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Tectonic affinity of the northern Longshoushan-Beidashan: Constraints from
the zircon U-Pb age and Hf isotopic compositions of the Haisen Chulu gneiss
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Abstract: Exposed in the northern Beidashan area of Alxa, minor Precambrian rocks have been traditionally con-
sidered to be a part of the Longshoushan Group. The age and isotopic characteristics of these Precambrian rocks are
important for the understanding of the local basement characteristics and the tectonic architecture of north Alxa
area. This study presents detailed petrology, zircon U-Pb age and Hf isotope of the Haisen Chulu gneiss from the
north Beidashan area and discusses its tectonic implications. Field observation and petrological features indicate
that the Haisen Chulu gneiss is orthogneiss. LA-ICPMS zircon U-Pb dating performed on the inner part of the zir-
cons yielded an upper intercept age of 1 408 +29 Ma (MSWD =13) on the concordia diagram, which indicates that
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the protolith for the gneiss intruded at ~ 1.4 Ga. The zircons from Haisen Chulu gneiss show positive gHf(¢) values

between —4.38 and +6.68, and the two-stage Hf model ages are in the range of 2 091 to 1 624 Ma, indicating

that the protoliths were mainly derived from the juvenile crust. This study, in combination with previous work, indi-

cates that the Precambrian rocks outcropped in northern Longshoushan-Beidashan area were formed in Mesoprotero-

zoic or later instead of in Archean or Paleoproterozoic as previously proposed. The northern Longshoushan-Beidas-

han area could not be part of the Alxa block during early Precambrian time.

Key words: Alxa; Beidashan; Mesoproterozoic; gneiss; Longshoushan Group; zircon U-Pb age; zircon Hf isotope
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Fig. 1

Sketch map showing the Precambrian rocks in the Alxa region ( modified after Dan et al. , 2012)
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Fig. 2 Geological sketch map of the Haisen Chulu area and
sampling location (modified after Geological Survey Party of
Geological Bureau of Gansu Province®, 1980)
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Fig. 4

CL images of zircon grains from the Haisen Chulu gneiss ( the white circles indicating the location of analyzed sites for

U-Pb dating, and dotted line circles for Hf isotopic analysis)
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Table 1 LA-ICP MS isotopic analyses for zircons from the Haisen Chulu gneiss

