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Analysis of metamorphic history recorded in garnet: A combined EBSD and EPMA

study
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EBSD (FEF#1& /T AGELIEHT) #EFB LU EPMA (B NEEITEEE) FRefiaabe T, < AAIREREN
TWBENK, ZIVEEZEGT 5 zidAiz. WTEfl L UTHOWZRRHE, TRAART TR E Nzs PITRI=K
NEJeE A & X v Y —ICFET % Mogok SiAJe A TH 5.
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WER O 7Yy A b=y FAOSERIRENTEAR. Fa=y FoAEAE, T7uY v A MESEZRIEH
(1.7-1.9GPa/470-53@) — I « hvKEG — fR Af-A BIEHHSREZ U FH (~1.0-1.1GPa/600-63T) L\ 5, H /-
RS FHR LTV (Bl 21X, Kouketsu et al., 2014, IAR, 263-280yEE # M % FHIWNE, &< A4, BER,
ToI%A b, FnAh, HEL GRBIXULGETHS. S AAMRERE#EEICX > T, /T dF 1 Mokl
71 (~0.8-0.9GPa Z{RHid B Adkizal G LI/ 0 ¥ A METERE NIz NIIFEEL (AImgr_73Sps_10Prpi_10GrSis_o1:
ORI TIEA > 7 7 AAEZZTL L H D) & ZNZHBINCRERICH D FATHKREL, £b MnicZL< Calc
Eﬁ%‘ﬁﬂqu-ﬁ%Bﬂ%*ﬁ’(ﬁﬁﬁﬁéﬂf:ﬂﬁ%ﬁhﬁ (A|m56,668p$),10Prp4,9Gr526,36) 75”573:% %LT, %ﬂﬁ?—é%%iﬁ@%
W5, TLLARBBEHESTHEEIICHZD. THITHRL, EBSDOMDSIE, TOEIL AEMNEER TR, i
ZTTNORE D 4 DOMEE, (BEBFAE O RNEEOREX, Vil &d 40° -59° ) hokkb T eMHALM RS Tz,
—5, BRREA TR OMEIcE T NS Ak, 1° -6° OEIPAN THIE T SRS EEI A R B ORI 2 BiBIER
EN%. 5, SLALADFNFNOEEITVITNE 70y vy A4 MEB X CRENAG-ARIEHEEREH TOREZ T
THHADOLWEREZRFEL T 5. ThEDEHMNDS, Mat LT <A 01, ROMZBREZETERINIZLEZD
N5 :Tr7aYv A MEEL R CHEEOR SR OEER L UTREZBA — EA1RO & P2 BB RIS > THEIIC
ko iR — kR A -A BIEAHSEE T TORFRE.

Mogok ZileE A (S22

2 v ¥ — - Mandalaylt#i® Sagaingfi/gii\ O _FEABIGH ~ 75 = 25 1 MY SR E N7aR. B
TRERKT B FEIWNE, <A A, BER, BEA, AVEA, AKX, AVAFAL, BRXUARTHS. £k, K5
AaoaamE LTHROMNRDONS. TN 5 OMBIHAERGRN S RS 5N 5 ERESME X Z 0.8GPa/800C TH
% (Maw Maw Win, 2014fA(3). L AKX D KERRDIUK DR L T TE IR EEZ SNBMERIOEE O 2K L T
B0, H4cDE L AERMSHKMICHEE a7 ESMIICHmDN > T Mn BX T Fe W illitl L Mg Aiinkd %< > ML
E&éﬁ%%%iﬁ%%j (A|m60,705p373Prpz(),ggGrS;),7). L7zh > <, é< 560)71[[7](53\@5?03(, §< 5EV§JT7—E§%H[\L%Q
DTS 2 I EIRSRE T TR o EEBZ NS, Fiz, L ALDRFIUCHET 5 BERSDREA ORI A BIR
M5 &L AEDNK R U RO E iR ESME, 0.2-0.4GPa/580-63THEE & Rt 5N5. —/5, EBSDICK%%)
Fricknid, TSI AHRUIEEWVIC 3 ARDOFESIZETHELTVWS (RESDEEWVIERATE 1-4° ). Thb
DEh 5, Shket Ukzidkhid, T AGOHMRREEEZET 2 X5 BEFBA/ERZ#HS T Lk, M TEHNZIKET
Pir s 6-12 kmOFEELSMTE LR LI EEZ BN S.
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Metamorphism of dolomite-bearing eclogite in the Seba eclogitic basic schists, Samba
gawa belt, central Shikoku, Japan
Metamorphism of dolomite-bearing eclogite in the Seba eclogitic basic schists, Samba
gawa belt, central Shikoku, Japan
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LShimane University
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The Sebadani area is located in the Sambagawa metamorphic belt, Besshi district, central Shikoku. The Sebadani metagabl
mass and surrounding Seba basic schists (Seba eclogitic basic schists), and pelitic and siliceous schists occur in the area (Tak
and Makino, 1980; Takasu, 1984). Eclogitic mineral assemblages are sporadically preserved in both the Sebadani metagabk
mass and the Seba eclogitic basic schists (e.g. Takasu, 1984; Naohara and Aoya, 1997; Aoya, 2001). The Onodani eclogit
are preserved within the Seba eclogitic basic schists, and they have a complex metamorphic history, with two different eclogitic
metamorphic episodes (first eclogitic episode 530-820.9-21 kbar; second eclogitic episode 630-68020-22 kbar) (Kabir
and Takasu, 2010). The second eclogitic episode is similar to that of the Seba eclogitic basic schist of Aoya (2001)9610-640
and 12-24 kbar). The pelitic schists intercalated within the Seba eclogitic basic schists also underwent eclogite facies metamo
phism of 520-550°'C andc. 18 kbar (Zaw Win Koet al., 2005; Kouketswet al., 2010).

