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. % H Petrological studies of granulite facies metamorphic rocks

from the middle segment of Mogok metamorphic belt, central
Myanmar
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The Mesozoic to Cenozoic tectonic evolution of Southeast Asia is characterized by the
closure of the Tethys ocean and subsequent collision of the Indian microcontinent with
Eurasia. Progressive convergence between these two continental plates resulted in the
development of Cenozoic high-temperature metamorphism and related magmatism in central
Myanmar. The Cenozoic Mogok metamorphic belt, located at the western margin of the
Shan-Thai Block forms a prominent part for understanding the continental evolution of
Southeast Asia. Systematic investigations of tectonometamorphic conditions of the Mogok
metamorphic belt and related magmatism are therefore essential to the discussion of tectonic
evolution of this region. Geochronological studies, based on U~Th~Pb and Ar~Ar dating,
indicates that an assemblage of the Mogok high-grade metamorphic rocks formed during the

Paleogene to early Neogene in association with the India—Eurasia continental collision
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(Bertrand et al., 1999; 2001; Searle et al., 2007; Maw Maw Win et al., 2016).

Ti-rich biotite grains commonly occur in paragneisses of the Mogok metamorphic belt,
Myanmar. The TiO, content of biotite coexisting with rutile and/or ilmenite reaches 6.9 wi%.
The compositional relationships between Ti content and other components such as total cation,
total divalent cation, Si, and Al, suggest that the Ti-vacancy exchange vector of TilIR ,, where
R is the sum of divalent cations and I represents vacancy in the octahedral sites, might be the
most effective mechanism to control Ti-substitution into biotite that coexists with no A1,SiOs
phase under high-temperature conditions. On the other hand, Ti-tschermak’s exchange vector
of TiAl,R* ,Si, is probably a common mechanism by which the TiO, content of biotite is

increased in Al,SiO; phase-bearing samples with increasing temperature.

Cordierite-bearing paragneiss and associated garnet-biotite paragneisses are also studied for
the understanding of the tectonometamorphic evolution. Garnet-biotite—plagioclase—
sillimanite~quartz and garnet—cordierite—sillimanite—biotite—quartz assemblages and their
partial systems suggest pressure—temperature (P—T) conditions of 0.60-0.79 GPa/800-860°C
and 0.65 GPa/830°C, respectively, for the peak metamorphic stage. The P-T pseudosection
analyses of the inclusion phases in garnet and matrix assemblage suggest prograde path from
700-730 °C to 710-765 °C at 0.68-0.78 GPa. The Ti-in-biotite geothermometer and the
Zr-in-rutile geothermometer yield temperature conditions up to 820°C and of 845 +26°C,
respectively. Anhedral cordierite with slightly higher Xy, values and associated assemblage
around garnet shows re-equilibration under lower P-T conditions of about 0.4 GPa/620°C.
Based on the CHIME monazite age in the paragneiss, the lower-teperature equitbrium was
interpreted to be related to fluid activity during exhumation in the late Oligocene (Maw Maw
Win et al., 2016). The comparisons of present data and P-T conditions reported in literature
suggest that (1) the metamorphic conditions of the Mogok metamorphic belt vary from the
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lower amphibolite- to granulite facies, (2) metamorphic grade seems to increase from east to
west perpendicular to the north-trending extensional direction of the Mogok belt, (3) granulite
facies rocks are widespread in the middle segment of the Mogok belt, and (4) the granulite
facies rocks were locally re-equilibrated at lower amphibolite facies conditions during the

exhumation.

