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Comparison of UHP chromitites from the Higo and Nishisonogi Metamorphic Rocks,
Kyushu, Japan.
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We have found microdiamond - bearing ultrahigh-pressure (UHP) chromitites from two metamorphic terranes in Kyushu:
the Higo (HMR) and Nishisonogi (NMR) Metamorphic Rocks. This paper describes the similarity and difference between
the two UHP chromitites. The HMR are located in west-central Kyushu with an E-W trend. They have undergone low P
/T metamorphism, however, precursor HP or UHP metamorphism of ca. 250 Ma has been infanedprotoliths have
affinity to continental shelf deposftsconsisting mainly of pelitic gneisses and meta-carbonates with minor metabasites and
metaperidotites (partly serpentinite). Chromitite occurs very rarely as a nodular form in serpentinized metaperidotites whick
shows spinifex-texture. The NMR is located in western Kyushu with a N-S trend. They have undergone high P /T meta-
morphism of epidote-blueschist subfacies. They consists mainly of pelitic and psammitic schists with minor basic schists anc
serpentinites, some of which show a character of serpentinite mélafggrital zircon from the pelitic schists show the age
of 89-86 M&, whereas zircon from jadeitites in a serpentinite melange does 136 -126 Ma in the core and 84 - 80 Ma in the
rim”8. Chromitite occurs as a deformed schlieren-like layer in serpentinite with no reilc minerals. The P-T condition of the
HMR has been estimated to be 200 - 600 MPa and 600 -°80%”19:11:12,13 " Higher pressure and temperature conditions
are reported from the following two samples: a sapphirine-bearing grahiflites a tectonic block in the spinifex-textured
metaperidotite (900 MPa and 950) and a calc-silicate granulité (900 MPa and 820C) intercalating with garnet - biotite
gneiss. We newly estimated the peak P-T condition of Al-spinel and chlorite -bearing metaperidotite as 2.0 GPa and 78(
- 990 °C. In the case of the NMR, the peak metamorphic condition of the crystalline schists is 1.4 GPa aftd f62&
garnet galucophanité. Jadeitite¥® as tectonic blocks in the serpentinite melange shows the peak condition of 1.5 GPa and
500 °C. Chromite from the HMR has the composition (ngF92+0'75Mn0,02)(cr0'81A|0,06F63+0,04Siovo5)204, whereas that
from the NMR has similar composition (Mgs;Fe*to.65Mng 03)(Cro.s4Alg.12F€ 1 .04)20;4 in the core and Fe-rich composition
(Mdo.06F€ T 9.80ZNg.02MNg.03)(Cro s5Al .12F€ T .04)204 in the rim. Microdiamonds occur ag situ inclusions in chromite in
both chromitites. They are 1 to %@m in size in HMR chromite, and those in NMR chromite is much smaller, masily:m
with small number of larger grains. In both chromitites microdiamonds occur in some cases as numerous aligned grains, makin
diamond - rich zones. Both microdiamonds are identified with Raman spectra. HMR microdiamonds show a broad peak at 133
cm~!. NMR microdiamond, also shows a broad peak at 1331 'cwith graphite peak at around 1600 th suggesting partial
graphitization. Both UHP chromitites will be deep subduction origin. HMR can be an eastern extension of the Dabie-Sulu UHP
terrane in China, however, NMR is more problematic. No corresponding UHP terrane of ca. 80Ma is found around Kyushu. Our
findings of UHP chromitites require reexamination of micro-tectonics in Kyushu, a peculiar location of an arc-arc junction at the
continental margin.

References 1:Nishiyama et al., JpGU Meeting, S-MP46, 2014; 2: Nishiyama et al., JpGU Meeting, S-CG08, 2014; 3: Osanai
et al., Gondwana Res.,9, 152-166, 2006; 4. Omori and Isozaki, J.Geogr., 120, 40-51, 2011; 5: Nishiyama, Mem. Geol. Soc
Japan, 33, 237-257, 1989; 6: Kouchi, Y., J. Geogr., 120, 30-39, 2011; 7: Mori, et al., IMG, 29, 673-684, 2011; 8: Yui, et al.,
EJM., 24, 263-275, 2011; 9: Obata et al., Lithos, 32, 135-147, 1994; 10: Osanai et al., IMG., 16, 53-66, 1998; 11: Maki et
al.,, IMPS, 99, 1-18, 2004; 12: Miyazaki, IMG., 22, 793-809, 2004; 13: Maki et al., IMG., 27, 107-124, 2009; 14: Moribe, Mc
thesis, Kumamoto U.; 15: Shigeno et al., EIJM, 24, 289-311, 2012
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3D imaging of the Mn-caldera shaped zoning of the garnet found from the Sanbagaw:
metamorphic belt and its origin.
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Garnets with a complex compositional zoning were found from the northern proximal area of the Western Iratsu body of the
Sanbagawa metamorphic belt of the Besshi district, southwest Japan. The studied garnet shows incipient Mn-reverse (increasir
zoning part (defined as core) and subsequent Mn-bell shape (decreasing) zoning part (defined as mantle), which is almost identic
to the “Mn-caldera shaped zonifiglescribed by Banno et al. (2004) in the Asemigawa region of the central Shikoku. In order to
describe the chemical characteristic sterically, X-ray chemical mapping were performed by each 0.2-0.3 mm depth step, for on
very-coarse-grained garnet with ca. 11 mm in diameter. The result clearly shows that the core/mantle boundary has the highe
Mn content with euhedral shape, and that the chemical composition continuously changes through the grain. Internal schistosi
defined by sigmoidal inclusion arrays cross-cuts the core/mantle boundary. This fact also suggests the continuous growth ¢
garnet from the central part to the outer part. In the same sample, garnets with Mn-bell shape type zoning are also observe
which are relatively fine-grained up to 5 mm. Raman barometry and thermodynamic modeling suggest the-dlictditions
of the studied sample did not reach the eclogite facies, which are consistent with the conditions of the oligoclase-biotite zone o
the Sanbagawa metamorphic belt (6CCand 1.0 GPa, Enami, 1994).

