2023/039(06) : 1829-1846 Acta Petrologica Sinica & % % doi: 10. 18654/1000-0569,2023. 06. 15

BT s RMIZAE. 2023, HIPTIRE GBS0 IR 86 SRESE S KA U-Pb 4 M 3. A0 %741, 39.(06)
1829 - 1846, doi: 10.18654/1000 —0569,/2023. 06. 15

MAXRZEHEY KBHY BT 58kA U-Pb
EFERHEMREN

REF'? paE™ BEY R
ZHU YaNan'* | PENG JianTang’ ™ , XING LangZhang’ and TANG YanWen’

PR A RIS FREE TR AR, $EFH - 550025

SN R E It B R S BRI O A B e %, S 550025

T E BB ER AT T, 5 R HbER L2 K T S, Bt 550081

College of Resources and Environmental Engineering, Guizhou University, Guiyang 550025, China

MOE Key Laboratory of Karst Geological Resources and Environment, Guizhouw University, Guiyang 550025, China

Ll A A

State Key Laboratory of Ore Deposit Geochemistry, Institute of Geochemistry, Chinese Academy of Sciences, Guiyang 550081, China
2022-10-06 ¥ A%, 2023-01-11 &= .

Zhu YN, Peng JT, Xing LZ and Tang YW. 2023. U-Pb dating of scheelite, wolframite and apatite from the Woxi Au-Sb-W
deposit, western Hunan Province and their geological significance. Acta Petrologica Sinica, 39 (6) : 1829 — 1846, doi: 10.
18654/1000-0569/2023. 06. 15

Abstract The Xuefeng Uplift in western Hunan is an important Au-Sb-W mineralization belt in South China, while the Woxi
deposit is the largest gold deposit with a unique element association of Au-Sh-W in this region. As the ore-forming elements and
mineralization stages of the deposit are relatively complex, there has been a long dispute about its mineralization ages. In this study,
geological characteristics of scheelite, wolframite and pyrite (the most important gold-bearing mineral) and stibnite in the Woxi deposit
were observed in details, and U-Pb dating of scheelite, wolframite and apatite were conducted with a LA-ICP-MS method. The results
show that the Woxi deposit was genetically related to several hydrothermal events happened during the Late Jurassic to Early
Cretaceous. Among the dated minerals, the scheelite is the earliest, which has the intercept ages of 149.0 + 12Ma, 144.8 = 1. 7TMa
and 139. 8 £6. 1Ma; and the wolframite was formed slightly later than the scheelite, with the intercept ages of 137. 8 £3.9Ma, 134. 8
+5. IMa. Native gold and stibnite were mainly precipitated after the formation of scheelite and wolframite, and there was still a small
amount of native gold occurred in the late quartz carbonate vein (125.8 +5.6Ma, 123.8 +4.6Ma). Combined with the published
geochronological data, two periods of mineralization are revealed in the Woxi deposit, i. e. , the Caledonian intracontinental orogenesis
and the Yanshanian extensional tectonic event, respectively. The fragments of earlier W-bearing quartz veins are usually in good collage
and cemented by later Au-, Sbh- bearing quartz veins, indicating that there was a succession of crack-seal processes which bring about
hydraulic fracturing in the Woxi deposit. Such processes were conductive to the activation, migration, accumulation and precipitation of
the ore-forming elements ( especially gold) in the deposit.

Key words Scheelite; Wolframite; Xuefeng Uplift area; Woxi; LA-ICP-MS U-Pb dating
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Geological sketch map of Xuefeng Uplift area ( modified after Bai et al. , 2015)
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Fig.2  Sketch map of the Woxi deposit district (a) and
cross section A-B through the Woxi deposit (b) ( modified
after The Gold Headquarter of the Chinese People’s Armed
Police Force, 1996)
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Fig. 3 Field characteristics of the Woxi deposit

(a) brecciated host rocks in quartz vein; (b) quartz-scheelite bedding veins; (c¢) bedding veins of banded quartz-wolframite; (d) boudinage of

banded stibnite-gold-quartz vein; (e) brecciated quartz vein in massive stibnite; (f) A pinch-out bedding-parallel vein and two discordant veins; (g)

quartz-scheelite veinlets intersected at nearly right angles; (h) quartz-wolframite veinlets intersected at nearly right angles; (i) quartz-wolframite

irregular veinlets
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Fig. 4  Photographs of hand specimen samples from the Woxi deposit

(a) brecciated scheelite-quartz vein in massive stibnite; (b-d) : massive (b), vein (c¢) and disseminated (d) structure,with quartz and pyrite filled

in the fracture of scheelite; (e) banded scheelite and pyrite; (f) banded wolframite and brecciated host rocks in quartz vein; (g) intersected

wolframite veinlets; (h) mesh-vein structure, with pyrite and stibnite filled in the mesh fissures of early stage veins; (i) brecciated quartz vein in

massive stibnite
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Fig.5 Microscope photos of Sample WX-27-12 from the
Woxi deposit

