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Fig. 1 Simplified tectonic map of the central Tibetan Plateau (a) and geological map of the Amdo area (b)
AW YERS] B Hu Peiyuan et al. , 2018b (822 Ma, 810~806 Ma); Huang Xiaolong et al. » 2008 (783~767 Ma); Li Xianhua et al. ,

2002b (803 Ma); Zhang Zeming et al. , 2012b (650 Ma)

The data were quoted from Hu Peiyuan et al. , 2018b (822 Ma, 810~806 Ma); Huang Xiaolong et al. , 2008 (783 ~767 Ma); Li
Xianhua et al. , 2002b (803 Ma) ; Zhang Zeming et al. , 2012b (650 Ma)
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Fig. 2 Photographs (a, b, d, e) and photomicrographs under crossed polarized light (¢, f) of the

granitic gneisses in the Amdo area
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(a)—boundary of the intrusive contact between Cuoria granite gneisses and Precambrian paragneisses; (b)——close-up photograph of an outcrop

of granitic gneiss, showing that it has been affected by late alteration; (¢)—under orthogonal polarization microscope, some feldspar can be

seen alteration in Cuoria granite gneiss; (d)——contact relationship between Langmuting and Chachang granitic gneisses and surrounding rocks

is covered by Quaternary strata; (e)—typical photographs of outcrops of Langmuting and Chachang granitic gneiss, showing distinct gneis-like

structures; ({)—typical microscopically orthogonally polarized photographs of Langmuting and Chachang granitic gneiss, showing obvious

mineral orientation; Q—quartz; Pl-—plagioclase; aPl-—altered plagioclase; Bl-—biotite; Mc—microcline; Hb—hornblende
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F1 REERARAENES LA-ICP-MS U-Pb-Th 5 #T 45 R
Table 1 U-Th-Pb isotope compositions of zircons in Amdo granitic gneiss as measured by LA-ICP-MS

JLEHFEX10Y) [l o7 2 LEH [ {37 2% 4F % (Ma)
\‘D][J /IFIT\ . . ’I‘h/U 207 Pb 207 Pb 206 Pb 207 Pb 207 Pb 206 Pb
{ Pbg | #*Th| **U 206 / 1o 935 / 1o - / 1o % / lo . / lo / lo
)Pb Z.JU 23 U _)GPb 2«;5U Z38U

18T514, 32°1'16.471"N, 91°41'36. 003"E

18T514-01 79 460 440 | 1.05 | 0.0671 | 0.0011 .22 0.0227 | 0.1322 ] 0.0019 | 843 34 811 10 800 11
18T514-02 | 199 933 | 1196 | 0.78 | 0.0674 | 0. 0009 23 ]0.0176 | 0.1323|0.0014 | 850 22 814 8 801 8
18T514-03 44 224 261 | 0.86 | 0.0695 | 0.0019 27 10.0317|0.1326 | 0.0021 | 922 56 831 14 803 12
18T514-04 | 170 743 | 1062 | 0.70 | 0.0705 | 0.0019 28 |1 0.0390 | 0.1322]0.0048 | 943 57 838 17 800 27
18T514-05 65 435 358 | 1.22 | 0.0698 | 0.0015 27 10.0348 | 0.1323 | 0.0026 | 922 46 834 16 801 15
18T514-06 34 139 204 | 0.68 | 0.0745 | 0.0033 35 ]0.0554|0.1322|0.0022 | 1054 91 868 24 800 13
18T514-07 81 457 476 | 0.96 | 0.0679 | 0.0014 .24 ] 0.0260 | 0.1322 ] 0.0018 | 865 37 817 12 800 10
18T514-08 60 407 329 | 1.24 |0.0680 | 0.0012 24 10.0228 | 0.1322|0.0015 | 878 37 818 10 800 9
18T514-09 | 108 788 569 | 1.39 | 0.0659 | 0.0012 .20 | 0.0257 | 0.1323 | 0.0018 | 803 39 801 12 801 10
18T514-10 72 439 414 | 1.06 | 0.0674 | 0.0013 23 ]0.0266 | 0.1322|0.0018 | 850 45 813 12 800 10
18T514-11 | 168 | 1204 | 902 | 1.33 | 0.0682 | 0.0013 24 10.0280 | 0.1323]0.0021 | 876 44 820 13 801 12
18T514-12 57 247 345 1 0.72 | 0.0680 | 0.0021 24 |10.0413 | 0.1325|0.0026 | 878 |—134| 819 19 802 15

18T514-13 50 260 299 | 0.87 | 0.0689 | 0.0016
18T514-14 | 101 648 561 | 1.16 | 0.0681 | 0.0013
18T514-15 66 414 392 | 1.06 | 0.0657 | 0.0019
18T514-16 36 137 226 | 0.61 | 0.0666 | 0.0013
18T514-17 49 254 288 | 0.88 | 0.0678 | 0.0013

25 10.0293 ]0.1322|0.0014 | 894 44 825 13 800 8
24 ]0.0269 | 0.1320|0.0015 | 872 45 819 12 799 8
18 ]0.0359|0.1321 | 0.0028 | 798 56 793 17 800 16
21 1 0.0237 1 0.1323|0.0016 | 833 41 806 11 801 9
24 10.02320.1323|0.0014 | 865 35 817 11 801 8
0017 | 865 37 816 11 799 9
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18T514-18 77 287 490 | 0.59 | 0.0678 | 0.0012 23 10.023810.1320 ] 0.

