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Possible polymetamorphism and brine infiltration recorded in the garnet-sillimanite
gneiss, Skallevikshalsen, Litzow-Holm Complex, East Antarctica
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The core of garnet porphyroblasts in the garnet-sillimanite gneiss from Skallevikshalsen, Li
tzow-Holm Complex, East Antarctica, includes Cl-rich (>0.3wt%Cl) biotite and nanogranite/felsite
inclusions (former granitic melt). These are estimated to be stable at >1.2 GPa and 820-850 °C.
Rare occurrence of matrix biotite suggests almost complete consumption of pre-existed matrix
biotite during prograde to peak metamorphism. Brine infiltration during prograde to peak
metamorphism is supported by Cl-rich scapolite described in previous studies [e.g., 1]. Brine
infiltration and progress of continuous biotite-consuming melting reactions were probably
responsible for elevating the Cl content of biotite.

In situ electron microprobe U-Th-Pb dating of monazite and the in situ LA-ICPMS U-Pb dating of
zircon in the garnet-sillimanite gneiss revealed that both monazite and zircon has the ‘older age
population’ with ca. 650-580 Ma and the ‘younger age population’ with ca. 560-500 Ma. The REE and
trace element pattern of one of the P-rich patches in the garnet core is different from the P-rich
garnet rim. The isotope mapping of the same patch by LA-ICPMS revealed that the patch is also
observed as a domain depleted in °'V, *Y, "™Ho, "Er, "Tm, "?Yb, and "°Lu. Clear difference in °'V
concentration between the patch and the rim of the garnet suggests that this patch is not a
continuous part from the garnet rim, but is likely a relic of preexisted garnet. Kyanite included
in the patch suggests that medium- to high-pressure type metamorphic rock was the precursor.
Presence of the older age population (ca. 650-580 Ma) monazites in Skallevikshalsen and Skallen [2]
also suggest that rocks in these areas experienced polymetamorphism, and resetting by the ca.
560-500 Ma metamorphic event was incomplete. Taking into account the presence of Cl-rich biotite
inclusions in garnet, infiltration of brine accompanied by partial melting is one probable event
that took place at ca. 560-500 Ma in the Skallevikshalsen area, and part of the monazite possibly
recrystallized by this brine infiltration.

References: [1] Satish-Kumar et al., 2006, IMG. [2] Hokada and Motoyoshi, 2006, Polar Geosci.
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Possible process of microstructure formation around Cl-rich mineral-bearing vein under
upper amphibolite facies conditions
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Fluids in the crust play important roles in heat and mass transfer. Evidence for the presence of
fluids in the deep crust is recorded as fluid inclusions or as hydrous minerals. Existence of
brines in the deep crust is recently recognized in addition to CO,-rich fluids (e.g., Newton et
al., 1998; Shmulovich & Graham, 2004). Brines have higher solubility of minerals and lower
viscosity and wetting angle than (C0,-rich fluids. This makes it possible to induce mass transfer
along grain boundaries over vast distances on the km scale (e.g., Harlov, 2012), while it is
difficult to be preserved in rocks as fluid inclusions. Therefore, it is important to establish
microstructural indicators of the presence of brine in order to understand the distribution and
role of brine in the crust.

This study deals with about 1 cm-thick garnet-hornblende (Grt-Hbl) vein that discordantly cuts the
gneissose structure of garnet-orthopyroxene-hornblende (Grt-Opx-Hbl) gneiss from Brattnipene, Sor
Rondane Mountains (SRM), East Antarctica. The Grt-Hbl vein is likely to have been formed from the
wall rock, because the continuous gneissose structure is preserved as arrangements of biotite
inclusions in the vein-forming Grt. With distance from the vein center, C1 concentration of Hbl and
biotite (Bt), K content of Hbl, and thickness of Na-richer rim of plagioclase (Pl) decrease and
become constant at a few cm away from the vein center. These compositional changes imply that the
Grt-Hbl vein was possibly formed by NaCl-KCl-bearing fluid or melt infiltration. The P-T
conditions for the vein formation is estimated to be ca. 700°C and @.7 GPa, using
geothermobarometers.

In this study, Zr is confirmed as immobile during the Grt-Hbl vein formation by almost constant
bulk rock Zr content with distance from the vein (Higashino et al., 2015). Using Zr as an immobile
element, the mass balance analysis was performed based on the fractionation mass change value
(Ague, 2003). The bulk rock chemical variation with distance from the vein was evaluated. As a
result, elements which are compatible to alkali-chloride-rich fluid (Keppler, 1996) were added to
the wall rock rather than melt compatible and chloride-free-fluid compatible elements (Keppler,
1996). This supports that the Grt-Hbl vein was formed by brine infiltration.

In addition to Na, K and Cl concentrations, some trace element concentrations of constituent
minerals gradually decrease or increase with distance from the vein center and become constant. It
is important to note that distances where the trace element concentrations become constant are
dependent on elements, and not on mineral species. These decreasing/increasing trends show
diffusion-like profiles with distance from the vein. Trace element zoning within each grain is
small, and almost negligible compared to chemical variation with distance from the vein. However,
Pl preserves discontinuous zoning in terms of anorthite content. Discontinuous boundary between P1
rim and mantle implies that the brine infiltration caused dissolution-reprecipitation process. The
preserved sharp mantle-rim boundary compared to flat zoning profile of trace elements would be
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explained by the sluggish NaSi-CaAl interdiffusion compared to the lattice diffusion of trace
elements (e.g., Grove et al., 1984; Cherniak, 1995). It is likely that the brine infiltrated
through the grain boundaries and altered the rim composition of minerals. Therefore, microstructure
indicating dissolution-reprecipitation process, such as stepwise zoning of anorthite content of
plagioclase, coexisting with Cl-bearing minerals may become an indicator of passage of brines.
Field mapping of these microstructures would have a potential to unravel the large-scale
distributions and movement of brines in the lower crust.
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U-Pb zircon ages younger than regional metamorphism obtained from gneissose granitoids in
the Mikawa area, Ryoke belt
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BERFIAERERROSREERERERERRNER/NSBRINTSD, PVITVRERRICS(TBVIVE
BERLHRL TV, BRR= WM TILIREZRIERR N SEGHNICRREENREA L TLSRH[1], BFT
L—~DRHABCHESRIEO VI VEBDOKEZEREZL E SREFEERERTEROBERESRERI S &

MCTES.
RS (CET STERERIIEECEABRICEDVTERODEDIBNLESNTEL[2]. TE, FIMKBEZR
SHEERTTEERICHEINIWR ~—FIVE E XRBIRIEERIAMRICLA REL, BRILIHERIFEAD

BRELOITERBEEZEZISNTUVSB[3]. O EIFIHIMEEFT XGER (FEAREHS, 102-98 Ma; IR
—FIUE, $995 Ma; KBIAERSA, #1991 Ma) [1]%°, HEIEXRTEEEENDS < AEREDBEEN TIIC
LTLBEDSEZRINTEL.

UHUESE, ILORGIHMROBERE TE, —SOIEmMEETU-PbIIL I VEREHIMEE S XGERDA—
¥, BRITEESENEMRTEEESELDHU-PbIIIL I VERERT CERFESINTULB[4]. AFAETIE,
ERE=AROERE ICEIT DHEMIRITERBELEIC DU T, LA-ICP-MSICKBU-PbIIL VERAERVERE
HERICEDE, FMIABEOEHENR, {EMEaEARBEOBEYEIBETHINEREILE.
AMETHUVWERIZE, EBREMBEAOTILICET HEEREN—FIVE2ER, BEHSE)IICHITET S
Rh—FIILEa1EmlR e XBIRIEEEERI CHD. ETOHRBICEERPAERADEIICLDIFMABENRES
N, ZOBEIEFRFLOERESEERNNTSHS. BIIDEEE, AFTCREEBRENSVILK 3H-EE
AFNEREERICEALTUB[5]. BEOSEIESRG- D EGHINEREENEEN TRICEALT
WD. INSOEREEREEE DEMESFIERINTULELL. FILOEREIEERFORMNT EMICET S
m, EOEBREDNDEREGEICEALTUVSIHNIENTIEEL.

FEE65ERHIIT U TLA-ICP-MS(C & BU-Pb I LI VERBEET o 2. ERMEIEEIYI—F Y REDREDU-
DphINEFIIEN (£20) ELTRT. BIIDBEENSESNITERIELT7.5:0.6 Ma T 77.140.6 MaTH D,
SEERDBENSBENTEREFIEEIC81.121.0 MaTH o fc. FLLOBENH SBSNIEMEF98.940.9
Mak21)1'99.440.9 MaTH oz, CNSOERBRIBZEERDERERLBRTES.

SEERCIE, AR TEHUERIERUSENS592.2+6.0 MaDHIMEEF XAER[1]MRESINTULDI M, K
AETESNU-PbIIL I VERLD#0 MatiL). REBRE(ICH UV TU-PbIIL I VEREHIMEEF XBERD
=E2NREAZES N TIEE.

TLUORERIRTEEEENSBOSNH9 MaDEREL, EREENSHESINTUVBHIMEEF XRAEAR
(102-98 Ma) [M1EFHFNTHSD. —FA, BIIRUHEEBORMARTEEEENSESNZ81-77 MaDERMEIL, &
MR OERLBEBRIERANE — D EREBIRINTUVNBI =TV 1 RO I IV Y OSHRIMPIC &K BU-PbER
(BEEER, 87.4+0.2 Ma; BRELE, 87.140.5 Ma) [71&DHEL. &> T, EEEHROHRMABEDEENS,
BERLBEBEANDEBHS LOE—OZEBRBBICEH U IZTEREE CTHINENDHRTEITETEL. T5I(,
)IRUEBICEBE T SFMRTEHMEEOERBREREENE -V FERALDELS, INSOEBNERILE
ERAEBDERICIED E(FEZ (L.

5| Rk

[1]Suzuki & Adachi, 1998, IMG. [2]8ERHAFEIIL—F, 1972, HERRIZ. [31ELLIEHY, 1985, HBERRIE.
[4]Skrzypek et al., in review. [5]ZIFEH\, 2008, fELAMMIHSAODIKE. [6]Asami, 1977, Ai.
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Did the Ryoke belt form beneath the Cretaceous volcanic arc?
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AEBAANT O RZO X EHFD L TRILBBEELDION. BELEESEREERFECTHI=HIIFEEER
BEERF CHIBERHNAFIRBESEEECELTCVIBEKRTH D, ZRIIFEIAFPAHFENERETH

