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Placing time constraints on a P-T-D evolution: insights from Lu-Hf garnet and U-Th-Pb
monazite dating
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The best approach for understanding the tectono-thermal evolution of a crustal level is through reconstructing its pressure
temperature-deformation-tim&{7-D-t) evolution. Wherea®-T-D paths can be inferred from crystallization-deformation rela-
tionships, placing absolute time constraints on such paths remains challenging, especially because a link between major eleme
bearing index minerals and trace element-bearing geochronometers needs to be established.

We present the example of medium-grade metasedimentary rocks (Orlica-Snieznik Dome, EuropeanVariscan Belt) for whicl
results of Lu-Hf garnet and U-Th-Pb monazite dating are linked with prograde and retrograde stageR-Gfffhevolution,
respectively. On the macroscopic scale, a succession of three metamorphic foliations is recognized: initial subhorizontal S
intermediate subvertical S2, and late subhorizontal S3. A gastatirolite assemblage is ascribed to the S1 foliation, whereas
the S2 fabric is associated with staurolite demise producing a garnet-biotite-sillimanite/andalusite assemblage. Post-S2 garn
and cordierite blastesis is followed by chlorite growth during and after the formation of the S3 foliation. Garnet porphyroblasts
show a peculiar zoning pattern with a linear Mn-Ca decrease in the allanite-bearing core, an inner rim of alternating Ca-Y- anc
P-rich annuli, and a Ca-poor outer rim. Monazite is found as subhedral aggregates at garnet rim, and lone matrix grains clos
to partially resorbed garnet, staurolite or apatite. Textural observations and modelling of the garnet composition suggest that tk
inner rim with Ca-Y-rich annuli reflects the allanite-to-monazite transition which occurred close to the staurolite isograd. In this
inner rim, a Lu oscillatory zoning pattern coincides with the zone of Ca-Y-rich annuli. Since the inner rim dominates the Lu bud-
get of garnet, the associated Lu-Hf garnet-whole-rock isochron age af884h is ascribed t#-T conditions of the staurolite
isograd, i.e.~5 kbar/575°C in the S1 fabric. A subsequent temperature increase to peak conditiests kifar/580-625C in
the S2 fabric is indicated by the Ca-poor garnet outer rim that reflects staurolite breakdown. LA-ICP-MS monazite dating yields
208ppP32Th ages defining a dominant group at 3BMa and a secondary peak at 328Ma. Based on monazite textures,
these relatively young ages are ascribed to fluid influx during retrograde chloritization.

The short time span between prograde garnet grow844 Ma) and existing Ar-Ar cooling ages on micas335 Ma) points
to a tectono-thermal event of about 10 Ma. Assumed high heating and cooling rates during this event are explained by the syr
chronous intrusion of granitoid sheets. Nevertheless, monazite ages indicate that a low-grade overprint occurred more than :
Ma after peak conditions.
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Microdiamond - bearing UHP chromitite from the Higo Metamorphic Rcoks, Central
Kyushu, Japan
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Microdiamond-bearing ultrahigh-pressure (UHP) chomitite was newly found from a spinifex-textured metaperidotite in the
Higo Metamorphic Rocks (HMR) , Central Kyushu, Japan. This is the first finding of microdiamond from Japanese metamorphic
rocks and the second finding in Japan following the first one from a mantle xenolith in a Cenozoic lamprophyre dyke irt Shikoku
The HMR represents a low P/T metamorphism of Cretaceous in age, however, the precursor HP or UHP metamorphism of ce
250Ma has been inferréd A great deal of debate has been done on whether or how the Dabie-Sulu UHP terrane extends east:
ward to the Korean Peninsula and also to Japan. The HMR is one of the cantifdatie® eastern extension in Japan, but no
definitive evidence has been given yet.

Metaperidotites occur in two localities in the HMR: one at Yamato Town in the biotite zone and the other in Matsubase Town
in the garnet-cordierite | zoAe The metaperidotites from Matsubase Town show distinct spinifex-texture with decimeter-sized
elongated olivine (mostly serpentinized) and enstatite. Those from Yamato Town shows either spinifex-texture or granular tex:
ture of finer grains (several mm to 1 cm across ), and is strongly serpentinized. The metaperidotite bodies occur in mostly peliti
gneisses as small lenticular bodies about several ten meters in size, which are concordant to the gneissosity. The mineral
semblage of the metaperidotite is olivine (mostly serpentinized) + enstatite with secondary tremolite and antigorite. Talc occur:
locally along the cleavage of enstatite. A podiform chromitite occurs in such a strongly serpentinized metaperidotite at Yamatc
Town as a nodular form of about 10 cm in diameter, in which we found many inclusions of microdiamond LitoihGize.

We have made four thin sections, polished with colloidal silica, from one chromitite sample, and found many microdiamond
inclusions in all thin sections. Microdiamonds occur both in chromite and in nickeline, and they are all monocrystalline. Many
euhedral to subhedral grains (mostly:th in size ) of microdiamond occurs in chromite, making several lines of aligned grains.
Identification of diamond was carried out with an energy dispersive X-ray spectroscopy (EDS) analysis (carbon peak) and Rama
spectroscopy with a He-Ne laser. We observed a Raman peak at 1333'5which is comparable to the peak (1332 thh
characteristic of diamond. They show no evidence of partial or total graphitization. The occurrence suggests that the striation
represent healed cracks and that microdiamonds precipitated from a reduced C-G-f fldiat finding presents a convincing
evidence for the hypothesis that the Higo Metamorphic Rocks is an eastern extension of the Dabie-Sulu UHP terrane in Japa
The second implication of our finding is on the nature of UHP chromitite. Microdiamonds are found from several UHP metamor-
phic terranes®7, however, microdiamond-bearing UHP chromitite has been found from ophiolites in non-UHP metamorphic
terrané, making the occurrence of UHP chromitite as an eniynide Higo UHP chromitite represents a deep subduction prod-

uct as indicated by spinifex-texture in the host metaperidotite due to high pressure breakdown of antigorite (serpentine), instea
of a product of mantle migration10. Therefore the origin of the UHP chromitite requires a specific interpretation in each case.
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Grain Size Grading of Garnet in the Liesegang Metamorphism
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The very puzzling phenomena is that the grain size of metamorphic garnet shows apparently gradational in both basic an
politic schists, for bulk chemistries of large grain and small - grain layers are not different with each other and for chemical
zonings of large and small grains of garnet display very similar pattern. These facts suggest that the domain structure by diffusio
and growth of garnet should be formed in the layer and the spacing of the domain changes gradually across the grain - size layeril
in the metamorphism.