18T514-19 26 92 164 | 0.56 | 0.0697 | 0.0020 27 1 0.0366 | 0.1320 | 0.0014 | 920 57 831 16 799
18T514-20 | 226 808 | 1429 | 0.57 | 0.0678 | 0. 0009 24 10.0180 | 0.1322|0.0012 | 861 28 817 8 800
18T514-21 63 222 397 ] 0.56 | 0.0655 | 0.0017 .20 | 0.0426 | 0.1320 | 0.0023 | 791 55 799 20 799 13
18T514-22 | 121 386 766 | 0.50 | 0.0671 |0.0021 23 | 0.0557 | 0.1323 | 0.0040 | 839 64 813 25 801 22
18T514-23 73 452 412 | 1.10 | 0.0662 | 0.0031 .21 | 0.0516 | 0.1327 | 0.0024 | 813 92 805 24 803 14

18T554,31°5015. 926"N, 91°4950. 987"E

18T554-01 | 160 165 | 1018 | 0.16 | 0.2620 | 0.1543 | 1.72 | 0.1014 | 0.1327 | 0.0216 | 3259 | 1104 | 1015 38 803 | 123
18T554-02 | 158 189 415 | 0.46 | 0.1134 | 0.0013 | 5.24 | 0.0651 | 0.3351 | 0.0035 | 1855 20 1859 11 1863 | 17
18T554-03 | 251 718 621 | 1.16 | 0.1008 | 0.0013 | 4.22 | 0.0602 | 0.3035 | 0.0030 | 1639 23 1678 12 1708 | 15
18T554-04 79 232 528 | 0.44 10.0714 [ 0.0019 | 1.30 |0.0302|0.1328 | 0.0019 | 969 50 847 13 804 11
18T554-05 30 63 828 | 0.08 | 0.0504 | 0.0020 | 0.25 | 0.0099 | 0.0356 | 0.0004 | 213 91 225 8 226 3

18T554-06 42 135 299 | 0.45 | 0.0661 |0.0014 | 1.20 | 0.0378 |0.1324 | 0.0039 | 809 46 800 17 802 22
18T554-07 | 464 286 | 1424 | 0.20 | 0.1054 | 0.0010 | 4.41 |0.0751 | 0.3028 | 0.0046 | 1722 17 1713 14 1705 | 23
18T554-08 94 577 519 | 1.11 | 0.0728 | 0.0027 | 1.34 | 0.0802 | 0.1320 | 0. 0045 | 1009 75 864 35 799 25
18T554-09 | 193 218 | 1097 | 0.20 | 0.0729 | 0.0008 | 1.70 |0.0224 |0.1691|0.0015 | 1013 23 1009 8 1007 8

18T554-10 | 181 159 | 1313 | 0.12 | 0.0745 | 0.0012 | 1.36 | 0.0235|0.1321 | 0.0020 | 1054 33 871 10 800 11
18T554-11 110 171 419 | 0.41 | 0.0876 | 0. 0011 2.87 | 0.0472]0.2379 | 0.0029 | 1373 24 1375 12 1376 | 15
18T554-12 39 55 303 | 0.18 | 0.0713 | 0.0017 | 1.30 |0.1097|0.1315|0.0103 | 966 48 847 48 796 58
18T554-13 | 115 199 417 | 0.48 | 0.0876 | 0.0016 | 2.93 | 0.0564 | 0.2426 | 0.0030 | 1374 35 1390 15 1400 | 16
18T554-14 | 151 80 477 1 0.17 | 0.1154 | 0.0014 | 4.68 | 0.0801 | 0.2942 | 0.0039 | 1887 22 1764 14 1662 | 19

18T554-15 | 142 375 973 1 0.39 | 0.0682 | 0.0010 | 1.25 | 0.0320 |0.1327 | 0.0030 | 876 24 823 14 803 17
18T554-16 | 117 539 734 | 0.73 10.0657 | 0.0010 | 1.20 |0.0232]|0.1324 |0.0021 | 798 31 801 11 802 12
18T554-17 | 168 | 1097 | 960 | 1.14 | 0.0672 | 0.0015| 1.23 |0.0284 |0.1324|0.0024 | 843 45 812 13 802 14
18T554-18 97 428 389 | 1.10 | 0.0766 | 0.0011 | 2.03 | 0.0306 | 0.1927 | 0.0021 | 1109 30 1126 10 1136 | 12
18T554-19 36 63 1038 | 0.06 | 0.0541 | 0.0012 | 0.26 | 0.0080 |0.0353 | 0.0007 | 372 56 237 6 224 4
18T554-20 44 135 | 1505 | 0.09 | 0.0495 | 0.0008 | 0.20 | 0.0036 | 0.0296 | 0. 0003 | 169 39 187 3 188 2
18T554-21 83 327 559 | 0.59 |0.0643|0.0013 | 1.17 | 0.0540 | 0.1322 | 0.0055 | 750 44 788 25 800 31
18T554-22 | 136 668 887 | 0.75 1 0.0656 | 0.0023 | 1.19 | 0.0563 | 0.1320 | 0.0040 | 794 81 798 26 799 23

18T584,31°5021. 359"N, 92°320. 466"E

18T584-01 | 130 575 819 | 0.70 | 0.0664 | 0.0011 | 1.21 | 0.0199 |0.1322|0.0014 | 817 34 805 9 800 8
18T584-02 | 122 497 777 1 0.64 |0.0659 | 0.0011 | 1.20 |0.0230|0.1324 |0.0017 | 1200 36 802 11 801 10
18T584-03 | 200 654 | 1318 | 0.50 | 0.0650 | 0.0013 | 1.19 |0.0259 | 0.1322 | 0.0020 | 776 43 795 12 800 11
18T584-04 44 150 301 | 0.50 |0.0625|0.0013| 1.14 |0.0336|0.1319 |0.0030 | 692 47 772 16 799 17
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N 7 206 207

oo [ [T TR [ [ T
18T584-05 156 528 1029 | 0.51 | 0.0678 | 0.0017 1.23 |0.0262 | 0.1320 | 0.0023 | 863 53 816 12 799 13

18T584-06 93 289 616 0.47 | 0.0637 | 0.0016 1. 16 0.0252 | 0.1323 ] 0.0013 | 731 52 783 12 801 7
18T584-07 91 348 583 0. 60 | 0.0669 | 0.0020 1. 22 0.0314 | 0.1322 | 0.0025 | 835 65 809 14 801 14

