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Fig. 1  The tectonic location(a) 2l and geological sketch(b)of the studied areas
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Fig. 2 Outcrop photographs and microscopic photographs of amphibolites from the Nimu area
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Fig. 3 CL images of zircons, diagrams of zircons LA-ICP-MS U-Pb concordia age and weighted mean age
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Table 2 The EPMA analytical results of amphibole and plagioclase in the metamorphic volanic rocks

Wit s D1-1 D2-1 D3-1 D3-11 P15-39 P20-19 P20-11 P21-28 P16-28
Sio, 44.05 44. 68 51.08 47. 61 48. 06 49.98 49. 94 42.7 42.96
TiO, 1.22 0.4 0.08 0.21 1.03 0. 49 0.35 1.8 1.36

Al 0, 6.77 6.99 1. 44 5.06 6. 56 6.32 10. 28 10. 52 10. 84
FeO 16. 03 17. 87 12.23 16. 05 13. 56 13. 48 13. 56 19. 47 19.35
MnO 0.37 0. 34 0.37 0.37 0.48 0.48 0.38 0.36 0. 81
MgO 12.21 11.27 15.43 12. 86 14. 54 14.92 11.25 8. 82 8.77
Ca0 12.38 12. 41 12.74 12.8 11. 61 11. 14 11.19 11.23 11.49
Na, O 1.03 0.9 0.26 0.73 0.59 0.55 0.9 1.76 0.69
K,0 0.96 0.75 0.1 0.45 0.48 0.2 0.17 1.36 1. 04

Si 6.748 6.813 7. 687 7. 144 6.943 7. 084 7. 154 6. 441 6. 441
ALY 1.222 1.187 0. 255 0. 856 1. 057 0.916 0. 846 1.559 1.559
AV 0. 000 0. 069 0. 000 0.039 0. 060 0. 140 0. 889 0.311 0. 357
Ti 0. 141 0. 046 0. 009 0. 024 0.112 0. 052 0.038 0. 204 0.153
Cr 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000

Fed+ 0. 444 0. 559 0. 148 0.356 0.926 1. 101 0. 166 0. 434 0. 803

Fe2+ 1. 609 1.720 1.391 1. 658 0.712 0. 497 1. 459 2.022 1.623

Mn 0.048 0. 044 0. 047 0. 047 0. 059 0. 058 0. 046 0. 046 0.103

Mg 2.788 2.562 3. 462 2.877 3.131 3.153 2. 402 1.983 1. 960

Ca 2.032 2.028 2. 054 2.058 1.797 1. 692 1.717 1.815 1. 846

Na 0. 306 0. 266 0. 076 0.212 0. 165 0. 151 0. 250 0.515 0.201

K 0.188 0. 146 0.019 0. 086 0. 088 0. 036 0. 031 0. 262 0.199
(Ca+Na) (p 2.032 2.028 2. 054 2.058 1. 962 1.843 1. 967 2. 000 2. 000
Nap 0. 000 0. 000 0. 000 0. 000 0. 165 0. 151 0. 250 0.185 0. 154
(Na+K) (4 0. 494 0.412 0. 095 0.299 0.088 0.036 0.031 0.591 0.245
Mg/ (Mg + Fe?) 0.634 0. 598 0.713 0. 634 0.815 0. 864 0. 622 0. 495 0. 547
Fe’/(Fed + AIM) 1..000 0. 889 1. 000 0.902 0.939 0. 887 0. 157 0.583 0. 692

W S P15-39 P20-19 P233 P16-28 P21-28 P20-11
Na, O 1.77 5.79 6.78 1.71 10. 28 5.71
MgO 0.02 0.00 0.01 0. 00 0. 05 0.00
Al 0, 33.12 27.02 24. 61 33.30 20. 64 27.48
Sio, 46. 02 56. 82 60. 43 45. 40 67.04 56. 19
K,0 0. 04 0.08 0.26 0. 02 0.11 0.05

Ca0 17. 68 9.27 6.91 17.72 0.96 9.73
TiO, 0.05 0. 00 0.00 0. 00 0.00 0. 04
Cr, 04 0. 04 0.00 0.02 0.03 0.02 0. 02
MnO 0.01 0.08 0.05 0. 00 0.06 0. 02
FeO 0.11 0.18 0.22 0.09 0.08 0. 15
NiO 0.00 0.01 0.00 0.00 0.00 0. 00
Total 98. 83 99. 30 99. 30 98.28 99. 24 99. 41
Ab 8 36 47 7 90 35
An 92 64 52 93 9 65

