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ano-granite and glass inclusions in zircon from the migmatite zone of the Aoyama area
Ryoke metamorphic belt, Japan
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Felsic continental crust is thought to be unique to the Earth and is important to constrain material circulation of the crust-
mantle system throughout its history. The continental crust is estimated to be chemically stratified; the upper crust is considere
to be felsic and the lower crust to be mafic. The crustal materials may interact with the mantle via subduction of crustal material:
and/or delamination of the lower crustal rocks. However, lack of a direct evidence of such processes, in particular the latter fol
the lower crust, prevents us from understanding evolution of the crust-mantle system even in a qualitative sense. The purpo:
of this study is to constrain a timing of formation and growth mechanism of the lower crust, which will provide fundamental
information to discuss evolution of the continental crust and the mantle.

Subduction zones are thought to be a site of continental growth and differentiation. We have conducted detailed analyses
various types of xenoliths in alkali basalt from the Gongen volcano in the Kibi plateau, SW Japan. As we particularly concern
the formation and growth timing of it, zircon U-Pb age dating has been conducted, as well as petrology of the xenoliths.

We have collected total 40 xenoliths and observed them using optical microscope and electron probe micro analysis (EPMA)
The xenoliths consist of various rock types; peridotite, gabbro, pyroxenite, anorthosite and quartzite. Based on the petrologice
analysis including EPMA and phase relation study, gabbro, anorthosite and quartzite are likely to have derived from the lowel
crust. Among the xenoliths, pyroxenite may represent a dense igneous cumulative materials located around the Moho beneath t
area. Temperature of the pyroxene cumulate is estimated to be 810 degree C based on olivine-spinel geothermometry [Fabri
1979]. Anorthosite, in which corundum is observed, exhibits Al-rich bulk compositions. Kyanite and garnet are observed in
guartzite xenoliths. The kyanite-bearing quartzite xenoliths, which is estimated to have been formed in granulite facies, exhibit:
silica-rich and CaO-poor bulk compositions, indicating that sedimentary materials are incorporated into the lower crust of the
SW Japan.

To constrain the formation age and the underplating process of sedimentary rocks, we have measured U-Pb ages of zirce
crystals in the lower crustal xenoliths. Based on the zircon U-Pb age and petrological analyses, structure and growth process
the lower crust beneath SW Japan is discussed.
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Evolution of Archean high-pressure granulites from the Namakkal Block,southern India
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The Namakkal Block of Southern Granulite Terrain is bounded by Salem- Attur Shear Zone to its North and Cauvery Sheat
Zone to its South. Major litho-units are meta-gabbro, charnockites, granites, hornblende-gneiss, pyroxene granulites, ultramafic
and iron formations. Here we describe the high-pressure granulites /retrogressed eclogites (meta-gabbro) from three key localiti
which are found along the verge of shear zones.

The meta-gabbros exposed in the Devannur-Mahadevi area are located in the southern part of Namakkal Block.They are a
sociated mainly with iron formations, two-pyroxene granulites and websterites. Mg-rich garnet porphyroblasts coexist with the
magnesium rich clinopyroxenes porphyroblasts, changing partially to amphiboles and plagioclase along the grain boundaries ar
fractures. Garnet contains clinopyroxene and quartz inclusions. On the other hand, garnet inclusions in clinopyroxene are n
observed. Both garnet and clinopyroxene have exsolution lamellae of rutile or limenite, which formed during retrogression anc
exhumation. Rutile is also present in the matrix assemblage. It is noted that orthopyroxene is totally absent. The pressure ar
temperature condition of the peak mineral assemblage (Grt+Cpx+Qtz) are about21 kbars 9000C, respectively that are determin
through isochemical phase diagram.

Retrogressed eclogites/high-pressure granulites are also reported from the Sittampundi area located in the southwest of N
makkal Block, where the opx free meta-gabbroic rocks are associated amphibolites and layered anorthosite. Sajeev et al. (20C
found relict omphacite inclusions in garnet porphyroblasts and described the eclogite facies conditions (about 25 kbar an
10200C). Amphibole and plagioclase are the retrograde phases in these samples. The U-Pb zircon age from the high-pressi
granulites gives 2490 Ma (Sajeev et al., unpublished). The high-pressure granulites are also found in several places towards t
North of Namakkal Block. The most notable occurrence is at Kanjamalai near Salem town. The U-Pb zircon ages from the as
sociated rocks also yield 2490 Ma (Anderson et al., 2012, George et al., unpublished). These rocks with geological and texture
similarity in the southern localities contain orthopyroxene. Moreover, these samples also have significant variation in the minera
chemistry with high iron content. The pressure and temperature of meta-gabbros are estimated to be about 19Kbar and 8000
respectively.

