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The continuation of the subduction of Paleo-Tethys Ocean within Lhasa block

in Early-Middle Triassic: evidence from volcanic rocks and HP

metamorphic rocks
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Abstract: The Sumdo eclogite belt is regarded as remains of the Paleo-Tethys Ocean basin in Lhasa block. This

paper deals with the problem whether it still subducted in Early-Middle Triassic or not. Early-Middle Triassic

2011 -08 - 26 2011 -10-20
1212011086039
1966 - E-mail Ifenqi@cgs. cn

Chaqupu Formation and Chasagang Formation serving as the wall rock of eclogite were selected for the study.
The authors not only emphatically studied geochemical features of Early-Middle Triassic volcanic rocks lying in
Chaqupu area but also investigated mineralogical characteristics and age of meta-basic volcanic rocks of
Chasagang Formation in Gongbujiangda area. The Early-Middle Triassic volcanic rocks consist of basic-interme-
diate rocks with the evolution features from basic to acid, and show intense enrichment of K in LILE and
radioactive elements Th and U, relative depletion of Nb, Ta and Ti in HFSE, and enrichment of LREE, similar
to geochemical features of volcanic rocks produced in subduction zones. The meta-basic volcanic rocks of

Chasagang Formation not only have hornblende metacrystal but also garnet metacrystal; the former consists of
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almandine and grossular, whereas the latter mainly consists of magnesian hornblende, ferruginous hornblende
and ferruginous actinolite, both formed under high-p and relatively low-T conditions. All of the zircons from
meta-basic volcanic rocks are metamorphic compound ones composed of old core and young shells. And the young
shells have no zoned structure and were formed probably by late thermo-tectonic event. The SHRIMP technique
was applied to determine U-Pb age of the metabasic volcanic rocks. The results show that the young shells can
be divided into two groups by their ages, one group yielded 237.7 = 7.1 Ma(MSWD= 1.3)which is consistent
with the island arc produced (IAP) in Early-Middle Triassic, the other yielded 273.4 = 5.5 Ma(MSWD =
0.15)which is consistent with the AP of Early-Middle Permian. The mixtures of old core and young shell of 4
zircon measuring points yielded the ages from 304 to 346 Ma, suggesting that the protolith of meta-basic volcanic
rocks were formed at least in Carboniferous. Based on these results in combination with the conformity between
Early-Middle Triassic Chaqupu Formation and Carboniferous-Permian island-arc volcanic rocks, the unconformi-
ty between Middle Jurassic and Lower-Middle Triassic in Lhasa area as well as between Lower Jurassic and Up-
per Triassic in Coqin area, and the existence of Late-Triassic collisonal granite in Nanmulin area, the authors
have reached the conclusion that the Paleo-Tethys Ocean between the southern part and the northern part of
Lhasa block, like Longmu Co-Shuanghu and Xijinwulan-Jinshajiang Paleo-Tethys Ocean, subducted in Early-
Middle Triassic and disappeared in Late Triassic.

Key words: volcanic rocks; metacrystal; zircon U-Pb ages; island arc; subduction
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Fig. 1 Tectonic location (a) and simplified geological map (b of the study area
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Fig. 2 Petrographic photographs and outcrop of the carbonate rock intercalations in Chaqupu Formation of Lhasa area
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Table 1 Major elements w; % and trace elements wy 10~ content of Early-Middle Triassic volcanic rocks in Lhasa area