Contrary to the simple Mn-bell shape type zoning which grown up with progressive regional metamorpiisrcaldera
shaped zoning could be generated from the crystal nucleation under oversaturated environment (Matsumoto and Kitamura,
2004). Such oversaturation is expected in a rapid increase of temperature. Recently, Aoya et al. (2013) proposed the eclogi
nappe covering the large part of the Besshi district. However, the exact boundary between the eclogite nappe and lower gra
surrounding rocks is still under the debate. The conjunction of the eclogite nappe and the lower-grade surrounding rocks ar
thought to have taken place near the peak metamorphic stage of the surrounding rocks (8D@s&D6a. 1 GPa, Aoya et al.,
2013). Mn-caldera shaped zoning garnet found in the Besshi district (this study; Xu et al., 1994) are both found from the northerr
proximal of the hypothesized eclogite nappe. Those Mn-caldera shaped zonings are possibly originated from the conjunctio
of the eclogite nappe and surrounding crystalline schist, and corresponding rapid heating. Such features of garnet can help
determine the boundary of the eclogite nappe in the Besshi district.
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Widespread analyses of pressure-temperature trajectory and timing in the Altai Range
Mongolia
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This study performed large-scale petrographical and geochronological investigation in the Altai Range, Mongolia distributed
in the Central Asian Orogenic Belt, which is the typical subduction-accretion-collision orogeny on the Earth. Based on the pet-
rographical observation, clockwise and anti-clockwise pressure-temperature trajectories were identified in whole of the studie
area (400 km long). U-Th-Pb monazite dating yields c. 350 Ma and c. 260 Ma. Samples with clockwise pressure-temperatur
path, containing kyanite in garnet and sillimanite in the matrix, commonly have c. 350 Ma monazite in garnet and c. 260 Ma
monazite in the matrix. In contrast, samples with anti-clockwise pressure-temperature path containing sillimanite in garnet an
kyanite in the matrix have monazites showing (i) c. 350 Ma both in garnet and the matrix, (i) c. 260 Ma both in garnet and
the matrix, and (iii) c. 350 Ma in garnet and c. 260 Ma in the matrix. Ca zoning pattern in garnet shows either continuous or
discontinuous zoning. Samples containing single monazite age cluster (either c. 350 Ma or ¢. 260 Ma) have continuously zone
garnet, in which samples with anti-clockwise pressure-temperature trajectory at both periods show Ca zoning increasing fron
core to rim or mantle, whereas some samples with unknown pressure-temperature path at both periods show opposite zonir
These features strongly suggest both clockwise and anti-clockwise evolutions occurred at both periods. Discontinuous Ca zonir
in garnet is observed in samples that contain c. 350 Ma monazite inclusions in garnet and c. 260 Ma monazite grains in th
matrix, and the zoning patterns show a decrease in Ca at the rim for samples with clockwise paths and an increase in Ca at t
rim for those with counterclockwise paths. In some cases, ¢. 350 Ma monazite grains are included in the large garnet cores but
260 Ma monazite grains are found in the garnet rims as well as in the matrix. These rocks might be metamorphosed at c. 350 M
whereas they did not exhume to the surface and have remained deep crustal level. Subsequent compression and decompres
event formed garnet rim and monazite at c. 260 Ma, which should be caused by same tectonic regime to clockwise and ant
clockwise pressure-temperature path at the period. The presence of the regional-scale clockwise and anti-clockwise trajectori
and their repetition during less than 100 My have never reported from any other orogenic belts in the world. Further studies may
allow to realize the complex tectonic evolution of the Altai Range.
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Temporal change of modal abundance of minerals during formation of arrested charnock

ite from Sri Lanka
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Thermal structure and water transportation in subduction zones: a comparison betwee

NE and SW Japan
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Stress and strain history during the microboudinage for granite intrusion: Mt. Edger
granite complex, East Pilbara
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school of Environmental studies, Tohoku University

Stress and strain analysis is essential to improving the understanding of deformation process. Microboudinaged columne
minerals can be used as an indicator of stress and strain during the microboudinage for quartzose and calcareous metamorp
tectonites. In this presentation, we discuss the stress and strain history during the microboudinage deduced by the microbouc
method with a collaboration of the strain reversal method.

We collected samples of metachert from the Archean Warrawoona greenstone belt around Mt. Edger granite complex, Ea:
Pilbara, Western Australia, and identified microboudinaged tourmaline grains embedded within quartz matrix in 10 samples. Th
result revealed that the samples experienced extensional strain at least -0.56 and differential stress in the range from 3.9 to 1:
MPa. We obtained stress-strain curves which show increase in differential stress with increasing inverse natueg),strain (
The frequency distribution of interboudine gaps between separated grains with respgefoo boudinaged tourmaline grains
shows that end of microboudinage occurred immediately after the peak frequency of fracturing. This occurrence commonly
appeared in all the 10 samples. These results provided us with keys to discuss a stress-strain history during the microboudina
in relation to evolution of the granite complex. The spectacular implication would be a drop or relaxation in increased differential
stress at the end of the microboudinage.
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Time scale for formation of diffusion zoning in response to breakdown reaction
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NH 5%,
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Integrated radiometric dating of schist clasts from the Eocene and Miocene conglomerate

in Shikoku
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it (17Mafitg) TH % T DS M EN TV R AT BROEETONERE L, bt OmER balmE S h Ty

Z0DIERE (REIED, 1999)TH 5. X 5IC, 1HRHEH (1995)IC & D ia#F O EH b A EHRE T N TS, PUEPY

AT RKILEE 5 e Lz, 9 TIC, FESIIUDEIEREE HERBOMBA SEICOWT, KA FRBXUT7 r v
ay e by MR QLR FTHER) Z#iE L (&R - \Rk, 2012;&AKIED, 2013.
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EEVE—TDERMAEHVS &, 3Rl & 110 Maitk & Vo iR Ex o7z, FERIEOFENE, REFICRET 2T
ETHS.