D, BEREFNLAOMRBRPFTHTERINZEZEXOSNTUL D, MEDBI(C(Earc-trench gapMNEEL (G
FThHhD. ZOEEISHOEM-EHERNSEITIWMEETH >ILEHEIND, TOLDICHNTEAE
LTV zlEEESIEBICERTIHRZIOREEDLSHEENDTH 2IZON ? ZNAARBECTERI DM
BCTHD. COMBICHRZETIDOESXZOM, Ito et al.(2009) TH B, B5(FHERFEEICLDAERE
ADOMRESERRALIZ, TORBR. BIREFEMRASHICE D2, TNUIISSP (Seto Subsurface Prism)&
FRENIZERED T X LBETH D, SSPIFNE60 km, SERI20km(CET D _FHI=AFEOKEERI FYU I LA
T. MIIHPRBERT=RIIFEEL. LERFOT Y TEICEHEITDILSICRZ D, CDSSPOEEE(FIMERT
[FERFLSCICLUBFOIEHEEEENEETH D, MTFICHEVWTERETHIEEXTRUTHS D, H
- HEM A OERT (. FEEl (EERD (CSVWTEEYENZSERET(CEL (Nakajima et al., 20047
E), Al (LBEED) (CEREENAEL. ZOEREFILNSEICIEMT S (Nakajima, 1994; Ikeda, 20047%
E)o MRFEOEMERREIF S VHILRINCE L. WEFMNSILEFEARN > THEILRIIDIEMENEELT
% (Ishihara, 1977), fERDEZEX Tl BERFFBRETOFEMS (CEESINSHERLALMOMEFATET
EREINESTNTUS (Nakajima, 199475E) . BECEFZDEXDFEETR I UTTF. BREDEM
1ZICBL Tlto et al.(2009) DiFREEKHEIICE D <HITERFRZIRT I Do SSPOFERE(L. JLKFEFDGreat
Valley forearc basin(CE&EIL TULV\B, SSPIFASK, HIMUERR(CHEU T DIEFTDMHERBYITH > T, ENAERSD
BRICL > TIEEBEER LZDTEULD. EVWSORFEFRFENDBFTH D, IHENE. ERFFRED
fIE (WD COREMERR) (CHVTin situlCFERSINZOTEEVD. EVWSERXTH D, BRENEDR
ald. J1SRAIMETHBICERMSNTUVEINS. [TIHADOFERBEICH VT, AT (1998) MEEmL T
& D7Fout-of-sequence thrust(c &> TRIMEDENEC D, ZNUSMACHEL TAXLMBEILI T v &
ERTdEETIC. FIRICEVTIIEVHEBIAE LIz EHEIND, SSPIEFZDLSIC L THER S NIZEIENHE
BRICHYITIBIROEVEBATH D EEX5ND, BBAHORRE. MEHHER(CLDHE . ERFE
WCEALTLIEEMEENDEANEZISND. CDKLSITHEBYIOIIBRIC L > TEREIEEENER TN
FETBEEZRF. ERFBIEMEDAEMRI-ITTTHIEVWSIEREFEIDLOICRZX D, ULHLUERER
BORERFSFIVEHILRICBL. EXNERETCERIN TS D, EBYOE AP EIENEREE D
BICKESHFES LTV SAEEKIEEV. EREOERENEEX S L. REDHKRICEL L CLSERERE
(& HTHISkmEE T TR LU COEC EREESINSD, IHENDE. BEDSSPEL D T 5 (15kmiEE R VAT
BENEEL TV ERREEIND, ZOLSICEVERYIE. TUOZRIFEOERICENENT. ZD
FRICBES USRS D, TBEVERRIICRTT IV —ERDEHICSEFAICLI>TEREL. Z
DLEBHREBEHIAINT, BEODERENBH I BICEDIZOIREM N D, Tkeda, T.(2004) CMP, 146,
577-589. Ishihara, S.(1977) Mining Geol.,27, 293-305. Nakajima, T.(1994) Lithos, 33, 51-66.
Nakajima, T. (2004) Trans. Royal Soc. Edinburgh, 95, 249-263. A#Y (1998) ithET*AsmEE. 50. 131-146.
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Crustal-scale pattern of rising buoyancy of viscous fluids and mid Cretaceous geology
related to high-temperature metamorphic belt in northern Kyushu, Japan
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HERANZN LRI IBEICFERINDIME T —ILD/IIS—r &, BELREOQILEBAMICHITFDEEE
R EAFHRICTER S NCHBEAODMEELE DL ET oz, MRR T —ILOMIERIES
Z1L—23vTE, MEREZALEFNRS VMR BEERROCEZEEIY S ISNNSTOVBEEST1VEI
RIE, REVBEEFTAMNUZERRKICE STz, MEOEREETE, SRREBRNSKED/(9—V R
BId. CONRI—VEIARYIBHBIWINVY IREREEEELILTVSD. =1L —23 YT TES
Epo>L DAEBETETU S, MERRUOBEIY LRSI ERNNS L, F17v7 I ERREHKFEBENERE
ERAREDZE, KEABASISTEESINZEREEROBENERINZ. COLS(C, MERRUBEIY
FSIARRRELLEBRECEDN, ZFHLEITIMERED/IIY —VREBRFEKR, 177U, B-BiK, Sk
INEZLTE.

—7, BELHEOIBHAMDIMBESESIANSUTOENEZXSD. 1) HMREREHSFIB (~25km) F
T, EBWERS (BEEREHENEET) MM TULE. 2) REDQEEEFERE/\VY XHEE10kngiE
TERBEREICEALTWS, 3)IENMESHOAXLAEMETE. BABEREEREE L, FE20-25 knTH
BN zEBREREAEELTUVS. 4) LENAMILESTIIREPBRERICERBNLENEETS. L)X
U'3) OIILDVU-PHEMRIZ107-97 Ma(EREFEKERE) £105.115.1 Ma(BBRERE) TH D (BIBEF

h\, 2014) . =[O, EFRBEEESNLEDIILIVU-PERBIEEITL, 111.640.8 Ma(RBEER) &
106.3+0.7 Ma (TESEEE) OEREBZ. AELHEDILBHIMNTIE, NMLUBEBEEMHSHEBZ, FRE/N
VYU X, m,mizﬁ)zmd)ﬁ,ﬁibﬂﬂﬁﬂﬁlgi‘é‘Cw:c,t’&Tb‘Cb%

SREZTHE, NV IREREE, HEZEBYI(CRET S AMLEEVTFNE, HRREREHNS XV, vI
Y, XUk BEOBEFENLELTELENTHSD. YZaL—Ia VOBRNS, HRFBTOXILLE
BEFRESREODBINEFTHEVEEE, MERRUOBEIYV LRSI EHNNS K, ERBEROBEEE UEHN S
BRUEERENP >KDERTS. IEHS5, NUIHSEERIADY Y SILOKEBRICEIEFSN T
MRS EER CLEE (C R ENER SN TOZAREENTREBEIND. —7, XIVEBEREREDSD
BRNEAREES, NYVYIIKEREERDEA, H0VEEMRKICERELNLEEULTERETS. ¥
Za1L—Y3avTlE, BEEEBMEREOESRALE/III—VEELCEN, Z0OBE, HMEREHROZTEE
E [3iim RS 15D, EROMRIEZDX DR EBHEEFETETHEL. BENCE, YIVHARBEDOMRRZE
MEIEL, SRELTERIBZEEZXS5NS. MR T, EXLENVY IEBRBCEERZNF L RIBEHE(C
(&, HREOENHWTEENAERIND EFEINS. JEEBHMACEBOREFBEL T Z DL ST TR (&
RB) (CHBLUROBEMNRSS.

SIAXER . EIBEFH(2014) BAMBEZSEI1NEZMAS, BEES, p.70.
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Material transfer in kelyphitization of garnet (part 2): metamorphic differentiation
caused by the internal stress?
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S<KEAERPBLTTY D71 RCEB I B ESE, REBYEBREHICKDNIILIOEBATOS K 3ENSE(L
FTBCERFELLKHOSNIZIRRTH D, CHCENDSTY T 71 MEBYIBEBOHAD EHSHARRORIGTH D
EREREZSNTUE, HAIEMNDT, BRAKVICIEZ/NIVOEBRARZEETDIEDDT Y J 71 A FEITHEK &
LTS BAMERIC—HT D, BREBEEEIBDT V71 LEREL, BAURRICH TIMEREFHDHIE
LT®ELR (N, 2014) . REETERICEMZRAVWTCDERMEDO AN Z I LE LD EEXNICERT
Do TV IHBEBINRIGE RIGDETICIODTHEETDEZXISNDIATILAS LVIGNDE(CSH
Do Y YTINERARTY VOVTERICET IS SIAEE (YU TFIL, RUI0)THD. BAlIFET<S
A, AUCEATTERER((px), RRAPPL, Any) ELEDRENSHEBIVI«AVITSZ151+THSD, &
<HOAZETWMR DL DICHEET BT I 71 EIRBEAOpx), XEXRIL(Sp), PL,CpxH\ S SHBRIESE
(VTFLDOB1E) THEINROKERIDANERRFEEEZ TR I, IENDERAEILE, Opx, Sp, PLHSH
D, HEE\MNICEREAY YD IR(CEHERDpx RBAREWARY S D XFICSp-0px IV TLIS 1 I
IRV FRICBIET B E VD 2EBEE TR T, MNEZDSp-0px Y TFL IO IRV FOEDHDEIGHZ L
DRIBRITFEELEL LD, COMIUTRET BSp-0px> Y FLOI 1 LEBICIE, BRTHIICIERER (CHIRID
$Cw0m3)7b99¥FﬁE?§oMXZWOw3)7b99{F@ﬂkmbiﬁﬁEHmEQMMﬁﬁﬁ
Do CNSBRDIVYTILOIAL, TUIT 7 RCDVWTEBFHRYroOTO—-ITIhAE—LE (3, 1
=50YV) ZEEVDITIT/NIILOERERDRECS, RAIONLD FE < SEMERLDESL, Al, alCE
&, Mg, FelcZ2 U<, AMAIDSp-Cox-0p0x> V FL OB 1 LINILOHEBIEZDETH D, MBEBEULLLICEE
&, NaLIARBTOET < BEEBMIC—BIEDICENTET R EVSEMRDh D, KA ADDEBRIGIEE
TmeLTE
Grt =0px + Cpx + An + Sp (1)
TH3M, BANICETROEADEHESIZDOORAKRIC (netasomatic reaction) DIAHENETEZXSND
CEE'ETRY, BARICIE, é<5Eﬁ%ﬁﬁH7U7 ThESKEIABRBNE 1 RIGAHRTRETB(ETFT
HBM, CCBEERTY T 71 FRICAFINTULSDTEBEOEHTIBMEHINELVDT, ILHDIBREY
%@ﬁ&ﬂ@CéCtﬁ%iBﬂéoW%ﬂB%[ﬁﬂDt%@?é&ﬁ@%ﬁ@%Z@&ﬁmﬁﬁﬁﬁﬁﬁ
b?ﬁi?%tmkﬂﬁEE%ﬁb%{wﬁmiyjbb9%FE%&bEt%iBﬂéo%ﬁ?@?u
71 ~OO—=RIVNIVIEBICEDVWTEEBICH T RRARILEMEBREEEH L, COLSEYERELE
E&ﬁ%@ﬁﬂ@Lﬁk&D?Uj 1 RRICEEELUEBADERNARICE>TEIEFRBISINZEVSEHFLWL
EFIVERRT .
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Cordierite is a common metamorphic mineral, which entraps volatiles such as (0,, H,0 in its
channel, consisting of six-membered rings of (Al, Si) 0,. Carbon dioxide is orientated linearly
along the a-axis in cordierite channel, and therefore the peak intensity of (0, at 1383cm™ obtained
from Raman spectroscopy varies considerably depending on the crystal orientation of cordierite.
Kaindl et al. (2006) has shown that the Raman spectral intensity of (0, band in
crystallographically oriented cordierite grains can be used to estimate the CO, contents. These
previous studies suggested the importance of applying a correction on the effect of crystal
orientation for the determination of intrinsic contents of (0, in randomly oriented cordierite
crystals. The purpose of this study is to reveal the relationship between Raman spectral patterns
and crystal orientation of cordierite, and to construct a new method for the determination of (O,
content in cordierite using Raman spectroscopy.

For the identification of crystal orientation of cordierite, euhedral cordierite crystals, from the
volcanic ash deposit in the Takiga swamp, Gunma Prefecture, Japan were used to prepare
crystallographically oriented thin sections, and examined in detail using micro-Raman spectroscopy.
In addition, to examine the effect of crystal orientation to the intensity of (0, for its
determination, two cordierite samples were analyzed. One is cordierite crystal from a pelitic
cordierite-bearing from gneisses in the Kerala Khondalite Belt (KKB), southern India, and the other
is a standard cordierite with known CO, contents (SH). Since Raman spectral intensity also depends
on polarization of the incident laser, Raman spectra were obtained by rotating the sample at an
interval of 10°. The crystal orientation of cordierite was cross-checked by using 5-axis universal
stage and conoscopic figures.