The layering shows parallel to subparallel against the schistosity plane, suggesting the parameter changes uniaxialy along t
normal direction against the schistosity. The length scales of the grain size layering ranges from several to several ten cm, beir
likely to those of the compositional banding derived from metasomatism. Judging from these facts, it seems that the size gradin
process in the plate boundary metamorphism is governed by the diffusion, reaction and grain growth mechanism, that is th
precipitation mechanism in the Liesegang bands. The precipitation in the Liesegang band is considered as the Cahn - Hillert
Cook process (1), which is characterized by the relation of average grain size, size distribution, width of the layer, and spacin
distribution among grains.

In this paper, we would like to investigate these relations of the size grading of garnet in the subduction zone metamorphism.

References
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Metamorphism of sodic pyroxene-bearing quartz schists from the Bizan area, Sambagaw
belt, eastern Shikoku, Japan
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The Bizan area of the Sambagawa metamorphic belt is occurs in easternmost Shikoku, southwest Japan. The Bizan and Kot
areas are located in the same tectonostratigraphic horizon, i.e. the Kotsu Formation in eastern Shikoku. The Kotsu Formation |
the Kotsu-Bizan area is structurally overlying and underlying by the Kawata Formation and the Kawatayama Formation, respec
tively. The main rock types in the Bizan area include pelitic, basic and siliceous schists, with minor amounts of psammitic and
calcareous schists (lwasaki, 1963). Faure (1983) suggested a melange zone containing tectonic blocks of serpentinite, metag:
bro and garnet-amphibolite (garnet-glaucophane schist) occurs along a ductile shear zone between spotted and non-spotted sc
zones. Sodic pyroxene-bearing quartz schists consist mainly of quartz and phengite, with minor amounts of amphibole (Fgl
Mrbk, Rbk, Mkt, Wnc, Brs, Fbrs), garnet, Na-Ca pyroxene (hereafter sodic pyroxene) (aegirine, aegirine-augite and omphacite
and albite. Hematite, chlorite, and epidote occur occasionally. A schistosity is defined by preferred orientation of phengite anc
quartz.

Garnets are spessartine-rich in composition, show a growth zoning with decreasing spes$gplirie§2-0.35) and increas-
ing almandine X 4;,,, 0.01-0.41) and pyropeX(p,, 0.03-0.09) from core to the rim and contain inclusions of phengite (6.84
pfu), epidote, hematite and quartz. The garnets are occasionally replaced by chlorite and biotite along cracks and at the rim
Amphiboles occurring as inclusions in porphyroblastic albite are compositionally zoned, with Fbrs and Brs cores and Rbk rims.
Matrix amphiboles are Brs and Mkt core, Fgl mantle and Rbk and Mrbk rims, and contain inclusions of phengite (6.50-6.51 pfu),
hematite and quartz. Sodic pyroxenes occurring as inclusions in porphyroblastic albite are aegirine, aegirine-augite and on
phacite withX ;; 0.08-0.37 contents. Some of them are compositionally zoned, with aegirine-augite and omphacit¥ ggres (
0.34-0.37) to aegirine-augite and aegirine rinxs;§ 0.34-0.21). Matrix sodic pyroxenes are aegirine-augie  0.09-0.27),
decreasingl ;4 from cores (0.22-0.25) to the rims (0.22-0.17). Some other sodic pyroxenes in the matrix display incXegsing
from core to the mantle (0.13-0.19) and decreasing towards the rim (0.19-0.12). They contain inclusions of amphibole (Brs, Fbrs
Rbk), phengite (6.66-6.82 pfu), hematite and quartz, and are partially replaced by chlorite along their cleavages. Porphyroblast
albite crystals up to 2 mm across contain inclusions of garnet, amphibole (Brs, Fbrs, Rbk), sodic py?6xgi@el(0-0.37),
phengite (6.57-6.76 pfu) and quartz. Matrix phengites show relatively higher in Si (6.33-6.98 pfu) contents than inclusions.

According to the occurrence of mineral assemblage the Kwata, Kotsu and Kawatayama Formation probably correlate witt
the albite-biotite zone of the Besshi area (Enatwl., 1994). Jadeite content in the sodic pyroxenes are significantly higher in
sodic pyroxene-bearing quartz schisxs;(; 0.08-0.37) than those of garnet-aegirine augite-alkali amphibole-quartz s¢hist (

0.30) in the Bizan area (Iwasaki, 1963) and Asemiga¥a0.15-0.19), BesshiX ;4 0.14-0.23) and the Sarutagawa ar&g {
0.17-0.30) in the central Shikoku (Enamf al., 1994). This higher jadeite content in sodic pyroxenes suggests metamorphic
conditions in the Bizan sodic pyroxene-bearing quartz schists might be higher in pressure than those of the metamorphic zon:
tion in the albite-biotite zone of the Sambagawa belt central Shikoku by Eabai (1994).

References

Enamiet al. (1994) Contrib Mineral Petrol 116, 182-198. Faure M. (1983)Geol Soci JapaB9, 319-329. Iwasaki, M.
(1963)J Faculty of Science, Univ Tokyo, Section 15, 1-90.

F—7— F: Sambagawa (Sanbagawa) metamorphic belt, Bizan area, quartz schist, omphacite, aegirine-augite
Keywords: Sambagawa (Sanbagawa) metamorphic belt, Bizan area, quartz schist, omphacite, aegirine-augite

1/1



Japan Geoscience Union Meeting 2014 0/0)

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ]ggg;gim

Union

SMP46-05 25414 FFRd:4 A 28 H 14:30-14:45

BB LIIRRAC- =2 [ [Fr DB W) & < > fEE T D H o
Application of the Raman carbonaceous material thermometer to the Chichibu-Sanbagav
belt in the Kanto Mountains, Japan
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Fission track and U-Pb zircon ages of psammitic rocks from the Harushinai unit of the
Kamuikotan belt, Hokkaido
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Keywords: Kamuikotan metamorphic rocks, zircon, U-Pb ages, Fission track ages, deformation microstructure
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Shape evolution of spinel grains in the Horoman Peridotite Complex, Hokkaido
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We present the evolution of spinel grains in the Horoman Peridotite Complex, Hokkaido. For deformation under differential
stresses at high temperature conditions, both diffusion processes including diffusion creep and annealing process and dislocati
creep will affect shape change of a crystal inclusion (Okamoto and Michibayashi, 2005 JGR). Grain size and grain shape ar
related to the shape change of the crystal with respect to given temperature and differential stress conditions. We applied th
theory to spinel grains in the Horoman Peridotite Complex, Hokkaido. As a result, grain shapes of coarser spinel grains mor
than 100 micron are dominantly controlled by dislocation creep, whereas those of smaller spinel grains less than 100 micron at
influenced by both diffusion processes and dislocation creep. Moreover, we found that grain shapes of the smaller spinel grair
can be only explained by post-tectonic annealing process after their intense deformation. Our result will provide a new insight tc
understand the deformation processes in mantle.

