal event. Th
last garnet generation (Grt4) resulted from second subduction-related metamorphism (M4). The early phase of M4 took place i
the garnet-unstable conditions, and is recorded as relic inclusions within matrix amphibole. This early M4 assemblage include
glaucophane, actinolite, pumpellyite, phengite (Si=3.58-3.70 apfu) and paragonite, indicating high-P/T type metamorphism ir
the transitional pumpellyite-actinolite/blueschist facies. The inclusion paragenesis within Grt4 is identical with the matrix assem-
blage that consists of edenite/barroisitic hornblende, albite/oligoclase, epidote, phengite (Si=3.38-3.45 apfu), chlorite, titanite an
quartz. The matrix amphibole was slightly replaced first by glaucophane + actinolite and then by actinolitic hornblende during
final exhumation. P-T conditions during Grt4 growth are estimated to be "550 deg.C, 1.1 GPa, and thus the K-Ar system of
phengite have been closed after the thermal peak of M4.

By combining the available information, we presume that the NMFZ high-P blocks underwent, at least, two subduction-
exhumation cycles with three main tectono-metamorphic phases: 1) the first subduction-related metamorphism ("140-130 Ma
2) subsequent thermal events at shallow crustal levels, and 3) the second subduction-related metamorphism ("77 Ma) at the tre
sitional oceanic to continental subduction setting.

References: Brueckner et al. (2009), EPSL 284, 228-235; Harlow et al. (2004), Geology 32, 17-20.
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Protolith and tectonic environment of blueschist from the Kurosegawa tectonic zone,
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Blueschists from the Kurosegawa tectonic zone are distributed from central Kyushu to Kanto mountains. These rocks ar
usually embedded in the serpentinite melange. Blueschist is layered and can be divided into two layers; blue and green layet
Coexisting minerals of the blue layer are crossite-glaucophane, lawsonite, and less amount of sodic pyroxene. Secondary ming
als that can be found in the blue layer are epidote, pumpellyite, actinolite and chlorite. Mineral assemblage of the green layer i
similar to that in the blue layer. However, chlorite and actinolite aof the green layer are more abundant than that of the blue layel
which might be due to hydration during retrograde metamorphism.

It is also noted that the green layer is enriched in LIL elements in comparison with the blue layer affected by the retrograde
metamorphism, and then we used the data only from the blue layer for later discussion.

Based on several discrimination diagrams using HFS and REE elements of the blueschists, their protoliths can be divided int
following four types of basalt: (1) N-MORB type, (2) E-MORB type, (3) OIB type, (4) T-MORB type.

Rb-Sr isotopic analysis (using blueschist samples from Kyushu, Shikoku ,and Kii peninsula) yields a whole rock isochron
age of 269 +/- 8Ma (Srl=0.70513 +/- 0.00018). Zircon U-Pb ages were also determined to be an inherited age (430-490Ma) o
pelitic schist from Itsuki area in Kyushu and as a protolith age (480-520Ma) of gabbro from Engyoji area in Shikoku. Therefore,
the Rb-Sr isochron age of 269Ma might reflect the timing of the blueschist-facies metamorphism from the Kurosegawa tectonic
zone.

Results of these studies suggests that the formation process of Kurosegawa tectonic zone was possibly prior to continent
collision of the North China craton and South China craton during the age of early Triassic (ca. 230-220Ma).

In addition, Nd-Sm isotopic analysis (using blueschist samples from Itski area in Kyushu) yields a whole rock isochron age
of 804 +/- 64Ma (NdI=0.511781 +/- 0.00073). Therefore, blueschists in Kurosegawa tectonic zone were formed by subductior
of the oceanic plate that was located in front of the South China craton.

Keywords: Kurosegawa tectnic zone, blueschist
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Accretionary and metamorphic complexes regarded as Cretaceous subduction complexes of Indonesia are distributed in Ce
tral Indonesia include of West and Central Java, South Kalimantan and South Sulawesi. The widely dispersed rocks of th
pre-Tertiary basement in the Indonesian region comprise variably metamorphosed accretionary complexes, imbricated terrane
melange, turbidite and broken formations, and ophiolite (Parkinson et al., 1998). These accretionary and metamorphic complexe
in South Sulawesi are recorded on the restricted area namely Bantimala and Barru Complex.