The eclogites exposed in the northeastern part of the Seba eclogitic basic schists consist mainly of garnet, epidote, ampt
bole (glaucophane, barroisite, taramite, Mg-taramite, Mg-katophorite, edinite), omphégit®27-0.43), phengite (Si 6.5-7.1
pfu). Minor amounts of albite, carbonates (mostly dolomite and few calcite), rutile, titanite, biotite, chlorite and quartz. The
schistosity is defined by preferred orientation of phengite, amphibole and epidote. Garnets are almandine-rich in compositior
with a compositional zoning of increasing almandin€a(,, 0.54-0.60), pyropeX p,, 0.07-0.13) and decreasing spessartine
(X sps 0.10-0.03) from core to rim. They contain inclusions of epidote, omphaXiig 0.27-0.41), dolomite, titanite and quartz.

They also contain symplectite aggregates of barroisite/Mg-katophorite and albite. Omphacites in the matrix are zoned from pal
green cores to colorless rimX (4 0.27-0.43) and contain inclusions of epidote, and they are partly replaced by amphibole
(barroisite/magnesiokatophorite) + albite symplectite. Amphibole in the matrix are zoned, barroisite/Mg-katophorite cores to
edenite rims. Dolomites in the matrix are up to 0.5 mm across and they contain inclusions of omphacite, amphibole (winchite,
barroisite, magnesiokatophorite), epidote, albite, calcite, rutile and quartz. A chemical zoning in dolomite is well defined by
a continuous core-to-rim Mg increasing and Fe and Mn decreasing. Dolomites have mutual contact with eclogitic minerals of
garnet, omphacite, barroisitic amphibole and phengite in the matrix.

Texturally abundant dolomites in the Seba eclogitic basic schists exposed in the northeastern parXsuggésid might
stable in the eclogitic facies conditions. Supposing the peak metamorphic conditions are the same as the second eclogitic me
morphic episode of the Onodani eclogites (630-880and 20-22 kbar), considerable amounts of,G® o2 0.02-0.05) were
included in metamorphic fluid during the peak metamorphism.

Carbonates are major constituents of the altered oceanic crust and of the sedimentary materials entering the orogenic cyc
Extensive experimental work on phase relationships in carbon-bearing systems reveals that carbonates are extremely stable
to mantle pressures and the transfer of carbon to the mantle wedge at subduction zones is linked to the extent of decarbonati
and/or dissolution in aqueous fluids, or to the attainment of a carbonatitic solidus if a thermal relaxation occurs, e.g., upon sub
duction stagnation. Dolomite is a very common rock-forming mineral still waiting for further exploration and for innovative
applications to the reconstruction of dynamic processes in the Earth’s interior.

F—7— F: Sambagawa metamorphic belt, eclogite, omphacite, dolomite, Seba basic schists
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Unit division and metamorphic conditions of the Northern Chichibu belt in central Shikoku
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FRAF AL O— MW =P NZERIEH (BHAL S ERERIER) Z#H > T0a 2 L3 XHISNTWAD, ZOHFHIE
HELTWaRW. £z, =PI o 3— ik EiCHEEIAM A TS D, X0 O - BAQH AR O s R A K
VBT 7 v = 7 RER R HETIZREND S, TDIDIC, FITHLERMIMEADI= Yy K3 &L= v FDEK
JEIEDIRIANEE TH 5. PUEFPRER TAL ) Hilskid, =347 - Emrees - BT LT DS s P E [ D HIRACY Z /R L,
MHEOMERFRMIAICE Lz T «—)V R Th 5. RIMIOMEE S - SRt~y € 7B KT, EEEAK 2005
RLOZE RS DR 2 1> TR MG T 5.

(AL HIs O E AL IZ EHZ E LI 3 DDy MCXTE, WMIEH (1998HIE M) o, Wik, FiH, (¥
JEMf L=y M TE S, B Rih S EMicih > T, KR, ESEH, FE=y FDOIEICEEROBER THx
D, fEfEEERROEFIIIALI= Y FOF v — bEBEICHITDIAZEN TS, TNE TOHENR - BLZENIZREL S, Dix
&R - IR =y FEEWINERIERZZ T TWS T LIEHLNTHB. £y "5, X753
A FEHEENTHD (Suzuki & Ishizuka, 1998 IMG Y¥'— 7 £ /713 300°CT 0.7 GPall FIciEL - &#E 2 HbN5. L
M UATEEHATS 5 7))V A ) A O RN O T WA &, G & 79 % NafAaab &R Al icz Ly
RITXVFA) =Ry IRATHO T 7 F /HAICHERESNS T &, EEH D TEEARBEMMT X DKM T
ol b RRT.