CQ03-3 CQ9-1 CQl1-1 CQo-1 CQ5-1 CQ4-1 CQ7-1 CQ8-1 S03-b3 S03-b4
SiO;, 65.31 60.3 58.83 56.51 53.09 55.51 51.8 49.81 47.92 44.46
ALO; 15.49 16.42 17.89 18.02 16.01 17.02 17.85 15.33 8.66 8.89
Fe,O;5 2.00 4.45 5.92 5.69 6.59 5.48 6.8 5.42 1.28 2.53
FeO 2.58 2.62 0.24 1.06 3.72 3.06 2.14 4.29 6.92 7.84
CaO 2.92 0.92 6.29 2.16 2.48 2.32 2.15 7.17 16.07 17.18
MgO 0.67 2.47 2.5 2.49 4.38 2.49 5.49 7.22 15.2 10.7
KO 2.45 0.6 1.19 0.4 0.32 0.4 0.74 1.34 0.38 0.9
Na,O 5.2 7.93 4.51 9.53 7.41 9.53 7.6 4.84 1.06 0.61
TiO, 0.81 0.51 0.72 0.47 0.62 0.47 0.75 0.82 0.44 0.43
P,0s 0.25 0.35 0.23 0.24 0.37 0.24 0.25 0.27 0.12 0.12
MnO 0.09 0.15 0.06 0.1 0.18 0.1 0.16 0.17 0.11 0.11
2.07 2.3 0.83 3.01 3.83 3.06 3.82 2.82 1-61 5.79
99.84 99.02 99.21 99.68 99.00 99.68 99.55 99.5 99.77 99.56
Mg*® 24.3 43.9 48.5 45.8 48.8 39.5 58.2 62.3 79.8 68.9
Sc 5.28 6.86 2.98 8.66 12.1 10.53 11.9 19.6 66.7 54.7
\% 38.2 137 17.3 132 239 184 217 245 303 244
Cr 15 72.4 7.61 38.9 29.6 34.9 3.96 159 1093 1015
Co 4.81 17.9 1.5 18 30.3 25 23.2 35.6 26.7 39.3
Ga 15.8 14.8 14.6 14.5 16 15.3 17.6 15.6
Rb 86.9 17 20.3 9.5 3.02 6.5 8.1 15.2 9.98 46.5
Sr 236 307 311 506 606 554 622 319 457 410
Y 33.4 22.4 33.2 16.2 22.9 18.2 22.9 24.8 10.3 10.6
Nb 11.3 2.98 13.7 2.06 3.01 2.53 1.74 1.95 0.8 1.75
Cs 10.6 1.02 31.7 0.93 0.39 0.62 3.75 0.60
Ba 351 140 400 183 121 154 169 325 122 63.7
La 32.4 10.7 48.9 14.1 16.2 15.3 12.4 14.3 6.2 3.6
Ce 71.5 31.9 91.1 25.4 29.7 27.4 23.5 27.3 9.7 6.8
Pr 7.38 2.74 10.1 2.94 3.84 3.35 3 3.5 1.4 1.1
Nd 30.2 12.4 38 12.6 16.1 14.5 13.7 15.9 6.7 5.4
Sm 6.15 3.13 6.91 2.68 3.59 3.12 3.42 3.67 1.8 1.6
Eu 1.3 0.90 0.73 0.81 1.02 0.89 1.19 1.24 0.6 0.6
Gd 6.03 3.16 6.04 2.63 3.59 3.23 3.5 3.98 1.8 1.7
Tb 1.02 0.61 1.04 0.471 0.67 0.54 0.67 0.77 0.3 0.3
Dy 5.97 3.68 5.78 2.77 3.92 3.26 4.15 4.44 1.9 1.9
Ho 1.17 0.76 1.15 0.58 0.80 0.62 0.82 0.94 0.4 0.4
Er 3.41 2.25 3.57 1.73 2.46 2.25 2.4 2.68 1.1 1.2
Tm 0.53 0.40 0.59 0.29 0.39 0.35 0.37 0.39 0.2 0.2
Yb 3.5 2.7 3.81 1.87 2.61 2.16 2.5 2.63 1.1 1.1
Lu 0.56 0.42 0.57 0.31 0.43 0.36 0.40 0.40 0.2 0.2
Ta 0.81 0.19 0.93 0.23 0.24 0.22 0.14 0.16 0.05 0.11
Tl 0.57 0.09 1.36 0.05 0.02 0.05 0.11 0.17
Th 18.6 5.64 23.5 3.36 4.06 3.58 2.77 0.94 0.53 0.49
U 4.48 1.31 4.85 1.15 1.13 1.12 0.77 0.98 0.8 0.38
Zr 658 180 280 147 162 156 153 150 28.4 23.7
Hf 14.9 4.6 9.04 3.59 4.00 3.88 3.62 3.77 1.02 0.84
Ti 4 855 3057 4316 2817 3716 2817 4 495 4915 2637 2577
TFeO 4.38 6.62 5.57 6.18 9.65 7.99 8.26 9.17 8.07 10.12
La Yb n 6.64 2.84 9.21 5.41 4.45 5.08 3.56 3.90 4.04 2.35

Gd Yb y 1.43 0.97 1.31 1.16 1.14 1.24 1.16 1.25 1.35 1.28
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Table 2 Electron microprobe analyses of garnet from
Gongbujiangda metabasite Tibet
>< —_~

2005 Frarn X 5 mm 2~1 0321 03211 0322 03221 03331 3341
mm SO, 38.405 38.407 38.516 38.537 37.51 37.963
TiO, 0.15 0.168 0.167 0.111  0.059 0.054
CaO 6% ~ ALO;  19.712 19.672 19.275 19.799 20.078 20.017