Bantimala Complex is a tectonic assemblage of slices and blocks consisting of sandstone, shale, conglomerate, chert, silicec
shale, basalt, ultramafic rocks, schist and schist breccia with the ages of components range from Jurassic to middle Cretacec
(Wakita et al., 1996). The metamorphic rocks are intercalated with melange deposits and mainly consist of high-pressure metab
sites and low-pressure metamorphosed clastic sequence rocks. The melange includes clasts and blocks of chert, sandstone, bg
limestone and schist embedded within a sheared shale matrix (Wakita et al., 1996). K-Ar ages of phengite on garnet-glaucophal
rock yields 125-139 Ma and 107-119 Ma, 118-130 Ma on mica rich intercalated with garnet-glaucophane rock, 108-120 Ma anc
109-121 Ma for mica-quartz schist intercalated with hematite bearing glaucophane schist (Wakita et al., 1994, 1996) and 134-14
Ma for eclogite (Parkinson et al., 1998). Miyazaki et al. (1996) estimate the peak pressure of the Bantimala eclogites were 18-2
kbar at 580-640C. Parkinson et al. (1998) suggest the pressure and temperature for eclogites and garnet-glaucophane rocl
were 18-24 kbar at 580-62@ and jadeite-garnet-quartz (coesite) rock weg¥ kbar at 720-760C.

High-pressure metamorphic rocks in the Bantimala Complex mainly crop out as river boulders. Mafic rocks (eclogite) are
the most common comparing to pelitic lithologies such as glucophane schist and garnet-glaucophane-phengite schist. Rare
garnet-jadeite-quartz rock crops out as 3 m wide river boulders in Bantimala River. Meanwhile, the Barru Complex is located
approximately 30 km north of the Bantimala area. Metamorphic rocks in this area are crop out more restricted area with mos
common lithologies are variably of garnetiferous quartz-mica schist and serpentinized peridotite. Wakita, et al. (1994) reportec
phengite K-Ar age determination from quartz-mica schist of 106 Ma.

The evidence from mineral chemistry analysis, suggests that the Grt-Jd-Qtz rock passed through Jd + Qz stability field durin
metamorphic evolution. Peak metamorphism of eclogite is represented by garnet rim and omphacite in the matrix. Grt?Cpx the
mometer (Krogh, 1988., Pattison & Newton, 1989., and Ravna, 2000) yield a temperature of 72D{82@ressure of 25 kbar
on the sample of eclogite 110310T0O3F. The occurrence of glaucophane inclusions in the core and mantel of garnet indicate tf
former stability field in the blueschist area. Retrogression observed in the eclogites is represented by replacement of omphaci
by actinolite-tremolite-winchite-barroisite amphiboles.

Moreover on the retrogression stage, three types of eclogite are recognized. All of the types are contain garnet and omphaci
bearing assemblages. The difference between each type is secondary phase minerals that present during retrogression. Type
eclogite is dark green eclogite with rich of omphacite in the matrix and less of amphibole or minimally affected by the secondary
hydration. Type Il of eclogite is bluish colored rich of glaucophane and less of omphacite in the matrix. Omphacite grains in this
eclogite are restricted as inclusions on garnet or other minerals. Type Il of eclogite is light green-bluish colored dominated by
mostly amphiboles in the matrix that ranges in composition from actinolite to barroisite. In these rocks, omphacite is partially to
completely replaced by amphiboles.