Keywords: spinel, grain shape, diffusion process, dislocation creep, Horoman
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Verification of ultra-low strain rate effect from microstructural observation on naturally
deformed olivine
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W B2 ZHEMN5N TN, Kitamuraetal. (1986} Ando et al. (2001)3. ¥ RMVEEOZEE L4 ) ¥ 2 252
L. SE0ifRICIR > TIBET % FeDFEHEEZIME LTV 5, 51k, D FeDEEDKKZE I b LIVERFHA EMRL TV
BH. BEMRRICIA D ERE T EOEEIL. BT ULTIBO1 THIC X > TEIRE NGB, > T, FE~> bL
WCENTay FLIVFEHAHDREL TS E S ZIALMTT S 4I10F. X0 FHITHOREI MR B D2
ErhD, FTCAMETIEZ. ¥V MVEROZEE LAY ©UCHET S0 25 L. 1) FeDEEN TGN
HENDZH, T LT FeDBENRDOLNTGE, 2 TOREIEDL I BEREZMNTEDK I T AT AL TEKE
NzOh, WS HOMIHZ HICHZ 2 T3 Tz, BIEICHWIZERE, B/ VAR AT (R E, R B,
MHEREE, NIAZATTEVIVRLAY) ETIWRA Y EZAT (i, DoY) OhYIVETHD, TnbEH
G U, FICE FIMEEZ O TR TR L L2 W 2175 T2 BIRNR U HIEROMEZ L FICE D5,

Y VRARALTDH T VEE, SRS U EIEERIRIR 2R, AU B AT BRI, G5 - m~% mm)
T, FSUIERAND=E NS —RIICBIZ E NS, RNICIEF > 73 REEO HifE SRS FSZE L T 0. IREhE
FIEEAELERBDENIZ . —J5, TIWSAL U EZALTDH YT A, HRIHR, G ~%E e m) B4V Erh SR
KENDZR—T a7 I X740 v 7HBZRELTHED, FFUIERE LE T A—NIKTH D, KN ENEEIC
RHEND, TOREMMHRRORI & . TN OT N RN CKEE S5 GRSk, SEhe) o
RIS, Bh YT VEDPRIEERERZE L FORIREE N, B/ VAR TDHYT VEE,. #10MPad b))
ICKDER 7V —T 2R L Ii%Ic, EHNEMETER 2320, BEICZ 0%, # 50MPad )V AR Shnhs /1732 7= Al BE
PEREN, — ST IS U BATDH YT VED, FaxIcBLTE, K208 (K 30MPa » 5 E s (B
100MPa "DZALW T 5 TmFHEMNREIND, TP U T, s EELIC X 2 BIERSROK T 2 X 5 Rl
KNS 2OV Y Y T ERGER O C 2 IRIRENDZ(LDH - T e B BN S,

ATEM %= W IHENRRA HEIC 31 L2 AT DR R D 51X, £ TOMFHC BN T FeDEENVEC TV B ENHS
meizotz (KD, TOFeDEEX, LUFOHHICK D v b LIVERAKISER T % LSl 7z, /31 TIBic X %
AV HOEEAERANDITTEDOEE TIE, IEEGEEFRADILAHBICKIE LT Fe 2l T Mn® Ni &5 - 728D
TEEDOBEEL FRFFICHRE SN TVS 121X Plumper etal., 2002 HEICIHIADFEES TH ZRiFUTH> T FehEET % 1]
BEMEEZZ 5NDED, ABIETHOWZEETICIZ DX S HaBE0BEEIT 2 R NEh > T,

BENTAEROEREUTICE LD D, €/ VUARZRA TORKOERERIZ., S TICHYIAEFNZEOT7 =—) v
772 ) et HERAHE TR OIS 220 T Be 2 R LT d, UL L S O IG 71 diS SR SR O 4= b
L X0 & ESHICHEB O, VARG TH %o ALAHHN S, madRHS IO CHAE SRR FeMEEL TV
DENMERTETCNEBD, /)X EA TOEFD Fe DRENMIINNZISS] FTER S NZAlREHEE B ETE S, —
FiT WISV ZA TOREOEEIEE, <> MU 5O EFIRBRICB) 2RBEFOEREE L TWVW5, M EOHE
Mo, SEERD SN FeDEEIL, XA TLEXY MUCBIIAHRBGETICBOTERENEEZ SN, ito
T. 3 FLUIVHERKICER LAY E ki FHORERNAD Fe DIESEIE <Y FIVICB W TERNGHS TH 5 LG
A oo AR R IZBIEITDN TV A EIEFEICE VTS, EEHERETO I Y b LIVEHKOIERICHES 4V
C Y OEWFEDEL 2 EET 20BN D 2 FHEE " LTV,

Ando et al. (2001) Nature, 414, 893; Kitamura et al. (1986) Proc.Japan Acad., 62, 149; Plumper et al. (2012) Contrib. Mineral.

Petrol., 163, 701.
Keywords: Olivine, Cottrell atmosphere, Dislocation creep
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The relationship between microstructures and metasomatism preserved within coarse gr:
ular peridotites derived from Kaap

R AR Tk L Pl AR 25 Ve 2

TOMITA, Daiki'* ; MICHIBAYASHI, Katsuyoshi ; KATAYAMA, Ikuo 2 ; KOMIYA, Tsuyoshi

LB R E PP AR ER R 2 B, 2 LR E R AR A R BRER R & A T LA IR, 3 TR AR ARk & AL
MR A R

Hnstitute of Geosciences, Shizuoka Universitepartment of Earth and Planetary Systems Science, Hiroshima University,
3Department of Earth Science & Astronomy Graduate School of Arts and Sciences The University of Tokyo

Kimberlite was generated in deep upper mantle (70-250km) beneath craton and subsequently ascended to surface rapid
Peridotite xenoliths, which were entrained by kimberlite, record composition and texture formed in upper mantle beneath the
craton. We studied coarse granular peridotites obtained from Kimberley pipe, South Africa, as they have a few studies in term
of microstructural development, presumably because of very coarser grains. We performed mineral crystal-fabric analyses ¢
the coarse granular peridotites in order to understand the structure of the cratonic lithosphere. The peridotites consist most
of olivine and orthopyroxene with clinopyroxene, garnet and a minor amount of spinel and phlogopite. The crystallization of
clinopyroxene appears to be associated with melt metasomatism, whereas that of phlogopite could be associated with hydr
tion metasomatism. Garnet grains occur commonly with kelyphite consisting of fine-grained orthopyroxene, clinopyroxene anc
spinel, indicating that these peridotites could have been uplifted above the phase boundary between garnet peridotite and spir
peridotite stability fields. Although both foliation and lineation are not commonly identified because of coarse granular texture,
olivine crystal fabrics are characterized by a single maximum of [010] with single maxima or weak girdles of [100] and [001]. We
found that the intensities of olivine and orthopyroxene crystal-fabrics are correlated to the modal composition of clinopyroxene
and phlogopite. It suggests that the melt metasomatism weakened crystal-fabrics, whereas the hydration metasomatism inten
fied crystal-fabrics. As a consequence, the metasomatism could result in the development of different types of microstructures i
the peridotites and may weaken the craton lithosphere.