18T584-08 105 478 654 0.73 [0.0663|0.0010 1. 21 0.0191]0.1320 | 0.0015 | 817 32 804 9 799 9
18T584-09 75 277 486 0.57 [ 0.0640 | 0.0012 1.17 0.0268 | 0. 1322 | 0. 0020 | 743 42 785 13 800 11
18T584-10 58 368 331 1.11 | 0.0687 | 0. 0020 1. 26 0.0574 1 0.1323 ] 0.0039 | 900 59 827 26 801 22
18T584-11 161 674 1020 | 0.66 | 0.0660 | 0.0015 1.20 |0.0254 | 0.1321|0.0017 | 806 44 801 12 800 10
18T584-12 126 566 787 0.72 | 0.0656 | 0.0012 1.20 |0.0231 |0.1323|0.0023 | 792 38 799 11 801 13
18T584-13 150 684 930 0.74 10.0681|0.0017 1. 24 0.0336 | 0.1320 | 0.0019 | 872 50 819 15 799 11
18T584-14 100 738 553 1.34 | 0.0786 | 0. 0027 1.48 0.127410.1321 ] 0.0078 | 1165 67 923 52 800 44
18T584-15 137 693 821 0.84 [ 0.0671|0.0012 1.22 |0.0248 | 0.1319 | 0.0028 | 843 |—160| 810 11 799 16
18T584-16 221 873 1386 | 0.63 | 0.0694 | 0.0013 1.27 |0.0380 | 0.1326 | 0.0029 | 909 37 834 17 803 16
18T584-17 113 374 741 0.50 [ 0.0675 | 0.0015 1.23 0.0305 | 0.1323 | 0.0028 | 854 48 816 14 801 16
18T584-18 132 541 845 0.64 | 0.0660 | 0.0015 1.21 0.0296 | 0.1325 | 0. 0021 | 806 44 804 14 802 12
18T584-19 86 389 545 0.71 [0.0679 | 0.0032 1.23 |0.0297 | 0.1321 | 0.0033 | 865 98 815 14 800 19
18T584-20 134 484 875 0.55 | 0.0648 | 0.0013 1.18 |0.0276 | 0.1323 | 0.0023 | 769 43 793 13 801 13
18T584-21 104 594 608 0.98 | 0.0665 | 0.0012 1.21 0.0265 | 0.1320 | 0. 0021 | 833 36 806 12 799 12
18T584-22 103 390 654 0.60 | 0.0677 | 0.0034 1. 22 0.0265 | 0.1323 ] 0.0035 | 861 106 809 12 801 20
18T584-23 119 455 756 0.60 | 0.0663 | 0.0019 1.21 0.0335]0.1326 | 0.0029 | 815 60 806 15 803 16

R2 REURAKRENSER Hf B AL RAR
Table 2 Hf isotope compositions of zircons from the granitic gneiss in the Amdo area
[ L R LA
weae | L/ T hi/ TR ewo| 20 | 22| g
(Ma) kg lo 7 g 1o 7 g 1o "THD, (Ma) | (Ma) |~

18T514-1 800 | 0.040668 |0.000824 | 0.001378 {0.000024 | 0.282336 [0.000018| 0.282315 |—15.4| 1.5 0.6 [ 1308|1601 |—0.96
18T514-2 | 800 | 0.032541 | 0.001099 | 0. 001148 |0.000039 | 0.282306 |[0.000019 | 0.282289 |—16.5| 0.6 0.7 | 1341 | 1659 | —0.97
18T514-3 | 800 | 0.026398 |0.000629| 0.000949 |0.000021 | 0.282275 |0. 000016 | 0.282261 |—17.6| —0.4| 0.6 | 1378 | 1723 |—0.97
18T514-5 | 800 | 0.063807 |0.002689 | 0. 002103 | 0. 000082 | 0.282283 |0.000018| 0.282252 |—17.3|—0.7| 0.6 | 1409 | 1742 | —0. 94
18T514-7 | 800 | 0.022272 |0.000763| 0.000792 |0.000025 | 0.282266 | 0. 000017 | 0.282254 |—17.9| —0.7| 0.6 | 1385|1738 |—0.98
18T514-8 | 800 | 0.039094 |0.000823 | 0.001385 |0. 000023 | 0.282297 |0.000019| 0.282276 |—16.8| 0.1 0.7 | 1363|1689 | —0.96
18T514-9 | 800 | 0.071097 [0.001680| 0.002413 |0.000052 | 0.282291 |0. 000021 | 0. 282254 |—17.0{ —0.7 | 0.7 | 1411|1736 |—0.93
18T514-10 | 800 | 0.029645 |0.000538 | 0. 001059 | 0. 000019 | 0.282290 | 0. 000019 | 0.282274 |—17.0| 0.0 0.7 | 1361|1693 |—0.97
18T514-11 | 800 | 0.035467 |0.000738| 0.001200 | 0. 000022 | 0.282289 |0.000017| 0.282271 |—17.1|{—0.1| 0.6 | 1367 | 1699 | —0. 96
18T514-12 | 800 | 0.042806 |0.000734 | 0.001508 | 0. 000016 | 0.282295 | 0. 000022 | 0. 282273 |—16.9| 0.0 0.8 [ 1370|1696 | —0.95
18T514-13 | 800 | 0.023733 |0.000583| 0. 000872 | 0. 000019 | 0.282280 | 0. 000020 | 0. 282267 |—17.4{—0.2| 0.7 | 1368|1709 | —0.97
18T514-14 | 800 | 0.058771 |0.001588 | 0. 001960 | 0. 000046 | 0.282302 | 0. 000020 | 0. 282272 |—16.6| 0.0 0.7 [ 1377|1697 | —0.94
18T514-15 | 800 | 0.057584 |0.001353 | 0. 002045 | 0. 000046 | 0.282327 | 0. 000023 | 0.282297 |—15.7| 0.8 0.8 | 1344 | 1642 | —0.94
18T514-16 | 800 | 0.029055 |0.000292| 0.001122 |0. 000020 | 0.282344 | 0.000022| 0.282327 |—15.1| 1.9 0.8 [ 1288|1575 |—0.97
18T514-18 | 800 | 0.042889 |0.000724 | 0.001507 | 0. 000028 | 0.282288 | 0. 000024 | 0. 282266 |—17.1|{—0.3| 0.8 | 1380|1712 |—0.95
18T554-4 | 802 | 0.025762 | 0.000146| 0.000971 |0.000003 | 0.282316 |0.000015 | 0.282302 |—16.1| 1.1 0.5 | 1321|1630 | —0.97
18T554-6 | 802 | 0.025970 |0.000348 | 0.001024 |0.000017 | 0.282326 |[0.000021 | 0.282310 |—15.8| 1.4 0.7 | 1310 | 1611 | —0.97
18T554-8 | 802 | 0.022690 |0.000119| 0.000874 |0.000004 | 0.282150 |0. 000018 | 0.282137 |—22.0| —4.8| 0.6 | 1549 | 1996 | —0.97
18T554-10 | 802 | 0.042538 |0.000570 | 0.001476 | 0. 000030 | 0.282027 | 0. 000018 | 0. 282005 |—26.3| —9.4 | 0.7 | 1747 | 2289 | —0. 96
18T554-12 | 802 | 0.019652 |0.000834 | 0. 000655 | 0. 000028 | 0. 282047 | 0. 000016 | 0. 282037 |—25.6{ —8.3| 0.6 | 1682|2218 | —0.98
18T554-15 | 802 | 0.033683 |0.000869 | 0.001251 |0. 000042 | 0.282274 | 0.000015| 0.282255 |[—17.6{—0.6 | 0.5 | 1391 | 1734 | —0. 96
18T554-16 | 802 | 0.031698 |0.000987 | 0.001231 | 0. 000047 | 0.282321 |0.000017| 0.282303 |—15.9| 1.1 0.6 | 1323|1627 | —0.96
18T554-17 | 802 | 0.029228 |0.000567 | 0. 000957 | 0. 000016 | 0. 282284 | 0. 000016 | 0.282270 |—17.3| —0.1| 0.6 | 1366 | 1701 | —0.97
18T554-21 | 802 | 0.042817 |0.000179 | 0.001408 | 0. 000005 | 0.282342 | 0. 000016 | 0.282320 |—15.2| 1.7 0.6 | 1301 | 1588 | —0.96
18T554-23 | 802 | 0.035858 |0.000809 | 0.001375 |0. 000025 | 0.282272 | 0.000014 | 0.282251 |—17.7|—0.7 | 0.5 | 1398 | 1742 | —0. 96
18T584-1 | 801 | 0.034903 |0.000769 | 0.001149 | 0. 000024 | 0. 282287 |0.000016 | 0.282269 |—17.2| —0.1| 0.6 | 1369 | 1703 | —0.97
18T584-2 | 801 | 0.041321 [0.000701| 0.001301 |0.000021 | 0.282332 |0.000018 | 0.282312 |—15.6| 1.4 0.6 | 1311 | 1607 | —0.96
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2R 2

