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Classical metamorphic petrology has generally considered chemical equilibrium only among solid phases, but not among soli
phases and aqueous species in the intergranular fluid (agueous solution). It has been implicitly assumed that the chemistry
fluid is entirely buffered by the coexisting minerals. On the other hand, hydrothermal chemistry has modeled that the generatiol
and extinction of the minerals are mostly controlled by the agqueous chemistry in the coexisting water. In most cases, howeve
the formulation in hydrothermal systems has treated minerals only as pure components but not as solid solutions (e.g. Reed 19¢
Henley 1984). In this study, we develop the unified thermodynamic model that seamlessly integrates both the classical conce
of metamorphic petrology and the concept of hydrothermal chemistry. The incorporation of the amount of water and chemistry
of the aqueous species into the theory of the metamorphic equilibria enables us to investigate the water-rock interaction il
metamorphism and metasomatism. In the numerical modeling, the rock shows a wide variety of mineral assemblages accordir
to the amount of water, or the water/rock ratio, even in the same pressure, temperature and bulk-composition conditions. With th
increase of water, the number of phase decreases and eventually the system becomes bimineralic or monomineralic. The pres
model will be the basis for the future study of the various reaction textures such as the formation of the metamorphic banding
and the pseudomorphic replacement.
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Ti-rich hornblende + quartz = Ti-poor hornblende + orthopyroxene + ilmenite + anorthite + albite + alkari feldsp@r + H
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The Lutzow-Holm Complex of East Antarctica is one of Pan-African metamorphic terranes that formed as a part of the East
Gondwana supercontinent amalgamation. The LHC is considered to have experienced a typical clockwise pressure-temperetu
time path, as indicated by the presence of relict kyanite and staurolite inclusions within garnet and plagioclase in sillimanite-rich
pelitic granulites and the development of reaction textures characteristic of near-isothermal decompression in mafic to ultramafi
rocks (e.g., Hiroi et al., 1991). The timing of peak regional metamorphism within the sillimanite stability field is constrained to
be 520-550 Ma by SHRIMP U-Pb dating on zircon (Shiraishi et al., 1994).

Hiroi et al. (2008) found magmatic andalusite in garnet-bearing pegmatite for the first time from the granulite facies Langhovde
area of the LHC. The andalusite-bearing pegmatite intrudes garnet-biotite-sillimanite gneiss, and between them, garnet gnei:
that does not contain both andalusite and sillimanite is sometimes formed. In order to constrain the timing of andalusite forma
tion, we performed an ion microprobe (SHRIMP) dating of zircons in the garnet gneiss, and obtained an apparent population o
U-Pb ages at ca. 525 Ma, that is almost contemporaneous with the timing of peak metamorphism in the LHC. We discuss th
significance of the zircon U-Pb age from the garnet gneiss.
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Palaeo stress analysis using microboudinage structures of tourmaline within metacher
in East Pilbara Terrane
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Granite emplacement is the key process for generation of continental crust during Archaean. We analysed microstructure
of tourmaline grains embedded within metacherts in the aureole around the Mount Edgar Granitoid Complex in east Pilbara
Western Australia. The aim of this study is to evaluate stress and strain with respect to progressing deformation in the aureol
during the metamorphism in relation to the granite emplacement. The shape preferred orientation of tourmaline grains on th
foliation surface revealed that the intensity of lineation depicted by the value of k ranges from 0.6 to 5.4. Higher values of k
occur in an area which is previously called sinking zone by several authors. As many tourmaline grains exhibit microboudinage
structures, we performed the microboudine analysis for palaeostress analysis. The estimated palaeodifferential stress ranges fr
3.91t0 9.2 MPa. The sample with the highest palaeodifferential stress came from the lad#lity from the contact between the
granite and the greenstone belt. The palaeodifferential stress in the sinking zone is 7.2-9.2 MPa, while that far from the contac
is 3.9 MPa. We discuss the relationship between the palaeodifferential stress and the k value in the poster.
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Modeling shear wave anisotropy in forearc regions: implications for distribution of antig-

orite and olivine CPO fabrics
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Preliminary 2-D thermal modeling of Proterozoic granulite: a case study of structurally

controlled exhumation _ _ _
Preliminary 2-D thermal modeling of Proterozoic granulite: a case study of structurally

controlled exhumation

Kaushik Das*, Tomoeki NakakuKi, Sankar Bose
Kaushik Das*, Tomoeki NakakuKi, Sankar Bose