(a) brecciated scheelite-quartz vein cemented by pyrite and stibnite ,
and metasomatic relict texture of pyrite; (b) scheelite cut by pyrite-

stibnite vein; (c¢) native gold coexist with pyrite
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WX-34-4 from the Woxi deposit
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(MSWD =1.12) (& 9e) ,

FEfh YRS40 BT —3 25 MRS (F 1), H
LU S35 067 x107° ~8.7 x107° (1 11.2 x
107%) " U2 Ph 1 b (AR fLSE Bl Ry 1. 1384 ~ 32,517 (P
13.551) ,*” Pb/* Pb 1) HLAEAE LI 7 0. 3443 ~0. 8842 (1
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® 1 REVAKBKRG BB 5ERBYH LA-ICP-MS U-Ph B Z&HE
Table 1 LA-ICP-MS U-Pb isotope data of apatite, scheelite and wolframite from the Woxi deposit

Total Ph U 27 P/ Ph 27 pb/U 29 ph/ P8 U U/2Ph *7Ph/* Ph
M5 rho
(x107%) HAE lo HE lo A lo HAE (%) HefH (%)

B WX344 BEK A
-1 0.91 4.81  0.5916 0.0159 5.2563 0.1900 0.0651 0.0016 15.359 2.4762 0.5916 2.6957 0.6849
2 1.11 7.79  0.5166 0.0132 3.8499 0.1236 0.0548 0.0012 18.235 2.1391 0.5166 2.5492  0.6660
3 0.78 8.07 0.4316 0.0137 2.4309 0.0954 0.0417 0.0011 23.967 2.5999 0.4316 3.1771 0.6625
5 1.26 6.46  0.5920 0.0147 5.2545 0.1663 0.0651 0.0014 15.359 2.0744 0.5920 2.4764 0.6554
6 1.82 4.41  0.7217 0.0167 11.817 0.3933 0.1208 0.0035 8.2760 2.8603 0.7217 2.3117 0.85%4
-7 23.9 0.85 0.8263 0.0083 896.15 23.868 7.8373 0.1323 0.1276 1.6877 0.8263 1.0071 0.6337
9 5. 66 1.97  0.7829 0.0147 48.331 1.4232 0.4501 0.0088 2.2216 1.9556 0.7829 1.8747 0.6641
-10 6. 88 0.19 0.8261 0.0121 1210.9 56.015 10.608 0.4384 0.0943 4.1323 0.8261 1.4695 0.8933
-11 0.71 3.72 0.6092  0.0243 5.6409 0.2609 0.0698 0.0024 14.328 3.4248 0.6092 3.9858 0.7405
-13 1.23 0.27  0.8297 0.0249 149.29 5.8190 1.3488 0.0457 0.7414 3.3913  0.8297 2.9963 0.8700
-14 0.76 2.47  0.6780 0.0213 8.6638 0.2866 0.0960 0.0025 10.416 2.6304 0.6780 3.1385 0.7952
-15 0. 85 0.21  0.8331 0.0246 132.31 5.3219 1.1829 0.0405 0.8454 3.4276 0.8331 2.9536 0.8522
-16 2.23 141 0.4579 0.0112 3.1684 0.1094 0.0500 0.0009 20.012 1.7759 0.4579 2.4423 0.5145
-19 0. 67 1.69 0.7035 0.0299 11.124 0.5157 0.1212 0.0060 8.2537 4.9908 0.7035 4.2552 1.0765
-20 0.98 0.24  0.8403 0.0320 130.03 5.4304 1.2149 0.0603 0.8231 4.9624 0.8403 3.8061 1.1883
22 0.75 2.67  0.6441 0.0235 8.1655 0.4532 0.0945 0.0047 10.584 4.9962 0.6441 3.6539  0.9002
23 1.11 3.63  0.6637 0.0209 9.1967 0.3404 0.1037 0.0032 9.6444 3.1171 0.6637 3.1437 0.8420
24 1.50 6.26  0.6033 0.0182 6.4839 0.2585 0.0805 0.0027 12.426 3.3575 0.6033 3.0211 0.8421
25 0. 63 2.58  0.6065 0.0357 6.6648 0.3313  0.0849 0.0041 11.785 4.7946 0.6065 5.8787 0.9646
26 1.03 0.32  0.8196 0.0299 99.165 3.7819 0.9231 0.0344 1.0833 3.7220 0.8196 3.6493 0.9759
27 0. 85 5.00  0.5607 0.0260 4.7127 0.1937 0.0634 0.0023 15.772 3.5987 0.5607 4.6401 0.8756
28 2.20 4.81  0.7165 0.0155 14.401 0.5717 0.1485 0.0053 6.7351 3.5639 0.7165 2.1604 0.8977