R SHEI TRERATEAE N D, ZREIE RN B (F5) 2= MEEML RS T L3R TE 2N, FHEHB
FJMEFENI= Y FOZREFE T NETHLON Tl o, FEHI= Y IS4 —Xw 7B+ /5ffG + &
TAIWT ALV EERIIE UTEBT7IVAY) ZREEO K IABESIC X > TREDOI 5N, e - IR = v
MEeERD, TRy JRGRERREAZEDT, T7F /Y LERHENEWN. £z, TR A Y —
Ny ZaEEERVEREHIC, AEEHELURWHBICH 0T WEAZ BB L. OFTWVEEGHAS TV VI
B9 2R ERHENEIZERE N, 0.6-0.7 GPa, 300CH 5 0.4 GPa, 210-260C DFJFRIC EEAZS i G M C > 72
c &#m7”9 (Endo, 2015 JMPS

FEEMR L=y b OWEHRES GURERERS, FLIA M) 1IKid, SESG - 80R) —17 - B - IR
WIKRS5N, 7IVAVEEGR NafgRIaIEERH 5 NEwy. o TRERERIEHZZ T TOWEWESICHZEZH, Fla=y
crB#Elzica—yY U - 8RN —f - AElRE R Uz, F2, @WiahigeEZzoN30—Y 0 - GHEESEK
WA 5N, 200-250°C T 0.3 GPaL FANDFENREENG. &5 E S AIROIEARFHIIIAS Ty, O EE
HhdH%.

FRAHFLRIE Y 2 IR~ RO LG & kP A B R TORMMICH 22 BEEZ & H, HRRFEILH D
R A % = N R AL AA T LA TH LWL ina =y FDIEHIES ERFRCEI > EEZEZS
n5.

F—T— R BT, S92 EH, TS — R/, O WG, o—Y U
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Study of geological structure and Paleogene kinematic history of the Fault system along
the MTL, the west Shikoku.
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HATRKOWE TH % houiiitig (MTL) &, 55 =4 (66-26 Ma OWiEEENII NHZSH 2. Kubota and Takeshita
(2008)1F, HE=ANCET B MTL OEFHIFHHIZ, 63-58 Ma (Ichinokawa phasé) 45-25 Ma (Pre-Tobe phaseic X7 C
X%T &, Xz, Pre-Tobe phasg, FUREHOAFELAEITE AT A MCXDEREINS L/RLT. PUEEEICEBNT,
MTL OILHNC 3769 2 Wi REE, RRWRE, 1 EWE, ArEiESENBIrons. COWERICOWT, HEMEs X
U Wr izt DZE TS IS 2 Rl » it L 7z.

O BIMNWEIIENETH O, it AR FICHEMThE SN TS EEIE, 200D. £z, WiEHWICZE
JEATECS S 2 R % (FRAM, 2013). FRAEORE, JHE SOOMEED< v 7 A7 —)L=, HEL 10mEOHE
FHATr — VORI 5755 C TR Uz, £z, MIRERORERSEHEZ RS &3 % Wi = 8T iR L
fo. W R OIEIZE 25mTH D, DS BIEH 156mD 7 + U T —3 3 »DIFE5E L iz cataclasite/ — VD0 d 5.
COTAVI— 3 VOHEMERBEULER, ERMTNE top to the souttD il k) =69 %t o A 2R L
Tz. TDIEMIC, MEER~BHANEIT/HTAT S cataclasite/ — > DT 5. SIKICT + ) T— 3 VTNV RO
MEEDFENT <, ERGEZRTETE M T 5. COMICIE, 1H 30~45ecmDWifg o N nHid 5. DT+
I—2aYyBXRUY TN FOmMEEZBIE LR, AT NFROEEI > ATH2 T Lz2BB L. THIC. W
JE S DBEMEEEIZIC K D B MR E R RET LTz,

Z0Eh, N EWE, FFPEEcBNTE, WiEICH UTERMITEYT 2y A7 —)VORIMEESS, THEATr—)U
TOWIEIHT D cataclasite/ — > D ERET N L top to the souttD Wil fERL T A S BB AME Y ADREDENS. Th
X, TOWERD, fikid e top to the soutilifERk 2 69 s> A2 & > TERKE N L Z2/RL TS,
C OFEBIFINZ, MTL OILANC /109 2 DR O FAHIERS R (SR, 1989)Ic K b i =R & #HE TN, MTL ©
Pre-Tobe phas® @D B Ex &k L 75 5.