4 2 Mol ]

W55 TR Y/ ]76Lu{/ L S HL/ (I—IGH{/ e (0 e ()| 20 fom | Fove S L

(Ma) - lo g lo T lo THD, (Ma) | (Ma) |~ ~
18T584-3 | 801 | 0.037825 |0.000873| 0.001197 |0. 000026 | 0.282279 |0.000016 | 0. 282261 |—17.4| —0.4| 0.6 | 1382|1722 |—0.96
18T584-5 801 | 0.047933 {0.000515| 0. 001585 | 0.000014 | 0.282330 | 0. 000019 | 0.282306 |—15.6] 1.2 0.7 | 1323|1621 |—0.95
18T584-6 801 | 0.036249 |0.000271| 0.001161 |{0.000007 | 0.282301 [0.000017 | 0.282283 |—16.7| 0.4 0.6 | 1350|1671 |—0.97
18T584-7 | 801 | 0.038511 |0.000629 | 0.001213 |0.000017 | 0.282303 [0.000020 | 0.282285 |—16.6| 0.5 0.7 [ 1348|1668 | —0.96
18T584-8 | 801 | 0.051760 |0.000465| 0.001700 [0. 000013 | 0.282332 |0.000016 | 0.282307 |—15.5| 1.2 0.6 |1324]1619|—0.95
18T584-9 | 801 | 0.026312 |0.000105 | 0.000895 |0.000003 | 0.282318 [0.000018| 0.282305 |—16.0| 1.2 0.6 [1316 | 1624 | —0.97
18T584-11 | 801 | 0.062185 |0.000638| 0.002013 | 0. 000021 | 0.282309 |0.000019| 0.282279 |—16.4| 0.2 0.7 [ 1369|1681 |—0.94
18T584-12 | 801 | 0.054910 |0.000318| 0. 001805 |0. 000014 | 0.282329 |0.000019| 0.282302 |—15.7| 1.0 0.7 [1333]1631|—0.95
18T584-15 | 801 | 0. 050590 | 0. 000481 | 0.001622 | 0. 000014 | 0. 282292 |0.000022 | 0.282267 |—17.0{ —0.2| 0.8 | 1379 | 1707 | —0. 95
18T584-17 | 801 | 0.044643 |0.001292| 0.001484 |0.000035 | 0.282330 |0.000022| 0.282307 |—15.6| 1.2 0.8 [ 1320|1618 | —0.96
18T584-18 | 801 | 0. 048569 |0.000997| 0.001523 | 0. 000022 | 0. 282241 |0.000018 | 0.282218 [—18.8{ —1.9| 0.6 | 1448 | 1818 | —0. 95
18T584-19 | 801 | 0.039861 |0.000318| 0.001273 | 0. 000009 | 0. 282338 |0.000021| 0.282318 |—15.4| 1.6 0.8 [ 1302|1593 |—0.96
18T584-20 | 801 | 0.039869 |0.000960| 0.001252 | 0. 000021 | 0.282311 |0.000022| 0.282292 |—16.3| 0.7 0.8 | 1339|1653 |—0.96
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Fig. 3 Cathodoluminescence images of representative zircon grains and U-Pb zircon concordia

diagrams of the granitic gneisses in the Amdo area
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The solidcircles are the zircon U-Pb age analysis spots, and the dashed circles are the zircon Hf analysis spots
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®3 REURFKRESLE Sr-Nd B EHM
Table 3 Whole-rock Sr-Nd isotopic compositions of the granitic gneiss in the Amdo area
N AR Rb St |¥Rb/ X Nd ""Sm/ | " Nd/ Lpme
e A 875y /8 +2 I +2 1(0) @ | fsmna .
PR ) M 105|106 g | S LY ox10(x107)| MNd | Nd e N (Ma)

18T514 | 800
18T554 | 801

198.73 | 90.94 |6.364]0.774441 0. 000005 | 0. 702
190.64 | 161.2 |3.432]0.737790| 0. 000006 |0. 699

13.1 0.1079 |0.512043(0. 000004| — 11. 6| — 2.5 | —0.45| 1757
5. 74 0. 1148 |0.511960(0. 000004| —13.2| — 4.8 |—0.42| 1899

18T584 | 802 | 140.15 | 83.98 |4.8560.766826 |0.000005 |0.711 34.2 0. 0878 |0.511892]0. 000005| —14.6| — 3.4 |—0.55| 1972
1000 1000
(a)
100+ 100

e 5 H B E 4 11 BR 5 (801 Ma)
Cuoria granite gneisses (801 Ma)