Dolomitic marbles and scapolite-bearing calc-silicate rocks also dominate in the middle
segment of the Mogok metamorphic belt. The high-grade assemblages of the marble samples
are mainly composed of calcite + dolomite + spinel + phlogopite, and those of calc-silicate
samples are represented by scapolite + calcite + quartz + calcic plagioclase + diopside +
titanjte, Some marble samples contain clinohumite, forsterite, diopside, and amphibole.
Calcite grains in the marble samples usually show exsolution texture including small grains of
dolomite. The estimated compositions of homogeneous calcite grains before the formation of
exsolution texture yield 720 — 870 °C as minimum temperature conditions using
calcite-dolomite solvus geothermometer. The stability relationships of mineral parageneses in
the clinohumite-bearing marble and scapolite-bearing calc-silicate rocks were analyzed in the
systems of CaO-MgO-Si0,-H,0-CO, and CaO-Mg0-A1,0,-TiO,-Si0,-H,0-CO, at pressure
condition of 0.8 GPa, respectively. In the clinohumite-bearing sample, forsterite and calcite
occur as inclusions in clinohumite porphyroblast suggesting high-temperature and X,
conditions of > 800 °C and > 0.54, respectively. Dolomite and symplectitic aggregates of
tremolite and dolomite occur at the boundary between clinohumite and calcite. This
re-equilibrium texture indicates decrease of X, condition during retrograde stage. The
assemblage of meionitic scapolite, calcite and quartz in calc-silicate samples yields minimum
temperature and Xcq, éonditions of 770-790 °C and 0.2, respectively, suggesting peak

metamorphic stage. Aggregates of zoisite/clinozoisite, calcite, and quartz replace scapolite
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indicating decrease of X.q, value during retrograde stage.

The high-temperature conditions over 800 °C at peak metamorphic stage recorded in marble
and calc-silicate rocks are well consistent with those estimated by paragneiss assemblages.
The Xq, value of metamorphic fluid attended during the peak metamorphic stage, however,
had distinctly higher in the metacarbonate rocks than the paragneisses that were free of
carbonate phases. This fact suggests that migration of metamorphic fluid phases were limited
between the two types of lithologies, and thus, homogenization of metamorphic fluid
compositions has not extensively occurred during prograde metamorphic stage. On the other
hand, decreasing X, values of metacarbonate rocks with decreasing temperature might
indicate that infiltration of H,O-rich fluid extensively occurred beyond the lithologic

boundaries during retrograde metamorphic stage.
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FRAERD BETEMRISHT THE 7 U7 THIT L afEddhs, 75 ABoR#s =
— I VT REE~DA o FIEREOHZEIZIL > TalER - &/, £LT, 0% L3
SROTZIRET L — FORFRIL LT, Iy r=—HPREIIBOTHEEPERGRE
FRAEM & A1 & B U7 kBB A31EAT L7z, Shan-Tai HUBE O WEFKICALEE 3 5 HrAfL
7> Mogok ZERAFIL, HE T 7 O REMZZOEEZRMET S 5 2 CEELHMN TH 3.
EHVEL, Mogok ZERLH TR L 7= EERZE AR & Fh L BIEIC R T A KEE D %
BERYRBAEIL, BT 7 b= 7 ROTSEIZETAWRICE - T, BOTEETH
%. FEIT U-Th-Pb B LT Ar-Ar 512 X A HIE RS89 FEIC L i, Mogok BB ZEAR
BiEA P2 — 3 U TR AEOEHEIC LY, EESEPOHESREMICER S
& E 2 BT B (Bertrand et al., 1999; 2001; Searle et al., 2007: Maw Maw Win et al.,
2016).

Mogok B D EELRER THIHREFFESEIT, ANSEHRESNLL /5=
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A4 MERZEIBREGFT CEHE L TEBY, TOFMEMFIE 0.77-0.84 GPa/780-850 C
BELRBLLONL TS, ZOREAMERICIETICERREENESEL, VF1
B LKAV ATA MEEFTIBRERDOTIOZIX69WRIZETD. RERODTI
BEBA A OBE, 20EBA A D, Si LAl &L OBBRERIL, ALSIO;
MEEFLRVEEROTI &iX, EZEFEFIEESTH TIORY, B (0L RMIE, #
NENENORE ZMOBA F L &7T) KXo THIFER TS EZEZ6N0D. i
75, ALSIO M L HFETHEREFO T &3, EREEDC LFIZEbRVWEKTI-F = b
< v 7@ (TIALR* Si,) X > THEMTALELLNS.