FOHEA i, 2013, FrE it O . BB St E (5 7 D 1 B XIE), R E ARG > % —, 181p.;
ZhIL, 2001 MG AT ICBI 9 2 A BORIREG T (BEERK), 54p.; Kubota, Y., Takeshita, T., 2008. Island Arc, vol.
17, p. 129-151; 40 Bfth, 1989. HEFH A AT H ¥R, 40, 12, p.661-671.
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Spatio-temporal fluctuation of garnet and cracks

Kot J'eah ' gl T2
TORIUMI, Mitsuhiro™* ; FUKUYAMA, Mayuko?

" HEPERTTEBR SR, 2 PR
LJAMSTEC,2Akita Univ.

In the previous papers of JpGU meeting (1), we studied the grain size distribution patterns of metamorphic garnet and albit
in the banded metamorphic rocks with grain size grading. The average grain size increases with increasing distance across t
banding but normalized distribution patterns of the grain sizes within the individual bands are very similar with each other. The
banding structure should be derived from the unidirectional flow of metamorphic fluid with ionic diffusion, therefore suggesting
that the growth conditions changed across the bands. It follows that the distribution patterns of grain size of garnet and albit:
display the summation of multiple simple distribution function such as Ostwald type or simply Gaussian, forming the lognormal
to power law type.

In the plate boundary region, the metamorphic rocks also experienced frequent generation of small cracks with fluid and the
occupied by minerals. However, the mechanical conditions controlling the crack formation and propagation must be fluctuatec
in terms of stresses, fluid pressure, temperature, and other parameters. Then, the observed frequency distribution of cracks fill
with fluid and also minerals should show the summation of many simple distribution functions and it is approximately lognormal
or power law. The fluctuation of the distribution patterns can be simply represented by drifts of mean and variant values with
time and space.

In this paper, we would like to discuss the rapid growth of grains and cracks at the case of over - the critical fluctuations by
drifts by means of stochastic resonance.

(1) Toriumi M. and M. Fukuyama, 2014, Grain size grading in the Liesegang banding of the plate boundary rocks. Proceedinc
of JpGU meeting 2014.

F—T— R YA X0, P bR, R2EEAH), <A h, 79y Y

Keywords: size distribution, average and variance, spatio-temporal fluctuation, garnet, crack
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22 BAE ] DRI & =118 a > T Ly 7 2D 2)b 3> U-PhER —PUE Y
P20 /577 D 1 B X TA L) Husko B — :
Timescale of metamorphsim and U-Pb ages of the Sanbagawa Metamorphic Complex

(2 R 71 I | |/ R =1 S <Y S L IS
MIYAZAKI, Kazuhiro * ; WAKITA, Koji 2 ; DANHARA, Tohru? ; IWANO, Hideki® ; HIRATA, Takafumi*

LRERARE MBS ERESEEO, 2 LR BPAER, 3 R T o v v a Y Ty U, AR BIEED
1GSJ AIST,2Yamaguchi Univ.2Kyoto FT,*Kyoto Univ.

I HERZE A DA DHEHEANE TR L, KIS & ZTBINEFRICK C 2 T AAFHRES () ICFFBIAEN, £Th
SERIE N5 F TOR AT —)VIIE R SDZ 0. RRS, MEIENGICEB AN THINE NS F TOR R —
U ERBAEH ORI &, ThAARFICIBT 2YEIGERN OCWIAT T v 7 AZHET 51 DICEETHS. LLFT
W&, PUEIPEES, 20757570 1 B X TRsL ] Hlso =39 112283 > 7Ly 7 A0 P a Y U-Ph RN SR E N5 28K
TEFH OB DWW TS T 2. &, HEIEIVaYOREE D U-PERER (t,)—ye) E 7 22T v A FD K-Ar
A (o) DEDZRAEH ORI DI K2 52 % &9 5.

V)vay U-PhERIIER T Teadfld, ZIIERa > T Ly 7 AfFa=y b Ef e FEOMRE S TH5. £
e, 7x2V%A b KA EROJE ST 7. PHra=y MIFEEHDOEWVICK D, WIRESENL%5 R, FicHE
PREAED S35, ES L EHEAD 555 FEICHT TE S, DD, KOBEAICHT 5 =114 KT Y
TLw I ARMNLI=y +&ZDEMNT LD KB Y o Fhftma> 7Ly 7 A=y F (N), THIC
RS T BIFER DI E T 1= ; (S) EZ DRI O HEEA Ny 7Ly 7 o=y sOWES
DI)Var U-PFERHIESB T 2.

SEBFa= Y b (N) & (S) DRYEMED IV 3 Y U-PoFERBESANZ— 2 (H(t.,,)) FIFIEFR—THD, t,, &
1747+ 19% 1816+ 1.4MaTh-o7z. FAra=vy b b, KiM2=v b, Hha=y bOWERESEDHL.,,)bIZE
[A—THO, t,pynld111.24+2.9 1103+ 4, 111.3+24MaTho7z. TN D 3EFOWIEE S FRIFHAICIZIEA
CBRECHR LI D EHEETE S, — /5, =y b MEBIE Bad 3EBDH(L,,,) &3\ 2 —2V DR, t.,),_,. T 89
+1.0MaTH-o7. Fra=v b L#Dt,,, & 83.8+ 2.1 Ma AF1=vy b F#id 86.9+ 22MaTH>7z.