1| i A I HE 1 Fr R 2 (802 Ma) 55 % 4 JE i IR 43 (801 Ma)

Langmuting granitic gneisses (802 Ma)

and Chachang granitic gneisses (801 Ma)

"La Ce Pr Nd Sm Eu Gd Tb ﬁy Ho Er Tm Yb Lu

Rb U Ta Ce Pr_ Nd Hf Eu Gd Dy Ho Tm Lu
Th Nb La Pb Sr Zr Sm Ti Tbh 'Y Er Yb

Bl 4 %2240 5 R R 0 BROBE I A A5 AR 1 70 320 43 18] Ca) 0 D5 4 b 2 s 1 AL
fil et 28k M 1] (b) (B AL B 4l Sun and McDonough, 1989)

Fig. 4 Chondrite-normalized REE (a) and primitive mantle-normalized trace element (b) patterns of the granitic gneiss

in the Amdo area (normalization values are after Sun and McDonough, 1989)
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Table 4 Whole-rock major (%) and trace element ( X 10~ °) data of the granitic gneiss in the Amdo area
eS| 18T514 | 18T515 | 18T516 | 18T517 | 18T518 | 18T519 | 18T555 | 18T556 | 18T557 | 18T584 | 18T585 | 18T586 | 18T587 | 18T588 | 18T589
SiO, 74.71 75.42 74. 89 74.72 74.75 76. 00 75. 34 73.61 75.04 76. 82 76.62 76. 15 76.73 77.04 | 75.48
TiO, 0.19 0. 20 0.19 0.21 0. 20 0.13 0. 26 0. 30 0. 28 0.17 0. 22 0. 20 0.18 0.22 0.22
AL O, | 13.51 13.23 13.55 13. 65 13. 47 13.12 13. 79 14. 33 13. 64 12. 39 12. 34 12. 58 12. 39 12.12 | 12.11
TFe,O4| 1.64 1. 66 1. 59 1.47 1. 81 1. 24 1.97 2.40 2. 36 1. 45 1.75 1.61 1. 44 1.71 1. 69
MnO 0. 04 0. 04 0. 04 0. 05 0. 05 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.03 0.03 0.03
MgO 0. 50 0.43 0.42 0.52 0. 47 0.43 0. 37 0.43 0.41 0. 25 0. 28 0. 25 0. 24 0. 31 0. 29
CaO 1. 68 1.72 1. 67 1.75 1. 69 1.21 2. 83 2.95 2. 88 1. 14 1. 20 1. 23 1. 10 1. 35 1. 42
Na, O 3.32 3. 68 3. 68 3.15 3. 66 4.11 4.02 4.18 4.11 2. 81 2.65 2.74 2. 74 2. 87 2. 87
K,O 4. 14 3. 70 3.99 4. 64 3. 95 3.45 1. 36 1. 46 1.09 4.63 4. 84 4. 89 5.01 4.01 3.93
P,0O; 0. 05 0. 04 0. 04 0. 06 0. 04 0.03 0. 04 0. 05 0. 04 0.03 0.03 0.03 0.02 0.03 0.03
LOI 0.42 0.61 0. 81 0. 56 0.77 0.93 0. 81 0.77 0. 86 0.73 0. 98 0. 83 0.71 0.92 0. 89
Total 100. 20 | 100. 74 | 100. 87 | 100. 77 | 100. 85 | 100. 68 | 100. 82 | 100.49 | 100. 75 | 100. 45 | 100. 93 | 100. 55 | 100. 59 | 100. 61 | 98. 95
Ti 1080. 62|1088. 22| 977.92 |1112. 50| 1085. 50| 589. 09 |1358. 31|1639. 46|1470. 70|{1054. 52| 1338. 70|1250. 61|1050. 80|1301. 14 {1329. 04
Li 8. 26 7.46 7. 40 9. 86 7.59 5. 63 13.90 15.41 14. 28 11. 17 11. 62 12. 65 12.53 16.12 | 18.67
Be 2.70 3. 20 3.39 3.09 3.59 3.14 4.49 4. 81 4. 68 1. 37 1. 20 1. 36 1. 20 1. 40 1. 60
Sc 6.73 4.15 4. 11 4. 16 4.68 2.94 3.28 3. 83 3. 54 5. 65 4. 40 4.10 3.72 4. 56 4. 31
\% 23.90 23.63 22.75 21. 19 22. 15 17.15 27.62 34. 60 33.02 14. 63 9.15 7.93 6. 49 8. 30 7.34
Co 3.33 2.01 1. 84 2.63 2.02 1. 60 2. 68 3.21 3. 10 2.54 1.72 1. 55 1.47 2.04 1.93
Ni 7.25 3. 54 3.98 8. 11 3. 50 6. 60 5.93 5. 60 5.53 5. 82 2.19 1. 36 3.38 4.21 4.21
Cu 5. 34 5.42 6. 26 11. 37 6. 31 3. 44 3.91 3.31 3. 69 11. 75 7.58 6.31 6.01 11. 22 8. 63
Zn 32.20 | 28.13 | 25.71 31.84 | 29.45 14. 60 | 26.91 29.86 | 28.25 19.79 | 28.13 | 27.02 | 24.32 | 22.01 | 24.57
Ga 13.08 14. 69 14. 80 14. 51 16. 17 13.16 17.16 18.78 | 18.22 11. 96 15. 08 14.93 14. 27 14.66 | 15.35
Rb 198. 73 | 151.42 | 161. 60 | 224.41 | 167.47 | 121. 05 | 67. 80 73.57 63.63 | 140.15 | 141. 22 | 140.24 | 146.38 | 118.98 | 118. 39
Sr 90.94 | 105.02 | 106.30 | 98.92 | 117.90 | 109. 23 | 160. 70 | 166.41 | 154. 53 | 83.98 89.92 92.02 86. 30 88.75 91. 33
Zr 92.79 | 101.42 | 91.52 | 99.19 | 94.49 | 79.04 | 267.13 | 313.35| 281.99 | 182.98 | 213.50 | 203. 82 | 189. 16 | 234. 68 | 233. 61
Nb 13.75 7.39 8.43 16.76 | 10.49 8. 10 6. 44 7.63 6.99 9.50 7.74 7.09 6. 54 7.11 7.45
Ta 0.94 0.49 0. 96 0.76 1.91 0.99 0. 81 0.91 0. 83 0.49 0.23 0.23 0.23 0. 15 0. 26
Pb 31. 40 27. 85 32.03 35.67 36. 44 27. 29 49. 70 50. 19 42. 66 24. 31 28. 43 29. 56 29. 65 23.93 | 26.29
Th 10. 92 14. 56 16. 27 16. 96 19. 75 10.77 | 62.30 | 76.15 | 75.87 18.17 | 20.51 18.90 | 20.55 | 20.51 | 26.29
U 1.07 0. 89 0. 98 2.23 1. 64 0. 86 5.31 6. 26 7.17 1. 28 0.93 0.92 0.99 0.99 1. 21
Y 12.57 7.28 7.71 11. 49 12. 65 9. 44 18. 48 22.84 21. 86 13.53 12. 47 11. 54 11. 36 9. 39 13. 25
La 16.65 | 23.95 | 22.87 18.91 | 29.08 10. 76 60.17 | 74.34 | 73.79 | 43.88 | 74.54 | 72.10 | 63.64 | 68.37 | 77.27
Ce 34.99 | 45.43 | 43.57 | 37.42 | 56.49 | 24.20 | 118.85 | 147. 26 | 146.66 | 108. 73 | 150. 62 | 149. 76 | 138. 35 | 150. 57 | 169. 34
Pr 3. 84 4.76 4.63 3.95 6. 00 2.62 15. 29 18. 85 18. 86 10. 20 17. 83 17. 15 15. 23 16. 17 18.53
Nd 13. 06 17. 48 17.03 15. 20 22.25 9.63 45. 87 57. 20 56. 81 34. 17 51.08 49. 55 43.79 46.16 | 53.35
Sm 2.33 2. 96 2.97 3.02 3.97 1. 92 8. 10 10. 02 10. 01 4. 96 7.35 7.16 6. 38 6. 56 7.93
Eu 0. 60 0.53 0. 55 0. 59 0. 60 0. 39 1. 00 1.12 1.08 1. 05 1.08 1.07 1. 06 1.01 1.02
Gd 2.18 2.29 2.35 2. 84 3.19 1. 83 5.98 7.25 7.31 4.42 4. 69 4.49 4. 00 4. 10 5.22
Th 0. 30 0.33 0. 35 0. 46 0.49 0.32 0. 84 1.03 1.02 0.53 0. 68 0.63 0.58 0. 60 0.77
Dy 1. 69 1. 67 1.76 2.41 2.48 1. 80 3.97 4. 87 4.78 2. 84 3. 20 3.02 2. 83 2.85 3.62
Ho 0. 30 0. 28 0. 31 0.42 0. 44 0. 35 0.71 0. 86 0. 82 0.51 0. 54 0. 50 0.48 0.47 0. 58
Er 0.75 0. 68 0.76 0.97 1. 09 0. 85 1.70 2. 07 1. 97 1. 39 1. 21 1.11 1. 15 1. 08 1. 24
Tm 0.11 0. 10 0.12 0.13 0.17 0. 14 0. 25 0. 29 0.27 0.21 0.15 0. 14 0.15 0.13 0. 16
Yb 0. 67 0.72 0. 87 0. 89 1. 30 0. 94 1.74 2.10 1.93 1. 36 0. 95 0.92 0.98 0. 85 1. 04
Lu 0.11 0.11 0.13 0.13 0.19 0. 14 0. 28 0. 33 0. 31 0.21 0.13 0.13 0.15 0.13 0.15
Hf 2.82 3.29 3. 34 3. 39 3.51 3. 05 9. 14 10. 41 9. 46 5.02 6. 48 6. 16 6.61 7.24 7.09
BT R R R SRR AR 2RO G R A SIS T 5 R R
RE W AN 7843, PR 5 30 s 1 R 2 2R 6 o T 1Y mr O A AR RV, 2 2 RGP B A B B