Keywords: kimberlite, peridotite, garnet, olivine, craton, crystal-fabrics
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Corona-forming reaction in the Lutzow-Holm Complex, East Antarctica at Ongul Island

S RIS 5 thupe ) L
SHIMADA, Asami* ; IKEDA, Takesht

L RNRA:
LKyushu University

(Z4025178
anF ek, HAIYOREE 1D 2 W IFEBFEOIEY OEGIRNEIRICE D BEHEED T & Th b, Thid
HFDDFI < N 7 ZDFD KIS K > TIER S NIz L EZ 5N T3 (Passchier and Trouw 1996)C D i KF
ETBHTEICE>T, AT ERFICEAICEDX S BEGMDIAD Lich, EDQXSICREENIMNEL L 252
TEMNTED, ZTTAMZE TR, HEMY 2V 4 « RIVLERICHET 2 a0F 205 e U, AR, By ot
SRR B a0 F ORI Z HEE U Tzo
O AR ]

COAEKTIE, LRI SEEICHN > T, ZEAHMAREHENS 75 =254 MENEB DO ZE D> T3 (Hiroi et al,.
2006), ZDHDOHA Y TIVBICIZ T T =2 T4 MHDERGEEDIL 77T 5. FEGAAET 7 aaklha L Miia
FrifETH % (Ishikawa et al,. 1994) 7 O [y kEEOHICIE, 7 O BEIRZE G472 S 3 4 B AR ORI A HYEE
ELTHT S, 2OV IaAIEREROBEFICaOFMEREIN TS,

(Pt ]

C OFERM A ORI ARODOZWER E REGDOZWEENMEE L. EB50MEIKE MG, REA. B
ER}, PO DKR S, T 7 OaOEAICIENE 8-15mmO I+ EE L. FICREA. MOOBRERNMSKS, <
U AL antOREAIIAE. HEKESEEZRD, V7 oA ZESK 15mmOIZIEFE T, 0.5mmEEED M MA
FiET S, Fr7oaoMEIciE, HlcERT 2Bz D RERNEST ZHEANADNS,

Cl==z 159

Yooy, a7 AR TY LT Fehigdb L. Mg DMEINT %, Fe+Mg,CalliZiZlF—ETH %,

FEA READOZVEE. ARADZ VI, a0 FWEOIHIC Ca/(Ca+tNayHihnd 5, EOmEE a 75 L
I/ T Cal(Ca+Nay» Ehng %,

HER; ANAOZVEE., REAOZVEEL. JuFNHDIHIC Mg/(Fe+Mg) WA L. EDHEEEY LTa7 &
DEANIZZ LWERMDD S,

MG ARG OZOVEEO DRHEGDZWEEIC LN T Al, Mg/(Fe+Mg)him <. EB50MEIEE Y LA Tar k
DE ANCETHEND D %o

Ak fEE, 37, VLK S T, R —ETH B,

G5
S MU ZADOFHOaT . ) LTOMBKAEIRKERTHETHZ L LT, ZNZTNOHEEI LI, U LOKD
EEEZ KGRI Wz, o ufae anFhoREA, BRERIESTHEO T2 Vi, ARAOZWEEOFE
i SRDEND A FEERRIGIE. K DSOS ZHHERE THRDOAXTEL I ENTE %,
Grt + 1.10Bt + 3.25P| + 0.76K + 0.81H20 = 1.91Bt + 3.62PI

— 1. READZVEBOEEEE VTG ERDZ L. Fr7aahVEgia->TLEY, TSRS TG
T%, oT, a0 FHERIIANGOZNVEBOREREREGPT 700G EMIGL, ZTOBK OMHBARERC &
Nohotz, iz, TOMIGROIEADTYIO TV E RIS ICET &

Grt:Bt:PI=1:1.4:2.8

ERD, WO oagoRSENRE VIRV, FNUCEMIDLSTY I aaqOBMIcaa SR EINTVEZ b, W

TS DT OILEDEER L Tz e b o Tz,

F—U—F:anod, @, U oyt - RIVLER
Keywords: corona, East Antarctica, Lutzow-Holm Complex
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Possible tectonic models before, during and after mylonitization in the Sor Rondane
Mountains, East Antarctica

BB en et /ANMUN BEA 2 S5 HORER 3 AV BT 4 R R 2 JEaT R 2
TOYOSHIMA, Tsuyoshi* ; KANEYA, Akiko ! ; OSANAI, Yasuhit@ ; BABA, Sotard ; HOKADA, Tomokazut ; NAKANO,
Nobuhikd ; ADACHI, Tatsurd

VRHERE, 2 UNISE, 3 BRBRRSE, ¢ BN T
INiigata University,2Kyusyu University,>University of the Ryukyus!National Institute of Polar Research

The deformational history in the Sor Rondane Mountains (SRMs), eastern Dronning Maud Land (DML), East Antarctica, is
divided into 13 stages (D1?D13). The tectonic regime varied frequently from extension (D3?D4) to layer-normal compression
and layer-parallel extension (D5), to compression (D6), top-to-the S shearing (D7), top-to-the SE shearing and sinistral strike-slij
(D8), compression (D9?D11), and ?nally extension related to dextral shearing (D12?D13). In this paper we discuss change |
deformation and P-T conditions before, during and after the D7-D8 mylonitization, using mineral textures, assemblage, compo
sitions and microstructures of D7 and D8 mylonites.

Garnet porphyroclasts of the D7-D8 mylonites include high-Ca mantles and crenulation microfolds defined by sillimanite fi-
brolites. The high-Ca mantles of garnets and their plagioclase inclusions in the mylonites imply an increase in pressure befor
the D7-D8 mylonitization. S-tectonites having a dominant planar fabric were formed before the D7-D8 mylonites and after the
high-Ca mantles of the garnets. The planar fabric (foliation) of the S-tectonites is produced by fan-shaped arrangement of silli
manite and biotite grains. The sillimanite and biotite grains were formed by breakdown of garnet. Most of the sillimanite and
biotite grains have been rotated and folded by the D7-D8 mylonitization. The D7-D8 mylonite foliations are parallel to the planar
fabric of the S-tectonites. The S-tectonites indicate a flattening type of strain and resulted from the layer-normal shortening afte
the increase in pressure and before the D7-D8 mylonitization. kyanite-quartz porphyroblasts and randomly oriented crystals c
sillimanite/kyanite and biotite were formed after the D7-D8 mulonitization. The randomly oriented crystals of sillimanite/kyanite
and biotite resulted from the breakdown of garnet porphyroclasts of the D7-D8 mylonites. The kyanite-quartz porphyroblasts
accompany leucogranite veins cutting the D7-D8 mylonite foliations. The randomly oriented crystals and porphyroblasts imply
non-deformational conditions after the D7-D8 mylnitization and D9 folding.