DL ORI 53R 5N 2 2R ERMk IR R O KM, BHPa=v b EET 27Myr, (FF1=» s FET 2Myr
Lz, [A—az=w FATRELELRS. Fira=y b EEORETIE, PEEDI)LaryOEPICH 10-302 71T
Th/U LEDIRNZERR Y LAETTWS. TOZEKY LD U-PoFRIE 944+ 1.2 MaTH 5. 2KV Lld =HIZRAER
E—IRHCECTREREL, The T 2TV v A b KAr FROZEDERIEAMR R OR/ MEZ 52595 L, ZD
fElF 1IMyr £75%. Hit> T, FPa=v b L&, 11-27 MyrOBRI A —)UC, ZEIGICHE U TW 2l gerE b e
TE%. UKL, TEBIE 2Myr LN TH %.

PPz b EIBIZ S AOHOERIERZH->THD, Py bR T L D @iRs e 235 LT
W5, BRGEMEREN SR —EDIEND Zfo B e EZZ, MEREY I 2 L—varEiTo L, SiREER
TRIGHERET 2 T & TREERMEL B> T2 D HIMMATRIC K D 5[ FEmEEh, KRS TESGIcE s TN
MO DD AT B ENTRENS. SRIEONTAERIE, ThAHARTEEROZL KA ORI, [F— & 388
INZa=y FHIKEBWTE, ERNTOETRICED 2Myr IAN S 11-27TMyr& KEL x5 T L RRLTWVA.

F—U— R I BB, Z25ea, Pvary, v VR
Keywords: Sanbagwa, metamorphism, metamorphic rock, zircon, U-Pb age
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Heat transportation recorded in the southern part of the Hidaka metamorphic belt

YaHH BE 1 5/ (2
SAKATA, Ryugert* ; OZAWA, Kazuhitd!
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'School of Science, The University of Tokyo

KB RAE 72 50 T H A AEREP L L S RBEIRE R Oi—< > MVEEFR 28 L TiTh N7 88 - PEELIc K-
TIERENTZEDTH 5, BEADOKM L U Tid, BMaE, BEARYERSE). ABGEEICRE < AT 56N, ZThETnitk
B « 22 A — )V 285D, AW TIE. HRZAWR MO =/ NV N> Al a2z g L U, 2t
RUER E NI AR 2 ISR DINEAA N2 R 2SI U, MFsEEE T EA Lic~ > MVIE 2 BR & % s in g o
RO 7 R 2 B % o

H @ Z AR, < > FIVHROMIE S A STE L, RO B S IAIC IS, 1GPalAZE TIEER/T IS A1
ANV F 2R L DD LR U, 1IGPaLiR TEm L LFEENFIER SN T\ % (Ozawa, 2004) H S22 ARk O M= i
AT (Kitaetal., 2012)c KN, ~ ¥ MU H & EE LW OHBREE £ Tli L T0d, 2O eMb, HE
25 T IR 2 HER S 2 B S A D R T E T~ >~ ML Ol 2R B DOOFS EiFbNs T Lic k> T, HRic
BB e 5 2 . GO BfE> AV b Dk & o T BN 2 BRE) U 72 [ REMEDV R S NS, JEITIE Cld. HiE -
H - HIERE AT — 2 DW T HE RS O Bl RSS AL R A L - OZEFIC DV TN 7R TN TV 5 (Osanai et
al., 1991; Owada et al., 2003; Tagiri et al., 1988k, 2006) TN 5 DOWIZETIE. HFRAN THEL LTz~ 7 <ICEBS O
FERDBICIEES>TEY, KEWBFETH S @GRS Y MIVORE L ZOEDOHFREANDIIEEREIC OV T, BRETE
NTWVIR,

AW, S H @A BT O = 4 ARV NINSIR > THED S RICEICE T 2 Ml Ak, ZEE. h—7
T4 MERENGRE L THEZIT > Tce ZAUNYVHEEARLE N —TF 5 A NalRORIC T 2 MCa . FITRIIR
PIOARERFELDED, ZLOBAEREZEZAET ZESE T A— MNUEEOANE V5 =251 hOEHEE
AP AES % V7 A RERFT RS, IS O CHifsEh 5 < 250, KERIEMERIHEI NS, A6
DML EANETHIES LTS EEZI BN,

R 7 u A RBERA S &Y b fa L BERZSTEARIRIC DOV T biotite-garnetid&51 (Ferry and Spear, 1978)
. BEARE S EHEREZ RS IS DUV T orthopyroxene-clinopyroxen@l £ 3t (Lindslay, 1983z 5/ L € FEfHmIC D
WCREZFIR Ll BIEOWREE. =8 AN YBBESAREFEOTEAIN S b —F 51 M EdEfEORMIC T T 1km T
“100° CREE D LT {HHMANCH 2 L RIRHIC . W EREZBCE M B8O THIIC 750 COERZ /R L T3, Xz,
BB SRR EIOVEH TR 7uaoary ey L, RERO MM 555N iEEE 900°C 750 CTH D .
% T Mn DVEEY 7 o aDRmEHGE, ERTEHGEZ R AEOREA. FHNEOHRR ED SR S N2 Rk L
ZUCHE BB HI IR %, R HEGIREIZH 10007700C & KELIES5DE, WoHZ a7 5V ANERDT S
NS, @D ORHRIGHZRE L TV 5,

