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Abstract Along Yalu-Tsangpo River, Eastern Himalayan Syntaxis, expose high-pressure mafic granulites. Peak stage assemblage
of high-pressure mafic granulite is garnet + clinopyroxene + quartz + rutile. The reaction plagioclase + orthopyroxene— clinopyroxene +
garnet + quartz indicates peak pressure exceeded the orthopyroxene-out pressure. The peak conditions of high-pressure mafic granulite
are 904°C and 1.37GPa. Zircon U-Pb dating shows that the age of high pressure granulite facies metamorphism is 20.7 + 2. 3Ma.
Amphibole-orthopyroxene granulite is the product of the first stage retrograde metamorphism, and the assemblage is orthopyroxene +
amphibole + plagioclase + quartz + ilmenite + magnetite, and the P-T conditions are < 0.6GPa and 720 ~ 760°C. The overprinted
amphibolite facies assemblage is amphibole + plagioclase + quartz + ilmenite + magnetite and the P-T conditions are < 0.6GPa and
<745°C. The age of metamorphic zircon in amphibole-orthopyroxene granulite is 9. 38 +0. 22Ma. According to the inclusions amp + pl
+ gz in such zircon, this age represents the age of amphibolite facies metamorphism. Therefore, the P-T-t path of the high-pressure
granulites from Eastern Himalayan Syntaxis is clockwise and it represents a two-stage exhumation process, i.e. the first stage of
exhumation: from the depth of high-pressure granulite facies to the depth of amphibolite facies beginning at about 20Ma; the second
stage of exhumation: from the depth of amphibolite facies to the earth surface beginning at about 9Ma. According the P-T conditions
and the results of U-Pb zircon dating, the average exhumation rates for these two stages are 2. 4mm/y and 2. 3mm/y, respectively. Our
study is consistent with the opinion of two-stage uplifis of Tibetan Plateau and further proves that the uplift of Tibetan Plateau connects
tightly with the exhumation of subduction zone.
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Fig. 2 Field photographs illustrating the outcrops and

location of  high-pressure  granulites from Eastern
Himalayan Syntaxis
(a-c)-field photographs; (d)-viewing the Namcha Barwa from the

sampling location
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Fig.3 Optical and electron microphotographs of textures in

high-pressure mafic granulite and amphibole-orthopyroxene
granulite from Eastern Himalayan Syntaxis

(a-d) -high-pressure mafic granulite ( Sample ML56) : ( a) -optical
micrograph (cross polarized) of the garnet domain, indicating the
reaction opx + pl—cpx + grt + qz; (b)-optical micrograph ( plane
polarized) of inclusions in grt; ( c¢)-optical micrograph ( plane
polarized ) of grt, cpx, hbl and retrograde pargasite; (d)-BSE image
showing retrograde amp and zoning pl after garnet, and the An-
increasing zoning indicates decompression; ( e-h )-amphibole-
orthopyroxene granulite ( Sample MI46 ). ( e)-optical micrograph
(plane polarized ) of amphibole-orthopyroxene granulite, showing
opx + pl and ilm + pl symplectite after garnet ( sym. abbreviation for
symplectite , the same below) ; (f)-BSE image showing that garnet is
replaced by vermicular opx + pl; ( g)-BSE image of ilm + pl
symplectite; (h)-optical micrograph ( plane polarized) of amp + pl
symplectite, illustrating amphibolite facies overprint
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Fig.4 Representative EMP mineral analyses of high-pressure mafic granulite and amphibole-orthopyroxene granulite plotted in

standard end-member diagram

(a)-amphibole (with Xy, decreasing compositional zoning) ; (b)-pyroxene; (c)-garnet
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Fig.5 Compositional EMP profiles across garnet grains in
high-pressure mafic granulite from Eastern Himalayan

Syntaxis
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Fig.6 PT pseudosection (a), isopleths of x(g) and z(g) of garnet and P-T path (b), isopleth of mode(g) (c¢) and isopleth of

An in plagioclase (d) for high-pressure mafic granulite (Sample ML56) from the Eastern Himalayan Syntaxis

(1) and (2) in Fig. 6d are the P-T ranges for retrograde assemblages in amphibole-orthopyroxene granulite (Sample MI46) : (1) opx + pl +ilm +

amp + qz + mag, (2) amp + pl + qz + ilm + mag (Fig 7)
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Fig. 7
granulite ( Sample MIA6) from the Eastern Himalayan

P-T pseudosection for amphibole-orthopyroxene
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Fig. 8 Cathodoluminescence image of zircon and
microphotographs of inclusions in zircon ( determined by