0 00O O 0O : high-pressure metamorphic rocks, eclogite, Bantimala Complex, Barru Complex, South Sulawesi, Indonesia
Keywords: high-pressure metamorphic rocks, eclogite, Bantimala Complex, Barru Complex, South Sulawesi, Indonesia
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Metamorphic conditions of blueschists and greenschists in the Toudaogiao area, in Inne
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Blueschists and related metamorphic rocks are exposed in the Toudaogiao area of the Honghuaerji-Yimin district in Inne
Mongolia, northeastern China (Ye et al., 1994). These metamorphic rocks occur along Tayuan-Xiguitu fault, located between th
Ergun block and the Xing‘an block, and those are situated in the eastern parts of the Central Asian Orogenic Belt (Sengor et al
1993).

Zhao et al. (2011) reported that blueschists occur together with greenschists, pelitic schists and siliceous schists in this are
The blueschist consists of amphibole (GIn, Mg-rbk and Win), epidote, albite, phengite (Si=6.7-7.0 p.f.u.), quartz, titanite and
hetamite, and the metamorphic conditions are in the epidote-glaucophane facies (3804504kbar).

In this study we describe barroisite-bearing blueschists and greenschists. The barroisite-bearing blueschists consist mainly
amphibole (Mg-rbk, GIn, Win, Ktp and Brs), epidote, albite, phengite (Si=6.7-7.2 p.f.u.), chlorite, quartz, calcite and titanite with
minor amounts of hematite. The amphibole is of subhedral prismatic crystal with size up to 0.2 mm long. It contains inclusions of
amphibole (Ktp and Brs) as a relic of the precusor metamorphic event. The amphibole is zoned with winchite gefeFia
1.48 p.f.u.) to magnesioriebeckite rim (Nal.52-1.81 p.f.u.), and it is partly replaced by chlorite, calcite, titanite and quartz.
The zoning texture suggests the prograde stage is in the winchite stability field followed by the magnesioriebeckite/glaucophan
stability field. The peak metamorphic stage is characterized by the rim of amphibole (Mg-rbk/GIn) and coexisting minerals
(epidote+albite (Ar:0.38)+phengite (Si=7.2 p.f.u.)+hematite+titanite+calcite), suggesting the epidote-glaucophane schist fa-
cies metamorphic event. The retrograde stage is represent of chlorite, calcite, quartz and titanite, which replace the amphibol
probably suggests the greenschist metamorphic event. The peak stage mineral assemblage is same as the previously descr
blueschist, and the metamorphic condition are T=390:@5@=13-15kbar.

The greenschists consist mainly of amphibole (Act, Mg-hbl, Ts, Ed and Hs), epidote, chlorite, albite, phengite (Si=6.7-6.9
p.f.u.), quartz, calcite and titanite with minor amounts of hematite. The amphibole is mainly classified as actingli® (¢a
p.f.u.), and itis of euhedral to subhedral prismatic crystal, with size up to 0.5 mm long. Itis commonly zoned with magnesiohorn-
blende (Ti=0.14-0.26 p.f.u.) core and actinolite (Ne0.16 p.f.u.) rim, and its core contains inclusions of amphibole (Ts, Ed,

Hs and Mg-hbl (T«0.10 p.f.u.)) and titanate. Actinolite (&0.10-0.34 p.f.u.) and chlorite occur along cleavages of the zoned
amphibole. The core of the amphibole and its inclusions (Ts, Ed, Hs and Mg-hbl) as relic of the precusor high temprerature
metamorphic event. The peak metamorphism is represented by actinolite+chlorite+epidote+alide?jAphengite (Si=6.9
p.f.u.)+quartz+hematite, suggesting low-temperature and high-pressure metamorphic condition.

Reference

Blundy and Holland, 1994Viiner and Petral, 116, 433-447; Evans, 1990ithos, 25, 3-23; Holland, T.J.B., 1988&ontr. Miner.
Petr., 116, 433-447; Massonne and Schreyer, 1@®htr. Miner. Petr, 96, 212-224; Otsuki and Banno, 1990 Metamorphic Ge
-ol, 8, 425-439; Sengor et al., 199%ature, 364, 299-307; Ye et al., 19944-SGT Geology Issug73-83; Zhao et al., 2011,
JPEU Conf
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Geochemistry of the HP-UHP metamorphic rocks, Makbal complex, northern Kyrgyz Tien-Shan
A.A. Bakirov!, K.S. SakieV, M. Tagiri?, A.B. Bakirov!, A. Takasd, R.T. Orozbae¥, A.A. Togonbaevaand J.-I. Kimura