Thus, the mineral chemistry and geochronological studies of the high-pressure granulites in a traverse from North to Soutl
suggest that the Namakkal block had undergone late Archean metamorphism. Hence, the region possibly represents various ¢
els of a subducted basaltic oceanic crust, with the lower crust to the South and the middlecrust to the North. A comprehensiv
geochemical study, including Rb-Sr and Sm-Nd isotopes as well as zircon SHRIMP age dating are underway, which will be
significant in discussing the geotectonic architecture of Namakkal Block of Southern Granulite Terrain in late Archean.
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Anderson, J.R., Payne, J.L., Kelsey, D.E., Hand, M., Collins, A.S., Santosh, M, 2012.High?pressure granulite at the dawn o
the Proterozoic. Geology 40, 431-434.

Sajeev, K., Windley, B.F., Connolly, J.A.D.,Kon,Y., 2009.Retrogressed eclogite (20kbar,10200C) from the Neoproterozoic
Palghat-Cauvery suture zone, southern India.Precambrian Research 171, 23-36.

0O 0 00 0O : High-pressure granulite, Namakkal Block, Subduction zone metamorphism, Late Archean, Oceanic crust
Keywords: High-pressure granulite, Namakkal Block, Subduction zone metamorphism, Late Archean, Oceanic crust

1/1



Japan Geoscience Union Meeting 2013 0 ® ;’

(May 19-24 2013 at Makubhari, Chiba, Japan)
©2013. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

SMP43-11 0 0:303 00:50 240 11:45-12:00

Metamorphic age of the eclogites from the Lake Zone, SW Mongolia
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The Alag Khadny metamorphic complex in the Lake Zone, SW Mongolia, which is located in the central part of the Central
Asian Orogenic Belt, consists mainly of orthogneisses and minor micaschists interleaving marbles including lenses of garnet
chloritoid schists of the Maykhan Tsakhir Formation. Eclogites occur as lenses and boudins in the matrix of orthogneisses an
minor micaschists. The peak metamorphic conditions for the eclogites were estimated to Bé&tdghditions ofT=590-610C
andP=20-22.5 kbar (Stipskat al., 2010), in contrast the pressure conditions of the garnet-chloritoid scRist®{11 kbar) are
distinctly lower than those of the eclogites, whereas temperature condifie3 5-585C) are similar (Otgonkhuet al., 2012).

We discovered the amphibole-rich veins (up to 5 mm in width) are developed in the eclogite bodies. Two types of amphibole-
rich veins are distinguished based on the mineral assemblage, i.e. amphibole-sodic plagioclase-phengite (Amp-NaPI-Ph) ve
and amphibole-quartz (Amp-Qz) vein. Amp-NaPI-Ph vein consists mainly of amphibole (barroisite), sodic plagioclase, phengite
with minor amounts of titanite and quartz. Amp-Qz vein consists of quartz and amphibole (tremolite).

Amphiboles in the Amp-NaPI-Ph vein occur as subhedral prismatic crystals and they are up to 0.5 mm long. They show com:
positional zoning from barroisite (Si=6.97-7.20 pfu, N<.52-0.68 pfu, K0=0.37-0.46) cores to Mg-hornblende and/or eden-
ite (Si=6.56-7.41 pfu, Na=0.22-0.48 pfu, K0=0.18-0.74) rims with rarely actinolite (Si=7.50-7.57 pfu,gN®.07-0.35 pfu,
K>0=0.10-0.26) outer-most rims. Whereas the amphiboles in the Amp-Qz vein occur as subhedral prismatic crystals, up to 3 mr
long in the matrix of quartz. They show compositional zoning from tremolite (Si=7.58-7.62 pfir0Na1-0.42 pfu, KO=0.09-

0.14) cores to Mg-hornblende rims (Si=7.27-7.49 pfupN@.17-0.44 pfu, KO=0.04-0.19) with rare actinolite (Si=7.50-7.67

pfu, Naz=0.09-0.42 pfu, KO=0.06-0.16) outer-most rims. Sodic plagioclases (An=1-14) in the Amp-NaPI-Ph vein are of an-
hedral grain, intercalated with amphiboles and phengites. Phengites (Si=6.64-6.92) in the Amp-NaPI-Ph vein occur as subhedr
crystal, up to 0.5 mm across.