REAMELHMRT 5V 7 o r-BEF-RER-ERE-AX, Froa-E56-8
WA-BER-AROFEMEEGEE, ERIEAOY—BOEN (P) —RE T) F#HL
LT, EhE 0.60-0.79 GPa/S00-860°C 5 LT 0.65 GPa/830°C 252 5. —H,
7 aEOEEYEEBOEMILED P-T v a— RT3 a VRO SEIE, 068-0.78
GPa DIFIEEESEET T 700-730 °C 235 710-765 °C ~DHIR P-TIRREZTRT. £
=, BERF~OTI OEBEEAVFALE~D Zr DEEHEEZ L &I L EIRER L, £
NZN 650-820°CH LU 845 £25°C OFIRSMZRT. ZhicHL, V7 o roEH
WCETAEFTRLESLEAIE, BLZ 04GPa/620°CEBT COFEEERT. £ D8
IMEIE ST TOFEMIL, Sagaing ridge DFEN L HWREINTE Y, CHIME
monazite % b &2 LT, Bt E OB LRFRICE Z o KRR ERRTE
DEAMIERTH L EL BN D (Maw Maw Win et al., 2016). S EIDRR & ERBE S
TR EREHEEETH L, EWLTO4EREMRIToNS : (1) Mogok &
AR DI AR, ARBMEEREND T =a T4 MRIZETS, (2) ERERE,
Mogok R DL DOERFEICERZT AL HICE,PBE~LHET D, (3) /9=
25 MEOEHAEIEILICERS Mogok RO HREICEL ET S, (4)
noOEREEIE, BAE EAFICANSHERSEEOCEGET THEHL TV S,

FovA FEEURREARERCANRT A P2EBLRIKEESE L I vrv—HR
D Mogok BEEOHRRENCIEL ET S . BEERKAEOZELGMEESIL TR
+ha<wf h+RAEXN+EERFTHY, RREEEOTNIELAIRTA b+5F
A+ AE+CIEDHRAFEHER +F 4+ 4A FTH S, BRERKEIL #t

a—AF, THVATTA MNCAMAEREH - ERLHD. BEREAKEROFREAIZ
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L DEE N <1 FAEEHE LR T4, BHE T AL ZET L THE
A-Fe<A MHEBEEFTZEHT S &, FEEEOTRE LT 720-870°C 2R,
Fleo—LAEEZERHEEREAKSE, ADFRTA e ARERSOEMLEDR
ERGRE, ERIENE 08GPa LIREL T, FNF{L CaD-MgO-Si0,-H,0-CO, &
CaO-MgO-Al,05-TiO,-Si0,-H,0-CO, ZTHMT L. e =— LA BL@ESEREEIKE
T, Be=z—bBR 73 VAT T4 b EEEERBRERTHRELLALTRY, £
N HIL 800 CLL EDORIREHET T COIZEHERME (Xep= CO/(CO, + H,0)>0.5]
EHEFLTWELEZLNDS., £, Slea— 2R FRREOERIZIE, Fr<da
PR MLEZHARE Fa~wsd MBRABL U7 L7 74 NRESENEL, - O
&, BRIRERIERRB Xep, ERETLAEZZ L 27T, AREEREIEOLNHA ALK
FA M+FEEFREOEEL, FEIR (>770-790°C) * & Xop. > 0.2) & T TO R
AT, RATRTA ML, VAHA BSEY AV A b, FRAOCREOCESEIC—E
WMERENTEY, ZofBEkb E-FREMERKBICE D 272 Xep PETIZE - THE
RENTLEFSANSE.
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RIS aﬁémfwozﬁﬁﬁt 7 B0 800°CLL L DSBS MIT, RE
FRE ORITIZ L > TEHELN TV I GESRE LRI THE. —F, ERE—/7FlE
5 EREHE S EO BRI, B A RE OREEBRIZEAATELEW X, EE
Y. LR, BREMERRCBOLTIE, TREEOBE L F 65 B
BEAE, RHICIEEZ bledofn bR SRS, —F, ERlE— 7 BLEICRY
DD Xeo, EDETIE, BIRERIEARICE RIS EPREFMEOERIChi-
R HO LB MEDmARH - ZEERLTWA L Ebitb.
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