B b YRS-1910-2 B KA
-1 3. 14 27.6  0.4248 0.0155 3.0906 0.1583 0.0518 0.0015 19.317 2.8829 0.4248 3.6525 0.5628
2 3. 60 26.5  0.4570 0.0169 3.9920 0.2548 0.0609 0.0024 16.428 3.9482 0.4570 3.6923 0.6186
3 3.09 18.8  0.4835 0.0183 4.1106 0.1848 0.0615 0.0016 16.265 2.5361 0.4835 3.7813 0.5642
4 3.78 29.5  0.4250 0.0182 2.9564 0.1245 0.0504 0.0010 19.848 1.9509 0.4250 4.2833  0.4632
5 6. 87 14.7  0.6232  0.0196 13.097 0.7217 0.1500 0.0055 6.6650 3.6435 0.6232 3.1463 0.6612
6 12.8 56.4  0.5401 0.0153 6.0851 0.2928 0.0812 0.0028 12.313 3.4339 0.5401 2.8242 0.7136
-7 6. 80 49.2  0.4750 0.0127 3.7012 0.1395 0.0561 0.0010 17.822 1.7585 0.4750 2.6700 0.4665
-8 7.07 34.6  0.5280 0.0130 5.1041 0.1745 0.0700 0.0012 14.289 1.7135 0.5280 2.4705 0.5012
9 7.55 2.74 0.7243  0.0169 82.508 3.1632 0.8241 0.0207 1.2134 2.5169 0.7243 2.3387 0.6565
-10 4.46 43.5  0.4112  0.0104 2.4960 0.0801 0.0441 0.0006 22.678 1.4059 0.4112 2.5395 0.4383
-11 7.52 44.6  0.5009 0.0125 4.3696 0.1378 0.0634 0.0009 15.776 1.3803  0.5009 2.4927 0.4378
-12 2.57 3.94  0.6691 0.0191 19.492 0.8911 0.2121 0.0070 4.7155 3.3224 0.6691 2.8555 0.7267
-13 1.69 6.57  0.5631 0.0179 8.5433 0.6332 0.1073 0.0062 9.3216 5.7370 0.5631 3.1742 0.7740
-14 4.12 102 0.1838 0.0070 0.7156 0.0347 0.0280 0.0005 35.688 1.9385 0.1838 3.8145 0.3997
-15 16.7 473 0.1465 0.0072  0.5456  0.0307 0.0270 0.0005 37.031 1.8308 0.1465 4.9256 0.3250
-16 2.72 7.15  0.6149 0.0176 12.457 0.6712 0.1472 0.0065 6.7916 4.3899 0.6149 2.8607 0.8147
-17 7.67 233 0.1433  0.0044 0.5140 0.0178 0.0263 0.0004 38.083 1.4617 0.1433 3.0402 0.4229
-18 2.74 1.35  0.7052 0.0184 58.926 2.0256 0.6096 0.0107 1.6404 1.7581 0.7052 2.6087 0.5114
-19 7.63 250  0.1251 0.0074 0.4461 0.0331 0.0250 0.0004 40.047 1.5242 0.1251 5.9317 0.2053
20 1. 80 3.37  0.6599 0.0208 15.589 1.0068 0.1712 0.0089 5.8407 5.1692 0.6599 3.1575 0.8004
21 2.99 83.5 0.1796 0.0076 0.7065 0.0403 0.0280 0.0005 35.718 1.9491 0.1796 4.2570 0.3415
22 6.39 16.5 0.6512 0.0136 11.675 0.4252 0.1301 0.0031 7.6843 2.4124 0.6512 2.0915 0.6624
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Continued Table 1
Total Ph U 27 P/ Ph 27 pb/U 29 ph/ P8 U U/2Ph *7Ph/* Ph
A= rho
(x107%) HAE lo HE lo A lo HAE (%) HefH (%)
23 7. 40 1.0 0.6716 0.0137 19.404 0.5767 0.2100 0.0030 4.7629 1.4395 0.6716 2.0364 0.4843
24 7.41 325 0.0672 0.0017 0.2160 0.0071 0.0233 0.0002 42.907 1.0471 0.0672 2.4705 0.3197
26 5.85 185 0.1109 0.0056 0.3955 0.0200 0.0261 0.0005 38.338 1.7333 0.1109 5.0356 0.3436
27 2.28 1.95 0.7134 0.0201 33.787 1.1427 0.3460 0.0060 2.8899 1.7484 0.7134 2.8135 0.5170
28 3.32 2.00 0.7262 0.0172 50.584 1.8919 0.5058 0.0123 1.9770 2.4314 0.7262 2.3635 0.6501
29 4.37 10.6  0.6531 0.0169 12.027 0.4147 0.1341 0.0026 7.4576 1.9229 0.6531 2.5942 0.5577
30 4.72 146 0.1460 0.0056 0.5241 0.0259 0.0257 0.0004 38.975 1.5447 0.1460 3.8448 0.3126
FESL WX233 BE KA
-1 44.6 0.97 0.8347 0.0132 1566.9 50.154 13.670 0.3426 0.0732 2.5064 0.8347 1.5851 0.7831
2 39.5 1.51  0.8481 0.0165 902.24 27.822 7.7753 0.1773 0.1286 2.2803 0.8481 1.9429 0.7395
3 8.91 0.51 0.8518 0.0147 590.06 21.051 5.1048 0.1663 0.1959 3.2577 0.8518 1.7244 0.9131
4 7.15 151 0.7136 0.0107 15.539 0.5342 0.1578 0.0039 6.3352 2.4568 0.7136 1.5025 0.7147