TS BRI % ST R K BEUE B T4k, DR 2% s v FE-15 KV 3 HL i -20n A LB 4220 jum,
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Table 3 Results of temperature-pressure conditions calculated by amphibole-plagioclase phase equations

A AR AL 15-39 20-19 20-11 2128 16-28
Hammarstrom and Zen (1986 ) P/kbar 2.7 2.4 5.8 6.5 6.7
Hollister(1987) P/kbar 1.5 1.2 5.0 5.8 6.1
Johnson and Rutherford(1989) P/kbar 1.3 1.0 3.9 4.5 4.6
Schmidt(1992) P/kbar 2.3 2.0 5.3 5.9 6.1
Anderson(1995) P/kbar 1.5 1.8 3.9 4.9 1.9
S P/kbar 1.9 1.7 4.8 5.5 5.1

Blundy and Holland (1990) T/°C 905 813.1 809. 2 805. 4 949. 4
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Table 4 Chemical compositions of amphibolite and amphibole-bearing plagioclase gneiss form Nimu, Tibet

G D0679 D2605 D5057 P19-19 P8-62 P15-30 P24-17 P20-15 P2-5 P1-64 P2-53
T BHC AR I FHINRHC T RE
Si0, 43.90 44.34 48.17 48.29 52.01 52.63 55. 81 55.93 57.98 58.25 59.07
TiO, 1.28 0.29 0. 54 0.83 0.35 0.93 0.69 0. 86 0.82 0.30 0.90
Al, 0,4 18.17 13.98 16. 94 12. 19 14.75 19. 81 14. 87 19.52 17. 00 17. 40 15. 18
Fe, 0, 5.93 3.45 1.24 3. 14 1. 09 4.25 2.16 2.95 2.34 1.57 2.50
FeO 7.25 8. 19 7.58 6.72 7.03 4.32 5.52 4.58 3.71 5.22 5.06
MnO 0.14 0.21 0.27 0.16 0.22 0.26 0.13 0.15 0.17 0.15 0.15
MgO 6.61 11. 60 6.45 11.53 5.36 4.11 6. 69 3.13 2.52 2.74 3.39
CaO 10. 72 9.31 12.20 11. 07 10. 49 7.73 10.28 7.16 5.76 4.86 6. 18
Na, O 2.48 1.12 1.46 1.82 2.08 1.50 1.72 4.16 4.78 2.91 3.12
K,0 0.70 1.10 0.45 1.03 0. 88 1.23 0.22 0.26 1.39 2.60 1.23
P,04 0.19 0.12 0.26 0.13 0.29 0.20 0.17 0.22 0.33 0.27 0.37
Lost 1.57 3.17 1. 60 2.09 3.17 2.34 0.92 0.39 2.23 1.22 1. 60
La 9.99 7. 65 14.10 9.39 16. 20 11.76 7.44 14. 14 18.20 14. 60 16. 10
Ce 20.91 16. 40 30. 50 20. 26 31.80 23.97 16.76 27.75 37.50 30.40 35.70
Pr 3.43 2.03 3.93 3.12 4.07 3.81 2.40 4.02 4.63 3.87 4.67
Nd 15. 47 10. 40 19.50 13.93 20. 20 16. 64 10. 63 16. 90 22.40 19.20 23.60
Sm 3.96 2.18 4. 68 3.53 4.88 4.22 2.58 4.19 5.18 4.46 5.88
Eu 1.18 0.75 1.36 1.01 1.40 1.22 0. 84 1.38 1.67 1.44 1.57
Gd 3.63 2.17 5.08 3.38 5.50 4.49 2.50 4.32 5.61 4.62 6.58
Th 0. 56 0.31 0.79 0.53 0. 88 0.78 0.41 0.73 0.88 0. 68 1. 06
Dy 3.29 1.70 4.64 3.10 5.45 4.53 2.39 4.63 5.59 3.84 6.61
Ho 0.67 0.32 0.92 0. 64 1.10 0.93 0.49 1.00 1.12 0.74 1.32
Er 1.81 0.89 2.56 1.79 3.28 2.64 1.38 2.88 3.33 1.90 3.94
Tm 0.25 0.12 0.35 0.26 0.48 0.39 0.20 0.43 0.49 0.24 0. 60
Yb 1.53 0.93 2.43 1.57 3.31 2.63 1.23 2.72 3.35 1.56 3.97
Lu 0.23 0.16 0.38 0.25 0.52 0.41 0.19 0.43 0.52 0.24 0.62
Y 16. 86 9.49 22.50 16. 69 32.10 23.04 12.26 25.40 28.70 18. 30 36. 00
REE 83.77 55.51 113.72 79. 45 131. 17 101. 45 61.71 110.91 139. 17 106. 09 148.21
SEu 0.32 0. 36 0.29 0.29 0.27 0.28 0.31 0.33 0.31 0.31 0.26
Cs 0.51 85.02 2.81 1.22 1.90 4.07 0.30 0. 84 6. 54 3.83 3.54
Rb 7.11 107. 90 13.30 26.23 20. 65 32.49 3.14 8.29 29.29 58. 64 30. 04
Sr 716.23 428.82 501. 08 360. 12 468. 09 404. 34 397. 84 330. 61 480.55  443.57  280.63
Ba 168. 63 319.59 207. 59 136. 94 449. 82 236.72 123. 82 94. 00 372.08  523.91 303. 65
Nb 2.33 10. 15 11.89 2.71 7.45 1. 60 8.61 8.73 8.32 7.74 9.48
Ta 0.91 1.61 0.20 0.36 0.04 0.18 1.47 0. 88 0.14 0.53 0.04
Zr 52.02 40. 98 124.13 53.24 116. 60 68. 69 60. 24 144. 02 131. 47 167. 12 126. 44
Hf 2.20 1.61 3.35 1.70 3.64 1.76 1. 60 3.80 4.22 4.42 3.16
Th 1.12 4.48 3.67 2.67 3.40 1. 41 2.52 2.67 0.53 2.83 0.78
v 430. 37 323.30 277.20 243.26 262. 30 218.31 293.90 133. 54 110. 10 178. 80 171. 60
Cr 11.89 263.90 262. 39 701.22 13.02 38.10 92.58 5.51 11.79 62. 62 12.37
Li 3.26 58.05 11. 06 14.23 26.76 15.98 4.83 12.07 79. 41 24.05 26. 36
Sc 31.88 27.78 33.15 46.39 29. 54 25.91 33.81 17.37 21.53 24.38 26. 16
U 0.26 0.43 0.78 0.98 1.07 0.26 0.38 0.40 3.78 0.36 3.62