[l 037 28 W43 Ho — 9. 4 {H AT BBk B & 5 1) L 5¢ i
JG,+ 1.9 {H WSk B = 45 04 H e i

S Nd R B atras R ET

7T 5 5 R I )
BRI

FLR . H € (800 Ma) [ ik— 10 Z£ 45 (Liu Deliang et
al. » 2017) , B R b 52 TR G VR FH o A2 v A [R) 5 37 56k
TR EET WS S5 O AR FE W L —EREE Eik
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vs. loss on ignition (LOD of the granitic gneisses in the Amdo area

A5 e (O H A3 B (BOR T BB H B i & 4R 21 7
BEAS BRI E e (OMEHME A @ FE &R
HAIEFE R KM NI iR & & (1,36 X10 *~8. 11
X10 %), H Mg fH[100 X Mg*" /(Mg"" +Fe*" )]
(26. 8~45) 15 T 4l b 72 45 & (] 8;Jiang Yaohui et
al. , 2013) , W45 7~ 18 5 Jot 4 B mi ok 4 v A7 78 18
BFEKNSY,

W ve L i R W A8 1 A KB UG AT RE & ) T
gER SRR 7. ALO, BEE SiO, 3 0
W KRR E TR AN M SIER. &R
Bt #E TiO, , TFe, O5 A1 MgO Ay /b % 1 75 %
WAL I I 45 S R b Fe T B ) R A 45 54y 5.
B SCH IR P, O5 & 5 FEAR N S 5 85 K A 43 B A K
KEBEES K Zr BEE SIO, 138 A0 A W7 2>, ix
F IR H A R b R T R L 3k 52 43 5 45 i A 4R

M Al 3t BR Ak 24 R AE R0 90 20 A L A6 B T L4y
g 1#.S A M #Hl A £l (Chappell and White,
1974), M BUAE 5 45 02V o0 1 4 8 4y, — 2L A
ik Th WFRF A 5 A SCHIFSE 19 46 B R RR 7 B 2 AS [F]
(K 4b), P &KX TR S BIAE K A 1Y 2 hx
S DR Ry Wl K A A 4 BR RIS B ek AR T A R (T D)
rh s B A (R UK A 7 R R B AR (S B hg
JE A %% (Wolf and London.1994) , 7 SCHFSE 46
A BEE PO, S 8% 0. 02%~0.06%), H P,O,
T Si0, FE R 8), H A Mg
F /b N A ok (& 200, R & F 1T ALAE
Fro RT T BUTE R A R H T 3 A R R
@ Hb 7 P9 AR i kA 19 38 4 4% il /E A (Chappell
and White, 1974)F1 @ M 75 3 X+ U AL B 1) B
1L BIR e 45 f 4r Fd #2 (Kemp et al. , 2007), 0
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Fig. 6 Zr+Ce+Nb+Y vs. 10000X Ga/Al discrimination diagram of the granitic gneisses and tectonic discrimination

diagrams of the A-type granite in the Amdo area
K%k 5] A Li Xianhua et al. , 2002b; Huang Xiaolong et al. , 2008; Hu Peiyuan et al. . 2018b Az H #1225 SC ik

