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Abstract: The garnet—bearing mica—quartz schist of Sumdo UHP belt in Lhasa block occurs as country rocks of eclogite, and is
mainly composed of garnet, muscovite, albite, chlorite, quartz and minor rutile and sphene. Garnet displays an obvious
compositional zonation where Xprp increases from the core to the mantle and then decreases in the rim, whereas Xsps decreases
gradually from the core to mantle, with the trend of declining following rising in the rim, indicating that garnet composition profiles
from core to mantle have preserved the prograde growth zoning and were partially reset during retrogression. The model system
MnNCKFMASHO was chosen to calculate P—7 and P—M(H,O) pseudosections of the garnet—bearing mica—quartz schist. Garnet
isopleth thermobarometry involved plotting compositional isopleths of garnet as contours on a P— T pseudosection, with the
combination of contours of saturated H,O content, thus obtaining estimated peak P— 7 conditions of 27 kbar, 523/580 °C and peak
mineral assemblages of g—jd—cr—law (+phn +q/coe+H,0). The compositional profile of garnet from the core to the mantle and
contouring of the H.O content saturated indicate that prograde metamorphic evolution represents a cold subduction stage with
heating with the increasing pressure, and the rocks experienced blueschist— facies to eclogite— facies metamorphism during this
stage. P—M(H,O) pseudosections and isopleth of saturated H,O content could be used to assess evolution of mineral assemblages in
terms of changes in water content during decompression, which shows that garnet—bearing mica quartz schist experienced an early
isothermal decompression process and was then followed by a cooling with decompression evolution during the late stage.
Amphibolite—facies to epidote—amphibolite—facies metamorphism occurred during early stage and was followed by greenschist—
facies metamorphism. The isothermal decompression of garnet— bearing mica— quartz schist probably represents a fast tectonic
exhumation. Albite was likely to replace early jadeite at this stage. A comparison with the P—T path and contact relationship in the
field of garnet—bearing mica—quartz schist and eclogite shows evidently that garnet—bearing mica—quartz schist and the eclogite it
hosted experienced similar subduction and exhumation processes.

Key words:Lhasa block; Sumdo UHP metamorphic belt; garnet— bearing mica quartz schist; phase equilibrium modeling;
metamorphic evolution
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Fig.1 Geological map of the Sumdo area in Lhasa terrane
a—Geological sketch map of the study area (after reference [59]); b—Simplified map of tectonic subdivision of the Tibetan Plateau (after reference [60])
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Fig. 2 Field attitude of Sumdo garnet—bearing mica—quartz schist
a—Geological section of the garnet—bearing mica—quartz schist and other adjacent rocks ; B and c—Field photos of garnet—bearing mica—quartz
schist; b—Field features of garnet—bearing mica—quartz schist, c—Field attitude of Sumdo garnet—bearing mica—quartz schist
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Fig. 3 Photomicrographs and backscattered electron image of Sumdo garnet—bearing mica—quartz schist
a—A garnet porphyroblast in albite, with inclusions of rutile and quartz, radial cracks around quartz inclusion; other opaque phases in albite comprise
biotite and phengitic muscovite; b—A garnet porphyroblast in albite, the white line represents the composition profile in Fig. 4a; c¢—The rim of garnet
porphyroblast replaced by muscovite, with the preservation of crystal shape; d—Albite with inclusions of muscovite; e—Attitude of muscovite
consistent with schistosity; f—Grains of quartz, albite and muscovite in garnet
g—Garnet; Jd—Jadeite; o—Omphacite; Chl—Chlorite; Pa—Paragonite; Bi—Biotite; Ab—Albite; Phe—Phengite; Mu—Muscovite; q—Quartz; Ru—Rutile;
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Table 1 Electron microprobe analyses of Sumdo garnet-bearing mica-quartz schist (13SD24)(%)