Cr,O;  0.012  0.13¢  0.074 0.071  0.104

11% MgO 2.5% ~5% FeO 22% ~27% MnO FeO  30.588 30.974 30.917 31.569 31.455 31.708

0.94% ~1.8% MnO  0.074 2.751 2.56  2.303 1.084 0.834
(1) 2 MgO  0.65 0.549 0.992 0.689 1.149 1.163
CaO  5.599 5.372  5.261 5.475 5.945 5.887

. 0, — 0,

TiO, 0.054% 0.168% FeO S 3.1891 3.1393 3.1488 3.1330 3.0823 3.1062
30.5% ~31.6% MgO 0.54% ~1.17% CaO Ti  0.0094 0.0103 0.0103 0.0068 0.0037 0.0033
520 ~6.0% Al 1.9292 1.8951 1.8572 1.8971 1.9445 1.9303

Cr  0.0008 0.0087 0.0048 0.0046 0.0068
FeO CaO MnO MgO Fe™" 0.0320 0.0052
Fe™ 2.1242 2.1173 2.0819 2.1412 2.1617 2.1697
74% 14.28% ~ Mn  0.0052 0.1905 0.1773 0.1586 0.0755 0.0578
0.0805 0.0669 0.1209 0.0835 0.1408 0.1419
17.82% 0.18% ~ 6.67% Me
Ca  0.4982 0.4705 0.4608 0.4769 0.5234 0.5161
2.34% ~4.90% Ua  0.04 045  0.25  0.24  0.35
Pyr 2.78  2.34 426 2.92 481 4.9
S 0.18 6.67 6.24 554 2.58  2.00
2005 pe

Gro 17.17 16.02 14.28 16.16 17.54 17.82
Alm 73.38  74.15 73.28 74.80 73.86 74.94

Si  Ca 102

(1] . 2003. 1:25
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Table 3 Electron microprobe analyses of amphibole from Gongbujiangda metabasite Tibet

01-1-1 01-1-2  01-2-1 01-2-2  01-3-1 01-3-2  02-1-2 0222 02-3-1 02-3-2  03-1-2  04-1-3 05-2-2
SiO, 41.754 45.326 44.292 46.277 43.926 44.719 40.930 41.128 41.561 41.449 40.717 38.095 40.344
TiO, 0.252 0.313 0.513 0.348 0.509 0.354 0.316 0.332 0.312 0.307 0.306 0.071 0.376
ALO; 15.339  10.993 12.759 10.521 12.141 11.911 13.227 14.755 14.269 14.609 14.746 22.908 14.456
FeO 20.194  19.968 19.211 19.051 19.565 18.989 23.896 22.310 21.644 22.223 20.666 11.321 21.387
MnO 0.168 0.162 0.175 0.188 0.181 0.102 0.126 0.106 0.111 0.071 0.088 0.020 0.07
MgO 5.177 6.839 6.589 8.116 7.074 7.084 4.171 4.708 4.617 4.271 5.114 0.080 4.946
CaO 10.16  10.062 10.174 10.247 10.345 9.779 9.922 9.198 10.087  9.817 9.835 20.644 9.743
Na,O 1.209 1.047 1.076 0.994 1.175 1.099 1.298 1.225 1.185 1.09 1.317 0.004 1.201
K,O 0.562 0.276 0.454 0.269 0.362 0.416 0.393 0.430 0.391 0.376 0.325 0.000 0.335
Cr,05 0.0 0.143 0.226 0.284 0.064 0.368 0.194 0.356 0.122 0.103 0.171 0.029 0.019
Si 6.481 6.948 6.749 6.96 6.744 6.830 6.501 6.430 6.525 6.514 6.435 5.896 6.443
Al 1.519 1.052 1.251 1.04 1.256 1.170 1.499 1.57 1.475 1.486 1.565 2.104 1.557
AN 1.288 0.934 1.041 0.825 0.941 0.974 0.977 1.149 1.165 1.219 1.181 2.074 1.165
Ti 0.029 0.036 0.059 0.039 0.059 0.041 0.038 0.039 0.037 0.036 0.036 0.008 0.045
Fe** 0.676 0.722 0.636 0.619 0.658 0.552 0.434 0.414 0.598 0.645 0.52 0.977 0.619
Fe?' 1.945 1.838 1.812 1.778 1.854 1.873 2.740 2.503 2.244 2.276 2.212 0.488 2.238
Mn 0.022 0.021 0.023 0.024 0.024 0.013 0.017 0.014 0.015 0.009 0.012 0.003 0.009
Mg 1.198 1.563 1.497 1.820 1.619 1.613 0.988 1.097 1.081 1.001 1.205 0.018 1.178
Ca 1.690 1.653 1.661 1.651 1.702 1.6 1.688 1.541 1.697 1.653 1.665 3.423 1.667
Na 0.364 0.311 0.318 0.29 0.350 0.325 0.400 0.371 0.361 0.332 0.404 0.001 0.372
K 0.111 0.054 0.088 0.052 0.071 0.081 0.08 0.086 0.078 0.075 0.066 0.0 0.068
> 15.324  15.132  15.134 15.097 15.277 15.073  15.361 15.214 15.274 15.247 15.3 14.993 15.361