7 £ 2% L A Fhe/ Ma
W rie

pb/2ph 13 Pb/PPU 18 Ph/U 18 7Ph/®Pb 18 Y°Ph/PU 18 *Ph/PU 13
16AX16.01 ~ 0.0902  0.0019 0.2449  0.0028 3.0471 0.0377 1430 39 1412 15 1420 9
16AX16.02  0.0908 0.0019 0.2335 0.0027 2.9250 0.0360 1443 39 1353 14 1388 9
16AX16.03  0.0902  0.0019 0.2292 0.0027 2.8509 0.0349 1430 39 1330 14 1369 9
16AX16.04  0.0902 0.0019 0.2169 0.0025 2.6969 0.0335 1429 39 1266 13 1328 9
16AX16.05  0.0909 0.0019 0.2236 0.0026 2.8012 0.0352 1444 39 130l 14 1356 9
16AX16.06 ~ 0.0853 0.0018 0.1998 0.0023 2.3506 0.0298 1323 40 1174 13 1228 9
16AX16.07 ~ 0.0893  0.0019 0.2393 0.0028 2.9464 0.0374 1411 39 138 15  139% 10
16AX16.08 ~ 0.0897 0.0019 0.2396 0.0028 2.9629 0.0384 1419 40 1385 15 1398 10
16AX16.09  0.0896 0.0018 0.2346 0.0027 2.89%68 0.0353 1416 39 1359 14 138l 9
16AX16.10  0.0907  0.0019  0.2088 0.0024 2.6101 0.0320 1440 39 1222 13 1 304 9
16AX16.11  0.0898 0.0019 0.2174 0.0025 2.6925 0.0338 1422 39 1268 13 1326 9
16AX16.12  0.0884  0.0018 0.2357 0.0027 2.8737 0.0339 1392 38 1365 14 1375 9
16AX16.13  0.0904 0.0018 0.2350 0.0027 2.9285 0.0347 1434 38 136l 14 1389 9
16AX16.14 ~ 0.0887 0.0018 0.2426 0.0028 2.9675 0.0355 1398 38 1400 15 1399 9
16AX16.15  0.0894 0.0019 0.2372 0.0028 2.9232 0.0375 1413 39 1372 15 138 10
16AX16.16  0.0941 0.0019 0.2112 0.0025 2.7381 0.0334 1509 38 1235 13 1339 9
16AX16.17 ~ 0.0890 0.0018 0.2282 0.0026 2.7984 0.0328 1403 38 1325 14 1355 9
16AX16.18  0.0884  0.0018 0.2429 0.0028 2.9607 0.0360 1392 38 1402 15 1398 9
16AX16.19  0.0885 0.0018 0.2253 0.0026 2.7495 0.0343 1394 39 1310 14 134 9
16AX16.20  0.0876 0.0018 0.2119 0.0025 2.55%85 0.0308 1374 38 1239 13 1289 9
16AX16.21  0.0890 0.0018 0.2375 0.0027 29142  0.0345 1404 38 1374 14 1386 9
16AX16.22  0.0890 0.0018 0.2288 0.0026 2.8050  0.0332 1403 38 1328 14 1357 9
16AX16.23  0.0912 0.0019 0.2322 0.0027 29199 0.0377 1451 39 1346 14 1387 10
16AX16.24  0.0918 0.0019 0.2126 0.0025 2.6899 0.0331 1463 38 1243 13 1326 9
16AX16.25  0.0870 0.0018 0.2408 0.0028 2.8890 0.0348 1361 38 1391 14 1379 9
16AX16.26  0.0857  0.0017 0.2066  0.0024 2.4397 0.0283 1331 38 1210 13 1254 8
16AX16.27  0.0988 0.0020 0.2110 0.0024 2.8729 0.0343 1601 37 123 13 1375 9
16AX16.28 ~ 0.1018 0.0021 ~0.2094  0.0025 2.9372 0.0363 1657 37 1226 13 1392 9
16AX16.29 ~ 0.0890  0.0018 0.2243  0.0026 2.7507 0.0325 1404 38 1304 14 1342 9
16AX16.30  0.0910 = 0.0018 0.2105 0.0024 2.6408 0.0307 1447 37 1232 13 1312 9
16AX16.31  0.0926  0.0019 0.2306 0.0027 2.9437 0.0368 1480 38 1337 14 1393 9
16AX16.32  0.087 1 0.0017 0.2400 0.0028 2.8806 0.0339 1362 38 1387 14 1377 9
16AX16.33  0.0826 0.0017 0.2029 0.0024 2.3092 0.0294 1260 39 1191 13 1215 9
16AX16.34 ~ 0.0860 0.0018 0.2055 0.0024 2.4351 0.0316 1338 39 1205 13 1253 9
16AX16.35  0.0904  0.0018 0.2340 0.0027 2.9152 0.0354 1434 38 135 14 1386 9
16AX16.36  0.0872 0.0018 0.2239 0.0026 2.6901 0.0329 1364 38 1303 14 1326 9
16AX16.37  0.0856 0.0017 0.2391 0.0028 2.8206 0.0354 1329 39 1382 15 136l 9
16AX16.38  0.0837 0.0017 0.1790 0.0021 2.0629 0.0248 1284 38 106l 11 1137 8
16AX16.39 ~ 0.0862 0.0017 0.2345 0.0027 2.7841 0.0329 1342 38 1358 14 1351 9
16AX16.40  0.0873 0.0018 0.2223  0.0027 2.6749 0.0353 1367 39 1294 14 1322 10
16AX16.41  0.0904 0.0018 0.2087 0.0024 2.5990 0.0305 1433 37 1222 13 1300 9
16AX16.42  0.0889 0.0018 0.2470 0.0029 3.0278 0.0356 1403 37 1423 15 1 415 9
16AX16.43  0.0737 0.0016 0.1485 0.0018 1.5092 0.0213 1034 42 893 10 934 9
16AX16.44  0.0900 0.0018 0.2353 0.0027 2.9185 0.0344 1426 37 1362 14 1387 9
16AX16.45 ~ 0.0884 0.0017 0.2503 0.0029 3.0495 0.0357 1391 37 1440 15 1420 9
16AX16.46  0.0919 0.0018 0.2318 0.0027 2.9340 0.0342 1464 37 1344 14 1391 9
16AX16.47 ~ 0.0857 0.0017 0.2314 0.0027 2.7321 0.0329 1331 38 1342 14 1337 9
16AX16.48 ~ 0.0846 0.0017 0.2410 0.0028 2.8110 0.0328 1307 38 1392 14 1359 9
16AX16.49  0.0873 0.0017 0.2192 0.0026 2.6382 0.0324 1368 38 1278 14  13Il 9
16AX16.50  0.0843  0.0017 0.2325 0.0027 2.7010 0.0324 1300 38 1348 14 1329 9
16AX16.51 ~ 0.0847 0.0016 0.2332 0.0027 2.7207 0.0309 1308 37 1351 14 1334 8
16AX16.52  0.0840 0.0016 0.2255 0.0026 2.6092 0.0303 1291 37 1311 14 1303 9
16AX16.53  0.0852 0.0017 0.2323 0.0027 2.7265 0.0329 1320 38 1346 14 1336 9
16AX16.54  0.0853 0.0017 0.2376 0.0028 2.7931 0.0333 1323 38 1374 14 1354 9
16AX16.55  0.0846 0.0016 0.2365 0.0027 2.7568 0.0317 1307 37 1368 14 1344 9
16AX16.56  0.0857 0.0017 0.2254 0.0026 2.6616 0.0306 1332 37 1310 14 1318 8
16AX16.57  0.0874 0.0017 0.2350 0.0027 2.8309 0.0322 1370 37 1361 14 1364 9
16AX16.58 ~ 0.0855 0.0017 0.2142 0.0025 2.5239 0.0291 1327 37 1251 13 1279 8
16AX16.59  0.0852 0.0016 0.2176 0.0025 2.5554 0.0288 1321 37 1269 13 1288 8
16AX16.60 _ 0.0839 0.0016 0.2400 0.0028 2.7746 0.0324 1290 37 1387 14 1349 9
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Table 2 Analytical results of zircons Hf isotopes for Haisen Chulu gneiss