EDS analyses )

amphibole-orthopyroxene granulite from Eastern Himalayan

in  high-pressure mafic granulite and

Syntaxis
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(b-d)-BSE image of inclusion in zircon (b

CL image of zircon ( d) in amphibole-orthopyroxene granulite

(Sample 46)
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Fig.9 Tera-Wasserburg plot for analyses of zircon in high-
pressure mafic granulite ( Sample ML56) and amphibole-
orthopyroxene granulite ( Sample MI46 ) from Eastern
Himalayan Syntaxis (only SIMS data)
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Fig. 10 REE patterns of zircon in high-pressure mafic granulite ( Sample ML56) and amphibole-orthopyroxene granulite ( Sample

MIA6) from Eastern Himalayan Syntaxis

20 P(kbar) Depth(km)
W
[ <o
3 - 60
"
o
151 =
20.742.3Ma_ |- 50 -
[ EA - 40 2.4mmfy
10F
[ - 30
Ky
,7 9.3840.22Ma
/7 Sil - 10 2.3mm/
e .amm,
)‘\/;\/“ And T(OC) g Ma
0 600 700 800 900 0 5 10 15 20 25
BI1L 5 B e R 4 1 45 = R R A B AL P-T 0T, IR

J3E - 18] 222 Ak [ T i BT 24

WGS (wet granite solidus ) #R 4§ Schliestedt and Johannes(1984). A5
GUAR RS T PR A B i MLS6 13T A5 . AM-Af1 [R5 5 GR-JER
R s EA-SRAT F1 TN 6 5 HGR-51 1 JBRORE 2 5 Amp-Ec-ffi IN-18 8 555
Ep-Ec-2875 1 MM e . BB 72 )5 B2 R T 70km, |- 3 5% J5 &2
20km , BN 2. Tg/em® , FHIFE SR N 3. 0g/em’

Fig. 11
Himalayan Syntaxis and depth vs.

P-T paths of high-pressure granulites from Eastern
time path from which
average exhumation rates are calculated

WGS (wet granite solidus) after Schliestedt and Johannes (1984 ).
Phase boundaries from pseudosection calculation of Sample ML56. AM-
amphibole ; GR-granulite ; EA-epidote amphibolite ; HGR-high-pressure
granulite; Amp-Ec, amphibolite-eclogite; Ep-Ec, epidote-eclogite.
The thickness of the crust is assumed to be >70km, and the thickness
of the upper crust is assumed to be 20km with its density 2. 7g/cm?,

and the density of the lower crust is assumed to be 3. 0g/cm’
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ERAAER SRR BT, 5 A B BT R TE 26Ma
Fefn kAR A A B AR UUE R 57 A= AU BUE A iR AR
IR KRB RET AR . TR ERE 20 ZE T EMETHE
A SRR TS AR PO R W WY AR T IR A SO SR AR T
P14 e S RRORL 5 W 708 JB 4 i 20. 7 + 2. 3Ma 1] BEAX R T 7%
PR T 46 3 3 1 B A, F1IR A A N 25 A 1 4 5% 9. 38 +
0. 22Ma, {032 T M i FE IR 5 A 21 £ TN A AR AE , 2 50 — B
BUTaTHE T . AR = FERRORE 2 71 IR 25 A BB 2 19 2%
P-T 254, AT AR B B A4 38 45 rhop T 40 T 50T
2. dmm/y (& 11) B 2 7 6 e S EC Al b X5 — BT A 4
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Thide A LR sl AT 1R 60 T 0] e T 2O A BT Y
ERURH o 5 A B B IZ R A TN A A B TR s R
i, X — i RGO 2. 3mm/y (1] 11) , BEZ AR
o e S PR AR TH P S AR A B A Gl R 5 ~
3Ma AT B e S HRE B T , I8 A SCRIFE 14 5 T ROk
LR OMa 1] SMa ] [8] 1 122 2 46 T e 22 15 I 40, 3 ik
— AUl TR e i R T AR X, AR R AR T

7 45k

(L) M R R 7 1280 5 P A P i 2 R v T R
R VAR SO e 26 17 2 904°C (1. 38GPa, A Y M BAEE S
9 19. 0°C/km; SRS IN A IR A5 AR M IRE <745°C, T
71 <0.6GPa, ARG P-T Bl Jy U #1754 , BA7 I ST J3E
P FAE— R AR AR A