Flo, HHREERAORETICOT T Bk 4 IRERE AL AR R ARG, 78y FIRORES DA DD AH, 1=
BB, WERTOMEDREIZ R > THE D, RESEKIGLAEDS X)L EABE), mHILIzeEZS5N%, TNHDARIC
FMEDEATZEDEZ S TRVEDD DD XA THMFET %o KAMEDMRIE. EIRD AV F DRI OIRREE 7213
DIMMEUTZIREETEBES N OBE L XD TH 5 EZ NG, BAHERIE —RICHTEZEHA, FHUCH
VEOEBL T ENDH D, TDXI% b—F T4 NEAEIRIZEFHOTRER #S & BELLU 7L 2R E F Oy 7o nzE
P TR G O RbfE & Z Ok 7z "8 d %, SEREZRGA M T HEBD 5 DR A IV b OHEHEES THB
RIS K DR LTz X)L S OBEIDNERCSE ORFTAEJRE UTIEH L7 L #EZR S N 5,

D EDHENS, =5 XNV HIES RN DORANAIE T 2 2K ICERS 5 N7z dT/dz "100°C /km DNEAA X kD
BJRE 2> TV B AREMEN R EN S, BT m OEHRELZRE T MBICB VT, CORELARICEEL TEDHEND
dT/dzs>100°C/km DAL N ME, I TXEEIC KB EDTH B EEZ BN,

F—T— F: HmZ2 i, e B ke, Bugs, 238, 577 mii
Keywords: Hidaka metamorphic belt, pelitic gneiss, peridotite, heat source, partial melting
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Aqueous fluid activity in the MCT zone and its role in High Himalayan leucogranite for-
mation, Dhankuta, Eastern Nepal

R A W R L o e
KAWAKAMI, Tetsuo!* ;: SAKAI, Harutakd ; SATO, KatsushHi

UG RSP A 7 R
IGraduate School of Science, Kyoto University

Significant aqueous fluid activity during the prograde to retrograde metamorphism in the footwall side of the Main Central
Thrust (MCT) is observed in the MCT zone around Dhankuta, Eastern Nepal. A term '"MCT zone’ in this study is used to repre-
sent the garnet to the kyanite zones developed in the footwall side of the MCT, where inverted metamorphism is observed. In th
MCT zone, several evidences of continuous fluid activities during metamorphism and their movement cutting the schistosity ca
be observed.

The first and most important is the abundant quartz veins. They are found as sheared lenses in the MCT zone, and asymmet
textures show top-to-the-S sense of shear indicating the deformation during the MCT movement. In the kyanite zone, quart
veins contain mm- to cm-sized crystals of kyanite and minor plagioclase. Garnet and kyanite are coarse-grained only at th
vicinity of the quartz veins, and in the staurolite and garnet zones as well, garnet tends to be coarser-grained around the qual
veins. These observations suggest that the aqueous fluid infiltration that formed the quartz veins took place at the prograde
peak stage of the metamorphism in the MCT zone.

Meta-dolostone in the kyanite zone is also a good indicator 4 lhovement. It is commonly almost completely meta-
morphosed to tremolite schist. In such rocks, radiated aggregates of tremolite form a flat, oval-shaped aggregate are arrang
parallel to define the schistosity. Locally, such a tremolite arrangement discordantly cut the schistosity like a vein. In some
meta-dolostones, dolomites are still preserved, and veins of tremolite discordantly cut the schistosity as well as stem out parall
to the schistosity. These observations indicate that-®i€aring aqueous fluid infiltrated into the dolostone and reacted with
dolomite to form tremolite, calcite and G@long the vein and schistosity.

Tourmaline (Tur) is an important sink mineral of incompatible element B, and thus is often abundant in the environment where
water-rock interaction took place. Unusually abundant Tur is locally found in metapelites of the MCT zone. It is localized in
aluminous, muscovite-rich layers and can be formed through the input of external B into the appropriate whole-rock compositior
for Tur growth. Such a B-bearing fluid infiltration continued from the prograde stage because garnet with prograde chemical
zoning includes abundant Tur crystals. B-bearing aqueous fluid infiltration continued in the post-peak stage as suggested by tt
presence of Tur-rich vein cross-cutting the schistosity. In the kyanite zone, Tur veins are found cutting the schistosity and/or ster
out parallel to the schistosity. In such samples, although the B-rich fluid infiltration postdates schistosity formation, staurolite
includes or partly overgrows the Tur crystals formed simultaneously with the Tur-rich vein, suggesting that the Tur vein was
formed under relatively high-temperature condition slightly after the peak metamorphism.