K 139949.96  78779.34 186779.25 138537.91 266471.73 191261.95 101807.14 210866.30 238247.31 151913.79 298846. 80
Ti 21768.44  13009.15 30454.60 20291.28  32972.50 26912.75 14969.52  25890.01 33631.95 27696.90 39447.10
p 365610. 82 242278.95 496320.49 346748.55 572508.95 442769.42 269326.12 484088.47 607412.65 463031. 68 646886. 10

ik BRITR G BN % AR IR S BN 10, WA WA MBS s
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Fig. 6 Geotectonic discrimination diagrams for volcanic rocks form Nimu, Tibet
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The geochemistry and zircon U-Pb dating for the metamorphic volcanic
rocks in Nimu area, Tibet

TANG Hua', HU Lin', WEI Long', CHEN Yong-dong', OU Zhu-jian-ceng’, ZHOU Peng’

(1. Northwestern Sichuan Geological Team , Bureau of Geology and Mineral Resources Exploration and Development
of Sichuan Province, Mianyang 621000, Sichuan, China; 2. Geothermal and Geological Party, Bureau of
Mineral Resource Exploration and Development of Tibet, Lhasa 850000, Tibet, China)

Abstract; Located in the south of the Gangdise magmatic arc, Nimu area occurred a set of metamorphic volcanic
rocks mainly composed of amphibolite and amphibole-bearing plagioclase gneiss. Previously, they are believed to
be the late Paleozoic crystalline basement rocks of the Lhasa block. By detailed geological survey and studies on
mineral associations, geochemistry, and zircon U-Pb dating, the authors believe these metamorphic volcanic rocks
were the accretion complex related to the subduction of the New Tethys Ocean in the late Jurassic. Following their
formation, these arc-type volcanic rocks then experienced the mid-pressure amphibolite facies metamorphism in the
late Cretaceous and the high-temperature contact metamorphism in the Eocene. Mineral chemistry shows that
hornblendes in the rocks are mainly magnesium hornblendes and the paragenetic feldspars are mainly labradorites.
The geochemistry of the rocks shows that Al,O; is in rich and TiO, is in poor, and LILEs such as Rb, Sr, Ba are
in rich and HFSEs such as Nb, Ta, Ti are in poor, comparatively. The LA-ICP-MS U-Pb dating of zircons from the
metamorphic volcanic rocks shows an age from 151.4 +1.6Ma to 150.7 +1.4Ma, which indicate that the studied
rocks are originally the product of the northward subduction of the New Tethys Ocean in the late Jurassic.

Key words: Nimu area; geochemistry; intra-oceanic arc and continental marginal arc; zircon U-Pb dating