O 23 23 23 23 23 23 23 23 23 23 23 23 23
05-4-1 05-4-2  006-1-1 0613 06-12 03221 02-1-1 03-1-1  03-1-11 02-2-1 03-2-21 03-3-11 05-5-2
SiO, 40.180 40.678 50.718 49.851 49.379 41.888 41.367 39.478 39.387 41.976 40.233 40.374 40.056
TiO, 0.496 0.585 0.057 0.036 0.014 0.341 0.292 0.278 0.254 0.346 0.398 0.307 0.385
ALO; 14.287  14.360  2.979 3.701 2.949  14.452 13.339 15.337 14.494 14.539 15.351 15.629 15.031
FeO 21.893  21.671 13.244 14.482 13.173 19.649 23.203 23.086 23.307 22.246 21.574 20.524 21.509
MnO 0.038 0.095 0.172 0.282 0.289 0.137 0.108 0.089 0.05 0.148 0.097 0.111 0.070
MgO 4.833 4.681 13.81 14.28 14.457 5.678 4.320 3.480 3.342 4.426 4.182 5.046 4.546
CaO 9.441 9.415 10.884 10.034 10.411 9.58 9.806 9.836 9.348 9.412 9.435 9.695 9.186
Na,O 1.360 1.388 0.187 0.130 0.180 1.318 1.304 1.424 1.311 1.421 1.319 1.357 1.515
K,O 0.357 0.357 0.059 0.052 0.039 0.345 0.528 0.363 0.518 0.456 0.668 0.565 0.349
Cr05 0.059 0.012 0.025 0.113 0.063 0.403 0.588 0.089 0.408 0.108 0.205 0.058 0.017
Si 6.428 6.474 7.748 7.582 7.655 6.511 6.483 6.327 6.367 6.540 6.379 6.366 6.412
Al 1.572 1.526 0.252 0.418 0.345 1.489 1.517 1.673 1.633 1.460 1.621 1.634 1.588
Al 1.122 1.168 0.284 0.245 0.193 1.159 0.947 1.224 1.129 1.210 1.248 1.27 1.248
Ti 0.06 0.070 0.007 0.004 0.002 0.040 0.034 0.034 0.031 0.041 0.047 0.036 0.046
Fe3t 0.556 0.635 0.976 0.836 0.862 0.433 0.191 0.503 0.300 0.6 0.482 0.559 0.597
Fe?t 2.373 2.25 0.716 1.006 0.846 2.121 2.850 2.591 2.851 2.299 2.379 2.147 2.283
Mn 0.005 0.013 0.022 0.036 0.038 0.018 0.014 0.012 0.007 0.02 0.013 0.015 0.009
Mg 1.153 1.111 3.145 3.238 3.341 1.316 1.009 0.831 0.805 1.028 0.988 1.186 1.085
Ca 1.618 1.606 1.781 1.635 1.729 1.596 1.647 1.689 1.619 1.571 1.603 1.638 1.576
Na 0.422 0.428 0.055 0.038 0.054 0.397 0.39% 0.443 0.411 0.429 0.405 0.415 0.47
K 0.073 0.072 0.011 0.010 0.008 0.068 0.106 0.074 0.107 0.091 0.135 0.114 0.071
2 15.381 15.353 14.998 15.049 15.073 15.149 15.194 15.402 15.260 15.288 15.301 15.38  15.385

O 23 23 23 23 23 23 23 23 23 23 23 23 23

> o] Si K
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Fig. 7 Diagrams of TiO, = MnO-P,Os a and Hf -~ Th-Nb b for Early-Middle Triassic volcanic rocks
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