The data were quoted from Li Xianhua et al. , 2002b; Huang Xiaolong et al. , 2008; Hu Peiyuan et al. , 2018b and their references

A SCHT A L [ 057 28 0 1 BR Ak 2 B8 B} 95 7 3k 2 78 B A
JRAFE S CE S R AR A KNS5, AR
WF T I 50 b PR Ak BT A6 X B kR A
(18T555-557) 5 25 B 4B K Fv ik & (18 T584-589) A
B E R ICE (Zr+ Ce+ Nb+Y) & (>
350X 10 ) (&l 6a) FIES A1 161 A1k B (>>800°C) , (A
M E A BUAE XA BRE . 56 T axX — bk fh 24 k¢
fiE s — ol fif BE 2 W BB 55 45 40 70 SRR A OC L (HE FRAT
HeBR Tox — g LN ZE T Zr +Nb+Ce+Y & &
Ml Ga/Al LIEYE SiO, 2 7% (E 7g.h) sk
ST AR T Zr+Nb+Ce+ Y &l Ga/Al
FCAE, T AN & TR
4.3 MIEWRE

HEAWFIR R BT T ALAE K 5 LT 7T BB B WL T 4%
k) 35 PR B L (HJR A BUAE B 5 B BT 5 4 R AH G
MR E TS 5. Eby (1990, 1992) il i 4 45 /i A T/
F3 BT R i ORI AL 15 75 50 R 77 0 A BRI A 0
A RIAERA R AT R A2 B Bl 2 8 Hob AL
B F T —FdE & 1L 2R 8% Canorogenic) , 78 K fifi 24
A I AR N A A CIn 30 g A 04 35 Bl (2
A A2 R R A & RSV L) 2, FE RS
ilf 458 {1 J&& 21 45 (post-orogenic) . 7 3T W WF 9% I R 6
B A2 BUAE A T DUE BT S5 IR RS, 1] dn Al

AR 5 | 762 ) S A R A R B 85 (JR] 20 7145, 2008 5 58 0%
JEE, 2008; % /0 T %%, 2008; Huang He et al.,
2012),

W 6b firzs  BIARTT 525 5 A8 5l BRA AR
KIdE A A2 RIS . T A2 BUAE K A 18 iy 19
T PR I LAz B DA S R Y ) 1 BR
BEW /5 XSl T S A5 G . K 2 T SR A AL
P b JeF57E I8 pE -1 L M B 5 b B R 47 - Al B
Z 1), H ol A 1k Py R 5 3 26 AH 408 il P %5 D0 A
Ko BINTE S 42 2 i Bkl 48 1 47 5% 1 B (810 ~
806 Ma) Fl47 F V4 Zk 4h [X (803~ 767 Ma) ¥ K HL T
[ A2 BUAE i & (Li Xianhua et al. » 2002b;
Huang Xiaolong et al. , 2008; Hu Peiyuan et al. ,
2018b) . JEFA DR LU Hb B | B8R B I A e B[] I
TR A BIAE B AH 2 7E 8T o0 o A 0] 1l s v
BT KEMEZ 800 Ma 4% A& 5 A4 (Wang Ming et
al. s 2015), X LEFERHE 75 76 38 [ 75 5 4 X A7 76
BLE R —H#125 800 Ma F I Fi {4, X — I F A
A AL B AT FE R0 1 2 Z2 A8 10 7 A I8
15 K 8 5 S 75k A7 56 /Y A 3K 90 sk, ) i : Hu
Peiyuan et al. (2018b) 7EHi p% ke bR 5l i T 24
822 Ma (78 BT EEVE A L 3 265 1 Hfe . MORB (F- 42
(4 i 1 0 F AR T R T 43 1 40O RN 9 3R (R
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Fig. 7 Harker diagrams of the granitic gneisses

in the Amdo area

8 Th/Yb FOED By 3 BR AL 2 FR AR, 45 5 90 78
EHERRRECE 9) . RIS K oA Wi g T
BT py i X (K 95 Sun Weihua et al.
2007; Zhou Meifu et al., 2006). It #b, Zhao
Junhong et al. (2011) X} 4% 7 Hu He A ¥ 183 4 2 3t O7L
FUATT e 1R 1 2 4R BIF 5, 45 2R W /s 7 48 2 b 4T
JFF 2y 830~725 Ma, 547 T PU & i) & 94 I H 1
FAT o 8] A2 18] F A — S0k AR T RE 2 — A IS 7
Hb AT 4 7 [ PG R Hb X AF AE 29 800 Ma 3 Hir 5k
FAR PR T AR . 5 o R Y 2 7E P E VY R
b DX A e 0[] e A Bl - i 0 9 4, T A AR
TE 7 5 b B -l 8 PR v SRR S ) A B A
SR 2 650 Ma(Zhang Zeming et al. , 2012b),

2002a, 2002b; Huang Xiaolong et al. , 2008) , E1 )&
({5 4n, Torsvik et al. , 2001; Singh et al. » 2006;
Wang Yuejun et al., 2018) F1 3 H K (Zhang
Zhaochong et al. , 2012; Wu Guanghui et al.,
2018; Liao Fanxi et al. , 2018)ffith, X ana 5
2 i i e b TR AR 2R R L FRATT R R LT
FRLEFERM TLE,