5 6.18 12,5  0.7260 0.0116 15.913  0.4489 0.1600 0.0033 6.2494 2.0422 0.7260 1.6034 0.7239
6 8.58 5.78  0.8042 0.0125 49.332 1.5387 0.4457 0.0095 2.2436 2.1361 0.8042 1.5498 0.6848
7 2.81 2,53 0.7797 0.0162 38.985 1.5078 0.3682 0.0127 2.7162 3.4497 0.7797 2.0729 0.8920
-11 0.79 4.62  0.4876 0.0228 3.3097 0.1545 0.0507 0.0017 19.737 3.4275 0.4876 4.6849 0.7344
-12 0.35 0.54 0.7652 0.0470 18.806 0.9367 0.1938 0.0087 5.1601 4.4737 0.7652 6.1388 0.8982
-13 0.47 1.44  0.6733 0.0257 9.3956 0.4984 0.1050 0.0047 9.5272 4.4786 0.6733 3.8174 0.8443
-14 0.59 0.79 0.7856 0.0325 22.228 0.8674 0.2171 0.0066 4.6060 3.0565 0.7856 4.1345 0.7832
-18 322 0.94 0.8250 0.0208 11397 378.24 102.58 2.9539 0.0097 2.8795 0.8250 2.5156 0.8677
21 0. 69 0.71  0.7901 0.0325 29.775 1.1469 0.2876 0.0091 3.4769 3.1524 0.7901 4.1147 0.8185
22 0.52 0.11  0.8247 0.0526 132.70 8.1735 1.2838 0.0905 0.7789 7.0512 0.8247 6.3800 1.1448
28 0.99 1220 0.3899 0.0188 2.2598 0.1619 0.0413 0.0018 24.212 4.2390 0.3899 4.8154 0.5917
29 1.89 1,52 0.7727 0.0240 37.627 1.3817 0.3586 0.0089 2.7884 2.4842 0.7727 3.1102 0.6765
FESh WX344 (HE5H
-15 4.47 4.52  0.8173 0.0166 37.139 8.9326 0.3246 0.0085 4.6217 2.6274 0.8173 2.0261 0.1092
05 3.44 4.00 0.7791 0.0126 31.970 7.6611 0.3007 0.0052 4.9885 1.7299 0.7791 1.6187 0.0722
03 3.13 4.47  0.7748 0.0150 27.338 6.6171 0.2605 0.0105 5.7574 4.0384 0.7748 1.9407 0.1668
30 1.70 2.68 0.7374 0.0163 22.254 5.3476 0.2235 0.0059 6.7104 2.6525 0.7374 2.2088 0.1104
06 2.25 4.58 0.7093 0.0215 17.416 4.1747 0.1710 0.0029 8.7743 1.7085 0.7093 3.0335 0.0713
-18 1.46 5.07  0.6141 0.0214 8.8465 2.1237 0.1079 0.0023 13.904 2.1729 0.6141 3.4813  0.0905
27 0.93 3.64  0.6296 0.0233 8.1896 1.9747 0.0972 0.0029 15.431 2.9339 0.6296 3.7010 0.1217
20 1.21 4.50 0.6286 0.0260 7.9283 1.9065 0.0958 0.0030 15.664 3.1130 0.6286 4.1345 0.1295
-14 1.54 6.09 0.6247 0.0171 8.2522 2.0008 0.0956 0.0029 15.689 3.0854 0.6247 2.7401 0.1273
22 0.59 2.55  0.6100 0.0217 6.7269 1.6202 0.0841 0.0024 17.842 2.8960 0.6100 3.5524 0.1202
02 0.72 3.43  0.5416 0.0211 5.9262 1.4268 0.0834 0.0024 17.993 2.9162 0.5416 3.8956 0.1211
29 0.63 3.32 0.5311 0.0220 5.1323 1.2382 0.0749 0.0025 20.040 3.2804 0.5311 4.1475 0.1360
-12 0.71 4.11  0.5232 0.0210 4.5798 1.1038 0.0668 0.0020 22.464 2.9233 0.5232 4.0168 0.1213
-11 0.63 4.82  0.4616 0.0187 3.5637 0.8629 0.0564 0.0015 26.603 2.6562 0.4616 4.0584 0.1097
28 0.32 3.31  0.2875 0.0221 1.5913 0.3893 0.0439 0.0015 34.166 3.3300 0.2875 7.6929 0.1361
26 0.26 3.06  0.2863 0.0208 1.4234 0.3496 0.0418 0.0020 35.899 4.8689 0.2863 7.2662 0.1982
23 0.19 2,50 0.2335 0.0236 1.0137 0.2527 0.0371 0.0018 40.453 4.8503 0.2335 10.103 0.1945
25 0.22 2,99  0.1693 0.0186 0.8508 0.2169 0.0366 0.0017 40.952 4.5809 0.1693 10.988 0.1797
FESh YRS-1904 4833
-1 1.20 0.32  0.8758 0.0253 328.96 11.080 0.9164 0.0278 0.8948 3.0327 0.8758 2.8853 0.9004
4 2.26 13.3  0.5881 0.0115 13.458 0.2615 0.0550 0.0009 14.902 1.5509 0.5881 1.9575 0.7981
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Continued Table 1
Total Ph U 27 P/ Ph 27 pb/U 29 ph/ P8 U U/2Ph *7Ph/* Ph
WA rho
(x107%) LU fE lo L fE lo LfE lo W (%) KE (%)