Raman spectral patterns obtained for (001), (100) and (010) crystallographic planes change
cyclically with the polarization of incident laser. We selected six peaks of cordierite (1: 554 cm
1,2 575 em™, 3: 670 cm™, 4: 970 cm™, 5: 1010 cm', 6: 1180 cm') for a detailed analysis. The
intensity of peak-5 and peak-6 changed systematically when compared with other peaks, and so these
peaks were used for the identification of crystal orientation. The intensity of peak-3 did not
change and we used it as a normalizing peak for instrumental intensity variations. The intensity
ratio of peak-5/ peak-3 versus intensity ratio of peak-6/ peak-3 (I./ I; vs. I,/ I;) in (001), (100)
and (010) plane showed a linear relation. The value of other oriented cordierite crystals and
random ones fell within this range. Therefore, it is possible to identify the crystal orientation
of cordierite using the relation of I/ I, vs. I,/ I;. The cyclic patterns can be expressed
mathematically using a combination of sine curves, where it is possible to determine the crystal
orientation. Furthermore, the peak intensity of (0, for SH cordierite with known (0, contents also
showed cyclic variations, similar to the periodicity of the peak-6 in the crystallographically
oriented crystals. Accordingly, using the mathematical expression we could retrieve the maximum

©2016. Japan Geoscience Union. A1l Right Reserved. - SMP43-07 -



SMP43-07 HAMERSER S EA2016EAS

peak intensity of (0, at 1383cm™ from a random crystal, which was then used for determining the co,
contents of unknown cordierite crystals.
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Correlations between the apparent interlayer spacings d002 and the Raman R2 parameters of
carbonaceous matters in metamorphic rocks
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EEEPOREYINOSFERRI02(E, ZEREENEEE UL TINEITEZLORENESINTE/Z, Itaya
(198N IF, ZRINEBEOTFRINITA>TERED LR EETCENTOIIUERBL TS EZEHEL, =

8B - B (2000) (3, LEBRMNRIIRORIAEEHFOXREYIOEMNTNDI0021R, [LERIEHES & DEMBER(CH
(FTTRALDITDERELTULD, Fe, FLAMIEFH (1993) £, LWORBEEOBEBETDREYDHREH(F
Dded2t, BLEFANVEE DEMIBR(CATTHLITDEBRRTUNSD, —HT, Beyssac et

al. (2002) (&, REYIDSVYYIRIRILDRIISA—IERVZIEREST, T (C) = -445 R2 + 641, &
RIBL, EETFTRIAVDZRIINIENEBEEFRIET DIz,

AHAETIE, LEIMBOEREFTDREYIDRIISA—FDAIEZETL, LEEOMETHRESINLEEMNTD
d002E D ET D Ice TDER, RUISA—IHEIEACEICELERENRKZTVEDD, ZOREIEE
d002(%, R2 <0.75H/Dd002 < 3.60NEETRUVMABEERI CENBESHEL ]2 (Fig. 1) o

C DAHES (T ML AN EIRESER, (R2 - a) (d002 - b) = k, THMUIND, 2T, INITTHZCHEINTE
ZEMNFTD002(C LT, T (C) = -445 (k / (d002 - b) + a) + AT CRENBBEIT —ILEYUTEND
CENRERD, LEEOREGEBLZIESTOMTIOT —ITIE, RROIHAIE (a) &d0020ENHAME (b) SKXTKD
BlE, ZNZEN0.95 3.26, -0.064THD (R = 0.94) , T2, FRIMEFENHTlIE, ThEN

0.96, 3.28, -0.058 (R’ = 0.94) , FRRMEBOHF TlE, TNZEN0.89, 3.27, -0.046 (R’ = 0.97) £HB
m, BEMETRIEIEAEDREYRLEOREEBIZIEVNESD, CNESEKDHD EFHFKLEL,

Beyssac et al. (2002) OHMIENEEStOELAIAEEEEIIR2 < 0.7CTH D26, LEEOMHEBEMERESTE LT
FRITDICE, FEAERCHEERNDT—YDEIEHNSKODIZTFRIBBZHD /IS X =9ty ~cERUWZER
BuL\

F—O—F REY. do2. SV R2
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Fig. 1 Correlations between d002 and R2 of CMs in the Asemi (circle),
Yasaka (square) and Susa (triangle) areas.
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Preliminary results of the CM Raman geothermometry of the Kebara Formation and the
proximal areas in the Kii Peninsula
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The Outer Zone of Southwest Japan in the Kii Peninsula is composed of the Sanbagawa metamorphic
belt, the Mikabu belt, the Chichibu belt, the Kurosegawa belt, and the Shimanto belt from the north
to the south (Kurimoto, 1986). In the Shimizu-Misato area of the Wakayama prefecture, components of
above-mentioned five belts are exposed and the Mikabu belt disappears in the eastern part, where
the Kebara Formation is exposed between the Sanbagawa metamorphic belt and the Chichibu belt. One
of petrologic characteristics of the Kebara Formation is a common occurrence of lawsonite in both
meta-mafic rocks and metapelites (Hada, 1967; Kurimoto, 1986; Tomiyoshi & Takasu, 2009), although
surrounding geological units are free from lawsonite. Therefore, the attribution of the Kebara
Formation is a lasting question for the researchers of the Kii Peninsula. Since thermodynamic
approach for the low-grade metamorphic rocks has some difficulties, we applied carbonaceous
material (CM-) Raman geothermometer for the metapelitic rocks of the Shimizu-Misato area including
the Kebara Formation, Mikabu belt, Sanbagawa belt, Chichibu belt, and Shimanto belt, following the
procedure of Kouketsu et al. (2014), which is developed for the low-grade metamorphic rocks
covering 165-400 deg. C. We obtained a mean temperature of 318 deg. C for the Kebara Formation,
which is comparable with that of the neighboring unit of the Mikabu belt (320 deg. C). On the other
hand, the Sanbagawa belt of the Shimizu-Misato area shows the average temperature of 291 deg. C,
which is slightly but evidently lower value within an apparent distance of a few kilometers.
Temperatures obtained from the Chichibu belt of the relevant area yields about 283 deg. C, and the
Shimanto area does the lowest of 212 deg. C. The estimated temperature of the Kebara Formation is
equivalent to that of the Sanbagawa belt of the Ise area, eastern Kii Peninsula (316 +/- 5 deg. C:
Ueno, 2001), which shows a gap with that of the Sanbagawa metamorphic belt of the Shimizu-Misato
area. This temperature gap suggests that the Kebara Formation and the Sanbagawa metamorphic belt of
the Shimizu-Misato area are not a coherent unit but in tectonic contact with each other. This fact
is also suggested by the geochronological data: K-Ar/Ar-Ar age data of the Kebara Formation have a
range of 103-89 Ma (Isozaki et al., 1992; Kurimoto, 1993; de Jong et al., 2000) while those in the
Sanbagawa metamorphic belt of the Shimizu-Misato area mostly range 85-72 Ma with a few exceptions
(Kurimoto, 1993; Kurimoto, 1995; Kurimoto, 2013). Compared to the Sanbagawa metamorphic belt in the
study area, the metamorphic temperature and geochronological data of the Kebara Formation is
similar to the Mikabu belt. The similarity in the CM-Raman geothermometry in addition to the
previously investigated geochronological data possibly suggest that the Kebara Formation is
correlated with the Mikabu belt.

F-O—F REVEEE. BRE. ZRIIKRS. fHREE

Keywords: carbonaceous material Raman geothermometer, the Kebara Formation, the Sanbagawa belt, the
Mikabu belt
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Pressure-temperature-time dependence of structural evolution of CM to graphite:
Implication for fast graphitization in metamorphic terrain
Pressure-temperature-time dependence of structural evolution of CM to graphite:
Implication for fast graphitization in metamorphic terrain
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The structural evolution of carbonaceous material (CM) to graphite is one of the most important
thermal indicators for geological regimes of very low to medium metamorphic temperature. The
process sensu stricto depended not only on peak metamorphism but also lithostatic pressure,
tectonic deformation and catalytic effects. Some studies argued that the pressure dependence during
graphitization was one of the most important factor to recrystallize from (M to graphite (e.qg.
Beyssac et al. 2003). However, the natural and experimental studies regarding the pressure
dependence on graphitization are very limited.

We report here new experimental data on the structural evolution of CM to graphite at various
pressures of 0.5 to 8 GPa at 1200 degree C for 1 hour. Natural CMs extracted from sedimentary rocks
in the Shimanto accretionary complex and the Hidaka metamorphic belt transformed its morphology and
crystallinity with increasing pressure. Both the starting materials were converted to a graphitic
structure above 2 GPa, suggesting either the termination of crystal growth or only sluggish growth.
Based on the results of pressure dependence, we compared the relation between the effective
activation energies and experimental pressures by combining our results with previous studies. It
was found that the effective activation energy empirically decreases with increasing pressure. The
pressure dependence was given by:

Ea = -71.661n(P) + 789 (R? = 0.98)

Thus we are able to express the effective activation energy Ea at any pressure conditions using

the above regression curve. Combining the previous experimental data on thermal dependence of
graphitization (Nakamura et al. 2015), the structural evolution of (M can be expressed by three
different factors of pressure P, metamorphic temperature T and duration t:

fP, T, t) = C, + (C, ~C.) / {1+[((Aexp(-71.661n(P)+789)/RT)/t]1"},

where (; and C_ are respectively the maximum and minimum values of each parameter, A the
intercept of the Arrhenius plot, R the gas constant, and h is the reaction rate of the sigmoid
function (named as the “Hill coefficient”). Based on the equation combining the thermal and
pressure dependences, we attempted to extrapolate to the low-temperature condition (300-1000 degree
C) at the pressures of 0.1 to 1 GPa (Fig.1). Detailed results between natural and experimental data

X

will be discussed in the presentation.
Reference: Beyssac et al. (2003) EJM. Nakamura et al. (2015) AGU fall meeting abstract.