Three possible tectonic models for D7 and D8 mylonite-forming events before the D9 deformation can be considered as fol-
lows: extensional tectonic model, positive flower structure model and rotated mylonite model. In the former model, D7 and D8
indicate major extensional tectonic activity in the southern part of the East African and Antarctic Orogen (EAAQO) before the
Pan-African compressional event, and after the 650-600 Ma peak of metamorphism. In the latter two models, D7 and D8 my
lonites may have resulted from the compressional events. In the positive flower structure model, the SRMs are the southern he
of the E-trending positive flower structure. The flower structure model needs top-to-the N shear zones to the north of the SRMs
In the rotated mylonite model, the present S-dip of the D7 and D8 mylonites results from the rotation and folding of originally
N-dipping reverse (top-to-the S-SE, normal-sinistral shear, present day coordinates) mylonites. The Pan-African compression
event resulted in the formation of upright folds with horizontal axes that curve along the coastline in central to eastern DML
during the D9 deformation that took place between 600 and 560 Ma. The coastline-parallel fold axes and subvertical axial-plane
correspond to the X-axes and the XY-planes, respectively, of strain ellipsoids that were progressively rotated counterclockwis
toward the central parts of a sinistral shear zone. Therefore, the curved fold axes and axial-planes suggest the EAAQO acted a:
zone of sinistral transpression during the collision of parts of East and West Gondwana.

F—I—F:STU A NHLDRL, A0S A MUEH, —ba > Z—x i, 3> R, R
Keywords: S-tectonite, flattening, mylonitization, Sor Rondane Mountains, Gondwana, East Antarctica
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Significance of multi-stage chloride brine activity- An example from Sor Rondane Moun-
tains, East Antarctica

W S i E 4R L 1R #i95 2 ; Madhusoodhan Satish-Kundar ) 1| iF5A 4 ; Grantham Geoffrey H.
HIGASHINO, Fumikd* ; KAWAKAMI, Tetsuo' ; TSUCHIYA, Noriyosh? ; MADHUSOODHAN, Satish-kumér; ISHIKAWA,
Masahird ; GRANTHAM, Geoffrey H?

VRURRA, 2 ALK, 3 Wil Ko, 4 RN R, 5 177 7 U A i EGR 2T
IKyoto University,2Tohoku University,>Niigata University,*Yokohama National University,Council for Groscience, South
Africa

It has been gradually recognized chloride brine potentially plays an important role in large-scale mass transfer during high:
grade metamorphism without partial melting. This is because brine is a powerful solvent, can coexist withhCidid under
the granulite facies conditions and has low&Hactivity (Newton & Manning, 2010; Heinrich et al., 2004). In natural observa-
tion, evidence for the presence of brine is often found as fluid inclusions. In metamorphic rocks under granulite facies conditions
however, brine inclusions are only rarely found (Markl & Bucher, 1998). This is partly because brines have a high mobility due
to their low viscosity and low wetting angle (Watson & Brenan, 1987; Holness, 1997).

On the other hand, hydrous minerals such as biotite (Bt), hornblende (Hb) and apatite can reéarbtlig; of the last
equilibrated Cl-rich fluid as their mineral compositions. In order to understand the metamorphic fluid activity using these min-
erals,P-T condition under which these minerals equilibrated with a fluid as well as the crystallographic requirements for these
minerals to record the fluid composition should be known (e.g., Makino, 2000). However, there still are a lot of unsolved issues
about brines, for example, cations transported in the fiid,condition and areal scale of brine activity, and its origin (Newton
etal., 1998).

In order to understand the multiple brine activities and the cation composition in brines, two meta-mafic gneisses are studie
in detail in Brattnipene, & Rondane Mountains (SRM), East Antarctica.

In a Grt-Bt-Hb gneiss, Cl-rich Bt is exclusively included in garnet (Grt). Bt, Hb, and cummingtonite (Cum) in the matrix
are Cl-poor. These compositional differences imply that Bt included in the Grt formed under the presence of chloride brine anc
Cl-poor fluid infiltrated after Grt formation. Grt is enveloped by the gneissosity defined by the arrangement of Cum overgrown
by Hb, and Bt. Therefore, chloride brine activity predated or was simultaneous with the penetrative gneissosity formation in this
area. After considering the effect of Mg-Cl avoidance rule and compositional change during retrogression, the geothermobaron
etry (Holdaway, 2000; Wu et al., 2004) gave 650 <800 °C and 0.96 GPa for the pedk-T condition of this sample. The
Cl-rich Bt entrapment was probably predated or simultaneous with the attainment Bf Thimndition.

In a Grt-Opx-Hb gneiss, ca. 1cm-thick Grt-Hb vein cut the penetrative gneissosity in this area. Cl-content of Hb and Bt,
and K-content of Hb decrease with the distance from the vein center and become constant at ca. 1.6 cm from the vein cente
Plagioclase present next to the vein has a corg{Aand mantle (Ags) which is sharply overgrown by Na-richer rim (A).
Plagioclase in the vein is An without zoning, and development of Na-richer rim gets thinner with a distance from the vein.
Therefore, the Grt-Hb vein was probably formed by NaCI-KCI brine infiltration. This is also supported by the isocon analysis of
whole-rock chemistry determined for wall rock of the veRr.T condition of the vein formation is estimated as 720and 0.70
GPa (Holdaway, 2000; Wu et al., 2004).

P-T conditions of multi-stage chloride brine activity, cation composition of the brine, and outcrop-scale pathways of the brine
are constrained in SRM from these two gneisses. From the pelitic gneisses in SRM, Cl-rich fluid or melt activity with a linear
distribution over 200 km has been reported (Higashino et al., 2013). Additionally, this study revealed that the brine activity in
SRM is not controlled by the lithology or specific deformational stages. It is clear that chloride brine in SRM was not a result of
in situ fractionation through the selective consumption @fHn the fluid (Kullerud, 1995), but substantial amount of brine was
actually moving, and was playing an important role in mass transfer.