-5 0.22 4. 66 0.2048 0.0149 1.9193 0.1433 0.0232 0.0008 35.376 3.5715 0.2048 7.2559 0.4783
-8 0. 65 15.7 0.2370 0.0098 2.2624 0.0815 0.0235 0.0005 34.936 1.9999 0.2370 4.1361 0.5551
-13 0.73 5.12 0.5683 0.0265 10.818 0.4794 0.0461 0.0017 17.798 3.5838 0.5683 4.6611 0.8088
-14 0.48 0.23 0.8709 0.0398 169.67 8.2579 0.4939 0.0241 1.6601 4.8877 0.8709 4.5681 1.0042
-16 0. 65 0.16  0.8738 0.0357 353.13 14.615 1.0278 0.0438 0.7978 4.2648 0.8738 4.0874 1.0305
-20 1.00 6.04 0.6017 0.0169 12.923 0.4555 0.0518 0.0014 15.837 2.6118 0.6017 2.8047 0.7410

FEfh YRS-1902-2 B4 H
-3 1.83 82.2 0.0980 0.0037 0.7544 0.0342 0.0182 0.0003 45.027 1.7902 0.0980 3.7956 0.3953
-7 0.53 0.47 0.8604 0.0371 108.40 5.4370 0.3128 0.0131 2.6218 4.2029 0.8604 4.3100 0.8379
9 0. 50 2.42  0.6781 0.0403 17.192 0.9883 0.0626 0.0029 13.089 4.5927 0.6781 5.9485 0.7990
-17 0. 08 0.11 0.7458 0.1200 39.689 4.2570 0.1243 0.0106 6.5966 8.5573 0.7458 16.095 0.7978
-18 0.29 0.23 0.8663 0.0661 91.967 4.8553 0.2982 0.0146 2.7500 4.9026 0.8663 7.6261 0.9286