KR OME S 2 3B 555N a D FTHEMIE, 67.3129.0Ma 68.4+ 82Makt W HEMESN
fz. SEELNTAEE, FAED (199D ICXDMETNTVE T Y v A O K-Ar 48 (78.2~71.4Ma T[N,
RREVEDDOFGEHIP T LTz, Tz, KL RIic Hi B2 RS HEROME (FiEh, 1980)& H - 72743,
DNaArvOFTENRERZRD, HEZHTHS RN <, [LFED (1995 R E NI HEER TN TSH 5.

TSR (Tabled kb, UbFIEEE KILMEHROT 2P v A O K-Ar AR E DIV a > FTERITEAH
T L TWa7, mi#EOFENHBR R HH AT ERh OMICLEXT, 250 ERME TSN >80 &
EXN5.

SRk

RCHIE Ay, 1999 HUETME, 105 305-308.

SEIEA, 198Q DU TEEOHIE S LAY, 249-264.
A - Ak, 2012 HARHE 2235 119482 KT, p.93
FARED, 2013 HAH'E 23 120482 KRS, p.49.
(LiIRFZ Ay, 1995 R PHFEFHGE, 15 31-36.
EHEED, 1991 HAHE#2H 98 fF Ak, p.434.
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Tablel. Phengite K-Ar and zircon fission track ages of schist clasts
from the Miocene and Eocene strata in Shikoku.

Series | Formation Sample Phengite K-Arage | Zircon FT age
Name (Ma) (Ma)
o 32204-2
o |B psamm.sch,| 815 * 13 68.7 + 6.0
5 g% Furuiwaya
53 :
2 « | Formation
= g 112101-2
Z pel.sch. 835 =13 649 + 5.8
Hiwadatoge 2003-8 A
Formation psamm.sch. 86.8 = 1.3 852 + 7.7
2 1-B
S 67.3 £ 9.0
& | Oyamamisaki psamm.sch. 78.2~71.4
Formation
I-F (Yoshikura et al., 1991)
68.4 + 8.2
psamm.sch.
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The metamorphic evolution from PrP to LBS facies in a late Paleozoic cold subduction
system in Kurosegawa belt
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Introduction: Recent progress of thermal modeling and thermodynamic calculation can help the general understanding of the
thermal structure of subducting plate and the total movement of H20O stored in high-pressure type metamorphic rocks from th
trench to the upper mantle depth in various subduction settings (e.g., Peacock & Wang, 1999; Hacker et al., 2003). For exampl
Peacock (2009) indicated that the oceanic plate in the Philippine Sea plate subducting below the Kii Peninsula would suffe
the cold HP/LT type metamorphism represented by zeolite facies, prehnite-pumpellyite facies, pumpellyite-actinolite facies,
lawsonite-blueschist facies to jadeite-lawsonite-blueschist to 2GPa. However, the natural example recording abovementione
progressive metamorphic evolution has not been recognized yet.

Recently prehnite-pumpellyite facies and lawsonite-blueschist facies units have been recognized in the Otao unit of Kurosegav
belt in Yatsushiro area, Kyushu, Japan (Kamimura et al., 2012). However, the relationship of two metamorphic units has no
been verified yet.

In this paper, we propose the progressive change of metamorphic grade from the prehnite-pumpellyite facies to lawsonite
blueschist facies based on petrography and thermodynamic phase analysis in metabasite system.

Petrography and Mineralogy: We confirmed that the prehnite-pumpellyite facies assemblage is predominant in the Tobiish
subunit of (Kamimura et al., 2012), but we newly found pumpellyite-actinolite facies from the western end of this subunit.

In the lawsonite-blueschist facies unit, Hakoishi-subunit of (Kamimura et al., 2012), located to the west of the Tobiishi-subunit,
following mineral assemblage with excess chlorite, quartz, albite and phengite are systematically distributed from the east to th
west in the subunit:

lawsonite + pumpellyite + aegirine-augite,pumpellyite + Na-amphibole,lawsonite + pumpellyite + Na-amphibole, lawsonite +
Na-amphibole + aegirine-augite.

The compositions of sodic pyroxene, pumpellyite and Na-amphibole also show the following systematic trend westwards in
the subunit; jadeite component of sodic pyroxene generally increases from XJd=0.12 to XJd=0.50 with XAeg= up to 0.5. Al con-
tent of pumpellyite increases from 3.7 to 4.6 p.f.u. for 0=24.5 Fe3+/(Al+Fe3+) in Na-amphibole decreases from 0.8 (riebeckite)
to 0.15 (glaucophane).

Thermodynamic phase analysis:To evaluate stability relationship among abovementioned mineral assemblages, the phase
diagram was construct-ed in the NCFMASH system with PERRL&0ft-ware package (Connolly, 2005) for 1-10 kbar and
100-400 C. The considered minerals are stilbite, laumontite, prehnite, pumpellyite, ferro pumpellyite, tremolite, ferro tremolite,
diopside, hednbargite, clinochlore, daphnite, lawsonite, glaucophane, ferro graucophane, clinozoisite and albite with exces
guartz and water. As the first order approximation, solid solution in each mineral was ignored. The new-ly constructed phas
diagram predicts following representative mineral assemblages appear with the increase of the pressure along the high HP/L
path.

lawsonite + pumpellyite + clinopyroxene,pumpellyite + glaucophane,lawsonite + pumpellyite + glaucophane,lawsonite + glau-
cophane + clinopyroxene.

This metamorphic evolution in the model system is coincident well with the natural observation in the Hakoishi subunits.

Conclusion: Mineral assemblages observed in metabasites of the Tobiishi and Hakoishi subunits and the newly constructec
petrogenetic grid suggest the metamorphic grade increases from prehnite-pumpellyite facies to lawsonite-blueschist facies we:
ward ca. 20km in the Otao unit of Kurosegawa belt. The westward increase of Al content in pumpellyite, Na-amphibole, and
Na- clinopyroxene also suggest the metamorphic grade increases westward. Thus, this area would become a type locality of
cold subduction system as proposed by the Peacock (2009)s thermal modeling.