The Makbal UHP complex occurs in the western part of Kyrgyz Range of the Northern Tien-Shan and consists of quartzite
and muscovite-quartzite, garnet-muscovite-quartz and chlorite-muscovite-quartz schists, marbles, amphibolites with relicts o
eclogites and UHP talc-garnet-chloritoid schists (Tlc-Grt-Cld). The coesite has been found in quartzites and Tlc-Grt-Cld schists
and they experienced UHP metamorphism-#9 kbar and k600 °C), whereas the eclogites and garnet amphibolites are
experienced mainly HP metamorphism with different peak P-T conditions (Tagiri et al., 2010). UHP Tlc-Grt-Cld schists are
conformably intercalated in thick quartzite layers. Eclogites occur as imbricated lenses within these host UHPM rocks.

A phengite K-Ar age of 509+13 Ma (Tagiri et al., 2010), CHIME monazite age of 481+26 Ma (Togonbaeva et al., 2009) and
498+7 Ma for the UHP Tlc-Grt-Cld schist and paragonite K-Ar age of 482+17 Ma (Tagiri et al., 1995) and zircon SHRIMP
U-Pb ages 509+7 Ma and 502+10 Ma (Konopelko et al., 2011) has been reported for the eclogite. The granitic rocks discordantl
intruded in the Makbal complex are dated as 399+10 Ma (Tagiri et al. 2010).

We carried out whole-rock geochemistry analyses on major, trace and REE abundances for the eclogites, Qtz-Grt-carbona
rocks, Tlc-Grt-Cld schists, quartzites, garnetite and one clinopyroxene-biotite rich rocks (lamproite?) from the Makbal Forma-
tion. The classification diagrams, using major and trace elements, classify the eclogites as tholeiitic basalts. Tlc-Grt-Cld schist:
garnetite and Qtz-Grt-Carb rocks plot in the same field. In the conventional tectonic discrimination diagrams, the eclogites plo
in the field of MORB and VAB. Similarly, the Tlc-Grt-Cld schists and Qtz-Grt-Carb rocks show also same compositions in these
diagrams as eclogites. However, Tlc-Grt-Cld schist have very low content of €a@i%), Na20 &0.1 wt %) and relatively
high MgO (<18 wt %), which is not comparable with basaltic composition. Togonbaeva et al. (2010) pointed out the similari-
ties of the eclogite and Tlc-Grt-Cld schists compositions, and they suggested that the Tlc-Grt-Cld schist is the mixture betweel
eclogite protoliths (basaltic) and quartzites (pelitic) compositions.

Chondrite and primitive mantle normalized diagrams of REE and some trace element abundances show relatively simila
pattern for the eclogites, Qtz-Grt-Carb rocks and Tlc-Grt-Cld schists, except some REE enrichments in Tlc-Grt-Cld schists.
Eclogites and Tlc-Grt-Cld schists are depleted in incompatible elements (Rb, Ba, Sr, K, Ca), however enriched in Pb.

Here, we propose the possible metasomatic origin of Tlc-Grt-Cld schist in the Makbal complex, similarly to whiteschists for-
mation in Dora-Maira Massif (DMM), Western Alps. Two main genetic hypotheses were proposed for the origin of whiteschists
in DMM, i.e. sedimentary (highly Mg-meta-evaporite; Schreyer, 1977) vs. metasomatic (Mg-rich fluid into shear zones; Com-
pagnoni & Hirajima, 2001; Schertl & Schreyer, 2008). We suggest that the origin of Tlc-Grt-Cld schist could be related to
Mg-metasomatism on the basaltic protoliths of eclogites, at least prior to peak UHP conditions. This process can be respons
ble for the modification of some major and trace elements in the eclogites to more Mg-rich and Ca- and Na-poor, similarly to
whiteschist in DMM. The metasomatic origin supported also by field relations of these rocks and their similar geochronological
data.