(2) 41 U-Pb REARZE R W AR ) 3 24 i TR JRORYE S ) i
HIAZ AR W% 9 20.7 + 2. 3Ma, ffy [N A AR A 14X 9. 38
+0.22Ma,

(3) ZRMy & o SRR i THTR i R h 2 b4 %
T2 BB S B B v TR RORE A AR AL E AR N A AR,
T AR T 2. 4mm/y , AU AR T 55 B B
SIS TN A A BT IR B, AT iR s Ry 2. 3mm/y , f{
T HE R U T P R

Bt EPANTARRRAT R R (LR R R
FHE By B IS EARBKE e L - IR AT S g b S it 1
H5 Bl s LA-ICP-MS 525628 Eh 57 & il X et o0 38 K R A Fn ik
MR TR B SRR HAR AT T 5 NI s A R
B T S OR L s 7R e — I A
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Appendix Table 1 Zircon trace element data ( x 10 ™®) for high-pressure mafic granulite and amphibole-orthopyroxene granulite

B % La Ce Pr Nd Sm Eu Gd Th Dy Ho Er Tm Yb Lu M
F IR WA R 2 (RE il MLAG )
MI46-01 ‘3% <0.123 15.45 0.488 6.37 8.56 0.616 38.83 11.64 128.3 43.55 175.46 37.34 347.3 56.8 870.7
MI46-02 ‘#3%  1.32  10.68 0.356 2.3 1.97 <0.138 19.19 6.91 82.16 33.58 146.3 35.35 348.8 58.56 747.4
MI46-03 ‘A3 <0.111 18.34 0.104 0.62 0.99 0.564 7.76 2.9 42,19 17.4 91.59 23.66 261.7 53.09 520.9
MI46-04 ‘43 <0.094 6.17 0.23 2.73 5.55 0.68 32.1 10.77 118.2 43.48 168.2 34.03 296.1 49.55 767.8
MI46-07 “Efii <0.074 0.29 <0.056 <0.29 <0.49 <0.120 1.62 0.456 4.24 1.28 3.08 0.438 2.86 0.287 14.55
MI46-08 7ZFfii <0.086 0.23 <0.058 <0.28 <0.43 0.274 2.39 0.881 7.64 1.667 3.28 0.458 2.47 0.26 19.55
MI46-09 ‘A3 0.228 23.04 0.137 1.57 2.48 0.151 12.2 5.05 66.51 25.92 121.6 28.83 295.7 50.24 633.6
MI46-10 7ZFffi <0.065 0.201 <0.056 <0.27 <0.44 0.364 5.54 2.07 22.7 6.93 22.28 3.38 30.33 4.25 98.05
MIA6-11 ‘3 <0.080 19.96 0.175 3.32  7.42 0.175 44.93 17.6 229.46 88.88 378.9 77.74 670.4 104.4 1643
MI46-12 78 <0.099 0.082 <0.06 <0.29 <0.40 0.129 1.15 0.255 4.23 0.87 3.54 0.361 1.80 0.403 12.82
MI46-14 75 <0.126 0.206 <0.060 <0.41 <0.49 0.15 1.33  0.471 5.79 1.63  4.04 0.611 3.69 0.485 18.40
MI46-15 A3  <0.101 19.26 <0.084 0.96 2.91 0.755 13.9 4.77 55.72 21.81 95.66 22.04 213.8 38.54 490.1
MI46-16 7Z5Jfi <0.098 0.208 <0.041 <0.43 0.66 0.273 4.39 1.272 11.69 2.83 6.87 0.978 6.92 0.718 36.81
MI46-17 7Z8Jfi <0.094 0.15 <0.045 <0.30 0.64 0.224 1.71 0.481 5.01 1.441 3.47 0.504 3.91 0.436 17.98
MI46-18 ZFfii <0.107 0.223 <0.053 0.29 <0.43 0.255 3.31 1.027 9.72 1.96 4.38 0.569 3.17 0.32 25.22
MI46-19 ‘#3¢ 0.105 6.24 0.253 5.97 8.69 0.278 53.4 17.91 189.3 71.06 268.8 55.56 493.4 76.4 1247
MI46-21 7ZFJii <0.100 0.189 <0.086 0.29 <0.40 0.141 0.98 0.454 4.03 1.17  2.94 0.496 3.2 0.363 14.25
MI46-22 78 <0.095 0.258 <0.075 <0.36 0.53 0.267 4.88 2.03 19.44 4.8 13.88 1.769 12.62 1.532 62.07