B S YRS40 MR
-15 2.90 0.90 0.8842 0.0254 60.166 11.652 0.5015 0.0115 1.3959 2.2834 0.8842 2.8718 0.1179
-7 2.07 1.21 0.8520 0.0271 30.398 5.9076 0.2650 0.0082 2.6420 3.0878 0.8520 3.1787 0.1589
-17 4.17 5. 68 0.8001 0.0157 13.172 2.5442 0.1203 0.0024 5.8206 2.0214 0.8001 1.9667 0.1046
-29 0.83 1.37 0.7661 0.0352 10.057 1.9827 0.0990 0.0039 7.0733 3.9850 0.7661 4.5965 0.2021
-3 0.24 0.82 0.6567 0.0481 4.1487 0.8298 0.0498 0.0023 14.049 4.6402 0.6567 7.3174 0.2320
-5 0.31 2.01 0.6021 0.0547 2.5868 0.5571 0.0334 0.0024 20.932 7.1650 0.6021 9.0872 0.3327
-1 0.97 6.71 0.5643 0.0254 2.2778 0.4470 0.0304 0.0010 23.016 3.2382 0.5643 4.5007 0.1650
-6 0.19 1.53 0.4204 0.0632 1.2116 0.2533 0.0256 0.0015 27.338 5.8749 0.4204 15.030 0.2811
-10 0. 86 8. 44 0.4353 0.0185 1.4385 0.2845 0.0242 0.0008 28.927 3.1476 0.4353 4.2460 0.1592
-28 0.94 11.3 0.3815 0.0171 1.2026 0.2410 0.0224 0.0006 31.205 2.7779 0.3815 4.4845 0.1386
-19 5.10 69.0 0.3443 0.0065 1.0180 0.1966 0.0215 0.0004 32.517 1.7358 0.3443 1.8765 0.0899
-20 4.51 2.52 0.8255 0.0144 32.136 6.2205 0.2844 0.0073 2.4610 2.5796 0.8255 1.7491 0.1333
-14 2.71 0. 69 0.8468 0.0212 70.599 13.652 0.6149 0.0152 1.1384 2.4721 0.8468 2.4997 0.1278
21 3.02 1.04 0.8477 0.0192 52.476 10.206 0.4562 0.0146 1.5344 3.2060 0.8477 2.2614 0.1649
23 6.08 1.88 0.8350 0.0132 58.944 11.429 0.5151 0.0144 1.3588 2.8018 0.8350 1.5771 0.1445
25 2.67 1.51 0.8393 0.0197 32.393 6.3532 0.2825 0.0109 2.4781 3.8729 0.8393 2.3482 0.1975
9 1.45 2.03 0.7513 0.0311 11.541 2.3178 0.1151 0.0066 6.0820 5.7175 0.7513 4.1351 0.2847
-24 0.85 1.35 0.7362 0.0278 10.587 2.0636 0.1082 0.0035 6.4709 3.2791 0.7362 3.7793 0.1682
-13 2.01 4.71 0.7010 0.0191 7.2088 1.3977 0.0756 0.0018 9.2618 2.3942 0.7010 2.7186 0.1235
-18 3.83 18. 1 0.5849 0.0103 3.5429 0.6851 0.0441 0.0010 15.864 2.1980 0.5849 1.7652 0.1137
-26 0.26 0. 67 0.6950 0.0847 5.3827 1.0968 0.0667 0.0044 10.498 6.6465 0.6950 12.188 0.3262
4 0.35 1.57 0.5485 0.0372 2.9672 0.5925 0.0421 0.0016 16.640 3.7932 0.5485 6.7874 0.1900
=27 0.70 3.95 0.5532  0.0468 2.9668 0.5889 0.0436 0.0016 16.067 3.7664 0.5532 8.4615 0.1898
-16 4.91 49.0 0.3918 0.0083 1.4581 0.2851 0.0268 0.0008 26.149 2.8272 0.3918 2.1193 0. 1446
22 7.68 82.7 0.3940 0.0056 1.3674 0.2639 0.0251 0.0004 27.856 1.5934 0.3940 1.4231 0.0826

¥70.6503) , X L0 15 7F Tera-Wasserburg &1 ff# [ 1] 473 51| 3515
BT 22 S AEHS Bl 134.8 +5. 1Ma( MSWD =0. 61) (&l 9f)
F1123.8 =4, 6Ma( MSWD =0.95) ([ 9g) .
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Fig. 7
WX-23-3 from the Woxi deposit

IMA (a) and microscope (b-e) photos of Sample

FRESE IR T 149.0 + 12Ma (KE ) WX233) . 144.8 +
1. 7Ma( 5 YRS-1910-2) 139. 8 + 6. I1Ma (£ WX-344) ,
S 1R £ R TR i,
5.1.2 a4y S5t

FEM WX344 T 41 R 125.8 5. 6Ma, i 5 H
T iy IR A1 (1 6) W HI M 139. 8 +6. 1Ma, X LI T 5 H i
FIAE, T U-Ph [RIA 34 5 1 38 A I 8 5 155 (480 ~
510°C, Wintzer et al. , 2022) , W By BURIRHGRE hEF (A 4
FEORRE A U-Pb (KR IFiL. Han et al. (2020) W55 %
B, VS TE N2 5 25 5 52 B0 e B TR 0 a3t v R 485 4 5
SRR, BEMY WX344 1 TR CL B W, A
UL B A3 BAARS A Y50 8 SR R A AE — BB s 4 ik, 7T fig
7R VS H 1832 T M W B AROR I OE MR . R BT
AP BSE R R A AR AR I D DR T R M A SR TR R o B, A
W AEARIETE U S 1 B 0 T Ph R, 2 SR W
FEH BIAFI (125. 8 +5. 6Ma) SR I I i A 2 B B B $A
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Fig. 8 TIMA photos of samples YRS40 (a), YRS-1904
(b) and YRS-1902-2 (c¢) from the Woxi deposit
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H—FEh WX27-12 A5 1 CL ER K AF I s R ik i2
] BEAEAEA AR (Tang et al. , 20225 Z3CHIRIED
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2.4Ma(Tang et al. , 2022) TE iR 2 6 Bl N FA—F, ARKH
R FTMAERS 125. 8 5. 6Ma AT fEACER T Ma 1) A JE-pR R 3
B B HRR T Bl A AR
5.1.3 245 b