References: Tagiri et al. (1995), Island Arc; Tagiri et al. (2010), JMPS; Togonbaeva et al. (2009), JMPS, Togonbaeva et al
(2010) JAMS Annual Meeting, Matsue; Compagnoni & Hirajima (2001), Lithos; Konopelko et al. (2011), Gondwana Research;
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Unstable boundary formation behind the growth front in sealing of open cracks

Mitsuhiro Toriumix and Mayuko Fukuyama
x IFREE, JAMSTEC
xx |ES, Academia Sinica/ Univ Akita

Plate boundary quartoze metamorphic rocks contain abundant sealed open cracks and shear cracks that are occupied ma
by quartz with minor amount of albite and chlorite. Apparently the sealed cracks can by classified into two types: one is the comt
type and another is the granular type. The latter displays rapid increase of grain size toward the center of the sealed cracks a
the grain size proportional to the width of the sealed cracks as indicated by Toriumi and Hara (1995).

The growth front in the sealing the cracks is considered to be parallel to the wall surface and it faces fluid phase in the cracks
The boundary behind the growth front is characterized by wavy interface, showing the various wavelengths of periodicity. This
type of unstable boundary should be formed by the instability of growth front during precipitation of constituent minerals in
active open cracks. The wavelength of the unstable boundary increases with increasing grain size. The comb type sealed crac
show narrow wavelength but the granular type ones do wide wavelength. In this study, the relationship between the unstabl
boundary and the instability of growth front during the sealing of cracks.

Crack geometries and deformation by the crack-seal mechanism in the Sambagawa metamorphic belt, Toriumi, M and E. Har
Tectonophysics 245, 249-261, 1995.

Keywords: unstable boundary, crack sealing, instability of growh, plate boundary metamorphism
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Fabric analyses of glaucophane and lawsonite in low-grade blueschist from Diablo Range

California
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KIM, Daeyeongd*, KATAYAMA, Ikuo !, MICHIBAYASHI, Katsuyosh?, TSUJIMORI, Tatsuki

!Department of Earth and Planetary Systems Science, Hiroshima Univétaititute of Geosciences, Shizuoka University,
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IDepartment of Earth and Planetary Systems Science, Hiroshima Univétaititute of Geosciences, Shizuoka University,
3Pheasant Memorial Laboratory, Institute for Study of the Earth’s Interior, Okayama University

Deformational microstructures of glaucophane and lawsonite in a lawsonite blueschist from New Idria serpentinite body,
Diablo Range are studied to understand rheological behaviors of subducting oceanic crust. Glaucophane deforms by recovery a
dynamic recrystallization possibly accommodated by dislocation creep, based on developments of crystal-preferred orientatior
(CPOs), small grain size and irregular or curved grain boundary. Euhedral or subhedral grains with angular or straight grair
boundary of lawsonite suggest its deformation mechanism as rigid body rotation. Both minerals in glaucophane-rich layer (GR
show stronger CPOs, higher aspect ratios and lower angle to foliation (stronger shape-preferred orientation, SPOs) than those
lawsonite-rich area (LR), denoting that strain is mainly localized into the GR. In addition, stronger fabrics are observed in the
GR rather than in the LR on the basis of fabric analyses (M=0.20, J=18.0 for glaucophane and M=0.21, J=9.6 for lawsonite in the
GR, and M=0.18, J=16.0 for glaucophane and M=0.15, J=7.8 for lawsonite in the LR). All results of this study therefore indicate
that rheological behaviors of subducting oceanic crust are mainly controlled by glaucophane rather than lawsonite.