F—O—R:! 035771k REY. RIEER . SESERR
Keywords: Graphite, Carbonaceous material, Kinetic model, HTHP experiment
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Petrological study of barroisite-bearing metabasite from the Kebara formation in NW Kii
Peninsula and its significance
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The chemical composition of minerals is generally controlled by several factors such as P-T
conditions and bulk composition. Barroisite (Brs) is an intermediate amphibole between glaucophane
and tschermakite and its ideal chemical formula is (NaCa)Mg,Al,(Si,A1)0,,(0H),. In the Sambagawa belt
of central Shikoku, Brs is reported from the higher grade zones, such as the Grt and Ab-Bt zones,
and eclogite units. On the other hand, sodic-amphibole, winchite (Wnc), and actinolite (Act) are
common in the lower grade zones such as the Chl to Grt zones and the Mikabu belt. In this study, we
report the first finding of Brs in metabasite from the Kebara Formation in the NW Kii Peninsula,
and discuss its significance. The Kebara Formation is an E-W trending geological unit, 5x1 km,
exposed between the Sambagawa and Chichibu belts (Kurimoto, 1986). The Kebara Formation is mainly
composed of metapelite with minor amount of lenses or layers of metabasite and siliceous schist
(Kurimoto, 1986). Mineral assemblages reported from the Kebara Formation are quartz + albite +
chlorite + phengite + lawsonite + calcite in metapelite and lawsonite + pumpellyite + actinolite or
sodic-amphibole + pumpellyite + sodic pyroxene + epidote in metabasite (Kurimoto, 1986; Tomiyoshi

& Takasu, 2005, 2009). These mineral assemblages are stable from a high-P part of the
pumpellyite-actinolite (PA) facies to a low-P part of the epidote-blueschist facies. Although the
Kebara Formation is regarded as the Mikabu belt (Kurimoto et al., 1998; Makimoto et al., 2004), its
main lithology differs from that of other areas in the Mikabu belt. Brs-bearing metabasite was
collected from a continuous, 3@m-long outcrop along the Takino-gawa in the SW part of the Kebara
Formation. The outcrop exhibits a change from metabasite in the north to metapelite in the south.
The main foliation shows ENE-WSW strike and steeply dip to the south. Brs-bearing metabasite, more
than 70 cm in thickness, occurs at the transition between metabasite- and metapelite-dominated
parts, and its main foliation is consistent with that of the surrounding rocks. Brs-bearing
metabasite consists of mm-thick blue-green epidote-rich layers alternating with blue amphibole-rich
layers. The blue-green layers are mainly composed of epidote, amphibole, chlorite, white mica,
albite, and quartz with minor amount of titanite and apatite. The blue layers contain sodic
pyroxene in addition to the above mentioned minerals. Many amphibole grains show a distinct zoning
pattern characterized by a Brs core, a sodic amphibole mantle, and a Wnc rim with distinct
compositional gap. In some amphibole grains, sodic amphibole and Wnc repeatedly appear at the
margin of Brs. Various zoning types of amphibole were reported in the Sambagawa belt:
Brs-hornblende(-Wnc)-Act from the Grt and Ab-Bt zones in the Asemi-gawa and Dozan-gawa areas,
Brs-sodic amphbole-Wnc/Act from the Ab-Bt zone in the Saruta-gawa area (Otsuki & Banno, 1990; Y.
Banno, 2000; Okamoto & Toriumi, 2004). Most of these zoning patterns are attributed to P-T changes
during the exhumation stage, i.e., a decompression with a significant cooling path in the
Saruta-gawa area (Y. Banno, 2000) and an isothermal decompression path at an early stage of the
exhumation in the Asemi-gawa and Dozan-gawa areas (Okamoto & Toriumi, 2004). The amphibole zoning
pattern identified in this study is similar to that of the Saruta-gawa area except for the lack of
hematite. This fact suggests that the study samples experienced the epidote-amphibolite facies
prior to the PA facies. Multiple recrystallization can be explained by so-called Yo-Yo subduction
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as reported in the Italian Western Alps (e.g. Rubatto et al., 2011).

F—OU—RNODRA. HE#ET. BRE. LFE¥E. SBREERE. I—3I—9J59023Y
Keywords: barroisite, the Mikabu belt, the Kebara formation, Kii Peninsula, metabasite, Yo-Yo
subduction
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Appraisal of the tectonics of the Kamuikotan metamorphic rocks around the Asahikawa City,
central Hokkaido: Zircon U-Pb ages and contact metamorphism by fluid migration

hE 0 1 I U AN 7 N Ty
*Wonji Shin', Toru Takeshita', Ayumi S. Okamoto'

1. BB PR F IR F B

1.Graduate School of Science, Hokkaido University

GEERRBICHMIT IEBLTEERE FFERARLCHEERSEROERETH D, ZOHFEREGOT T
DN VEICDHEITBEINTLS. Sakakibara and Ota (1994) (&, ZDOHEME, ZTHRE, TRERICED
WT, HEEEZEHREZE6DNI Y MIXDL, ZNSEZEBRIMESEICKDIDNERENST 1 FICHEE
Lz, 891 FTEDHRAMRE AEZOK-ArERS LOYAr-PArER(E, BET (HP1) DIBA, MEﬁEG:
~10°C/km, 108-145 Ma, =mE2 (HP2) MBS, G = ~13C/km, 91-107 Ma, EEPRIE¥ (HI) DFE,
~20°C/km, 50-84 MaTHD. HEREI NI ILI VU-PbES (Okamoto et al., 2014) [C&KD L, ZE?G A
VWO VTROF 1 (Pk) IZwk (115-120 Ma) OFEMR, FEA (Hr) 1 Zwk (100 Ma) KDDHFHICH
VMBI I VERERLTULSCENRBESHICE 2. —FA, ARIIOZFIAVDOPKIZ Y ~h580 Madd
JILAVU-POEREBRESTNTULS (Nagata et al., 2015) . ULHALKEMS, MBIIMHTESOHEESDERSEL
AZY kXD - BREADS A TOREICEV DHDORERHAEINTLD. TF, 1Y IARISX
Fo—hELTHMULTVER, ZNS0ERDME—ELAME RS, BMEDHERLTULSD. X
(2, HIZA FICHEINBPkIZ W LOK-ArEREHP2Y 1 FICB I BHr 12w L OERNT0-85 MaCEL ST
HD (Okamoto et al., 2015) , HBEIIWAVERICDWVWTERENI T TOREE(IEDEL. =DH
Z, BELANOBEERK-ArERRRESEERZEZERL, RATHTHENBER>TUVS. ULEORRBEE
EITMEEF EOHDE, Sakakibara and Ota (1994) (CKDERINZPKIZ W E, DL EEHAZY
(eI Z Y RELDEVWIZY RAD2DOIZY MR ITESNDAEEEERS S.
AHAETE, HEEEZERADPKIZ v RS H T B3E[/II, BIIOXR, 70T V)ISKC/IAVTHROF
TIEHVT, BRZEN, BEEFNSRRETY, BEEREPEREEREDERILESEICDLTE
L. BRIBALVOBVWIZ Y MMEIBES LUEHMERS, AKRERSE, Fv— MNEROAERENSER
InTLBdCElcwl, MRANEVWIZY MMIBERUEHRERETEBRINTUS. FENEERIME U
TO-VYYARFHWIZY LTRETZIN, BELWIZY RTREEELLEL. CNSOEEXEF, EIESINEC
PkIZWHEHEWIZYREEWIZY RCRIFONBEVNDIEXEZIFLTUVSD. EVLWIZY ROHFT
T, ARNOZFAVOEHREERICE/IVRY—GRETD—A, 20T VIIFAVOEHEED(CEIE
R—rRETS. CNhF, BEOHMBOEREENFTEOMEL OBV C EERT. MlROBE~K-ArER
(Iwasaki et al., 1995; Ota, 1999) (&, BEBDANRIEBLIDEEVMERERL, BEEZAZEENEEDE
TEBTHIEEZXDE, TROERBEDRVEFBELHEL. CNSOBREEFEROEENRIEL, R
DBENERTH D EEZMITRBL, RACRERT IEMERFROAEEEZ RIL TLSAEEMNRG 5.

F—O—R I HESEERE. TORIOX FEBEL JILIVU-PER. BESK-ArER. ERIES
s
Keywords: Kamuikotan metamorphic rocks, tectonics, fluid migration, zircon U-Pb ages, white mica
K-Ar ages, metamorphic mineral assemblages
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Metamorphic evolution of eclogites in the Alag Khadny metamorphic complex, Lake Zone, SW
Mongolia
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The eclogite-bearing Alag Khadny metamorphic complex in the Lake Zone, SW Mongolia located in the
central part of the Central Asian Orogenic Belt, consist mainly of orthogneisses which interleaving
with marbles including lenses of garnet-chloritoid schists of Maykhan Tsakhir Formation. Eclogites
occur as lenses or boudins in orthogneisses and marbles, and their peak metamorphic conditions have
been estimated as 590-610°C and 20-22.5 kbar (Stipska et al., 2010). Garnet-chloritoid schists
occur as lenses or layers within marbles, which lie in contact with eclogite bodies showing
distinct lower P-T conditions than eclogite (Javkhlan et al., 2013).

Glaucophane-bearing and amphibolitized eclogite consists mainly of garnet, clinopyroxene, sodic,
sodic-calcic and calcic amphiboles (Gln, Brs, Fprg, Ts, Fts, Fe/Mg-Hbl, Act) with subordinate
amounts of epidote, phengite (Si 6.51-7.11 pfu), plagioclase, K-feldspar, chlorite, rutile,
titanite and quartz. Garnets display a prograde zoning (Spsq.;, Prps i, Grs,; s, ,,), and the core of
the garnets contains polyphase and discrete inclusions of amphibole (Trm, Prg, Ts) and plagioclase
(An_;), and also contains aegirine-augite/omphacite (Jd,,,,), epidote, K-feldspar, rutile and
titanite. The rim of the garnet contains omphacite (Jd;, ,), barroisite, phengite, epidote and
rutile. Omphacite (Jd,_,) in the matrix are zoned, increasing jadeite content from core to rim (Jd
,7.47) - Omphacites are partly replaced by symplectite of diopside/aegirine-augite/omphacite (Jd_.),
Mg-hornblende and plagioclase (An_;). Amphiboles in the matrix are zoned with glaucophane core
through barroisite mantle to Mg-hornblende rim, and the others are actinolite/barroisite core and
hornblende to tschermakite rim coexisting with large plagioclase (Ang), which contains fragments
of barroisitic amphibole and garnet.

Alag Khadny eclogites experienced multiple metamorphic events, i.e. precursor metamorphic event of
relatively high-T/P metamorphism of amphibolite facies prior to eclogite metamorphism represented
by pargasite/tschermakite and plagioclase (An_,) inclusions in the core of the garnets. The
minerals in the matrix are representative of eclogitic metamorphism and the prograde path pass
through the epidote-blueschist facies to the eclogite facies. P-T pseudosections were calculated

in the NCKFMASHO model system and compositional isopleths of garnet suggest the peak metamorphic
conditions of the eclogite as 590-620°C and 21-22 kbar and retrograded into 510-540°C and 9-11 kbar
in the epidote-amphibolite facies. Zoned amphiboles in the matrix (Act/Brs core Hbl to Ts rim) and
associated large plagioclases suggest another prograde metamorphism of medium-P conditions. Peak
eclogitic metamorphic conditions are similar to those of Stipska et al. (2010), and they correspond
to subduction type metamorphic conditions with lower geothermal gradient (8°C/km). Subsequent
medium-P metamorphism together with garnet-chloritoid schists (560-590°C/10-11 kbar; Javkhlan et
al., 2013) took place in the higher geothermal gradient (19-20°C/km), and this metamorphic event is
correspond to continental collision type metamorphism.

“Ar/*®Ar muscovite ages in the eclogites (543+3.9 Ma) within marbles and garnet-chloritoid schists
(53742.7 Ma) were determined (Stipska et al., 2010). K-Ar ages for eclogites (c. 600 Ma) within
orthogneisses have been obtained by Javkhlan et al. (2014). These ages are interpreted as the
exhumation ages for the eclogites and the garnet-chloritoid schists.
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Formation of secondary olivine after orthopyroxene during serpentinization: Evidence from
the Hantaishir ophiolite, western Mongolia
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Serpentinization plays a crucial role on global water circulation, and causes significant decrease
in density and seismic velocity of mantle peridotite. Typically, it advances along slow-spreading
ridges, in bending faults during the onset of subduction zone, and wedge mantle in the subduction
zone. Serpentine minerals brought into deep part of subducting zone, are broken down to release H,
0, which is thought to associate with intermediate-depth earthquakes and arc magmatism. Secondary
olivine, which is usually interpreted to be formed by dehydration of serpentine, has been reported
in several serpentinites from subduction zone. Recently, Plimper et al., (2012) found that a novel
texture of the secondary olivine which formed after orthopyroxene via bastite formation. Although
the hydration and dehydration processes of ultramafic rock are important on the H,0 budget within
the subduction zone, the detail mechanism of secondary olivine formation is still poorly
understood. In this study, we investigate serpentinization processes of ultramafic rocks from the
Hantaishir ophiolite in Mongolia, and propose a new mechanism for secondary olivine formation after
orthopyroxenes.