IHiroshima University?Presidency University, Kolkata, India
IHiroshima University?Presidency University, Kolkata, India

Deep continental crustal rocks undergone granulite-grade of metamorphism are exposed at the orogenic belts. Mesoproteroz
Eastern Ghats Granulite belt is one such polymetamorphosed and polydeformed terrain. The unique character of this belt is tt
occurrence of ultrahigh temperature metamorphosed granulites on a regional-scale where the peak metamorphism is estimatec
be in excess of 1000C at "8-10 kbars. The reason(s) for such extreme thermal conditions at the deeper parts of the Proterozoic
orogen and an appropriate geotectonic setting for such extreme high heat flow are still eluding the geoscientists. Moreover, tf
exhumation processes and rates of exhumation are one of the least studied areas for the deep interiors of such extremely |
orogen.

Proper structural and petrological assessments, particularly exhaustive analysis of pressure-temperature-deformation-time e\
lutionary history of Eastern Ghats Granulite belt pave the path to look for exhumation histories. This belt is known to be
anisotropic and domainal in terms of isotopic signatures and tectonothermal histories. The domain 2 of this orogenic belt presen
the best-studied section showing an overall anticlockwise P-T path evolution with three to four deformation and metamorphic
events in an overall possible accretionary orogenic set-up. Regional-scale structural studies along the Vishakhapatnham-Aral
transect of domain 2 show imprints of superposed deformation at high angle producing domal structures. Three such large-sca
domes are arranged from south-east (Madudavada mega-sheath) to north-west (Anantagiri dome and domal structure near Arak

The present study is based on the occurrence of aluminous granulite with sapphirine-spinel-aluminous orthopyroxene-cordieri
sillimanite-garnet-biotite-quartz-feldspar near the boundary of the "Maduravada mega-sheath”. Fe-Mg compositional profiles of
porphyroblastic garnet adjacent to orthopyroxene, and that with adjacent retrograde biotite (fluorine-Ti-Mg-rich) show develop-
ment of zoning only in the latter case. Geothermometric calculations indicate formation of biotite &C&itBing the early
cooling, followed by the formation of compositional zoning in adjacent porphyroblastic garnet. In an earlier study, we estimated
an anomalously fast cooling rate from this zoning profile of gafeet 12 to 25°C/Ky, which is several order higher than the
normal thermal relaxation rates reported from younger orogenic belts. In the present study, we have tried to formulate a prelim
inary two-dimensional numerical thermal model using rapid upheaval of deep crust in a compressional tectonic setting througl
a domal structure having near-vertical foliation planes. The model calculation is based on an initial thermal condition similar
to that of known old continental crust having a steady-state geotherm on 100 km wide area with depth of 35 km. An already
perturbed geotherm of 90 at the lowermost part is then folded up in an antiformal parabolic shape, more or less in the fashion
of a diapiric upheaval. The 2-D conductive cooling is then assumed and cooling rates have been calculated at different place
from the boundary of the upheaved portions, i.e., 0 to 1.25 km at a depth of 5 km from the surface. We use a finite volume metho
with an implicit time integration to solve the thermal conduction equation with a radiogenic heat source decaying with the depth.
The initial cooling rates of "10-20C/Ky is estimated to be achieved near the boundary with non-linear subsequent decay, similar
to the recorded cooling rate from the Fe-Mg zoning profile in the studied rock. The thermomechanical consequence of such dee
crustal flow process in presence of partial melt in the overall perspective of the Proterozoic orogen is being checked, in additio
to the plausibility of such high degree of thermal relaxation rate.

00000 : Deep crustal UHT granulites, Anomalously high thermal relaxation rate, 2-D thermal model and crustal flow
Keywords: Deep crustal UHT granulites, Anomalously high thermal relaxation rate, 2-D thermal model and crustal flow
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Reaction and structural development of antigorite serpentinite in the Higashi-akaishi ul-

tramafic body, Sambagawa belt

oooobhoooo?
Hironori Yokoyamad, Tomoyuki Mizukam#*

l00o0O00O0000000000000,2000000000000000000
IDepart. Earth and Environ. Studies, Grad. Sch. of Natural Sci., Kanazawa BEéarth Science Course, School of Natural
System, College of Science and Engineering, Kanazawa Univers

Serpentinization of mantle wedge is a key process controlling fluid flux across subduction boundaries. In order to model pro-
gressive serpentinization and its effect on subduction system, it is important to understand mechanism of the fluid-rock reaction
in open system. For direct information on the kinetic reactions, we made field observations on antigorite (Atg) serpentinite in the
Higashi-akaishi ultramafic body in the Sambagawa belt.