The geothermometer of amphibole-plagioclase (Holland and Blundy, 1994) and the geobarometer of Si content of phengit
(Massonne and Schereyer, 1987) have been applied for the approfrTatenditions of Amp-NaPI-Ph vein developed in the
eclogites. The cores of barroisite and intercalated plagioclase with highest anorthite component (An=14) suggest temperatul
conditions of 540-580C. Si contents of phengite (6.64-6.92 pfu) suggest pressure conditiorildftbar.

We obtained K-Ar ages of the Amp-NaPI-Ph vein [603 +/-15 Ma (amphibole) and 612 +/-15 Ma (phengite)] and Amp-Qz
vein [602 +/-15 Ma (amphibole)], and we interpret the ages of c. 600 Ma as exhumation age of the eclogite bodies. The obtaine
ages of the eclogites are distinctly older tH&Ar/3?Ar phengite ages of c. 540 Ma from the eclogites and garnet-chloritoid
schists (Stipska&t al., 2010), which are located about 2 km east from the present localities of the veins. These suggest that the
eclogites were once exhumed at c. 600 Ma from the Hgionditions and juxtaposed with the garnet-chloritoid schists, and the
amalgamated sequence of metamorphic rocks was then exhumed together to shallower crustal levels at c. 540 Ma.
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Discovery of jadeite-bearing garnet glaucophane schists from the Bizan area offers a new locality of eclogite facies metamor
phic rocks and extension of the distribution of eclogites to the easternmost part of the Shikoku Island. The Bizan area of the
Sambagawa metamorphic belt is located in the Tokushima Prefecture of eastern Shikoku, Japan and it is mainly composed |
pelitic schists, basic schists and siliceous schists with minor garnet glaucophane schists. Faure (1983) suggested that a melal
zone containing tectonic blocks of serpentinite, metagabbro and garnet-amphibolite (garnet-glaucophane schist) occurs within
ductile shear zone between spotted and non-spotted schist zones. Jadeite-bearing garnet glaucophane schists are newly foun
the melange zone.

Jadeite-bearing garnet glaucophane schists consist mainly of garnet, jadeite, amphibole (glaucophane and barroisite), epido
phengite, paragonite, chlorite, albite, rutile, titanite, calcite and quartz. The porphyroblastic garnets are almandine-rich compos
tion and display prograde growth zoning with decreasting, (0.23-0.02), increasing 4;,, (0.47-0.66) and slightly increasing
X prp (0.01-0.03) from core to rim. The cores of the garnets contain inclusions of barroisite, epidote, muscovite (Si 6.04-6.15
pfu), chlorite, calcite, titanite and quartz and polyphase inclusions of barroisite +/- epidote +/- chlorite + titanite + quartz assem-
blage. The rims of garnet contain inclusions of glaucophane, epidote, phengite (Si 6.49-6.73 pfu), paragonite, chlorite, rutile an
quartz and polyphase inclusions of jadeite +/- glaucophane +/- epidote + chlorite + titanite + quartz. Impure jadeite inclusions are
present throughout garnet graiX (4 0.49-0.75,X 4., 0.19-0.47). Glaucophanes in the matrix contain inclusions of phengite,
epidote, chlorite, titanite and quartz and they are partly replaced by barroisite. Phengites (Si 6.61-6.67 pfu) in the matrix contai
inclusions of glaucophane, epidote and chlorite. Some large grains of epidotes and chlorites contain inclusions of matrix mineral
such as glaucophane, phengite, epidote, titanite and quartz.

The metamorphism of the garnet glaucophane schists is divided into three events based on petrography and chemistry
constituent minerals, i.e. (i) precursor metamorphic event (muscovite inclusions in the garnet cores), (ii) first high-pressure meta
morphic event of eclogite facies, and (iii) second high-pressure metamorphic event (large epidote and chlorite in the matrix).

Chloritoid-bearing garnet glaucophane schists lack of jadeite represent multy-stage metamorphic evoluti@at 8£abir12;
Takasuet al., 2012; Kabiret al., 2013).P-T conditions of prograde stage are estimated as 450&@0d 9-11 kbar (epidote-
blueschist facies metamorphic conditions) using inclusion mineral assemblage in garnet core. The peak metamorphic conditior
of eclogite facies (550-60€ and 17-19 kbar) are obtained from inclusions minerals in the rims of the porphyroblastic garnets
and schistosity-forming matrix mineral®-T pseudosection in the MNNCKFMASH model system and garnet compositional
isopleths also consistent with the obtained prograde and the peak metamorphic conditions. Prograde and peak metamorphic c
ditions of the garnet glaucophane schists are similar to those of newly found lawsonite eclogites in the Kotsu area, eastern Shikok
(Tsuchiya and Hirajima, 2012), probably suggesting both of them have similar metamorphic evolution. Large grains of epidotes
and chloretes in the matrix, which contain minerals of the peak metamorphic stage suggest another high-pressure prograde me
morphism occurred and the metamorphism is correlated with the Sambagawa metamorphism in the Besshi area, central Shiko
(Aoya, 2001; Kabir and Takasu, 2010a, b). Both jadeite-bearing and chloritoid-bearing garnet glaucophane schists are consider
to experience similar high-pressure metamorphic history.