MI46-23 Z&fii 0.118  0.449 <0.049 <0.37 <0.52 <0.137 4.43 1.662 17.44 4.64 14.49 2.43 19.01 2.83 67.50
MI46-25 7Z&fii  <0.071 0.293 <0.043 <0.32 <0.36 0.128 0.98 0.506 4.93 1.205 2.58 0.481 3.21 0.269 14.58
MI46-26 ‘H#3¢ <0.082 0.55 <0.069 <0.73 <0.94 <0.26 6.74 4.08 50.89 16.31 63.1 13.95 142.1 24.58 322.3
MI46-28 ‘A3 <0.122 0.223 <0.066 <0.27 0.61 0.152 2.19 0.731 7.63 1.776 5.02 0.629 3.95 0.399 23.31
MI46-29 7ZFJii <0.067 0.264 <0.053 <0.28 <0.31 0.14 3.03 1.52  15.44 3.83 9.99 1.41 10.2  1.29 47.11
MI46-30 ‘H#3¢ <0.096 <0.102 <0.051 <0.36 <0.58 <0.140 0.8 0.207 2.64 0.757 2.04 0.332 2.69 0.208 9.674
MI46-31 7ZFffi <0.122 0.322 <0.065 <0.36 0.62 0.214 2.08 0.842 8.41 1.66 4.07 0.585 4.05 0.49 23.34
MIA6-32 ‘3% <0.101 0.489 <0.062 <0.57 3.32 <0.181 22.96 8.48 71.26 17.76 53.83 10.61 98.21 15.44 302.4
MI46-33 7ZFfii  <0.097 0.499 <0.072 0.49 0.68 <0.183 9.89 7.2 118.1 45.61 196.0 42.32 410.4 60.89 892.0
MI46-34 78 <0.073 0.224 <0.076 <0.31 <0.37 <0.149 0.65 0.359 2.94 0.774 2.72 0.385 3.84 0.498 12.39
MI46-35 ZFfi <0.134 0.3 <0.129 <0.97 1.31 0.34 2.79 0.67 6.41 1.38 3.1 0.209 3.98 0.41 20.90
MI46-36 ‘#3% 2.40 10.01 1.104 7.41 5.74 <0.223 28.24 14.11 207.2 82.1 377.4 90.07 899.4 136.8 1862
MI46-37 7ZFJfi <0.084 0.217 <0.094 <0.46 0.73 0.211 2.97 0.71 8.2 1.99 5.44 0.828 5.21 0.647 27.15
MIA6-38 &3¢ 1.13 35.7 0.526 3.83 3.9 0.75 13.98 4.37 60.98 22.52 107.4 23.39 240.1 42.15 560.7
MIA46-39 ZFffi  <0.144 <0.199 <0.109 <0.90 <1.10 0.33 2.42 0.786 7.52 1.43 3.16 0.385 3.22 0.243 19.49
FEPE G BRI (R il MLS6)
MIL56-01 ‘3¢ <0.113 17.35 0.08 1.85 4.02 <0.159 27.65 11.67 153.9 56.85 241.6 51.78 480.6 64.78 1112
ML56-02 ‘#3 1.98 5.77 0.648 3.49 3.95 0.198 18.22 6.47 83.56 31.96 140.1 32.58 307.2 49.73 685.9
ML56-03 ‘A3 <0.117 0.675 <0.106 <0.62 1.58 <0.196 17.67 8.92 136.0 58.49 263.1 64.48 642.3 104.8 1298
ML56-04 ‘&% 0.295 9.9 0.3 2.05 3.48 0.8 14.2  5.92 67.3 25.41 116.4 28.83 306.3 46.25 627.4
ML56-05 ‘H#3¢ <0.104 8.38 0.075 0.65 1.23  0.393 7.23 2.14 30.66 10.59 47.29 11.34 111.2 17.26 248.4
ML56-06 ‘3% 0.342 11.77 0.459 6.89 10.73 0.574 40.47 10.93 104.3 29.52 102.49 21.1 191.9 26.23 557.7
MI56-07 ‘#3¢ 0.0118 43.64 0.263 4.29 10.29 4.95 53.17 20.63 235.4 81.06 327.5 71.14 678.0 88.85 1619
MI56-08 7ZFffi <0.080 1.43 <0.082 <0.64 <0.72 0.275 0.98 0.584 5.42 1.81 7.32 1.56 17.37 3.64 40.39
ML56-09 7ZFfE  0.113  1.13 <0.068 <0.49 <0.66 0.73 3.86 0.82 5.73 2.1 7.199 1.17 12.56 2.16 37.56
ML56-10 ‘3% <0.116 0.742 <0.085 1.12 4.58 <0.166 35.89 17.09 254.1 101.5 450.6 104.4 1010 158.1 2138
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