These aqueous fluids are likely to have moved upwards through the veins to the MCT and to the Higher Himalayan Crystalline:
(HHC) where P-T conditions above water-saturated solidus of muscovite-bearing pelitic rocks are estimated. In the hanging wa
side of the MCT in the Dhankuta area, patches of Tur-bearing leucogranites are found in the migmatitic Grt-Ms-Bt gneisses. On
of these leucogranite samples gave the U-Pb zircon age of 25.9 +/- 2.3 Ma, and other gneiss sample from the same area g¢
U-Pb zircon age of ca. 17 Ma (Sakai et al. 2014). These ages are well consistent with the ages of High Himalayan leucogranite
(HHL, Searle et al. 2010), which is commonly tourmaline-bearing, so segregation and extraction of these B-bearing melts is ¢
likely process of the HHL formation. Therefore, input of aqueous fluids released from or passed through the MCT zone into the
HHC can be an important process for the formation of HHL (e.g., Le Fort et al., 1981).

Keywords: aqueous fluid, quartz veins, tourmaline, partial melting, leucogranite, Himalayas
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Garnet-hornblende vein formation and mass transfer by brine infiltration during upper
amphibolite facies metamorphism
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IKyoto University,?Tohoku University,>Niigata University,* Yokohama National University,Council for Geoscience, South
Africa

The importance of chloride brines during metamorphism is being increasingly recognized among various metamorphic fluids
This is because chloride brines can coexist with & @ich fluid under the granulite facies condition (Heinrich, 2007), has
low ags0, and acts as a powerful solvent not only for metals but also for various oxide and silicate minerals (Newton and
Manning, 2010; Tropper et al., 2011). Therefore, chloride brines would play an important role in mass transfer especially wher
the pressure-temperatur@-(") conditions of metamorphism are around the wet solidus, becaysg ¥ the brine can control
the melting/non-melting behavior of the rock (Aranovich et al., 2013).

In the Ssr Rondane Mountains (SRM), East Antarctica where Late Proterozoic to Cambrian granulites are widely exposed,
Cl-rich hornblende and biotite in mafic gneisses are locally but widely distributed for ca. 200 km (Higashino et al., under review).
Formation mechanisms of these Cl-rich minerals can be different if the modes of occurrence of them are different. Therefore
this study deals with the Cl-rich hornblende-bearing garnet-hornblende (Grt-Hbl) vein which discordantly cuts the gneissose
structure of a mafic gneiss in the Brattnipene area, and discuss the formation mechanism and mass transfer that accompanied
vein formation.

In the Grt-Hbl vein, Cl contents of hornblende and biotite, K content of hornblende, as well as the development of a Na-richer
rim of plagioclase decrease with a distance from the vein center. Whole-rock composition analyses as a function of distanc
from the vein show mass imbalances around the vein, suggesting that the Grt-Hbl vein was formed through an open systel
process. Taking into account the possibility of partial melting, distribution of Cl between melt, aqueous fluid and minerals, and
microstructural evidences of minerals, the Grt-Hbl vein was shown to have formed by the Cl-rich aqueous fluid infiltration. The
Cl-rich aqueous fluid was possibly NaCl brine because whole-rock analyses showed that Na was added to the vein compare
to the wall rock. We estimated that the Grt-Hbl vein was formed at ca.°@Ghd 0.70 GPa. This means that the NaCl brine
infiltrated into the wall rock at the early stage of retrograde metamorphism in this area. The whole-rock analyses and fractiona
mass change values calculated according to Ague (2001) also revealed that the NaCl brine infiltration caused additions of Si, T
Al, Fe, Mn, Mg, Ca, Na, Li, Sc, V, Cu, Zn, Ge, Sr, Y, Ba, Pb, Bi, Th and U to the wall rock. These added elements are similar
to those contained in previously reported brines which were present in mineral assemblages implying subduction metamorphisi
and implying metal segregation in hydrothermal systems (e.g., Heinrich et al., 1992; Philippot and Selverstone, 1991). The
Grt-Hbl vein formed by the NaCl brine infiltration as shown in this study is a clear example that brine could move at least a few
meters, and was playing a role in mass transfer at ca’@@dd 0.70 GPa in the lower crust of the continental collision setting.

F—"77— F: NaCl brine, trace elements, metasomatism, continental collision, Sor Rondane Mountains, Antarctica
Keywords: NaCl brine, trace elements, metasomatism, continental collision, Sor Rondane Mountains, Antarctica
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Fluid activity during corona formation in ultramafic gneisses of Lutzow-Holm Complex,
East Antarctica
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WEERY) 2 4« RV LEROBEIEIESICE, Y r7umeAliaoic Az, fgla, BRar5E2a0
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BIFRHED DJEfEZ DT EMPALMICIE> TV S, AWRTIE, T/ ADMMICBREREREANSAZ 0T %
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Yoo MMCE R, —HEE UMbk LTaaFNEICINI LTS %, It z2Hkd 2 BERER
BOBHIET, HREWICHET 2 A0, #lia, RIEAOI0FIDNI YT LI 24 FTHsHT L EMRNTH S, X
7o, WEYNEY T i b OB X 59, IZIE—EDLAMOMEZ & D, FHS BRERHNINBUERITELIT & B hift
SRS, £, anFOEHKE Y 7oAl < MY 7 ZOMEAIC K0 & HoO ZinA e iIciZE—HT %,