Schistosed Atg serpentinite develops at the lower half of the body. Modal proportions of Atg to olivine (Ol) show a bimodal
distribution representing an interlayering between Ol-rich (5-20% Atg) and Atg-rich (30-60% Atg) layers. Such layering can
be seen in scales of several mm to 20 meters. Each layer is generally distinctive but local gradual decrease of Atg proportio
in a single unit indicates the direction of fluid transport from bottom to top. Veins and network structures of Atg connect these
strongly foliated parallel layers with the hydrous mineral.

Brucite (Brc) and magnetite (Mag) are found in highly serpentinized layers. However, there is no concentration of Brc and
Mag in the outcrops and strain shadows are filled by Atg or carbonate indicating extraction of Mg and Fe is minor during ser-
pentinization. Mineral chemistry of Atg and Ol suggests re-distribution of Ni and Fe during serpentinization. These observations
indicate that Atg formation is owing to an additional SiO2 dissolved in aqueous fluids. Minor Brc and a small amount of Mag
can be explained by a reaction involving SiO2.

These observations indicate that discontinuous layers with high concentrations of Atg represent fluid pass ways supplyin
SiO2 and H20 required for serpentinization of peridotite. Syn-deformational serpentinization causes strong schistosity define
by parallel alignment of platy Atg. Such foliated layers probably enhanced channelized fluid flow and, as a result, formation of
Atg. This positive feedback is considered as a major mechanism to increase the amount of Atg in the Ol-rich Higashi-akaish
body. It is also indicated that contributions of interconnecting channels were important for advancing of serpentinization front
into the mantle wedge.

googo:goboo,gooboo,0od
Keywords: serpentinization, structural development, reaction
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U-Pb zircon age of low-pressure/high-temperature metamorphic rocks from the Kurosege

tectonic zone, South-west Japan.
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The Kiroko greenstone melange of the Atokura Nappe in the Yorii-Ogawa district, central

Japan
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Electron microprobe age dating of monazite from the meta-sedimentary rocks, central

eastern Madagascar
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Madagascar is situated within the interior of the Neoproterozoic East African Orogen (EAO; Stern, 1994) that marks the join
between East and West Gondwana. The Betsimisaraka Unit exposed on the eastern margin of EAO experienced Neoproterozo
Early Paleozoic metamorphism and deformation. Monazites from biotite gneiss in the Betsimisaraka Unit, sillimanite-biotite
gneiss and kyanite-biotite-muscovite schist, and garnet-sillimanite gneiss in the Antananarivo Block were dated by the fielc
emission Electron microprobe. The ages and zoning characteristics varied between the samples, but the U-Th-Pb monazite d:
confirm that at least Early Paleozoic (Cambrian) metamorphic events are recorded in the area.

Monazites from the Betsimisaraka Unit are subhedral to anhedral, and occur both as inclusions within biotite porphyroblast:
and the matrix. Analyzed grains gave ages from 400 to 610 Ma with the 500 Ma age being dominant. Compositional zoning in
monazites from samples in the Masora Block demonstrates complex growth relationships. Monazites are subhedral to anhedr
and yield two distinct ages. The cores of monazite grains give ages of ca. 930 Ma whereas the rims of grains generally give age
of ca. 500 Ma. A second sample from the Masora Block contained subhedral to anhedral monazite grains both within biotite ant
matrix minerals. Analyzed grains gave ages ranging from 450 to 550 Ma with the 510 Ma age being dominant. Discontinuous
zoning in monazites from sample in the Antananarivo Block demonstrates complex growth relationships. Monazites are anhedr:
and yield two distinct ages. The cores of monazite grains give age of ca. 2500 Ma whereas the rims of grains generally give age
of ca. 490 Ma.

The occurrence of monazites suggests that Cambrian-Ordovician history is preserved within metamorphosed equivalents |
the central-eastern Madagascar. The monazite data support the previous monazite ages in central-southern Madagascar repo
by Giese et al. (2011) and requires re-evaluation of tectonic model of Gondwana formation along the eastern margin of EAO.
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Some characteristics of isochemical kelyphite in garnet peridotites, Czech Bohemia
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Talc flow layer tectonics :a new concept of globe
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