F—7— F: NaCI-KCl brine, Fifkii A, KREBZEH, £—)b - 11> &2— 3 Lith
Keywords: NaCl-KClI brine, fluid infiltration, continental collision zone, Sor Rondane Mountains
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Rate-limiting process and degree of disequilibrium of garnet-forming reaction

i
MIYAZAKI, Kazuhiro '*

" PERRRE BT FE
1GSJ AIST

ZRAEH ORI NS K D B UTKIE A GO LA O Y —0F &z N U YERs), KISOMETZ0EDICKE RpE
ZRIFT. DX IEBUKK SO TR, RS, 8, NUBGRO 3DICnBE NS, H—F v MIZEK
EHDOMKIGIC L DA CBRENGERIEYO 1D TH 5. ZOHHEEMRE, IHEEAPRET 2HANZ 0D, FHEE
I, H—3v bDIEBESEREZTT o IDEBENRGEDTERE NS T —RHE L A EFELRV. T 5IC, PhEHEH
REICHBF ZIFEHEENRBE SNMEIEEAEEE LRV, LURTIR, FRZEREIC WS E N hEdE sk E %
IR BN — %y R L, WREROIEFEEZ HEE > 2O THRET 5.

SERWZ LT ERREH DA — 3y MEBSONMIERER + O + Ak = H—3v b+ EHEHEA + DU EA + KO
JSTH 5. H—Fv FOFEBICIE, BRERMIBHEENZED SN, HEEESEN IS TR S N3 KIS ORSE R D B
ENZEDETFREEINS. —F, TOERETOH—Fv M, REHZELMMICESRERFETERM IO SN
%. TOXKDEMEE, ILEESEKEROKERmORZEL (Mullins & Sekerka 1963 THU % EiffEN5. C
DXL, LIz —3y ML, ILEESERE TGS N2 HBEEZE LTV 5.

LA E O OIEREE, ILHABL DM E MR B ALE T T E &, Wil 2 )VF—IC X2 RNLELOH
FEDEDEEGNTRES. AT IIVF—2IGET 5T T, BREFAMBEEE WD S, ROBEIRIEICST
T ERmO M EZ HAEE 52 EMNTES. TREBGTHDO A — 3y b OEGIENT N 5 ReD Tz sl E K D RO
ISR RDZ L, 01U REmoiz. H—2w MERIISH BIRISOTY ha¥—21{tx RS O, EERIE A I
HEATICHETSE, AT5CURTHS. SHOREEE DX, JEEHEOESWVOKRZ SILEEEKEN BT
ToTWAZeIIHL, BMZRFNTS. —RICERSAET THEINS H—F v FOEEEIL, SRIED BT TRmEE
A DH— %y MEEARFHEOMIEENM DR LERIBISEWD, HEVIEEIBISEWEDHZ V. SRIOFRIZ, 7
DX H—% v bB, FEICIEFITIEVIREET DD - < O LTz EBEBEEED, & LU IZFRAEDOFH A Z £ 5 S %
RORETER S NI EENZRE L TV 5.

F—U— R =2y b, BUKKIG, IV, 220 B, ZE0ca, 220G
Keywords: garnet, dehydration reaction, disequilibrium, metamorphism, metamorphic rock, metamorphic reaction
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TR HIC B S 1B FARECR O EERR O RIC DU T
FLUID RELATED ORIGIN OF SILLIMANITE VEINS IN POLYMETAMORPHIC ROCKS
FROM THE RYOKE BELT, JAPAN

REP G e b A
AMANO, Saori* ; KAWAKAMI, Tetsuo®

Iy g3t EanET ]
LGraduate School of Science, Kyoto University

A I DO BWE S O FE R BRI T B 72 dIcid. TNTNOEBIERZ#AT % T L PR EARARTH S, T
UTetgicid. BlARIREERRIEH & Z D% OIERE OB AIC X 2 AR IEH 2303 2 MADFET 50 (oL &
(¥, Miyake et al., 1992; Kawakami and Suzuki, 20 EEE sRF DIIADZEENIC T H U723 2 < 1372\, Johnson et al.
(2003) &, HMA BT DABCEPICHFIES B ERROERG (T4 7 a5 4 b)) DhERAMRZHE L. ZID AR T
b5 LML T\ 5,

AT BRI I, WETREEEO R SRR RS R & OMHEFER AL TBH L TW5S, FilIfEFIE M ENZE K
FICIERRIMNICEA L T3 728, BRSNS KR & FiHESRIEREIC X 2 25228 (Ozaki et al., 200051 EfH
ERIROMATEENC X 20BN ER L CieiE N TV 5, IRESRZERGHICEHRONMAET 2 LICk > TEREIND
RO S A RO R R 2 T3 H (Ozaki et al., 2000) EEFRA DRI DWW TN BRI N TV,

HEHIE TR, 70 7T A4 N OESHERDIRERIERIC K o> TE A MIEEZY 2 EIRB L REEN, T5
U7 EER A DN R R EFELIR T H 5 L EZ DI LV X S I @b D, AWIFE T, WERFAEHICEA LTz ER
A HIRE L TS EERAIRD R ZF8 U, IRIAREEIRO RIS DWW TR %,

AR Z B O E R RS QiR B GHT I E AT 2 HHEIER G & ORI HI D SR L Tz, Makadkih
Tld. TEREDFRREICIEHRICEA L. RIS I ZIE T REERAIRDEC TV 5, BfARIE 7« 7a5 1 ke
ThzEd 2%BZREFH TECEAERNDN SRS, IREEDATEE, IR DEENTZ< BV 7 AROFHEEK D & FkE
THOH, 747074 MERZEET %, ARPICEEINS T 0 7054 MESRIZERAORY SENS1Z DL
5%, 747074 MEIFRIKIRMAERIHFHEL TS, £z, REARWERS M) 7 APCESEIEET 20,
ORI ERICIXIE & A BTFEE LR, BIBERIERIC X » THSR GBS UI2MRI s IER O « Bl A< b
U 7 ZOFEERIFUCIN © TIFIET %0 AV EAEGEHICIIEIE LaWA, FRIREIE 2 8] > T % BB 2 R AE A SR
DOHAZERYP< MY 7 APICBEICHEET %,

HYV—FRILI 3wty A (CL) IS X ZMMESEOBISN 5. HHEOFCRENEERR AR S OB S U TZE b
THTENPALNICE STz, FHC, AREERFTH-TE, KDEL DT 70T A4 F2AHLTWSHZDH CL
BT, i, 707054 MEAAT % CLBPIEWGIEEDIE, 707054 MeaaEd CLBTHS A
Z B LRI ER B AIREMEZ R T %, CLARDIEWE T, 7« 7054 MERRFICRIRHCKE LT TH 2 &
FEZbN5, T LIEMHMEOBSN S, HERAORIEEFIEMED ST NZMARIC K> TERE Nz EEZ DN
%O