The Hantaishir ophiolite is located within the Central Asian Orogenic Belt (CAOB). It is located at
the north of the Main Mongolian Lineament in the western Mongolia. The ophiolite composed of
ultramafic rocks, pyroxenites and gabbro, sheeted dikes, pillow lavas, and pelagic sediments is
strongly sheared and thrusted, but well-preserved ophiolitic sequence is partly preserved. It
contains two ultramafic complexes, the Taishir and the Naran massifs. Geochemical study of igneous
rocks indicates suprasubduction-zone origin (Matsumoto and Tomurtogoo, 2003).

Eighteen ultramafic rock samples were analyzed in detail by using optical microscope, EPMA, and
raman spectroscopy. Most of the ultramafic bodies are intensively deformed, and completely
serpentinized. Three samples in Naran massif preserve olivine as well as serpentines, spinel,
magnetite, and brucite. Serpentine in these samples shows three occurrences; First one is
fine-grained lizardite as a mixture with brucite in veins of primary olivine, Second one is
chrysotile veins, cutting the all textures, and Third one is antigorite, which dominantly exists in
matrix. We found the primary and secondary olivine. Primary and secondary olivine show contrasting
Mg#, the former (0.92-0.93) and the latter (0.94-0.98). A plot Mg# of primary olivine vs Cr#
(0.70-0.82) of spinel suggests that the ophiolite was formed at fore-arc setting within the
subduction zone. It is noted that some secondary olivine exists as fine-grained aggregates. This
aggregate looks replace large grain aligned fractures filled with antigorite which shows relatively
high Al- and Cr-content. These observations suggest that secondary olivine aggregate was originated
from orthopyroxene. Based on the similar textures, Plimper et al., (2012) suggested that bastite is
formed after orthopyroxene and then a dehydration reaction occurs to the secondary olivine. In
contrast, our sample does not the evidence for formation of bastite, and the secondary olivine and
antigorite look formed at the similar stage. Therefore, we propose that the secondary olivine is
directly formed by silica-releasing reaction after orthopyroxene, and the releasing silica is
reacted with primary olivine to produce antigorite. In this mechanism, the secondary olivine could
be formed during the hydration stage within subduction zone.

Keywords: microtextural-chemical evolution, Mg-rich secondary olivine
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Backarc-1like characteristics and their spatial distributions within serpentinized
peridotites in the Mineoka belt, Boso peninsula
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We studied chemical compositions and crystal-preferred orientations of serpentinized peridotites in
Mineoka belt, Boso peninsula, Honshu island, Japan. The chemical compositions of both olivine and
spinel are in the range of the olivine-spinel mantle array of Arai (1994, Chemical Geology). Spinel
Cr# can be divided into two groups: high Cr# (0.5-0.6) and low Cr# (0.3-0.4). Moreover, we found
that olivine crystal-fabrics in these peridotites have two types along with the two chemical
compositions: A type with the low Cr# to the west and D type with the high Cr# to the east of the
Mineoka belt. The chemical compositions are compatible with those of Parece Vela Rift (Ohara et
al., 2003, G3). We suggest that the peridotites in the Mineoka belt could be derived from backarc
environment and they have not so dismembered at present, since both structural and petrological
characteristics are correlated to their spatial distribution in the Mineoka belt.

F—OU—FR I @EEFE. DASAE. SIEEER. HY SV ADBRTNL
Keywords: Mineoka belt, peridotite, chemical composition of mineral, olivine crystallographic
orientation
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Komperito-like growth of metamorphic minerals and microprobes of metamorphic fluid flow
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Konpeito-like growth of metamorphic minerals and microprobes of metamorphic fluid flow
Mitsuhiro Toriumi ( OELE, JAMSTEC)

Grain growth of the metamorphic process is basically governed by precipitation from grain boundary
thin fluid film and dissolution of preexisting minerals. Morphology of metamorphic minerals appears
as a variety between euhedral and anhedral shapes, although it sometimes shows the irregular shape
likely to amoeboid but not to dendrite. Amoeboid grains of garnet and albite are very common in the
regional metamorphic rocks and are considered as unstable growth by coupling of growth from thin
film of boundary solution and fluid flow along the thin film.

The similar grain growth from thin film of flowing solution reveals the Kompeito of sucrose and
hails which show the spherical ball having many rounded horns (spikes). Such feature is considered
to be derived from growth instability from flowing boundary fluid film (1).

In this paper, I will talk about the occurrence of Kompeito - like grains of garnet, albite, and
quartz in the regional metamorphic rocks and discuss the robustness of the spacing of rounded horns
on the cross section. He also suggests the possibility of microprobes of metamorphic grain boundary
fluid flow inferred from the instability of Kompeito -like growth of these metamorphic minerals.
(1) Sakai I., and Y. Hayakawa, 2006, JPSJ, 75, 10, 104802

F—O—F  EFEERE. ZRIW. RIFRE

Keywords: Konmpeito-like growth, metamorphic minerals, grain boundary fluid
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Phase equilibrium modeling and P-T evolution of high-P/T Sambagawa Metamorphic rocks 1in
Kanto Mountains, Central Japan
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=R EBRFEERER LA SHES, £F, HEZEERTHMNERICESD, HMERNBOkmDLBERECHSD. &
FAEAAFORILRICMUEL THD, HAOAKRNIEEEERERT CHhd. =FK/IIBaFEaEAE
140-130MatBE (B TIMMAEL U TR TN, BHAHFREBICEIETFTDIATN, 120-110MatE(ICE— D ZERAF
BEZ(F, ZOBERELIZEEZEZXSNTULS (Isozaki and Itaya, 1990) . =RIIIB TR NF TICERE
R, HEEE, EREREERREHEMTIONTEZZR, ZOHEOHLIIERLMLDERERASVNEE
IA5NTUVBHEE=RIIETHSD. —A, ZRENELVE SNSEHILM=K)FTEFEHRERPHERES(C
B9 SMEREFRCTONTVDINR, ZERREEENFEICDOVTOMEIGBH TLEL, ERFEDERELT
ERELDZERREGZHTELUAIZEFEEA L. AARTEERLM=RIIEFORERFEaZHV, #YFE
BETVVIRICEIDE—DERBREENREGZHTET .
ERILt=KIIFOREREFEE-BREBOEAT, MNERIEER BRI THD, BIEEE ZNICFETHE
FERLCKHELTLSD. BEENREOEEICHERALZY Y IILICEERE, BRA, JIVIvrh, &R
A, BEEHN, BER, 3<3A, H-FIVBILYREINTL . REAERMNEIFHENSIIRERERLR L
HD, TJVIv1 EEFESBRIAO—DOTEBZERL TLD. S<3AGBMER THD (30um

T) , ARSI T 4 VEDICEATED, IRYILT v VEONU LS I7(CAND TRV ITIBEEDRS
BERRSNE. BEREIEREORKEEICLO>THYIDLRAKRL, ERILLTULE. AAETIERBE
BEORERE DR OHEE (CTHERIAK-DOMINO ver.16.10.2012%& FH(), #BETE(C(ENa20-Ca0-K20-Fe0-Mg0-Al:
03-Si02-H20-Ti02 (NCKFMASHTR) EHAUZ. E—OZB/ERBROIMEHFSHEE
Pl+Ilm+Grt+Phg+Bt+Zo+Qtz+H.0T&H D, ZNREME(E580-630C, 9-13 kbarTH D EHEI N, TSR
SBADEEN S BEERIERBOILYIMBEH S DT (EPL+Im+Ch1+Phg+Bt+Z0+Qtz+H.0TH D, ZNREMETL
360-440°C, 1.4-5.5 kbarCHh D EHEEI N, SEERE L IE— DO ZBRFERIRDRE R NERE FRIMED
H-VUAVICED /) I a1—IUHSHEE UlcHirajima (1989) OIERLD10CEESETH oz, i, SE
DIFREEEZRIIFORERAG-BEERFICHUAITIREEENRGTH >, MEOlens, BERILM=K
NFRFEE=ZRIIFEREEOERFERZZ(TICTgEERS D, = RIFORAARADERENEFELS, =
BINBEEENRAREDFRST I TEHAATULZC ERREBEINS.

F—O—R ZRINERFE. YPFEETY VIEK BERE. E—OZREG. BEERL

Keywords: Sambagawa metamorphic belt, Phase Equilibria Modering, Pelitic schist, Peak P-T
conditions, Kanto mountains
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Geology of the Atogura Nappe of the Yorii-Ogawa district in the northeastern Kanto
Mountains
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Petrological and geochronological study of orthogneiss from the Tromsg Nappe in
Scandinavian Caledonides
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Orthogneiss is the predominant lithotype in ultra-high pressure (UHP) terranes in the world but it
generally consists of low pressure metamorphic minerals of mainly amphibolite facies. However,
extensive petrological studies succeeded to find several signs of UHP minerals from the county
gneiss, and hence, most of the country gneiss shared the UHP metamorphism. The Scandinavian
Caledonides were formed by collision between Baltica and Laurentia Cratons during Ordovician to
Devonian, and are composed of several allochthons which have juxtaposed onto Precambrian cover.
Evidences of UHP metamorphism are found from the Western Gneiss Region (WGR) in Lower Allochthon
(Hacker et al., 2001), the Seve Nappe in Middle Allochthon (Majka et al., 2014), and the Tromsg
Nappe in Uppermost Allochthon (Janak et al., 2013). In the WGR, UHP evidences occur widely in the
NW part, however in the Seve and Tromsg Nappes UHP evidences are sporadic, so the areal extent of
UHP metamorphism remains unclear. The Tromsg Nappe is mainly composed of eclogites, gneisses,
schists and marbles. Krogh et al. (1990) estimated the peak P-T conditions of country gneisses and
pelitic schists as 670-700 C and 1.5-1.7GPa during D, stage. After that, Janak et al. (2012)
estimated the UHP metamorphic conditions of 720-80@ C and 3.2-3.5 GPa using pseudosection analysis
and conventional geothermobarometry for eclogite in Tromsdalstind. Janak et al. (2013) finally
found microdiamond from garnet-rich carbonate-bearing gneiss in Tensvika. However, UHP evidence has
not been reported from the country gneiss and schists. In this study, we report mineral paragenesis
and zircon U-Pb age of orthogneiss hosting UHP eclogites in the Tromsg Nappe. Studied sample was
collected from large blocks of orthogneiss distributing on the ridge around N69°26'@", E19°9'33"
(garnet-muscovite schist unit: Zwaan et al., 1998). Main constituent minerals are garnet,
muscovite, plagioclase, alkali-feldspar, and quartz with minor amounts of kyanite, rutile, biotite,
hornblende, epidote, chlorite, ilmenite, and zircon. The alignments of mica and plagioclase
porphyroclast characterize the gneissose structure. The LA-ICP-MS U-Pb dating of zircon in
orthogneiss gives the majority of the concordant ages between 470 and 420 Ma, and minor inherited
ages of about 1500-1300 Ma and 800 Ma. The weighted mean **Pb/**®U age (¢ 20) of rim of zircon is
454.2 £5.2 Ma (n=21). This age is consistent with metamorphic age of Tensvika eclogites (452.1 #1.7
Ma; Corfu et al., 2003) within error. Most of garnets with a few 10 to 100 pm diameter have Fe-rich
compositions (Alm, co o PPy 1191507 Sp 19-0.189PSp o) - They include quartz, rutile, zircon, and rare
kyanite as primary inclusions. Some of them have Ca-rich rim (Alm, o, «sP"Py 9.0 1107 Sp 20-0.269P S0 o1)
with a distinct chemical gap to the core. In some plagioclase, Ca-content decreases from the core
(An=0.26-0.33) to the rim (An=0.17-0.28). Biotite commonly replaces rim of muscovite or occur as
fine laths of a few 10 ym diameter, suggesting the secondary origin, while muscovite is relatively
coarse grained {100-500um diameter; Si=6.13-6.38 (0=22), Ti0,=0.17-1.34, X.=0.28-0.50}. GASP
geobarometer and Grt-Ms Fe/Mg exchange geothermometer give 450-500 °C and 1.1-1.2 GPa for the
core-core pairs of garnet and plagioclase and 530-570 °C and 1.6-1.7 GPa for the rim-rim pairs of
garnet and plagioclase, indicating the pressure increase is necessary for the rim formation. P
condition estimated from the rim-rim pairs is consistent with D, stage (1.5-1.7 GPa) of the country
gneiss in the same nappe (Krogh et al., 1990), but T condition obtained by the same pair is
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significantly lower than that of D,, which may be caused by the modification of muscovite
composition.