F—U—Rn—y o, HEhE, EEEZRCE, R, SaREERR 7Y » R OISIROIRHRAH S AT L
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Morphologlcal change of zircon under high temperature metamorphism: Example of the
Kiso Ryoke metamorphic rocks

N T8 2 RS PE— 2 SV BT 2 L &R 2
IKAWA, Chiaki'* ; MOTOYOSHI, Yoich? ; HOKADA, Tomokaz\# ; HORIE, Kenj?

LR B IIEREBER A MU A 1, 2 [ 37 AU 22
IDepartment of Polar Science, the Graduate University for Advanced Stébliasonal Institute of Polar Research

VN aAVEEAOERERD D ETOREEGHIETH S, LH L, JIVAVEIERIFEAOMAZAT—YTHRE, &
BDOVEHEERL. TNTNORA I 7D U-PhEREZGLHRLTVWEETH D, BRRIEFHDO{AT— TEDRRICY IV
VHRET 200, FEHICE0 o TWiRL, Wiliams (2001)i&. 4 —Z k5 V7 CoomasKic BT, ZRED
BEWCKD V)L a VOISOV TG L, ZREDRWEAR TIEREED LI Y DMRRFEN, BRED WS
ATHLIINAVYIERD B W0EA == a0 —ALTW3BC &R LTz, Kawakamietal (2013)¢1%. FEHh 5 3
I RZA MCERT S O ESAREEN S 7T =254 METO YL a Y DR LRz, T T,
DN VOFFERITIE AV EDEEL TR E L TWVS, TOXIIC, VINVAVEIEREICXDIEENELR S, TD]-
O, INaAYOFEREZRRT 2 LT, BRIEAICK 2 VNV OV DFEZ({LZFHRE  LI3EETH 5,

Z T T, AWETIE, JEER GEERD) D5 TR ZA MHFE TIRITEGINICEREDOZEN R 5 N 2 Hilih 5 fEs
HAREHEIC B NT, ZBREC DIV Oy DORREZE L Z#iRTz, FASRAR B R 7 )V 7 ARG E 7 fmDJLHIC
N9 5. FELH) 43km, HPEHK) 22km ORI TH B, T OHIRIE, LIZE RS (ERHERE - G E - HREER A -
RIS 7AE) EIFEREDIA B U, Affd P ICE B FR 232 72 L SN T3, Morikiyo (1984) &, #iYfH A&
HhEICED 9DV =2 U5 VI I LTz,

AWETIE, V=215V =2 VI EFTOLRENSEFH46 DY > T IVERI LTz, SEMEEEISR 1T 145, S5
HAGHRRUTROE I E>TWe V= I TRERHE, V=2 llla T7 WA M. V' — b TN
W, V'—> Via CTHf A R,

SEM EEBAMER TO VIV A VEHERICEDE, VIVavoEiEEY =V -l V=2 lla-V, V= Via-VIl ® 3 DD
TN —T I LTz,

V= - EEEEEMEE R TTIIR L It (3R, RV E Y7, L) RAKEE (40-220um DL OB HN, FleETN
SIIHMRAREEEZ KT, X7z, SEMIC X 2B CIIHERERICEROMPOUMHE I NS, TOX D KL S
BZHLAVHEN SIS NEREEERO YNV THBE LEZ NS,

V=2 llla-V: TOV—=2DOV )N A VEREIIBET LS BIDHE, THESELT0WEDEHRZ N, V=V IHl &
BREAEY, BEENTSEESLTED, CTRAESNEY, T3, BRIEAZZD TRED 2 DISEMSR LTIz zd L&
Z6N%, LHL. 1 DOKFICEBNT, IXRTOEAAET TS LRSS, I8 TR0 23554 280 &
FET %, TOWEF TRV, V— -l &R CRYEMEOFS SN Y — > Via-VII LRI E SICERIERZ 5 1T
HERDTTATEDONMC G2 D EEZ OGNS, T2, BSEFHZETREH LW )NV VEROMEZIFEALERS
NizVH, —ERIHINNTHT LOREDRASNEZ EDEH S, HTLLRE LTIV /NS <H30umTdh 5%,

Y~VW&WkV—VM&V&ﬁ&D\@HTV%$5&§6€EME<\%ﬁﬁ&b%#f%% ULh L., EMmiC
F50o0EMMABH D, lla-V DTTIEZDmEMDNEDENMIEHE STz LI TH S, ZBRIEHICK > TIILa AERDRK
EITfE->T, V=V lllaV TRONS XSG TTIE O OIMINES SN A —/3"—F a0 — XA L72EDTIERVWhEEZ
5N%, —FREOENY =2 VI Tk, ZEOMMBIFEAERSNT, BHLIEIIVIVEEDFHFET S,

COEIIC, REHEHEFER ST O G, BERY —CElT 2RYEEY )V aryh b, ZBRED FEFICE-
TERENEISLETS L LIENEEFE DY IVa ey, ES5ICEKREICKS EES5I5DMmMN a5k > T
LWHIEERFHE LNz, Flee FILOWIIVIAVDORELERTES, LLIFHEENE SN,

F—U— R DA VIBRE, NS ER, sEEAT
Keywords: zircon morphology, regional metamorphism, Ryoke belt
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P-T estimates of a metapelite containig garnet zoning from Mefjell, Sr Rondane Moun-
tain, East Antarctica

PRI #EZET 1 A ESL Y sk 228 M E A2 M YT v s y— )3 FRES Y V2T S UYL
TSUBOKAWA, Yumiko!'* ; ISHIKAWA, Masahird ; ICHIKI, Takashi ; KAWAKAMI, Tetsuo? ; MADHUSOODHAN, Satish-
kumar ; TSUCHIYA, Noriyoshi* ; GEOFF, Grantham

URRRENTRE (BB ), 2 5EEBACE, 3 B, 4 ALK, 5 /Y7 7V ) M da A i
yokohama National UniversityKyoto University, 2Niigata University,* Tohoku University,>Council for geoscience, South
Africa