SO OEHEI & FRAFIRNOIKEA AV EDRISIC K S T ¢ T T4 SDERIC DV TIE Vernon (1979)0% ki L
TWa, BT, 7 A BRI & I KSR E DRSS K D . AIRSIOS i) & FAIERDAERRT % T ENVEBRIRE N
TW% (Burnham, 1967)

AW TN LIcalR T, 7«0 7874 AR AIESRSREPICFEL, AKICUAENTWE T4 780714 b
PEADENIRY 5 OMEICIS CTEIELTWS, T5 LEBISRHEENS, LS 5 OFEDIRIRICHA L THE R
MU IRERISL, RIEAZBMRLDD, KON GAREZNICEEEINTVWS T 1+ 704 M ZEKRHICER LT
AREMED D 5, T DX S HRHEA DA & EERA OB, f¥%HA7 RN 3kbar, 600 CREEDIREITIZ:MC. 7L A
VUSRI U OKEA A VIREDOESWIRIEMRA LI & E X % LA[RETH 5 T LAY SUPCRT92 (Johnson et al. 1992)
ZFAWEIEEIRIC K D b o Tz, Lo T A THN LIZERRAIREIEK L T3 7« 7054 MEIIREE
RGEIRTd 7 <. FESAERAIC X B MR IERROFSERTH 2 L EZ 5N 5,

F—U— PR HiA (T2 70TA ) | M5, TR, 8225 EH
Keywords: fibrous sillimanite, Ryoke belt, fluid-related origin, polymetamorphism
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NERZE e 38 & IR I a S E S B famE 7 1 S XA kDL _
Comparison of UHP chromitites from the Higo and Nishisonogi Metamorphic Rocks,
Kyushu, Japan.

T A s RRES R s R vl R
SHIOSAKI, Dai'* ; MORIBE, Yosuké ; EGUCHI, Hibiki' ; NISHIYAMA, Tadao!

LREAR R ERE B AR AR B A R B BRER B A2 1 — X
! Department of Earth and Environmental Sciences, School of Science and Technology Kumamoto University

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

F—U—PRXA7OZATEYR, 7OI XA, #EE, BB, TUIRFTZARCS, TR AT
Keywords: microdiamond, chromitite, UHP, Higo metamorphic rocks, Nishisonogi metamorphic rocks, subduction
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=N HE K O R EE N/Y 7 af Mn 7))L T 5 BUB R G O TARRY

G & T DARA] :
3D imaging of the Mn-caldera shaped zoning of the garnet found from the Sanbagaw:
metamorphic belt and its origin.

HHAER T S RS
YOSHIDA, Kentd* ; HIRAJIMA, Takao

L RERR AR AR A 7 R BR AR R e
IGraduate School of Science, Kyoto University

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.

F—U— R ooy, =N, BTG, JET- s
Keywords: garnet, Sanbagawa metamorphic belt, compositional zoning, disequilibrium crystal growth
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T ) TIVE A HUEDIRIE « R8s & 22 RO LI :
Widespread analyses of pressure-temperature trajectory and timing in the Altai Range
Mongolia

PR RS B NP BEA L RAIE 1ERA 2 ; Satish-Kumar M ; 237 38 ! ; Jargalan Sereenén &5 %7 ! : Kundyz
Syeryekhath ; Boldbaatar Chimedtseie

NAKANO, Nobuhiko'* ; OSANAI, Yasuhitd ; OWADA, Masaak? ; SATISH-KUMAR, M.3 ; ADACHI, Tatsurd ; JAR-
GALAN, Sereeneti; YOSHIMOTO, Ayd ; KUNDYZ, Syeryekhan ; BOLDBAATAR, Chimedtseié

LHINREE, 2 IHIREE, 3 B2, 4 &2 dIVEERETN RS, ®Mongolian Exploration Partners, LLC
IKyushu University? Yamaguchi University?Niigata University*Mongolian University of Science and Technologylongolian
Exploration Partners, LLC

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.

F—T—REE - EIEEE, T A b U-Th-PoEAR, 7V 2 A 1Llik, €2 d)b, o7 277 L
Keywords: P-T trajectory, U-Th-Pb monazite age, Altai Mountains, Mongolia, Central Asian Orogenic Belt
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AV T2 H0D arrested v — ./ v H1 A MEKIRFOE— FHROREZAL,
Temporal change of modal abundance of minerals during formation of arrested charnock

ite from Sri Lanka

ey FE e 1 R ) AR 2 B SRS T L— L N—F—FK 4
YAMASAKI, Yukiko '* ; IKEDA, Takeshi MOTOYOSHI, Yoich? ; HIROI, Yoshikun? ; PRAME, Bernard

VIUNREE, 2 BN 2T,  THERE, 4 AV 5 2 J B AT
IKyushu University?National Institute of Polar ResearctGhiba University!Geological Survey of Sri Lanka

AN T Y ARREICIE, Eafa P a-BEN METICET ecem A —)V TR T v —/ v 10 FDELTWS, T
DEIRRATDFv— /v 514 M arrestedfv— /v 1A b EDOND, TCOEATOF¥— /v 1A DKAE
L TClid. RFTE HoO IBEDIRDOIEZR T 2 YT 4 — DD MREEEIN TV S, TNHIEFWVTNENEEH S DFAD
MAREIAMIC L > THIERIETNE LEZLN TS (BlZ1E Newton et al., 1980; Hiroi et al., 1990; Burton and O
Nions, 1990; Ravindra Kumar, 2004; Endo et al., 20120 LF ¥ — /v 11 A thd#offf%@ﬁft@ﬁffﬁﬁ’] ZE[E 7%
FRBICODOWVTEARE LS D> TV, ZIKM%‘FL’C“C;E%O)%— RE(EZRHKT AT LIc kD, ZNHICDOWTigam L
720

FEEF v —/ v A4 M, WINEBEHES L ERETOEIMGEZ /R U, miSa0ORIREE X2 5, #
HERIEAMET TR B EARG L BERDEEL. Fry—/ v A MHIEZENE OV & R a D EET
%, BHEMICIE FICEER CBOFGYINET S, T2 LFvy—/vhA NHOEAES TCIERERIIZEAEEEL
BV, BEEHOE— RE, FET TERRENEZIEIRSNEN, Fv—/ v A MTAS &A@ Paidism L.,
E‘Eﬁléiﬁ'ﬁ(ﬂi BUTHAEERMICHINT %, BHEHOREROE—RIEZ, FKETTFv— /v A bNAD->T
(mlj\

ﬂﬁﬁﬁﬁ&iﬁiéﬂw)iﬁl& AP DRDED BIGETMSHE L, BHESORERODMRITZZ LD BN
%Eﬁﬂb‘%ib‘(b\% o THEHESOREROIC K > T E Nzt ERESORER L @[ Ian