ki R/ Ma OYL/TTHE oL/ 'THE TOHE/TTHE CTSHEZTTHE), gHE(0)  gHECH) tpy/Ma toe/Ma  froue

16AX16.01 1420 0.021 812 0.000 857 0.282 016  0.281 992 -26.74 4.00 1732 1921 -0.97
16AX16.02 1388 0.040 098 0.001 586  0.282 100  0.282 058 -23.76 5.61 1 647 1796 -0.95
16AX16.03 1369 0.039 851 0.001 468 0.281 989 0.281 951 -27.68 1.37 1798 2 046 -0.96
16AX16.04 1328 0.028 789  0.001 227 0.282 114  0.282 083 -23.27 5.13 1612 1 780 -0.96
16AX16.05 1356 0.031 696  0.001 232 0.282 014  0.281 982 -26.81 2.19 1752 1985 -0.96
16AX16. 06 1228 0.018 315 0.000 766  0.282 054  0.282 036 -25.39 1.22 1 676 1 948 -0.98
16AX16.07 1394 0.028 600  0.001 077  0.282 007  0.281 978 -27.05 2.91 1755 1 969 -0.97
16AX16.08 1398 0.056 117  0.002 070  0.282 068  0.282 012 -24.91 4.21 1716 1891 -0.94
16AX16.09 1 381 0.057 169 0.002 088 0.282 004  0.281 950 -27.14 1.60 1 806 2 041 -0.94
16AX16. 10 1304 0.078 875 0.002 848 0.282 031 0.281 960 -26.20 0.25 1 806 2 066 -0.91
16AX16. 11 1326 0.057 788 0.002 132 0.282 021 0.281 967 -26.56 0.99 1785 2 037 -0.94
16AX16.12 1375 0.025 053 0.000 969  0.281 998 0.281 972 -27.37 2.27 1762 1994 -0.97
16AX16.13 1 389 0.025 383 0.000 961 0.281 982  0.281 957 -27.91 2.05 1783 2019 -0.97
16AX16. 14 1399 0.023 522 0.000 900  0.281 993 0.281 969 -27.54 2.70 1767 1987 -0.97
16AX16. 15 1388 0.028 440  0.001 108  0.282 102  0.282 073 -23.67 6.14 1623 1763 -0.97
16AX16. 16 1339 0.028 766  0.001 122 0.282 052  0.282 021 -25.53 3.19 1697 1 909 -0.97
16AX16. 18 1 398 0.067 583 0.002 463 0.282 038 0.281 973 -25.93 2.82 1776 1978 -0.93
16AX16. 19 1342 0.056 889  0.002 132 0.282 033 0.281 979 -26.13 1.75 1 768 2 002 -0.94
16AX16.20 1289 0.054 071 0.002 041 0.282 122  0.282 073 -22.96 3.89 1635 1827 -0.94
16AX16.21 1 386 0.056 112 0.002 024  0.282 002  0.281 949 -27.20 1.71 1 806 2038 -0.94
16AX16.22 1357 0.029 538 0.001 144  0.282014  0.281 985 -26.77 2.32 1747 1978 -0.97
16AX16.23 1387 0.049 001 0.001 770 0.281 994 0.281 948 -27.49 1.67 1 805 2 041 -0.95
16AX16.24 1326 0.057 534  0.002 056  0.282 001 0.281 949 -27.26 0.35 1 810 2077 -0.94
16AX16.25 1379 0.031 860  0.001 191 0.281 994 0.281 963 -27.50 2.03 1778 2013 -0.96
16AX16.27 1375 0.076 030  0.002 893 0.282 100 0.282 025 -23.75 4.13 1707 1878 -0.91
16AX16.28 1392 0.054 291 0.002 021 0.282 107 0.282 053 -23.51 5.53 1 657 1 804 -0.94
16AX16.29 1342 0.034 502  0.001 298 0.282 016  0.281 983 -26.71 1.92 1751 1991 -0.96
16AX16.30 1312 0.032 236 ~ 0.001 235 0.282 007 0.281 976 -27.05 0.99 1762 2 026 -0.96
16AX16.31 1393 0.057 627 0.002 179  0.282 070  0.282 012 -24.82 4.10 1717 1 894 -0.93
16AX16. 32 1377 0.034 819  0.001 369  0.282034  0.281 999 -26.07 3.26 1729 1934 -0.96