Wtz —)L « 02 XA — 1 IHE i I BT F KEO@HZHNEICIE L Tz & & 2 541 (Jacobs et al., 2003)3
¥ RUFRBABEOEGBIE NS 57008 L ix il e UTHEHINTE 2, FidmlEE~r2 =251 M
DEEAEREHEB L UCZNSICE AT 2 KA ED SR E N (Osanai et al., 2013) #J 640-600Mal #) 550-500Malc 35
WTEBRERIERZ#: > T2 (e.g. Shiraishi et al., 2008)iT4F, #5His T O FHM 7R 2 B - 11 /] - IR R IE D P MR M T
bhd e, 2Nz U7 T A A2 S—3 AR B IR E D OREEDVERE E 1% —75 T (e.g. Nakano et al., 2011)
Ty 2SR A == SHEERD S I KRR A O OREEED R DM D (e.g. Adachi et al., 2013) il & & 1< ¥ 7z 2 2 RikE
BEETWABRZENHLENCE ST, LA LENDS, A—T7 ¢ T)VHIRZ EZT TR BN T, ©— 72 E&Mt
IS B LURTOIRE-HE RIS OV T TN E THOARIELDE S N TR,

TR, [FLHA—7 ¢ T)VILPICET ZIREEBED S, [EOMBEEHEZREF T 2 7o oo 7z0
THET 5. AKTE, COTFELZGTY I on-Hia-RERFMEZadik L, V7 oahoauaysiyz v
HER S E SRt LY 7 o O RGEIE REE - . O EIRIE EEHEY 7 0 -+ )V X 4 S R
(Pownceby et al., 1987) V' 7 0 {4+ R R (Fed’kin&Yakovleva, 19935 & U7 1 f5-77 )L 2/ EEfg RS-
H-pHE AR (Spear et al., 199375 % .

COJREZARNRAFFELE LT oa, BER, HRA, AKX, REATHIKEN, 2EOA) EA, t7a, Bixa, €F
A4, AIWAFA S, W2 ET. IEOREWRERRT Y7 o Id B 122mmO F R BEIRA R & UTIEEL, IR
TIEHLOEBIE Ak E, BodiBidmtktaznd. 37 oD 2R R Alm BN E SRR Z R L, Fe,Mg,Mn,Ca
I KBHREFREN RO NI, DS BRENED IR E BF IR N7z Spsilisrld, WIRTHAMkEZ/RI HILET
<, WHEDOFLETEWY. LI > T OEnZa 7 ) LR E L. TOXRDICHES &, rufiida
T (AlmezSpssPrpaGrss) 55 U L (Alm 7, SpsPrpyeGrs,) i€ T, Alm 7 & Prp sy DRSNS X O Spsilsrd
WONHSEN, Grsimpld ke UT—RRITERW,. U LE TIEEINES  (Alm,3Sps 1 PrpeGrs) b > THU Sps
PEINT 5. Y ranoufaYNcidteh, BRa, £ER, i, BEA, AV EA, A%, BIkG, VAT
1 b, BRUZNSOEBIIN SR ZEGENPRENS. EL, a7 OB MMM AESEGRKICIE->TH
D, BHOY 7 amiiEsgWiEHkry Sy IDFELTWA. 29 LIEERARERONSER L2 00 E LNV,

P07 M5 ) LI TUE I NE A IV AF A FOMRZEHWTRES > ZBRIRESRMAE, a7
FBULTHI 350-400°C, U LERICHB W THI 650-700C TH . AT EICHIT % AEEE O ORI, Pownceby etal. (1991)
DR R HERRF O IR (R 600-1000C) & DA HAIC IR 2 C LIZ TRV, [REFFDOFRA £50°C2
FRELTHEY 70 a0a7 N5 ) LERICHD) > TREMEINT 2EHAMAMEFEENTWS. £z, VLRICaEINS +
FAAOMMD B HFEE > T 2RI 630-700CZ /R L, [[U <V LFICEE SN RHEA DM Z AW TR
& o T RE SRS 650°CD & FICH) 7.2kbarTdh - 7z, IREFOREA D SHEE S N2 ESIFFOFE T +0.9kbar
Ths. Lih> TRRAEFOY 7 aniE, a7ihs 1) LEIChF T 350-400°CH H#) 630-700°C, # 7.24+-0.9kbar
ANDIRE FAICHEORE LT EDVRBENS.

F—T— R W, £—)b - o2 — ki, RS S5
Keywords: East Antarctica,¢8 Rondane Mountain, pressure and temperature conditions
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PRI S— )V MCT V=12 3513 B 88 AR DV IRTLA & (B E R DA |
Syn-metamorphic fluid infiltration and petrogenesis of leucogranites in the MCT zone in
Eastern Nepal

WA R L ok TR
KAWAKAMI, Tetsuo'* ; SAKAI, Harutakd ; SATO, KatsushHi

LR AR E B AT TR
!Graduate School of Science, Kyoto University

KBEEZRIC BT 2 Z R AFR R ORATEBNE, EBEE/ER SO RRRTA « X))V bz LicEREOBlR» 5IE
WICHETH S, BEXOGKRE-RICE@EICHENT S, ILWWZEEHEEZ R ORI TH D [1]. REEREPOEE
TR EOREEISYI TH 3 [2, 3, 4}, IEESEYIOFEE Lis WS R Tk, R UHRA Va2 8T 1« TIVIKIRS 80,
FIRIC A > TRBEIT %, L UIRE-ES-FHREEDES b BRUa-Mto R BRI & U CTa - EER O
LTHEEI NS, o T. BXOIRKIVEEZOFAED N L—P—ITEL T3S [4], EXGRMEESTHZDT, Z
NZFNOMH R B0 4 ViEEREE B, ZOMME 650 CREE THEET %, 6o T, BRADEL M DCHED
BlEHNEGR SR E UTHWS T E DK S [2, 5.