CNHOREIE, I FTBKIC KO 2B HOREKDIRAD D 72T L 2R %, ¥ b 7 ACHIENES %
Kb 5d, HRNES YT I ZA EDERENTWENT & D, ThLMENCHRAMRALIZEEZ BN, O
ORIV DTERE PRI, N5 OIYIAEEIRE DA T 2 XV b S LcalRelt 2Rl T0d, DX
D, Vavst « BIVLEER TR EMZRSIN S ARICHIET 511, JHATIIC K20 2538 HyO FiADTRA L, i
MR RRE D RE LTz T OBRRENMMZ W LEWREOHE TN LIz EEX SN,
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Interplay of irreversible reactions and deformation: a case of hydrofracturing in the sys-
tem rodingite - serpentinite
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This paper examines hydrofracturing caused by reactions between rodingite and serpentinite during a regional metamorphist
Hydrofracturing is driven by rapid increment of fluid pressure, and therefore will be likely to occur in the contact metamorphic
aureole due to rapid and irreversible reactions (Nishiyama, 1989). This paper aims to show the same type of hydrofracturing ca
occur even in the regional metamorphic terrane.

Rodingites occurs ubiquitously in serpentinite from the Nomo metamorphic rocks, western Kyushu, which is a Cretaceous
accretionary complex of greenschist to epidote - amphibolite facies condition (Miyazaki and Nishiyama, 1989). Fukuyama et al
(2014) made geochemical and geochronological studies on these rodingites, and gave U-Pb age of zircons from the rodingites
108 - 105 Ma. This study classified the rodingites into two types depending on the occurrence and the rock texture: vein type
and dyke type. Mineralogy of both types of rodingites are almost the same, consisting of diopside, garnet (grandite), chlorite
vesuvianite and titanite with rare occurrence of epidote and pumpellyite. Both vein-type and dyke-type rodingites are associate
with reaction zones between serpentinite. Tremolite veins commonly develop from the reaction zone into serpentinite, represen
ing hydrofracturing associated with the formation of the reaction zone. A conspicuous feature is that perovskite occurs in som
reaction zones consisting mainly of diopside and chlorite, whereas titanite is common in rodingites. The reaction perovskite
+ SiO2 = titanite indicates the condition poorer in SiO2 in the reaction zone. We investigated the reaction relation between
rodingites and serpentinites using the singular value decomposition (SVD) technique (Fisher, 1989). Constant solid volume i
assumed during the formation of the reaction zone because of lack of ductile deformation in the reaction zone. The condition o
constant solid volume is incorporated into the SVD analysis as was firstly done by Yuguchi et al. (2015).

The seven component system CaO - SiO2 - Al203 -Fe203 - FeO - MgO - H20 is considered. Antigorite (serpentinite),
diopside, garnet and chlorite (rodingite), and diopSiéad chlorité®(reaction zone) are considered. The superscript R denotes
minerals from the reaction zone, because they also occur in the rodingite but have different compositions. We took the following
strategy to find the reaction relation. First we tried to find reaction relations which hold the conservation of pseudoquarternary
components CaO - SiO2 - AF (Al203 + Fe203) - FM (FeO + MgO) among the mineral assemblage, but we got no reaction
relation. Next we omitted CaO as an inert component from the system, and consider reaction relations that hold conservatio
of pseudoternary SiO2 - AF - FM components, then we got three reactions cosuming CaO and evolving H20. This strongly
suggests increment of fluid pressure associated with the progress of the reactions. We have further examined the system Al
FM, having the following reactions:

1Serp + 22.71Di + 6.79Chl + 4.11Ca0 + 0.40Si02 = 26.61Pi10.49Chf* + 1.43H20

1Serp + 6.88Di + 3.39Grt + 3.74Ca0 + 3.32Si02 = 19.46Bi3.24Chf* + 5.06H20

1Serp + 3.24Grt + 0.26Chl + 3.61Ca0 + 2.74Si02 = 12.25pB.51Chf? + 5.01H20

1Serp + 0.34Di + 3.37Grt + 3.62Ca0 + 2.75Si02 = 12.95Bi3.23Chf* + 5.14H20

All of these reactions consumes SiO2 and CaO, and evolves H20. This relation holds if we take any linear combination of
above reactions. When we consider the perovskite formation from titanite in the reaction zone, reactions in the system AF-FN
are preferable, because SiO2 liberated by the titanite breakdown will be consumed by the above reactions in the system AF - FN

F—U— R AV VA, WERCA, AKERIE, RRDEROE, RS A
Keywords: rodingite, serpentinite, hydrofracturing, irreversible reactions, singular value decomposition
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