0O 0 00 0O : Sambagawa metamorphic belt, Bizan area, garnet-glaucophane schist, eclogite, jadeite
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Two stages of orthopyroxenite formation in the slab-mantle wedge interface
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The slab-mantle wedge interface is a site of intensive chemical-mechanical interactions between mantle and crustal rocks i
the presence of a slab-derived agent (fluid/melt). Mantle rocks that suffered from Si-metasomatism probably play important role:
in subduction interface processes such as mechanical coupling and recycling of volatile and incompatible elements, although tt
detailed petrological structure of the subduction interface and its spatial-temporal evolution are not well-understood.

We focus on the two important processes of orthopyroxenite formation along the slab-wedge mantle interface. One is mete
somatic replacement of peridotite via the reaction Ol + SiO2 (slab partial melt or solute-rich fluid) = Opx (R1). This process
can occur at high-T conditions such as seen at forearc depths of infant subduction zones or subarc depths of matured subducti
zones. The other is dehydration of Si-enriched serpentinite via the reaction Tlc + Atg = Opx + H20 (R2). This reaction takes
place at low-T eclogite facies conditions and may be responsible for the maximum depth of decoupled slab-forearc mantle intel
face.

Natural records of these reactions have been discovered in the Western Iratsu body of the Sanbagawa belt, which consists
metabasaltic and minor ultramafic domains. This mafic-ultramafic complex represents an important natural laboratory to stud
slab-mantle interactions in an evolving subduction zone environment. Dunite is the major rock type of the ultramafic domain anc
grades into Opx-rich rocks (orthopyroxenite with a harzburgitic zone at the contact with dunite) at the mafic-ultramafic boundary.
In addition, Opx-rich veins crosscut the whole sequence.

The earlier orthopyroxenite is mainly composed of coarse-grained orthopyroxene (Opx1: up to 1.3 wt% Al203) that include
rounded olivine crystals and texturally primary multiphase solid inclusions (MSI). Olivine enclosed in Opx1 in the orthopy-
roxenite is enriched in Ni (up to 1.1 wt% NiO, Fo88-89) with respect to this mineral in adjacent dunite (up to 0.35 wt% NiO,
F088-89), suggesting the progress of R1. Cores of Cr-spinel in the Opx1-bearing rocks and dunite show identical composition
(Cr#=0.83-0.87, Mg#=0.20-0.29, TiGD.4 wt%) that are indicative of a highly depleted forearc mantle origin. These observa-
tions, in conjunction with previously constrained P-T-t history of the body, suggest that the Opx1-bearing rocks were formed by
reactions between a slab-derived melt and the dunitic mantle wedge during the earliest stage of the subduction zone developme
MSI in Opx1 probably represent remnants of residual melt/fluid after the progress of R1. LA-ICPMS analyses of MSI and the
host Opx1 reveal that the residual melt/fluid (and also metasomatic agent) is rich in LILE, U, Th and LREE and only minor
fraction of them resides in Opx1. Therefore, the metasomatic formation of orthopyroxenite permits transportation of the reactive
slab-derived agent into the mantle wedge and recycling of the slab-derived incompatible elements.

The later orthopyroxene-rich vein consists of euhedral prismatic Al-poor orthopyroxene (Opx2:<A02BBwt%) in asso-
ciation with antigorite, chlorite and tremolite. The mineral assemblage and the composition and morphology of Opx2 sugges
Opx2-bearing veins were formed via R2 in the eclogite facies conditions. Before the dehydration veining, dunite and/or Opx1-
bearing rocks must have suffered from hydration to form antigorite and talc by influx of H2O-rich fluid. Opx2 is significantly
lower in HFSE (Nb, Ta, Zr, Hf, Ti) and higher in fluid mobile elements (Li, B, Cs and Rb) than Opx1, supporting this interpreta-
tion.

gogoob:oboo,obbobo,0ooobboo,bboog
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The importance of slab-mantle coupling at 80 km depth in subduction zones
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Subduction zones are complicated regions with fluid flow, earthquakes, melting and metamorphism, and ductile deformation
all interacting. One of the major controls on these processes is temperature. Thermal modeling suggests that the temperature
subduction zones is largely determined by the balance between cooling due to inflow of cold lithosphere and heating due to th
flow of hot mantle towards the slab due to induced convection in the wedge mantle. Understanding this flow in the mantle wedgg
has been a major topic of research in the geodynamics of subduction zones.