Tz Bid, FS—=)VHERR > 7 ZJHAD MCT V' — I B B A%k & BRANRDOERZ A Uz, A 388
FAEDNLAS AL, RaxA MERI—Y 7 A b, X740 v VENET %, BRERESOGHEI S T 04, Yoo
AN &L B o T MCT D5 ORREENEINT 513 B &%, BB SICIEAEIRDZ T 50, MCT OiE#)IC
ESET oIV Y OIEWEE 220 TL Y DIROIEIRZ /R, B TSR mmb) S em 1 XD
MW, YEOMEALEEICEEND, VI ufbERAIARIROEL TOHIRN TH O . EhbflE A RIRO EFHICDFH
FET BN DH B, TOT &IE, ARIRZIEK U TAOTEEID, B OZRE —7aifziciE . Si. Al. Na. Ca
MRAHRICE ZFNER SN TV & ZRT . T OMMIEEIOIRE T 15:MF & Grt-Ky-PI-Bt-QtzfiA&HbE Z v, 1
8kbar, 600°C & EEMICHMEL SNz, T FAHDY 7 afAmic BV TR, ARIROENTTY 7 aah kL
%, [>T, TOXS KA%ENRKE., ZRIEHOFIRBR S CIC ¥ — 22 HC, RERDHICHT L. AP BFHEA LK
FARDALTH %

MCT V=V OiRERAEHRICIE, JRFTICIERICKEDESANET 5 b b, 5 LitESXAIR. HERCED
TV F REESERINCHET B0, USRS S DR T EOFH A D, BXADERITHE L 7z 2 AR OfEICE
SONER SNz DEEZEND, FEELRZRTHKETEZ OV oahic keOESANEEI NS L
MH, TOXIEERYEREOTRAZFRERKBAN SEETVWEEZ SN, &b, FHHZY>TEHAT %E
SONRMDMFET 2 6, E—TZLIRE &R T ZRADTRA T Wz, BXA DM O Ca/Naszhd [5] 5. &
SANROIE IR E XK 530-590C L HEE SN D, TDX D RIFERDEFRIEX, SEWRDHORGEN FICHFEET S, KD
BERKEOAHERSEENE LNV, Bdab, T LIEEHRAR TORUKKISICE D KiZF Tk RU R 4tih
A[REED 5 TH B,

MCT V' — BT 5. FHREKIAND SZER Y — 7 EBE CICB XSS R ERIAOTH AR, TR RIKGRICEEd %
RO AN TVRTF ALY T Y OBAEIEMEDKK [6] I & > TEETH D, AWK OBLIITAGEE R T
DOVERL[7] 2% HT %, MCTHEH EONA LI TIVYDIFIXA MICHET 2B OBAEIEMERIZ. 5 LEER
TERARIRAAED . MCT LA TOTABO EYIME LR,

51 FSZHR @ [1] van Hinsberg et al, 2011, Can Min, 49, 1-16. [2] Henry & Dutrow, 1996, Rev Min, 33, 503-557. [3] Sperlich

et al, 1996, Am Min, 81, 1222-1236. [4] Kawakami, 2004, TRSE, 95, 111-123. [5] van Hinsberg & Schumacher, 2007, CMP,
153, 289-301. [6] Guo & Wilson, 2012, GR, 22, 360-376. [7] Le Fort, 1981, JGR, 86, 10545-10568.

F—U— R ik, R, R R, SRR E, BRova R, KREEZeny
Keywords: fluid, tourmaline, boron, inverted metamorphism, partial melting, continental collision zone
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N ZHATIVHRMERREA Y 2 Z 50k, 72 27T VRGEHER, NV 1 Y505
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Geochronology of the metamorphic rocks from the Masora, Antananarivo and Betsimis-
araka domains, east-central Madagascar

s 2238 U a1 IESL L /NN BEA 2 HER i 2 JEaT iR 2
ICHIKI, Takashi* ; ISHIKAWA, Masahird" ; OSANAI, Yasuhitd ; NAKANO, Nobuhike® ; ADACHI, Tatsuré

UBRRENTR: BRI, 2 UNRY: itk et
Yokohama National UniversitgKyushu University

AH A AVIEREE T R AFEDOETTKIC BV T ZE OFRYSICNIE T % (e.g. Jacobs and Thomas, 2004)D
eIy RUFEABEOER Tt A2 fRd % ETHEELRMIEO—DTH 2. LM LEaLS, X HAH)VHAIEOA
B9 %2 BT FRRRER GRS, JLEB & RIS W B O EZ4E 51 K > TIER L 72D (Stern, 1994) &b 5 Wi
O KREHIFR DO HEB) 28 > T=OhiEEa ORHMD H % (e.g. Collins and Pisarevsky, 2005; Collins, 2006; Tucker et al., 2012).
Z TTAWIZETIE, <& AR A)VIRIE R 2 M3 2 B R DEREIRHI A S ST B 7201, BRRARAIC
DT )LD LA-ICP-MS U-PbiZZz W CIEEDIE M2 #EE U, ZEHERSIC DN TET XA D EPMA U-Th-Pb
72 O CTEA R Z#HEE L.

A A A A VIHRIE RS I AR D E, HHALATEIK, XY YT HERBIUTT U2+
RERICX S E % (Collins, 2006; Tucker et al., 20118 A Z 5 AIZ BEICEEEEEN AL SR I N, DEOE KRS
ZET. 2HHEOLRMRE AT OE ;T AN S 5.2-5. EFFIOFERDELNS. TOFERIF U-PbIILaikic kD
ZAERESEH G 515N TV 5] 5.3-5. UEFFTDOZRAFAL (Smith et al., 2008 HEAIC DWW TE LN TV 54 5.4-5.2
BEEAOEKEN (De Waele et al., 2011y 1FIF 5T 5. FEEREZL A TN 33EERTONBIEHIFEREZRT. Tk
2R A MEUEEBRBED D U-Pb )L EIC K DR EN TV A 33EAERTOE (Tucker et al., 2011by —
T 5.