16AX16.33 1215 0.029 871 0.001 167  0.282094  0.282 067 -23.97 2.03 1 637 1887 -0.96
16AX16. 34 1253 0.029 447 0.001 235 0.282 203 0.282 174 -20.09 6.68 1 487 1 624 -0.96
16AX16. 35 1386 0.023 628 0.000 993 0.282 057 0.282 031 -25.28 4.59 1 681 1858 -0.97
16AX16. 36 1326 0.035832  0.001 408 0.281 990  0.281 955 -27.63 0.55 1793 2 065 -0.96
16AX16. 37 1361 0.024 832 0.000989  0.281999  0.281 974 -27.32 2.00 1761 2 001 -0.97
16AX16.38 1137 0.024 463 0.000 993 0.282 102  0.282 081 -23.68 0.75 1619 1907 -0.97
16AX16.39 1351 0.039 783 0.001 536 0.282 021 0.281 982 -26.56 2.05 1757 1 990 -0.95
16AX16. 41 1 300 0.036 437  0.001 360  0.281 984  0.281 951 —-27.86 -0.20 1 800 2 091 -0.96
16AX16.42 1415 0.044 109 0.001 588  0.281 985 0.281 943 -27.82 2.12 1 809 2 035 -0.95
16AX16.43 934 0.018 928 0.000 742 0.282 078 0.282 065 -24.56 -4.38 1 642 2074 -0.98
16AX16. 44 1387 0.027 240  0.001 012  0.282006  0.281 979 -27.10 2.77 1 754 1973 -0.97
16AX16.45 1 420 0.049 196  0.001 754  0.282 038 0.281 991 -25.96 3.93 1743 1 926 -0.95
16AX16. 46 1391 0.063 571 0.002 272 0.282 083 0.282 023 -24.36 4.43 1703 1872 -0.93
16AX16.47 1337 0.041 558  0.001 515 0.281 990  0.281 952 —-27.65 0.67 1799 2 065 -0.95
16AX16.48 1359 0.031217  0.001 186  0.282 018  0.281 988 —-26.65 2.45 1 744 1971 -0.96
16AX16.49 1311 0.065 616  0.002 663 0.282 114 0.282 048 -23.27 3.50 1 676 1 868 -0.92
16AX16. 50 1329 0.026 640  0.001 004  0.282 005 0.281 980 -27.13 1.48 1754 2 009 -0.97
16AX16.51 1334 0.074 820  0.002 704  0.282 050  0.281 982 -25.54 1.66 1771 2 001 -0.92
16AX16.52 1303 0.036 320  0.001 382 0.282 043 0.282 009 -25.77 1.94 1718 1 960 -0.96
16AX16.53 1336 0.051 726 0.001 931 0.282 047 0.281 999 -25.63 2.30 1738 1 963 -0.94
16AX16. 54 1354 0.029 866 ~ 0.001 144  0.281 983 0.281 953 -27.91 1.11 1792 2 051 -0.97
16AX16.55 1 344 0.025 814  0.001 017  0.282002  0.281 976 -27.25 1.68 1760 2 008 -0.97
16AX16.56 1318 0.067 862  0.002 483 0.282 047  0.281 985 —-25.65 1.41 1 765 2 004 -0.93
16AX16.57 1 364 0.060 611 0.002 176 ~ 0.282 034  0.281 977 -26.12 2.19 1769 1991 -0.93
16AX16.58 1279 0.056 693 0.002 209 0.282 032  0.281 978 -26.19 0.30 1774 2 044 -0.93
16AX16. 59 1288 0.039 681 0.001 493 0.282 004  0.281 967 -27.16 0.13 1778 2 062 -0.96
16AX16. 60 1 349 0.023 056  0.000 891 0.282 040 0.282 018 —-25.88 3.27 1 700 1912 -0.97
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Fig. 7 Statistical graph showing the distribution of the proto-
lith crystallization age for the Precambrian rocks in Alxa area
(data sources: Gong Jianghua et al., 2012; Dan et al.,
2012; Zhang et al. , 2013a; Shi Xingjun et al. , 2016; Gong
et al. , 2016)
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