0 0 00O 0O:relative contrast, glaucophane, lawsonite, blueschist, subducting oceanic crust
Keywords: relative contrast, glaucophane, lawsonite, blueschist, subducting oceanic crust
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Origin of compositional gradient recorded in metamorphic reaction rims

oo ot
IKEDA, Takesht*
LKyushu University

Localized occurrence of product minerals in reaction rims strongly suggests that the formation of the rim has been rate
controlled by diffusion. It has been a general consensus that the disequilibrium state during the rim formation was quenched, ar
that the chemical potential gradients were preserved in the rims, which was recognized as presence of compositional gradier
of product minerals. This study propose alternative model to explain the compositional gradient occurring in the metamorphic
coronas. In retrograde stages, migration distance (mean free path) decreases with descending temperature. The metamory
reaction would cease when the migration distance sinks below the spatial distance between the reactant minerals. Each
reactant minerals that are chemically isolated could attain the local equilibrium. That is, the diffusion profiles maintained during
the reaction would modify to homogenize after the reaction ceased. The continuous reaction produces the product minerals th
change their composition progressively during descending temperature. Migration of components within crystal is much slowel
than that along grain boudary by a factor of 5 to 6. This suggests that compositional heterogeneity in product minerals would b
likely to preserve even if local equilibrium was maintained among minerals within the migration distance.

gooobo:0bo,0b0bb,0000
Keywords: reaction rim, compositional gradient, fractional crystallization
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Sciences, Faculty of Science, Okayama University

We report the structural change of carbonaceous material (CM) from the samples metamorphosed at temperatures from 165
655°C based on Raman spectroscopic analysis. 10 samples were selected from contact and regional metamorphic rocks of t
Kasuga, Daimonji, and Shirataki areas and 9 samples were collected from accretionary complexes of the Kitagawa, Kure, an
Nobeoka areas.

The shapes of CM Raman spectra show a change from broad and complex to sharp and simple ones with increasing met
morphic temperature. The D ("Defect”)-bands dominate in the low temperature range and the G ("Graphite”)-band increase:
in importance with temperature increase. These changes can potentially be used to construct a CM Raman geothermomet
However, there is no study defining a methodology for decomposing the CM Raman spectrum that is applicable to low to higk
temperature samples, and it is difficult to discuss the sequence of the development of CM. In particular, there has been littl
discussion of how peak decomposition of CM Raman spectra in the low temperature range should be carried out. In this stud
several band combinations for the Raman spectrum of CM metamorphosed at the low temperature range were tested and para
eters for each band were compared.

These studies show that the Raman spectrum of CM can be divided into four groups by the metamorphic temperature rang
low-grade CM (150-280C), medium-grade CM (280-40@), high-grade CM (400-65¢C), and ordered graphite-(650°C).

Low-grade CM: The Raman spectrum of low-grade CM is best considered to consist of four D-bands (D1-, D2-, D3-, and
D4-bands). The G-band is not clearly distinguishable in this temperature range. The shape of low-grade CM Raman spectra
qualitatively similar to those for amorphous carbon.

Medium-grade CM: The G-band first appears clearly in samples metamorphosed at temperatures of-a@8MtC. The
D4-band disappears at around 34Dand the prominence of the D3-band gradually decreases with increasing temperature. The
peak positions of G-, D1-, and D2-bands and intensity ratio with D1- and D2-bands show changes in the temperature range ¢
medium-grade CM. This observation indicates that CM transforms from amorphous carbon to disordered graphite in this tem
perature range.

High-grade CM and ordered graphite: Most band parameters become almost constant in the Raman spectra of high-grade
CM. These changes suggest that the transition of CM from amorphous carbon to disordered graphite is complete at around 4(
°C. A lot of CM grains in the highest temperature sample metamorphosed &058Bow spectra with only a G-band present
and no recognizable D1- or D2-bands. This result indicates that CM grain reaches fully-ordered graphite at temperatures arour
650°C.

The above results are an important first step in establishing a reliable CM Raman geothermometer in low to high temperatur
range covering the transition of CM.

gogdooo:obo,goboobo,gobbob,ggoboooo,obbooboo
Keywords: Carbonaceous material, Raman spectroscopy, geothermometer, amorphous carbon, graphite
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Low grade graphitization of deformation in Regional metamorphism
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