7 22T F U REREEICHEREZR AL DN EN, DPEOESMEG 23T, 72TV NARIEERIRETET
S & M REIEIC K O BB & EERIC K 0 E NS ARG A & ZE O ABLICIR > T, KA DIEWE X > X 7Z2/Rd %
PEBTWTTIC X > THREE NS EHAEENC E T 2 2R S O XaH 513 5.0-4. 8ZFERTOFRMEOND. T
PEERICPES % 2 RSO Z MR S Th DT Xfah 513K 5.4-5.0(54E 1 (Martelat et al., 2000} #J 6.3-5.4{=4EH( (Jons and
Schenk, 201D RERNHRE SN TEBD, EARIEMETHDOET Xah 5IEH 5.6-5.4F4E T (Grégoire et al., 2009)
DEBFRDME ENTVS. LIeh > T, AEREEBOZEFRIIIELE D &0 EWENTH 5. EEREZ RS IF Bk b
S 2 O s B R R T AREERICIET 5 & O 5K 27 EERTOERD, SRIEERICET 5 & 0N 513K
7.6 2 FRIONBIEEFAZ R T EOMEENS. PHERS I ETEEREEICEL TED, U-PbI)LaEIiciEkI&ER 5.5
BEAOXBIEBFEAZRT.

R ¢ YT HEREFICERHEREE THIKENS. ZRHERSTOEF Xah 5/ 5.0EENOERMESENS. T
NUE U-Pb )LV EICHED THA K O MG I N TV 51 5.5-5. 2(8FRTOZKAFAR (Tucker et al., 2011}, ZpHERES
O aAVRFOU LK DHE TN TVEH 5.5 EFEMTDOZ KA (Collins et al., 2003}k D & EHWIERTH 5.

TNHOERN S, <& H AV HAEP RS IZH 5.5-5.0FMNICERIEMA Z#i> TV 3. ZOHTT > 2 FF 1)
RERIIHERY ¢ ST HEREINS DR TRE LWV 5.0EBFEMOEKIERZH > TWa. £7 2 FF U RE
ETIFTNE TRE HWABTEEIFERIER 25 FFm & &2 5N Tz (e.g. Kbner et al., 20005 AHEIC TRWEZEE 1
79 27 EAFERTOKBGEBN S FRIARTICB I 2 LOHETH D, MEEN TV AP TRE HTWABIEIITFRTH 5.
NSO ENET VAT FUREERETBIZEHE D & HWERZRTHIKTH D, EHICT7 2 FFURERDOHT
LRHCH WHTERTH B EZBND. LIzh > T, SATEIR, XV ISYITHEKRET >V 2FF U RERIET E O
IZ, FROBEB T ZHEIADFEIET B THEMED BV, O K S RHTBEARDRRIE, EFEA > Ry Z Fick
WMEINTED (Peucat etal., 2013) KHRD S DA > R X H AV OGN E KRR % FCEERIHLE 53 &#
Abns.

F—U— R DY R FEEKREE < 2 ZF)VHREES, LA-ICP-MS U-Pb2/)L a1 V4K, EPMA €7 XA 4EAR
Keywords: Gondwana supercontinent, east-central Madagascar, LA-ICP-MS U-Pb zircon dating, EPMA monazite dating
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AR A BT A OGS & DIE ki E
Defotrmatlon microstructures of a Kamlla amphibolite mylonite and their formative tem-
peratures

PRz @) A A 2
ARAI, Tomoyuki'* ; KANAGAWA, Kyuichi! ; YOSHINO, TakasHi

VT RERAIEEBERIANIIER, 2 B LRSI B R 2t > 2 —
!Graduate School of Science, Chiba Universitystitute for Study of the Earth’s Interior, Okayama University

ISFRAZ VALERIC AT 2 b A 2 U EEARIEA IO BilEEi e E X 5NTEBO ., HITANGKRIEZD T
HHRZFER L TV e EZ SN TS, TT TR, I TANGERD~ A a1 Rl OZEMHINEE & Z DF K
TREIC DV THET %,

fRfr Lz R S AE~ A A Fadkld, BE 100um~1 mma, F)ILV> T L v R+-HifAE, REAE. BXURIL
VITLY RHREA+HOEEOMREMEZ KL, BEN3MMOIL A +AKE+REAEDMPELTVWS, TOR
T, MRERGEIC X O BES NS CHikEiE, CHICKETIRIDICRIRZ LI L Y IR EARN FEASERICK D BEET N
% SHiME, BXU CHlCKIFFHE D ITARMICREET 2 C HhED, HEAEMENFEZELTED., TS DEETE
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The tectonics evolution of metamorphic and igneous rocks embedded in the serpentinit
melange from the Kurosegawa Tecton
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Metamorphism of the NE side of the Seba eclogitic basic schist in the Sambagawa metze
morphic belt, central Shikoku, Japan
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The Sebadani area belongs to the albite-biotite zone and is located in the central part of the Besshi district. The Sebadani ar
is composed of the Sebadani metagabbro mass and surrounding Seba basic schists, pelitic and siliceous schists occur as inte
lation within the Seba basic schists (Takasu and Makino, 1980; Takasu, 1984). Eclogitic mineral assemblages are sporadical
preserved in both the Sebadani metagabbro and the Seba basic schists (Seba eclogitic basic schists) (e.g. Takasu, 1984; Nao
and Aoya, 1997; Aoya, 2001). The Onodani eclogites preserved within the Seba basic schists have a complex metamorph
history, undergoing three different metamorphic episodes (Kabir and Takasu, 2010). The first and second eclogite facies met
morphism is estimated as 530-5%0and 19-21 kbar and 630-680 and 20-22 kbar, respectively. The second metamorphic
event is similar to that of the Seba eclogitic basic schist of Aoya (2001) (610c640d 12-24 kbar). The pelitic schists inter-
calated within the Seba eclogitic basic schists also underwent eclogite facies metamorphism of 52@r&60 18 kbar (Zaw
Win Ko et al., 2005; Kouketsiet al., 2010).