DRUTGE TREIL., T TRGEAEERLIZEEZZE5NS, CTOT e SEBAGODENEITL. ZThIc
Ko TRIER LIzRA A ZRETE 2 X5, BHER TR L IZREROTCENBE LItV REE N5, [H—
TV TH 0 G5 BEROZROGATNE S DIF, BAHEROTMEREN XD ERICEATLRERNFELTVS
CLICGERNTZEEZLNS,
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P A IA R D FEREE & /K OIFER— HAL H A & PaRT H A D ELig .
Thermal structure and water transportation in subduction zones: a comparison betwee

NE and SW Japan

Az b By g
ISHII, Kazuhiko'* ; OKUNO, MasasHi

L RBRF SRR EE e AR 2R
!Graduate School of Sciences, Osaka Prefecture University

FILAA TR EHOATET L — FNEE T AR, R HATIIE T U T L — FIMEE TIHAAA T
%o TOWIHABIEMFDENS, HILAADT DR HAX O BilAIIEEI NG T T L — FEFHME O FREAFNC
. ESICHMHARD T L— F B CRRMEEEMEIDBEI E N TV T LR EICRN TS, TOXS RN S, W
JeEAREEREAG, U LIZEDWILAAR &R Ta 0T A R OS] & U THERMET E N TV 5, AR
T3, TD 2 DDMhFHFAF T DOIERGIEDIE D, FHARBE) & EYLIHAR TOY R L ARERRICDOWT, BUEE TV
ZHWTHRE Lz, TOBUEETIVTCIE, AT TORUK, <2 Fbo zw POIK « K, <2 bVD 2w PO TS
Al AV & H20 RO E), (HE - B/KE « STERIEICIRIE LIeh A D AADRBIAIZER L TE . AT THin
WIHEL L EDIRAARSMN, widfd & ITKOEiEZ@ LT ED K S IOz - NITEEN ST 2 DMIcD
VT %o

F—U— F: kA Fr, AL HA L PR HA
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{fERaREAROS A 707 —7 ¢ UHIER K OIS —EOBfR : lE)LNS,
Mt.EdgerEida @ a kOGS

Stress and strain history during the microboudinage for granite intrusion: Mt. Edger
granite complex, East Pilbara

R AEBRER 1 5 AR e 2 5 A 203 ; HEH f2RH 2
MATUMURA, Taroujirou'* ; KIMURA, Nozomi? ; OKAMOTO, Atsush? ; MASUDA, Toshiak?

L ER AR A BNERARAN KA, 2 FRAR A, 3 fUb R AR AR R AR
!Graduate school of science and Technology, Shizuoka Univetsitstitute of Geoscience, Shizuoka Universit@raduate
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.

F—U—Fi A o0T—T 0 UHEE, O, B ACEEEE S, AR
Keywords: microboudin structure, stress, strain, granite complex, Archean
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S 0 R IOGIC K B HERUR I IE I DI R 7 — )L

Time scale for formation of diffusion zoning in response to breakdown reaction

HIEE )
IKEDA, Takeshi*

L RNRA:
LKyushu University

ZRRIEDZ AT OY 7 1 1d Mn - Fe DN ERFCTIINT 2 RiiEZ/Rnd C A2, T @ﬁ%ﬁiﬁ&ﬁ’ﬁi&?ﬁi
f’FﬁEJEHU)“?‘ I RSOGICHE S JERIC K> TTEREEZEZASNTVS, TORMHEOMEZ, #EHAERNOSLEEREE
TS K 2SI EIEREIC K > Tadid T N B, AWML TR, THRINIC NS OFEEEZ RN & S s OBE &
L’C%fﬁbto CORZEHVD &, WL DMDZERAFICH S NS HE 0.0420. ImmD ZHASIE OTE KR A 12800 4 &
REL 5Nz, BRHRSEI RIS S E DN -7z Of o 7eaORHTE A 9 U, Al 2 RS 5 2 LT & 2 etk
NH 5%,

F—T— R LR, MR, in DA
Keywords: diffusion zoning, duration time, cooling rate
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PUIENC 3503 2 apiids & O A O it o a B O #E & 75 EHAEA T E
Integrated radiometric dating of schist clasts from the Eocene and Miocene conglomerate

in Shikoku

BROR SER Y m R FEE Y R ESE L AR SOt 2 A =S A A8
[IZUKA, Ryota'* ; TAKAGI, Hideo' ; HONDA, Emi' ; IWANO, Hideki? ; ISHIDA, Akizumi? ; SANO, Yu;i®

VRRGHR?E, 2 W7 v >a >y - b T 7,3 TR RKUHE ST
!Waseda University’Kyota Fission-Track Co. Ltd3AORI, the University of Tokyo

E‘?EZ)IPT BT HIRI L NIVGE U TR, 97005 = IEREHEZ ZUEOFERIE, BZ20EDDOMSFERE LD

, SINERGE O LR ER R % ETEERGREG 2525, FESIE, WEOGEE =REFHE -RIIETEND

JEZJHWEE;E&%K BNTVAEEMA A ZNRE L, ZOMEINEBEGHERIEZRMEL CEz. ZOMEE, i

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.

F T, SHEEIC K-Ar FRBEITFT Eﬁ%ﬁﬂic:ﬁﬁu%abfiﬂ%@ CHEREOBZE SR E LT, HAKRSEEV
@ NanoSIMS 50z FiW\ T )V a >y o U-PoERZRIE LTz, SRS L)V aVEEEYIVayeEZ5N5 T L
Mo, BEHEVYILaYD U-PhERIT, DHHJ#EODJ?E@Y&%*MHQ&MT%é RIETRNEETHZ LMD, &
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.

F—U— R =PI, EE A, EHEERRE

Keywords: Sanbagawa belt, schist, radiometric dating
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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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S| [HACFET B O LARBEIDIR T EAAR S AT LT B3 % Prefi-LBS fi
D 2L [EAE . . . : :
The metamorphic evolution from PrP to LBS facies in a late Paleozoic cold subduction
system in Kurosegawa belt

Tl AR 1 P 5255
SATO, Eitard* ; HIRAJIMA, Takad

D RERR AR EB B A 25 R
LGraduate School of Science, Kyoto University

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.
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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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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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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
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The tectonics evolution of metamorphic and igneous rocks embedded in the serpentinit
melange from the Kurosegawa Tecton

BB NN BEN L HRE L RN G AR L KRR IR 2 sk 0eEE 3
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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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COREICBE LT, A Lrp il Tl g TS & EHEE LTV C,  110Mallmi o di S (A IE b s iR
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TS Ui O B (A DO RESE ) FANICAE T N A HEAZ, hiksSssifEic AT C L3R TH 5.
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[1] /NEF, 2011 HAHE P 1184F AR 2, p. 196

[2] ik - foik, 201Q Hb23ERE, 119 p 235
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