USRS DN TA I PNE A E DAL E AR oy !
BN NI T3 BB IR 7 A 248 R L4 k8 2 3
4% (Heaman et al. , 1992; Zhao Jianxin et al. ,
1994; Li Zhengxiang et al. , 1999; Li Xianhua et
al. , 2002a, 2002b, 2008; Frimmel et al. , 2001;
Shellnutt et al. , 2004; Maruyama et al. , 2007),
HL Y (5 3 A DLH B R (Gunbarrel) 55 28 S5 44 (2
780 Ma; Sandeman et al. , 2014; Milton et al. ,
2017) \ & 22 TR (Franklin) Kk B8 (29 720 Ma;
Heaman et al. , 1992; Cox et al. , 2018) Fll 55 /K {8
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Fig. 9 Chondrite-normalized REE (a), primitive mantle-normalized trace element (b) (normalization values are after

Sun and McDonough, 1989) and tectonic discrimination diagrams of the mafic rocks around the Amdo area and the

typical magmatic rocks inside the Rodinia

IR %R 5] B Zhao Jianxin et al. , 1994; Zhou Meifu et al. , 2006; Joéns and Schenk, 2008; Milton et al. , 2017; Cox et al. , 2018; Liao Fanxi

et al. , 2018; Hu Peiyuan et al. , 2018b

The data were quoted from Zhao Jianxin et al. » 1994; Zhou Meifu et al. , 2006; Jons and Schenk, 2008; Milton et al. , 2017; Cox et al. ,

2018; Liao Fanxi et al. , 2018; Hu Peiyuan et al. , 2018b

20 (Gairdner) 75 5% #f (29 827 Ma; Zhao Jianxin et
al. . 199D MREE 100, XA A FEEXRT
A R AR 2 w4 G IR X AN ] A2 e TR
(Zhao Jianxin et al. s 1994; Milton et al. , 2017;
Cox et al. . 2018) . % i HA W A7 3 (19 5 = o0 &R
AL 70 3R T 73 il 46 76 4 3 2 58 40 1) 18T b A i
LR X & 9a~c) . AR A RRE
PR T R NIRRT, R 5 IR oA SC A SR AE T S 2
JE V8 Rty P ) AL AT

%3 & S K i 64 3 285 G TR LA 3 SE AR AT
> (Li Zhengxiang et al. , 1999; Li Xianhua et al. ,
2008; Cawood et al. , 2017), H T X Lefff s e,
12 1 JE 08 K il (19 V8 6 2 kA 1 T BR 1) 42 555 27 22
i W38 3 (Torsvik et al., 1996; Meert and
Torsvik, 2003; Gregory et al. , 2009; Bybee et
al., 2010), FEEDEEVEHR(ZY 769~762 Ma; Torsvik
et al. , 2001; Singh et al. , 2006; Wang Yuejun et
al., 2018), % ¥ /K (£ 809 ~ 748 Ma; Torsvik et
al. , 2001; Singh et al., 2006; Wang Yuejun et

al. , 2018) . EhaA N hin (£ 850~700 Maj;Jons and
Schenk, 2008; Archibald et al. , 2016) Fll 7 [E % B
K (Z) 850 Ma; Wu Guanghui et al. , 2018) #J k& #i
TR RS R s s . A T AR s e
TZAETE R R T AR S JRAE TR0 5 KB 2E4A
FEEA 5 (Li Xianhua et al. » 2008) . {H7E 1% Hu bk
R T 5 A 20 24 55 3 A 3 1B Bl A DG Y AR
F (Zhou Meifu et al. , 2002, 2006; Du Lilin et
al. s 2014) . fE A% B A, il TR O Bl 31 % R o
KPERR (4 [, TUAS IS 28 #7829 800 Ma B FF
Ja . SRS B X R s I AE Dk i hn (2
850~700 Ma;Jons and Schenk, 2008) 1/ [ 15 H
AKX (£ 850 Ma; Liao Fanxi et al. , 2018), 1]
3 H AP 22 9 A O 3R R R o R I A it 2k
P 3 BB 050 B 5 L MORB 8038 B3 90 % A X
s, 5 v [ P R L IX 2 800 Ma 9IRS 4 i JE 1k 7 3%
RLCE 9, R i A 3 3 5F , Sk im (2
790~780 Ma;Nédélec et al. , 2016) i [E4E R (£
803~ 767 Maj; Li Xianhua et al. , 2002b; Huang
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Fig. 10 Reconstruction of Rodinia supercontinent showing the oceanic subduction system along the northwestern

margin of Rodinia (modified after Meert and Torsvik, 2003)

Xiaolong et al. , 2008) F1E[ & 7g # & $7 JE (Malani;
2] 790~762 Ma; Wang Yuejun et al. , 2018) ¥ i
T2 A2 BRI UG A . X AR I 5T A AE b R
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A PE b2 %, 53T 5 35 i in L 2E 55 2R FLED BE P &6
(K100,

5 i

Zih LR AT MR LT S8

(D% Z A6 7 K 85 A LA-ICP-MS U-Pb &
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()M ERIE2E R IE R B 2 A0 K B kR A R A
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Abstract

The paleogeographic reconstruction of Rodinia supercontinent and the scheme of blocks have always

been the focus and frontier of earth scientists at home and abroad. At present, the origin and
paleogeographic location in the Rodinia supercontinent of the blocks in the Qinghai-Tibet Plateau are not
clear. The comparative study of magmatic events is one of the effective methods to solve this problem. In
this paper, LA-ICP-MS zircon U-Pb dating, petrogeochemistry, and zircon Hf and whole-rock Sr-Nd
isotopic analyses of the granitic gneisses from the Amdo microcontinent in the central Tibetan Plateau are
reported. The protoliths of these granitic gneisses were formed at 802 ~ 801 Ma, have heterogeneous
— 9 A~ F1.9; ey (1) =— 4.8~

—3.4) and ancient crustal model ages (2289 ~ 1575 Ma), and were probably generated by melting of

zircon Hf and homogeneous whole Nd isotopic compositions (e ()
mantle-modified Proterozoic crust and subsequent extensive crystallization differentiation. All samples
have low P,O; contents, that is negatively correlated with SiO, contents, and the samples contain a small
amount of hornblende minerals, which is similar to those of I-type granite. Some rocks have high contents
of high field strength elements (Zr + Ce 4+ Nb + Y >> 350 X 10 °) and zircon saturation temperature
(>800°C) of A-type granite affinitiy. Finally, we propose that the granitic gneisses were probably formed
in a back-arc basin environment, and could be compared with coeval magmatic rocks in Madagascar,
Seychelles, and western India. This work provides new information for reconstruction of the Rodinia

supercontinent.
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