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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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Keywords: P-T-D-t path, prograde garnet zoning, retrograde monazite

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

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

Union

SMP46-02 255411 FFfd:4 H 28 H 12:15-12:30

ERERENS DA 7 ORAAYVEY ReFOlEETEI/aI XA~
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).
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Application of the Raman carbonaceous material thermometer to the Chichibu-Sanbagav
belt in the Kanto Mountains, Japan
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2B BRI E F DM 2 DB TFETH %,

F—T— R Itk REY), MERRERT, BRACH, =314, BIs Lt
Keywords: Raman spectroscopy, Carbonaceous material, Geothermometer, Chichibu belt, Sanbagawa belt, Kanto Mountains

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

SMP46-06 25414 FFfd:4 A 28 H 14:45-15:00

JeigE A RSN L= MO SPEAED IV Y FTHA L U-PhFER
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

1/1



Japan Geoscience Union Meeting 2014 /0 d ;

(28 April - 02 May 2014 at Pacifico YOKOHAMA, Kanagawa, Japan)
©2014. Japan Geoscience Union. All Rights Reserved. ];;g’g‘sgimc

Union

SMP46-09 2414 FFfd:4 A 28 H 15:30-15:45

W7 T UAA—TIN=VT 5 b U AT 1 TR A D A O BRI & A
2T A4 AL DOBHR . : -

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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FLUID RELATED ORIGIN OF SILLIMANITE VEINS IN POLYMETAMORPHIC ROCKS
FROM THE RYOKE BELT, JAPAN

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