AR BT E RN 137.8 +3.9Ma 1 134. 8 +
5. 1Ma, IR0 123.8 +4.6Ma, T2 B85 1 Fe
FIRZI , CL ER A B8 R4 b B SR i 2 ek, (0
IR s SR A T o MG B B A - R R VK DD B, BT
WA R 3 R B PR (& Ta-c) , FE SRS H I A7 G I B TR
THENARE,, BT U-Pb [RI 2 1A 5 35 T2 AR 155 (900 ~
1000°C, Yang et al. , 2020) , 3% & TR IE T R IE 5 BE 3 AR 1)
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B9 IKETIRBEKA (a-c) AT (d) \%@L(e-g) [¥) Tera-Wasserburg Bl S 5 A IR A B KA (h) A s 3t

B B Bt i (1) 1Y CL El&

Fig. 9 Tera-Wasserburg diagram of apatite (a-c), scheelite (d) and wolframite (e-g) and CL photos of apatite which coexisted

with scheelite (h) and kaolinite (i) from the Woxi deposit

(C)1994-2023 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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TELEE , ATHERR & A p iR BE 5 [ 1) SRS 9 U-Pb IR R T, ##
i YRS-40 H BAE 4ERL 123.8 + 4. 6Ma SEES, WX-344
T AR 125.8 £5. 6Ma 43 HH T, 3X PN RE S Y
BT SR EREREI SIS 5 fRa
(Bl 7a) BRA A (B 5a) SR, SO BT A AR IR AR R 7T
REIRIREAE 78 T W B B B Sk AR 16 sl ik, BRI, A S 3
FRRAENRS 137.8 £3.9Ma F1 134.8 5. 1Ma HIKE BT Y
JE R H) , B TR AR 2 T 2 A Ve JR i 2 M B (123, 8
+4. 6Ma) IR Bk .

25 TR AR TR IR BT R W Bew 9 AR e 5
HAERFAN BT BT A S L AE G R A — B e
(149.0 ~139. 8Ma) BEA35 (137. 8 ~ 134. 8Ma) JE 4 ., T
FRAS B AT T W L& A A AR BT (R4 -
TR 2 (B 4a) , A DE- 180 Ik ol A 338 - O
) Bk (B 4b-d B 5a) EERD - AR &m0 4k (B 7a) LA
R AR 3 Ik (B 6a) YIE, AL Tk ok 28 10- 55 08 A ik
(F 8¢) MEEBT Ik (ZEM %, 2022) LA KRR BRE: ik (F 8a) 1)
W iR B T, RS EE SR (B 5h A
7b-d) A4 DR S5#EEEH (Zhu and Peng, 2015; X[ Y
2022) FERERERD 9 (B 6b) $hA: | R BA 4 ™ R B &AL 7E
KEVUE(149. 0 ~ 134. 8Ma) 2 7, ELE 21 i 3 5k 192 £6 i B
(125.8 ~123. 8Ma) /5 i AR A I

5.2 MREX
5.2.1 RIEHZEAEA

AU CAERAS I W 4 I 2 W IR IR R AE Mk 2 -
H W R AR G- PR R L B LT DL e R
U BB (A RS BT N EER AT WA SR, IR
B IRTZRE 5L EAWZEIK(E 3b) (Z 7kt
HPK (1 36-1) , DL SRADIRIE (18] 3d) A ERIRAE & (18] 3a,
e) HR MM BRI G LK WA N e R R E
TEZLEEH (18] 6a &l Ta J&] 8) S TUOVLEHH EAFIE , 570 kI
T AT W R B A 6, J5 SRS 2l A2 {7 018 1y i
ok 2 B ik 24 I 0 AL B W) B 45 ( Ramsay , 1980 ; Weatherley
and Henley, 2013) ., BIAMFSE &I, M4 L8 KA N J1 A1 2
% ek 1 Ui A I VR B B T e 2 R B kAR AR AR
7. 5mm B¢ B Bk A0 S T 500 WK LB R 2 OF-A A o
(Ramsay, 1980) , TKIEH" IR [ it 74 60 B8 1R 55 A 2 S 39—
JE R RE SRR AL ST, el T2 R AL 7 A A I AR T ) R AR
nHESE 1 8 ( Zhu and Peng, 2015) AP R S s
T RIF-AG 2 0NV FIEBICIR & 97 IR b 3 58 & &
(Sibson et al. , 1988) , A T Wi X L FHLAR X 1) 4 B0 IR
IR RGBT 5 R R B U] (B R 4E, 20165 XI<F
MREE, 2017) , R IRIEHT RSB A0 98 Bk Pl RE7E MR 2
FFERT  FEM AR - S & 7 T S B RTF - Al 72
XA AR BORWE R0 (A8 JRESET) kA
WEEL R SR M HA A T JT R (JUH R4 ) AW