F—O—R:BBEEKE. ALRI7ELSE. ERE. )L VU-PbER
Keywords: UHP terrane, Caledonides, orthogneiss, Ziricn U-Pb dating
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Deformation microstructures of metamorphic mafic rocks close to the boundary to the
Tanzawa plutonic complex
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AAEOEMNE, FERERSEICETIZERY 7 v v I EDOHMBEOREBRICDODVTERIZICETHD.
RN, FREREEEER Y T v IEaDERNSEANKnOEE (CHHITDIERVY I vIETH
3. BRV I v IABEBRMETIIIRCRELU ZBABEEZES, ARARERNE—LERFELE.
BRIDENSEND &, BIRBENRSBLEGHAEEL, ARGBERIEGREGLTULEZ. BRVIrvIED
BRIMNIEICARGEMREATHD, AREEMEAZESUELERELELZ. INSDERVYIrvIED
HBECEBEZTEICUTXIETERZ/ER L TS ESRR U e, BHET CE, ARGIIERCHE
LTHD, mIBAEATH 2, RNRAEZAEERL, BINICENBERBRL TLIL.

ARG ERRADBEAEMESI(CPO)AIEDER, ARADPIXIFEALENDERTHIL(001)[100]/3
S—rERLE. RIEAOMCE, ARAMNDEOERNE—LEETEO(100)[001]/39—VTH oM, A
A ERIEAMNES L CULBEETIIIEE(CEEL(010)[001]/359 —> & (100)[001]/359 —>, &BWIICPOEE
FEWS VS LTHhoIz. ARBRTFOES UEBDBRANUY Y TE#TLUIEBR, ARARIF(ICHERIR
NERINC. TSCHRAGRFREATRERECEE/LGERAFRNEE (CBRRIN, BmUIY—TF(ICLDED
BDENMNEEC KD THERINDCENRBRESINTED (Cao et al., 2010) , AREOEREX N Z X LIIEMND
D—HXENEZ o lzEEx5N5. ARACRREDESHEETE, ARBEDMPOE(100)[001]1/35—, &
EATIERSVYILTED, AEAGEREADEATP/\Y — Y HBEER o lzakl & DRIERAV NS V@M = FESR
Liz. RIRAOMEMLICEIE M THI2AMAANDELDEEREZZISND NS, KRIKEIV—-TICLD
ZHENZERNTH DIZAEEYNRSS.

U EOERMNS, BAREANRNE—LMETE, BAIY ) —TITHZENLEEEXNDZIXLTHD, ARREER
REDEEGHETIE, RREFEIY —THXENEEEANZILTH dDIeEBERIND.
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Inconsistency between SEM image and Crystal orientation data obtained by SEM-EBSD systems
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AE, EFREFEMIE (scanning electron microscope: SEM) (C. BFIREHAELLIT (electron
back-scattering diffraction: EBSD) HEBREBDMITISC&ICKD. SEMDHRTREDHEEN SiE&RTS
M5 E DBBEFHLBRER. ToICITEREBNT ILYDBRAMNOERANZ X 5 ERBEAICTTONT
W,

C MSEM-EBSDZE FHL\T. EBSP (electron back-scattering diffraction pattern) ZEUSUERY 1%

B. EBSPHBICAALU TIIBAX—N—NBHIT BV I LE[MEL. ##RICBAL TRE>A—D—BEFDY 7 L PERN
NDOABRENBEL TOWIEBRY IR EFERTSICEMRZL, —H. X—N—RHOVIKICDWT

(d. El-Dasher et al. (2009)7FE(CKDT. BONBSEMREEBSPHSESNIEEREFIE DBERME L <K
VEWVS, BEMERINTUS. LH L. COURERICOVTENINTUEL, EC T BROMRE
[EHUVT. SEMREEBSPH\SESNTZIBRATE DEHRICDUVT, HHTRRIIEITOIZDOT. ZDF/RICDUNT
WEZETD.

WA= CAUVZSEM-EBSDY X 7 L (&, SEMABAE FRN ST RIEM-7001F. EBSDIRHZRMA v O X
TJ4—FR - A9 )LX VYRS EHKL channel 5 TH B,

ARl UTE, SiRKUOS VA LBERERUZ, CCT. SIBEFEREY ULERTETEHRAICEY LT3
CElcELD, aAADMAE &ESEMRE DEIERDND K D(C Uiz CORFAVSERHIISIIBERD K OIS
RCIEREL. AS VI LPERLEE. EHRDHBIERZALD . SEMREBRANOBRNIER (CHMND AP
<D,

BROHERICHVNT, BHESIXA—N—2H#0Y T LHKL Channerl 5BV THYE - @BF&ETo>leE&C

3. SEMEE1S0OEMEIEI TR EICLD. BSNIZSEMREEBSPHSEONRER AU ENREL LD EHD
holze CHIER(E. El-Dasher et al. (2009)(C THESNTULVIBREBLU TH Do

FHERXUH(E. MOSEMEDEIEDEICDVTERRIDIFETH D,

F—D— K : SEM-EBSD. #&&751i
Keywords: SEM-EBSD, crystal orientation
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Elastic wave velocity and microstructures of amphibolite gneisses
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Seismic velocity is one of the most important sources of information about the Earth’s interior.
For its proper interpretation, we must have a thorough understanding of the dependence of seismic
velocity on microstructural elements, including the modal composition, the crystal preferred
orientation (CPO), the grain shape, the spatial distribution of mineral phases, etc. We have
studied seismic velocities and microstructures of amphibole gneisses. Rock samples of amphibole
gneisses were collected at Momose River (Yatsuo, Toyama Pref.). They are mainly composed of quartz
(34-36vol.%), plagioclase (18-27vol.%) and hornblende (34-46vol.%). Quartz and plagioclase crystals
are almost randomly oriented, while c-axes of hornblende crystals are strongly aligned parallel to
the lineation and a-axes perpendicular to the foliation. A rectangular parallelpiped (the edge
length ~ 40 mm) was made from rock samples for ultrasonic velocity measurements. Two faces are
parallel to the foliation plane, and two faces perpendicular to the elongation direction. Velocity
measurements were made under confining pressures of up to 180 MPa at room temperature. The pulse
transmission technique was employed by using Pb(Zr, Ti)0; transducers with the central frequency of
2 MHz. Under the confining pressure of 180 MPa, the fastest compressional wave velocity was
observed in the direction parallel to the lineation, and the slowest one in the direction
perpendicular to the foliation. Velocities calculated with the VRH averaging scheme reasonably
reproduce the measured velocities. The anisotropy in velocity is caused by the CPO of hornblende
crystals, though the anisotropy due to aligned hornblende crystals is largely weakened by almost
randomly oriented quartz and plagioclase crystals. The influence of the grain shape of hornblende
on the anisotropy in velocity will also be discussed in our poster.

F—DO—F AR FRE. BS54 BEREE. SRERER

Keywords: amphibolite, gneiss, anisotropy, elastic wave velocity, crystal preferred orientation

©2016. Japan Geoscience Union. A1l Right Reserved. - SMP43-P06 -



SMP43-P0@7 HAMERSER S EA2016EAS

VY RILERNMMSAEDHASARERDKRE
Olivine megacrysts in mantle peridotites
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EEV Y RILDBRDORRE. BE. BN, IWNTRIDIEEISNTHD., BRIFT anZzEBX DL OGS
(TR STNIEL, (Ave Lallemant et al., 1980; BEF, 20117%E) LM UL. EBEORADHNASABICITE
mEBXIRFEEDOER (BER) MERPTLULEANASTEELTULSD AUBEDRENASAS. 7XUN
MSan CarlosOHASABTHES. JILDIT—WRDHASABIEE) » PEEBIZATTOERESTUNA
SAENMERFTEELTUVDCENS. NABDAENHICEREERT IBEMAGDIDTIIELNEEZZS
N, EL. EREERIDIANZILARLEE VY MLEREGETTRET IHESE. VY VB RENCIESR
BRAESTIVERS). HERREBSICEEERIILTVDITREERD D, 1mEiBXxDEREHEER
ETCTHEREIZDEHE L. XARATAROBIRICED UHVEV. COZEND. KARDEENASABEHRE

L. ZOREZEBESNCIT D EF. EEBVY RIVTOEREBROAIREM(CDVWTIREIT S ETCEETH D,
ZC T IBBEDREHNASAEPRICETINASARERICEB L. NADARERDREE T EORIZRD
WREDEVE. ZOHIEBHRICDVTIRETL 2,

FEARALUEENASAEIE. Lower ZoneDMHLRIITERENL ZEDTH D, EENASABITEHBEICIFIEFE
7C. RIRCERIDE. TEDORIFEONASAGLIDEECER D, ZEDRZEOE(MIRES)FR—T 0O
DSIAFrvIlEBTHD. EEBNASABRBENASARR—T+O0SIMIEERAMFEZLTUD, B
EHNASARDRCESNIERIRE. DABDABGR—T OIS LERU(100)ICFTTHD. ERBHAD
ARRICIESASHRERINTHSD. BRIV, ERER. ARG TERINTL D,

U-stage THIE L efd@ AN E FRFRDOAUETTIC. ERNADSAGDHRREBEZKICZENZN[001](100) &
[100]1(001) DI ARDZNHER I NI, MREETE. [100]1(010) DI RDRMNEMT BA-type T 7 TU v O NRE
5N 3 (Jung et al., 2006), &/z. EENASARAICET DHRNASABDERSMIE. EEBHNASDARE
HRINASABDHRBRNE D 7 TV I THD. ERBNASABDBRNDIRDRE, RICEITDIHRINASA
BNDCPONS., ERENASAAIFA-type T 7 TV VO EERT DBEMEFEEZ(TIENSEFELTCULZEHEET
Tdc A-type T 7 TV v ORESNBRBEHASABIF. SERIZEREL CEEF THREINTH D (Sawaguchi,
2004). REWHASABERNRESRVYY RILHS LRI 3BETERSINEED EBIRINTLS (Sawaguchi,
2004), CN&ED. EENASAREMRIENE. £V RILAZE ERITBRICA-type T 7 TV VO EER L
EEZX5ND,

ERHNASARIE, SASERBICIETHENASABLDEAL Cr, Na, Ti, GERZLEEZISND, AR
BEDSASHESNDICENS. EE&NASARIISASERBICEKRKNASABRTH DIEH, B|AKIYIDS
X SEBRBICIKSNEHNDOVWTFNHREZ 5ND, AEKRTIE, NASARERESATLSMOIRE A
SAEY /LTI —WERONMASAETCORBRERET Do
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Metasomatic reactions at crust-mantle boundary in subduction zone: an example from
Tomisato ultramafic body in the Tomisato area, central shikoku, Japan
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EHAHFFICHVT, HREVY MVOYIEBERIXBERIMERBNEES I EEISNTHD, YV HILH
ASABEDIIKRIG - RIWEARICL > TER L iEE (IBfa, JIL—XA, BALE) RXSTOBEOD
EH(CAKSTLBESLTUVBRENERINTLIS (e.g., Peacock and Hyndman, 1999; Mizukami et al.,
2014). VY RILHASABE VU NICETIHRIEROFEE DAIEMIE, Mg0-5i0,-H0RICH (T3 RIGNE
Z5MNTULSM (Manning, 1995, 1997), HIFRE VY MIVMIEBERORAIERICEB LIEHAERIESNTHD
(e.g., Peacock, 1987; King et al., 2003), ZITROBENTO LI WPIK - BiARIGE DBHREL D
M2 TULZRL.