Direct evidence for solid-state flow in the mantle wedge is provided by heat flow patterns across convergent margins. Fev
margins are very well characterized and the arc region is associated with local heat sources such as magmatic intrusions that ar
cause of large scatter in the data. Nevertheless, the available data suggest mantle convection occurs at depths greater than arc
70 to 90 km irrespective of the age of the slab.

Flow in the mantle wedge is thought to be restricted to regions where there is strong coupling between the downgoing slab an
overlying mantle. Shallow levels in subduction zones are more weakly coupled. As a result of the decoupling, the corner of the
wedge mantle undergoes cooling and hydration to form a cold nose.

Thermal modeling predicts a kink should exist in the thermal structure along the subduction boundary corresponding to the
depth at which strong coupling between the mantle and slab become effective. The study of subduction-type metamorphist
provides information on the P-T conditions close to the subduction boundary and can potentially be used to identify this type of
kink in the thermal structure and, hence, to constrain the depth of strong coupling in ancient subduction settings. The Sanbagav
belt is a rare example of where this has been proposed and suggests induced flow at a depth of around 65 km.

The available evidence suggests the depth of coupling is roughly the same in all subduction zones. This common depth ¢
coupling can help explain the common depth to the slab beneath volcanic arcs. The mechanism responsible for a change fro
weak to strong coupling is, however, not well known. Dehydration of antigorite and other weak hydrous phases may play a role
However, the temperature at the onset of the thermal kink is different for different subduction zones and so such a mechanisi
cannot explain the common depth.

The Sanbagawa belt preserves a series of peridotite bodies derived from the mantle wedge, which have experienced metam

phism at depths from 30 to greater than 100 km. The boundaries of these bodies are, therefore, fossil examples of the subducti
boundary. This area is ideal for studying the controls on the coupling.

gooob:0boog,bbobbbooobb,o0,bog
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Metamorphism of the Eastern Iratsu mass in the Sambagawa metamorphic belt, Bess

district, central Shikoku, Japan
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metamoprhic banding-moving Liesegang patterns in the plate boundary
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LJAMSTEC,?Akita university

Recent studies of parallel metamorphic bands in plate boundary rocks revealed that the band front advances accompanied w
metasomatic instability by Toriumi and Fukuyama (2012) during the large scale hydration metamorphism of the plate boundary
rocks, judging from waveform interface between band and matrix. The chemical reactions at the front are dissolution of matrix
minerals and precipitation of metasomatic minerals together with grain boundary fluid lens partially connected and networkec
together with neighboring fluid lenses. Advancing fronts of the bands should be controlled also by diffusion of ionic species of
constituent minerals through the network of the fluid lenses.

In the plate boundary metamorphic rocks of Sanbagawa and Alpine and also Franciscan have abundant albite bands and spc
These bands and spots of albite contain commonly inclusion trails of matrix mineral grains, indicating replacement of albite after
matrix.

Considering these evidences, it is confirmed that the metamorphic band is just the precipitation band behind the diffusion fron
of solution penetrating the network of fluid lenses of the rock. In this case, we will propose the simple band formation model by
albite replacement after chlorite in the basic metamorphic schists in the greenschist facies and low pH conditions as follows:

Mg2AI3Si3010(0OH)5 + 13H+ = 2Mg2+ + 3AI3+ + 3H4Si04 + 3H20

Na+ + Al3+ + 3H4SiO4 = NaAlSi308,aq + 4H+ + 8H20

NaAlSi308,aq = NaAISi308,s (albite)

In this system, ionic concentrations of every species are governed by the following reaction-diffusion equations;

Ci,t = Di Ci.xx + Ri(Cj) (i,j = Na+, Mg2+, Al3+, H+, NaAISi308,aq)

where Di and Ri are the diffusion constant and reaction term, respectively. These reactions comprise the system of inhibito
(H+) and activator (Na+) of ionic solutes with respect to precipitation of albite and dissolution of chlorite. Thus, it should have
precipitation pattern like general Liesegang patterns (Izak and Lagzi, 2005). In this presentation, we would like to propose the
dynamic Liesegang type metasomatism in plate boundary hydration metamorphism in the wide range of spatio-temporal scale:
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