The eclogite in the northeastern part of the Seba eclogitic basic schists consist mainly of garnet, epidote, amphibole (glaucc
phane, barroisite, taramite, Mg-taramite, Mg-katophorite, edinite), omphacitg@.27-0.41), phengite (Si 6.5-6.9 pfu). Minor
amounts of albite, dolomite, rutile, titanite, biotite, chlorite and quartz. The schistsity is defined by preferred orientation of
phengite, amphibole and epidote. Garnets are almandine-rich in composition, increasing alm¥ngdin®.64-0.60), pyrope
(X prp 0.07-0.13) and decreasing spessartiXig,{; 0.10-0.03) from core to the rim and contain inclusions of epidote, omphacite
(X 74 0.27-0.41), dolomite, quartz and titanite. They also contain inclusions of barroisite/Mg-katophorite and albite symprectite.
Amphibole in the matrix are zoned, barroisite/Mg-katophorite cores to edinite rims. Some other amphiboles in the matrix are
parallel to the schistosity and occasionally occur as randomly oriented. The cores of these amphiboles are resorbed barroisi
glaucophane in the mantle and barroisite/edenite in the rim.

Based on the mineral paragenesis of the eclogites the metamorphism is divided into three events. The first eclogitic mete
morphic event is deduced from symprectites of barroisite/ Mg-katophorite and albite after omphacite inclusions in garnet. The
prograde stage of the second eclogitic metamorphic event is represented by the inclusions minerals within the mantle and ril
of garnets consisting of epidote, barrosite and dolomite. The peak eclogite facies stage is defined by garnet rim and omphaci
inclusins within the garnets with schistosity forming minerals of barroisite, omphacite and phengite. Garnet and omphacite rim-
rim pairs yielded 530-57(C and>11-14 kbar, and garnet and omphacite inclusion within garnet yields 520c56011-12
kbar (Ellis & Green, 1979 ; Bannno, 1986). THEMOCALC (Holland & Powell, 1998) avefadecalculation for garnet + om-
phacite + barroisite + phengite assemblage obtained 590c6aAd 19-20 kbar. The retrograde stage is defined by symprectite
of barrosite and albite after omphacite. The third metamorphic event is defined by zoned amphibole in the matrix.

The estimated matamorphic temperatures of the eclogites are lower than that of the second high-pressure metamorphic eve
of the Onodani eclogite and similar to that of the omphacite-bearing metapelites from the NW part of the Seba eclogitic basic
schists (Kouketset al., 2010). This suggests a metamorphic thermal gradient existed within the Seba eclogitic basic schists.

F—7— R: Sambagawa (Sanbagawa) metamorphic belt, Seba basic schist, eclogite, glaucophane, P-T path, thermal gradien
Keywords: Sambagawa (Sanbagawa) metamorphic belt, Seba basic schist, eclogite, glaucophane, P-T path, thermal gradient
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Metamorphic history of garnet amphibolite from the Neldy Formation, Makbal district in
the Kyrgyz Northern Tien-Shan
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The Kyrgyz Tien-Shan Mountains extend from east to west, separating the Kazakhstan plate to the north and the Tarim plate t
the south. They are divided into three tectonic units; the Northern Tien-Shan, the Central (or Middle) Tien-Shan and the Souther
Tien-Shan. In the Northern Tien-Shan there are two HP and UHP metamorphic complexes, Makbal HP and UHP in the wester
part, and Aktyuz HP in the eastern part of the complexes. The Makbal complex in the Kyrgyz Northern Tien-Shan is located in
the western segment of the CAOB.

The metamorphic rocks exposed in the Makbal district are divided into the Akdzhon and the Scharkyrak Groups based or
their metamorphic conditions. The Akdzhon Group contains rocks of the HP and UHP metamorphic conditions, whereas the
Scharkyrak Group underwent greenschists facies metamorphism. The Akdzhon Group is divided into two contrasting metamot
phic formations, the structurally lower Makbal Formation and the upper Neldy Formation.

The Neldy Formation is mainly composed of garnet-phengite schists and chlorite-carbonate rocks, along with minor metaquart
and marbles. Amphibolites and garnet amphibolites occur in the garnet-phengite schists as lenses or blocks up to 50 m acro:
Eclogites preserved in the cores of the garnet amphibolite bodies. Garnet amphibolite consists mainly of amphibole (magnesic
hornblende, ferropargasite, ferrotschermakite, tschermakite, barroisite, actinolite), garnet and chlorite, with minor amounts o
quartz, epidote and albite. Accessory minerals are paragonite, titanite and calcite. A schistosity is defined by preferred oriente
tion of amphibole.

Garnets in the garnet amphibolite are rich in almandiig,(, 0.35-0.64), with variable amounts of spessartiNg{; 0.00-

0.20), grossularX ¢,s 0.27-0.61) and pyropeX(p,, 0.01-0.07) compositions. Garnet displays a compositional zoning, in which
decreaseX g, (0.20-0.04), increases 4;,, (0.35-0.60) X ¢,s (0.31-0.62) and slightly increasép,,, (0.01-0.03) from the core

to the rim and contain inclusion of paragonite, titanite, chlorite, epidote and amphibole (actinolite, magnesiohornblende). The
garnets are partly replaced by chlorite and aggregates of amphibole (ferrotschermakite, barroisite), chlorite and quartz along tt
cracks. Amphiboles in the matrix are zoned with magnesiohornblende and barroisite cores to ferrotschermakite and tschermaki
rims and contain inclusions of titanite and quartz.

Based on the texture and mineral composition, we consider that the prograde stage probably stable in the epidote-amphiboli
facies condition due to the existing of barroisitic amphibole and epidote along with garnet, paragonite, albite and chlorite. The
tschermakitic rim of matrix amphibole suggests that the peak stage probably stable in the amphibolite facies conditions. The
expecting metamorphic condition of the garnet amphibolite from the Neldy Formation corresponding wif-pezinditions
of 610-620°C and 14-16 kbar for the garnet amphibolite from the Makbal complex (Rojas-Agrarabate 2013).

References:
Rojas-Agramonte Y., Herwartz D., Garcia-Gascoehal., (2013) Contrib Mineral Petrol, 166, 525-543.

F—7— F: Garnet amphibolite, metamorphic history, amphibolite facies, Makbal complex, Neldy Formation, Kyrgyz Tien-
Shan
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The stress-strain history of metamorphic sole: the case study of Greece, Turkey, Oma
and Andaman islands
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Late Cretaceous and Paleogene nappe tectonics in the forearc regions of Southwest Jap
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[2] ik - foik, 201Q Hb23ERE, 119 p 235
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