Mineral g-C g-C M M g-R g-R mu-R mu ab ab chl chl

Si0, 36.51 3576 3646 3658 37.84 3758 5231 4836 689 6894 2654 2674

TiO, 0.06 0.06 0.01 0.04 0.02 0.05 025 005 11.6 1147 008 0.01
AL O3 20.02 2089 2039 2098 2025 2049 2583 3378 0 003 2141 2129
Cr03 0 0.05 0 0.03 0.02 0.02 0.09 0 0.08 0.1 0.04 0
Fey 03 1.77 1.77 1.77 1.77 1.77 1.77 0 0 0 0 0 0
FeO 3435 3444 3592 3665 29.12 2802 229 1.41 192 194 2521 2468
MnO 4.8 3.58 1.68 1.42 0.94 125 0 0 0 0.02 0.14 0.16
MgO 1.23 227 1.98 248 233 127 3.19 134 029 024 1504 16.09
CaO 3 233 291 23 783 1129 0.02 0.01  0.03 0 0.02 0.01
Na,O 0.12 0.13 0.09 0.16 02 0.1 0.6 129 021  0.02 0.03 0.02
K,O 0.03 0.03 0.03 0.03 0.03 004 1043 9.63 0 0 0.01 0.01
Oxygens 12 12 12 12 12 12 11 11 8 8 14 14
Si 295 2.89 2.94 292 3.01 297 3.49 318  3.01 3 2.76 275
Ti 0 0 0 0 0 0 0.01 0 0 0 0.01 0
Al 191 1.99 1.94 1.97 1.9 191 2.03 262 099 1 2.62 2.59
Cr 0 0 0 0 0 0 0.01 0 0 0 0 0
Fe** 0.11 0.11 0.11 0.11 0.11 0.11 0 0 0 0 0 0
Fe?* 232 233 243 2.44 1.94 1.85 0.13 0.08 0 0 2.19 2.13
Mn 0.33 0.25 0.12 0.1 0.06 0.08 0 0 0 0 0.01 0.01
Mg 0.15 0.27 0.24 03 0.28 0.15 0.32 0.13 0 0 233 247
Ca 0.26 02 0.25 02 0.67 0.95 0 0 0.01  0.01 0 0
Na 0.02 0.02 0.01 0.03 0.03 0.02 0.08 017 098 097 0.01 0
K 0 0 0 0 0 0 0.89 0.81 0 0.01 0 0
X (phase)  0.05 0.05 0.08 0.1 0.07 0.03 0.48 0.46

Y (phase) 0.1 0.1 0.09 0.04 0.4 0.53

1 : (2)=Xpy =Mg/ (Fe + Mn + Mg + Ca); Y(g) = Xgr=Ca/ (Fe + Mn + Mg + Ca); X( chl)=Fe*/(Fe*+Mg)
e—CAMAAZER ; g~ MA AR g—RARAIH ; mu—R: ARG R0 =8 ab AN A7 5 chl 4 A
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Fig. 4 a—Zoning profiles of garnet grains from Sumdo garnet—bearing mica—quartz schist; b—(Fe+Mg) versus Si pfu diagram for
phengite in Sumdo garnet—bearing mica—quartz schist
Xum = Fe” /(F&’" + Mn + Mg + Ca), X,, = Mg /( F&’" + Mn + Mg + Ca), X,= Ca /( Fe’"+ Mn + Mg + Ca), X,,,= Mn /( Fe’" + Mn + Mg + Ca); (Xum:
BRI (almandine); X, : BEERIAA (pyrope) s X : BEEAH A1 (grossular) ; X, : B 5 A1 (spessartine))
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Table 2 Whole—rock and effective compositions of Sumdo garnet—bearing mica—quartz schist (13SD24)

FEah 13SD24  Si0,  ALO;  CaO  Fe0; FeO KO MgO MnO NaO TiO, P,0Os  LOI  Total
XRF 447 7201 13.00 094 0.75 298 2.82 1.53 0.07 2.15 0.57 0.12 242 9936
HAadisr 8031 853 1.12 0.31 2.71 2.01 2.56 0.07 232 100
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quinivariant fields, hexa— and heptavariant fields are increasingly shaded; The pseudosections contain the main mineral assemblages, contoured with
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content contours. Projection of the garnet and phengite compositions are shown as red and yellow circles with the label C, M, R1, R2 corresponding
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