AMETIE, AEFRRBZRIIGOEBMECETSRETOVD (UT, BSEEREES) CHIFB2D
DR — ¥V Y MVBRICDVTIREZEITS. COIMEERIFIHN0XA—ILEFEDT 7 XTH D, LBICEAIT
WHEMEEELTVS. ZDD, BHFABBICHS TEIRAEAERHHEDISELTULS. EBEAES<
SEFDICUELTLS. BREFEEFEFEIARTELAENLLTULEIR, TIL—IBOERERSNEL. X
Z, BROEMILIREFIT T ETHIEEXOND. HRYBLEOEBERNSENZBARTCEIOvI L
VEUYOXOT7YFIAS1 RHRERIN, TLvF e bEL < (Eblock-in-matrix@E&Ld. JOVIDT
VFIASA IR THDIDICHLUT, YVRIUYOIDT7 VFIS51 MIBRIORIRIGERNSED>TULS.
EREEIAIONRE VY MVOYERERSIEEMF S CBEEMENEL THED, BEEUERNIOERE+
BREOIRAEHTS. —A, EfSEAEAINIRE VY MLOYEEBERIE, BERFEEBEREMENELTH
D, BREEMEAICBADMARKET 35ENH . HABRTE, BEEMSEDBRATIRBEYRENE
HI BN, BRNSEHNS CBERENELT . BREFEEMAEEDEANSEHNS(CDON, BEREG +
PUFISAL + BA OO/ PYFISAS + BA/ PYFISTAREVSIEEEICE
L, BRAEBRIEZENZNERNS~80 cn, ~110 anE TICERIND. —7FH, BAIBRIE, BRE s
FEaDERTHD. BRETRERFEEDERNSEENSICDON, PYFIS50bk + 8/ / 7VFI51k
EVDIMEEERICELL, BAIIERNS~8ImE TICEIINSDS. FENAHBROIBADIRED
OvOD7YFISA +ZERERICENDLSCELHLTHD, CNSORE#SES, YRUVYIIDTY
FIS1 RRERINLVBEERZL. UEDOBEREREFTIZ L, MERCEHRROT7YFIS 1 ~RERL
1z, SIICBEALTREICEIDRREAEZ(TlzEEXONSD. SEELBRTZETL), (1L D=RIIIFEICED
AFNZDOD, EDIT—ITORREAZRRL TLBDH, B)MBRYMEL VY MVYIERTYEER
REINTLEIDN, (HRRIERICKLDTRIEDFREE C/KERROBIBEHIC DV TERETD.

F—OU—R I HIR—VYMURR. AER. BE. =ZRIIE. BERE. BEERE

Keywords: crust-mantle boundary, metasomatism, serpentinite, Sanbagawa metamorphic belt, pelitic
schist, basic schist

©2016. Japan Geoscience Union. A1l Right Reserved. - SMP43-P@8 -



SMP43-P09 HAMERSER S EA2016EAS

RNRADEFTAILNEL S BBRDFe MRIERE S K UHEM
Estimation of Minimum Fe-Mg content for Plagioclase-Cordierite replacement
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Conventional studies suggested that chemical compositions of metamorphic fluid consist of C-H-0-S
system, and other elements such as Na, Ca, and Si are not transported with the fluid. These
elements, however, do dissolve in the fluid in some instances, as exemplified by quartz-filled vein
and as demonstrated by various studies of fluid inclusions. For example, in tonalitic granulite in
Sri Lanka, plagioclase was substituted locally by cordierite.

We attempt to obtain the essential data about the element transport within the metamorphic fluid,
by experimentally reproducing the chemical reactions that are responsible for element inflow and
outflow. They include the solubility of mineral to the fluid, the chemical composition and
concentration of the fluid, and their change in the pressure and temperature conditions. By
utilizing this information, we should be able to limit the range of the chemical composition and
concentration, and the P-T values.

This study has determined the minimum ratio of Mg/(Fe+Mg) and the minimum concentration of (Mg,
Fe)Cl, for the plagioclase-cordierite replacement, by utilizing hydrothermal experiments. Because
the ample amount of tonalitic-granulite specimen in Sri Lanka for this experiment is not available,
we have used powdered specimens of anorthosite from the Natal region, South Africa, and chloride
solution of Mg and Fe. These materials were sealed into gold capsule with or without CO, and were
held at a pressure of 100 MPa and a temperature of 600 ‘C in autoclave for 130-400 hours. We have
obtained the following results:

The minimum concentration of MgCl, for the plagioclase-cordierite replacement is approximately 0.08
mol/kg.

The minimum ratio of Mg/(Fe+Mg) for the plagioclase-cordierite replacement is approximately 0.2.
These minimum values derived above are not influenced by the presence of (0,

It is estimated that the Mg/(Fe+Mg) ratio of the fluid responsible for the plagioclase-cordierite
replacement in the tornalitic granulite in Sri Lanka is approximately 0.2.
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Formation of Corona around Corundum in the Litzow-Holm Complex, East Antarctica
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Corona structures preserve both reactant and product minerals, which gives us information of its
formation process including mass transformation. We investigated a corona structure in
corundum-bearing ultramafic rocks in Akarui Point of the Liitzow-Holm Complex, East Antarctica. The
studied samples are composed mainly of calcium amphibole, plagioclase and corundum with minor
biotite, spinel and sapphirine. The corundum grains are surrounded by the corona composed of
spinel, sapphirine and plagioclase. These minerals are regularly arranged from corundum to the
matrix. In the corona, cracks in spinel usually continue to sapphirine, but never extend further
into plagioclase nor continue to corundum. We consider that the corona was produced by reaction
between corundum and matrix calcium amphibole. Mass-balance in the (Ca0-Mg0-A1,0,-5i0,-H,0 system
provides the following equation: corundum + spinel + calcium amphibole = sapphirine + plagioclase +
H,0-fluid. This equation shows spinel as reactant, which is inconsistent with the microstructure.
This suggests that the corona was formed in an open system. We employed following additional
assumption based on the microstructure. Continuity of cracks in spinel and sapphirine is indicative
of former single phase. Provided that sapphirine was formerly spinel, corundum changed to spinel by
supply of Mg0 from calcium amphibole. The remaining components in calcium amphibole may produce
plagioclase, and excess Si0, would be released. After this reaction, significant amount of spinel
was transformed to sapphirine due to supply of Si0,. Alternatively provided that spinel was
formerly sapphirine, corundum and calcium amphibole produced sapphirine and plagioclase. Similar to
the former case, this reaction also released Si0,. After that, sapphirine was partially transformed
to spinel and released Si0,. The net reaction based on both two cases is corundum + calcium
amphibole = spinel + sapphirine + plagioclase + H,0-fluid + Si0,. This open-system reaction
suggests that decrease of Si0,-activity triggered the corona-forming reaction.

F—OU—R: 107, RIGHEE. ISVF L Vaves - RILLEEK
Keywords: corona, reaction microstructure, corundum, Litzow-Holm Complex
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Petrological studies of high-grade paragneisses from Onzon and Thabeikkyin areas, central
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The sigmoidal and elongated Mogok metamorphic belt extends for 1500 km from the Andaman Sea in the
south to the eastern Himalayan syntaxis in the north and has variable metamorphic conditions
throughout the belt. It lies at the western margin of Shan-Thai block and comprises high-grade
metasedimentary rocks and metaigneous rocks with subduction-related granitoid intrusions. Previous
radiometric studies, based on U-Th-Pb and Ar-Ar dating, concluded that an assembly of these
high-grade metamorphic rocks was formed during Paleogene to early Neogene event that was caused by
the collision of remnants of Gondwanaland with the Eurasian continent and subsequent underthrusting
and collision of Indian plate with Eurasian plate. The metamorphic grade of the Mogok metamorphic
rocks reaches upper amphibolite facies and granulite facies in some places.

Samples were collected from the middle segment of the Mogok belt, ~18@ km north of the Mandalay
region, where the geology is dominated by high-grade paragneisses overlain by various types of
marbles and calc-silicate rocks trending toward the NE-SW and ENE-WSW directions. The marbles occur
in massive or scattered blocks and are medium- to coarse-grained, showing polycrystalline texture.
Their common mineral assemblage contains diopside, forsterite, chondrodite, garnet, phlogopite, and
graphite, suggesting metamorphic grade up to upper amphibolite facies. In places, the marbles are
intruded by biotite micro-granite, syenite, and pegmatite.

The paragneisses are medium- to coarse-grained and show well-banded gneissose texture defined by
elongated layers of biotite, feldspar, and quartz. The matrix of the paragneisses is mainly
composed of garnet, cordierite, biotite, plagioclase, K-feldspar, quartz, ilmenite, and rutile.
Graphite and monazite are common accessory minerals. Sillimanite mainly occurs as inclusions within
garnet. Most porphyroblastic garnet grains (> 3 mm) show retrograde zoning with increasing
almandine {X,, = Fe / (Ca + Mg + Fe + Mn) = 0.53 -0.58} and decreasing pyrope contents {X

(Ca + Mg + Fe + Mn) = 0.37 -0.43} towards the rim. Grossular (X, = 0.03) and spessartine (X =
0.02) contents are low and fairly constant. Cordierite grains {XMg = Mg / (Mg + Fe) = 0.68-0.83}
occur as the matrix phase, inclusions in garnet, and as pseudomorphs after garnet. Using
garnet-biotite geothermometer and garnet-biotite-plagioclase-quartz (GBPQ) geobarometer, the matrix

o = M9/

assemblage estimates pressures (P) and temperature (T) conditions of 0.5-0.8 GPa and 750-870°C.
Biotite grains occur as an isolated phase in the matrix, inclusions in garnet, and a symplectic
phase around garnet. Fluorine and chlorine contents are up to 8.6 wt. % and less than 0.1 wt. %,
respectively. The Ti-in biotite geothermometer suggests 800° C or higher-temperature for the
Ti-rich isolated biotite grains. Zr-in-rutile geothermometer gives temperature estimates of 750
-935°C (at P = 0.8 GPa), which are consistent with those estimated using a conventional
geothermometer.

The samples analyzed in this study demonstrate that metamorphic conditions in the Mogok Belt
reached 800°C or higher, implying wide distribution of granulite facies metamorphic rocks in the
middle segment of the Mogok metamorphic belt.

Keywords: paragneiss, granulite, metamorphic conditions, Mogok metamorphic rocks, Myanmar
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Deformation environment of the mylonite zone to the west of Shirakami Mountains, Northeast
Japan
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SREAMLOREEICH R T SAMHEEMAER (FHE - R, 1964) (C(E, BFERICH > TREIbICEYTIN
BORFELTHD, BEA - LT (2010) (CKD, BEEVAOF 7 AHFEFENTVS. COVrOF 1~
(EDVTIE, =18 (2001) (LK > TERETMHTY XOWERLINTED, BEAR - 17T (2010) FEHEFH
(2012) FZDEREF/TEROBERNS, VO 1 ~OERBEEEZELTCLS. £E5(F, (1) vrO
T+ FREOFMEERRUBEDERLUI(C(2) BESAROBEBLERES] (LUTFCCP0) /39 —VICED<
BERBOEEETOREDTHREIT S.

(1) ¥vrOF 7 ~F(F600 n2EDIRZERSEILIN2 knlCD>THRELTULSD. FILEIDIE200 miEE D&
FoILESYvrOFrMELTHD, BRARNICHIO LY MEEEELUTR(ITUVS. vrOF 1 ~OE
BISIEILERTRIC40~80ERIL, fFBE(FILERAMICI0~T0° DX TERT. Kz, IEIMT
Lwv—2v ROGEDIENIEEBEFSETNEMENTEMZY X ZRL, EvFOEENSETFNIME
BTHD.

(2) YvrOF 7 +FEEYB2L—LTYrO0F 7 hRDOZBRERESHETRE LT, SEM-EBSDEZRAWLT
ERAMNKRURREAELZ. ZOBR, MILb—~EEEVYrOF 7 EFHRLETES VST LMEPPO/IIS—VE
MU, FEIRRENS.5 ynThole. —7, FIDELUATIEIC T | JOXH—RIL~YEFRNDCPO/ISF—V%E
U, FEIRRE13.1~198 ymTdHh oz, BIBIFRIBECCPOIRSI—UDS, IOV —TICLDIEETH D EHE
FETES (Passchier and Trouw, 2005) . B&E(ICPO/SI—V R T | DOXAT—RIVLHSYER(CHIDED
BRETHSD, 350-450 °(COENT ) —TFICLBEHETHDIEHETES (1T, 1996) . Ffz, CPO/R

5 —VEARICTR I RTHMASEEROTIIRR S HERE (19400 °0) H\S, BEROELDEGEIGNR
(Stipp and Tullis, 2003) EFU\CEtET S E#I87 MPa, $RAID U —TDOFENA] (Hirth et al, 2001) =F
WCEETZE, BEERH 435, T5I, B —TREBBICIES U —TDO7REF (Coble,
1963) ZFAVT, IO U —FICLBERROELNIDO LREHEIT S L, 10 MPakdD, &ID ') —F(C
LBEREERLBIXT—ITIRO U — T OEENREI0 MEEDIR\WY —V(ICERUZEDEHETE
3. UELD, vrOF 1 ~ET3400 “(HIEBOREBE N CEHAIO U —FICKBERORIC, BT U —TICK
BEENTERHEDOROTRAMNICES, TS5(ICHIRES THRNICHRMEERE LZEDEEISNS.
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HELEZERFDREAAIE(ICHZE L ZAb-CaC0348lRF D O0mphacite-Diopsidett 4
Coexisting Omphacite-Diopside in Ab-CaC03phases vein developed in Epidote-amphibolite
olistolith in kamuikotan Metamorohic belt.
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Ca-Na pyroxene is a common mineral in eclogite and blueschist facies metamorphic rocks. Omphacite
with an intermediate composition between jadeite and augite is considered to be a clinopyroxene
group with ordered P2/n symmetry, because the cation partitioning and ordering in NaAl-CaMg
substitution took place below the critical temperature. At further lower temperatures, two
miscibility gaps were proposed between omphacite and (Z/c sodium-rich augite, and omphacite and
(2/c impure jadeite in the jadeite-augite binary system based on a thermodynamic theory and
petrographic evidences (Carpenter, 1980). As natural Ca-Na pyroxenes generally incorporates Fe* as
an aegirine component at various degrees, several phase diagrams of Ca-Na pyroxenes concerning with
stability fields of (2/c and P2/n symmetries have been proposed in the jadeite-aegirine-augite
ternary system based on a number of thermodynamic models (e.g. Carpenter, 1980; Holland, 1990;
Green et al., 2007). As the low-temperature stability conditions of Ca-Na pyroxenes harm their
synthetic study, thus it is necessary to justify the validity of proposed phase diagrams using
natural samples. In this study, we report the petrology of omphacite and sodium-rich augite pair
which was newly found from high-pressure mineral veins developed in an epidote amphibolite block
collected from the Horokanai area in the Kamuikotan metamorphic belt, central Hokkaido. Shibakusa
(1989) divided the metamorphic rocks in the Horokanai area into three zones, Zone I {lawsonite
blueschist (BS) facies} to Zone III (epidote BS facies), based on the mineral assemblages of mafic
rocks. Imaizumi (1984) reported the occurrence of epidote amphibolite blocks from the Horokanai
pass area, which is located in Zone III of Shibakusa (1989), and he concluded that these blocks
represent olistoliths within the Kamuikotan metamorphic rocks prior to the BS-facies metamorphism.
We identified three kinds of metamorphic veins; 1) Pale green, 2) yellowish green and 3) white
veins. The pale green vein is about 1 cm thick and its central part is mainly composed of Ca-Na
pyroxenes, carbonate (aragonite and calcite) and albite, while apatite is partly developed in the
outer part of the vein. Yellowish green veins and white veins are less than 1 mm thick and mainly
composed of pumpellyite and albite, respectively. The composition of pumpellyite is identical to
those of Zones II and III of Shibakusa (1989). Calcite is considered to have developed after the
formation of aragonite, as aragonite is always surrounded by calcite. These observations suggest
that the vein-forming conditions are about 250-35@ °C and less than 7-10@ kbar (P-T estimation for
Zone II/III of Shibakusa, 1989). Most of Ca-Na pyroxenes occur as anhedral grains, ca. Tmm in
length, in the central part of the pale green vein. They are composed of two domains, 20-100 pm in
width, separated by straight boundary which can be easily identified by their different
birefringence. The chemical composition of the two domains is omphacite (Jd,, ,Acm,. ,.Dis ) and
sodium-rich augite (Jd, ;Acmy .Di,, ), respectively, showing an obvious gap, probably between P
lattice omphacite and C lattice sodium-rich augite. Tsujimori (1997) reported the coexistence of
omphacite and sodium-rich augite in an omphacitite collected at the Osayama serpentinite mélange,
Sangun-Renge belt. They are less Fe® contents compared with our data and are associated with
pumpellyite. The results of our study and Tsujimori (1997) propose a miscibility gap between
omphacite and sodium-rich augite at 250-350 °C, which is slightly wider than that proposed by
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Carpenter (1980) at 350 °C and there is a tendency that omphacite slightly prefers Fe®* content
rather than the coexisting sodium-rich augite.

F—O—R I HETEERS. VI 7 ABA-T AT RARNEE. 7SLA
Keywords: kamuikotan metamorphic belt, omphacite-diopside gao, aragonite
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Metamorphic conditions of Gotsu blueschists in the Suo metamorphic belt, SW Japan
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AEBARFICHH T SEMBEMFIC(E160-230 MaDEMRFRAERIBERERE (/IRV-—G-TOF A
Gt -ERAaREE-BNAREREME) NP HIT S (Nishimura, 1998) . STEMIBOSEFEOBERILAE
@#NAR, BRE (Na, Na-Ca, (aRiE) , BRA, BA, JTVIvrk (Si: 6.62-7.02) , AR,
BBa, FI9VA, K#kdh, DAKRA, BEANSHKD. AREMERRFEEEERI (U1 YFHE-ERA
- VFRA, EBRG-VIRIF)—RvIORE-I1VFRAG/ 7OF /BA) . BRIOERAFHEN
AR, AR, FRBRAEEEL, BNARBKESRIE, &ea. ERNA, ERA, 6%, mKIEE8879 5.
SEREOEBCIYMEZEERELD, BERIFRARGEERXT—I, E—0, BREXT—IDD3DNDXF—IIC
XN TES. BT —IEHRNAGHKRZERFOIBFIYEEREDITICHENS D1 Y FRAICELDOT
EEIN, REFEENSEBRFEMEOERRGETRT. E—OZBIEFRAEIRERERNAG, ER

A, JIVIvah, &R, FIVA, KRRKILICEIDTRIN, BNAGEEREEICHEETS. BREEE
430-530 'C, 12-15.5 kbarBRRB\EESNS. BERADV LGOIV FRA/ 7OF /BAICRHEBEL, ER
AZEBRT SRR CECREBAEHDBERER T —IDRHTERT.

FELERHERHeilongjiang Complex(CIHEBEERDERAENDHL, TZDHODEEFE(F320-550 'C, 6-15
kbarDZEMFRAFETT (Li et al., 2010) . EBSEIERRENDAI0Ar/39ArFR E LU T145-184 MamiRE TN
TW3S (Li et al., 2011) . STEOFEHKS EHeilongjiang ComplexDBEEHRENERRUE EEBRERDS X
THERNRZL, INBEI1SROB—DOYITIFTI Y 3 VETERINCEEREREEEXOSNDS.
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The source rock age of Renge metamorphic rock in the Omi-area, Itoigawa city.
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FRRRAIMAEROSEMRC(E. SEROK-ArERER DRALEREENER TS LIEHEINSHS
NTLB. TNSERERIWNEEHVEXTEREPERARE. ARECI OO v 1 MMIERRET
ODrZvOTJOVIONSHBEMEAS YT 21EFERL TLBESTNTUSRIKREN2011), FeIoHO
Jv A MPERERELEDBEERERSMI ST Y 7E LTECAZ Y FEZRES N ZNA DI
Non-ECIZw h&EETNTH D (Tsujimori, 2002) BB EREAZEZ(TIcEGNEEL THHLTUL D, EiFEiH
15340280~ 340MaDK-Ar ERE R DIBRA AN EB U (FIEE(FN\ 200475 L), HERDEHFAHFFEDT I D
AERBAT S ORI TEELIMEEINTU S, UL UEBIIEII1980F(0 S 5F /L a R Z IR TIONT
TlERE. FIROZDONOIZ v MEDOBHRE EBEPLZDREA VWX EARBERERMNZ 0\, U EOBEZ R
ITB5—BIETBEH. ECAZy RSN TLBHMENSEEERIEFRAZZ(TcarZHE L. JILdVE
DEtEU-PYEMRIEZEIT O 2,
FRPRICFERALUZERE. SES EREZEOULSFPRTCERL Y OORENRREETHD. YV
VIFER2~5mOY O OABRESRN. REHI2~4mDERENRERIT IESEHRICRSN. —HFEBAICED
HRDBIKICEROHSNS, Y TIVEBNCSVTERNI~SmOT I ORNSINSRERBERERIC. B
K~ Y IRICESNEEEAUNCFERBEFEESNEV, COYFOORERAAERICETNSIIL]
VEMEURZ, BB UZIILTIVRFICOVWTIRBRRETOIREC S, ([FEAEDRIFMELERIFREDEEL)
JT7EFHADERN LEFDCERDMN DT, U-PhFRIE(CIFRAZDLA-ICPMSZE AL, 115ED )L Y
RIFICDVTITofe, EDW\RMIRNS IV I—F v« PERERL. MELLIILIVRIFOIT DERD
% < HM420~690MaD (& = L #9450 ~460MaC R EBRE L FERE— DI DR SNz, F12#11200~1460Madd
FRETIRFERD SN,

SEB/SNITEAER. AECHVWTBEOMR TR SNcEREREDAINEN(K-ArER) TH 31
280~340Ma (FIEE(F H\200475 L )X°. TOOI v 1 CMEDBEEZBFEADERE I NB380Ma(iEFR, 2010) KD H
Vo XESEERDHICAVZERIIXRFEAVCESEZERAH CEIRREEDERZERL TV, LHL
IJNWAVEZEICBUC EOPRREFEREFT DI I I VRFREINTUVDICELENSEERKRETHD
EFEZRICKL BRALAREENREZ SNBEHSET SHEIRETANRETH D,
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BAER%E S X I EREEDU-Th-Pb EMPH\S OFIK. HIETZHESE, 110, 580-590.

R &, 2010, BARIBICEBRINCEERBEERER—FNEE NN OSBRI NETHER—. HPMH
55, 119(2), 294-312.
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