R B TR BB 4 i AR SR RGBSR TUE
5.2.2 HiEHEAR D R A AL B Au-Sh-W R A EA

HAT W R I T2 B 1 4 SRS BT IR 1Y b BURRAE
IR B S BT R o, Horp i B AR
DT, TR B W RIR X T2 AEAE I AR B0 S AN e i
WIS (G IEHE, 1987 FRTI4E, 1993 o284 Flsi iy
MR, 1998) o J3—HRor2¢ 3 MR 1% IX e 1L 391 4 i (152
~130Ma) JFAEE 0 & &, 12 24010 1 [ 1 55 G o
7R AR T S IR R 2R R, S A R PR BT T I K < T
TSN K (FIE TSR, 2021) , KT, IREBEA PR & & 1 H#1
(149.0 ~ 123. 8Ma, A 3C) B 1EF B4~ X 35 Bl P & . [R) 30)
w1 L) 3 L SR ) R T
B2 HFFATEAELIR I IR, AT AFIT IR | &5 i e
R XA HET R E 2 THI-Ma 2T o, i s 0 1
FHEA S (BLIEAH, 1987; FBAMEBRT, 1992; ERH{AE,
1993) , X UK 4 i 24 3 B 22 W10 SR AL, Az Bh )6 5
(2006) i@ A7 9& ESR 224, & B Z AL-TBUH W 24 7F 156.9 ~
90. 6Ma AP G 5w Z1, 3 26 [R] M 1 Wi 2405 3h A SRR A
AHRIT 8BS0 R MGk BB AR, BT 5 R R
A FE X S TR [T ) 3 22 ) T) e

T AT R AT W O T — 2 S 2 DA e X B AR IX
i & HE LU A B A BB S AR (MEEE R B
i Rb-Sr 2526y .129. 4 +2. 4Ma, FEER™ Sm-Nd Z5:HF2k ik .
130.4 +1.9Ma, Li et al. , 2018) .4 (#H) Re-Os ZEIT 2%
2::174 £ 15Ma, TMASE, 2011) 24 ( A Sm-Nd 250
269::130.5 £3.0Ma, M %M, 2014) B8 11 ( F7f#A7 Sm-Nd
ZERFER . 155.5 = 1. 1Ma FI 124.1 = 3. 7Ma, 2 #4455
2002; A FIRESE T Sm-Nd ZE 1) 2645 .156. 3 + 12Ma, Hu
et al. , 1996) Jelll( A=t Ar-Ar #:162.5 + 1.8 Fll 161. 1 =
1. 2Ma, KL, 2018) \F A (1455 Sm-Nd SRR .
129.7 +7. 4Ma, RS, 2021 ; f1FL 5 At 3K Rb-Sr &
A7k :152 = 13Ma, #EEZE4E, 2008) . KA (H =B Ar-Ar
¥::130.3 £1.4Ma, Xu et al. , 2017) %5, XEEBT IR AL
W HHR AT KES> M 155 ~ 135Ma A1 131 ~ 123Ma PE-4NEHY], 7]
RESVL M 0 4 A9 7 01 i 9 (150 ~ 135Ma Al 130 ~
125Ma) (B5ICEF, 2020) HAMMAsh 235 5, 5 P g ik
T RT3 Al ) i R ARY o B B P ( ~ 137Ma)
PRF o AR A 5 RS 1] (Jia et al. , 2004; HKEHFSE, 2012,
Yuan et al. , 2015; Zhao et al. , 2018; Mao et al. , 2021a, b)
T 01 7 2 DA O

E AR A TR RIS H BE (23 34 H B 7
P AL AR 5 I A TE LR 8] 292 149. 0 ~ 139. 8Ma, V&6
B R (7.9.10 1 EB) T Sm-Nd % 0 &L 4RI
402 + 6Ma( B HEHAE | 2003) , $8/R 1A T REAT 76 N B AR 30 i
PR LR 1 T, AEL FR 288 L 0T 1 R S ks, &3
AXUH Jr s e A Ik v A 1 27 B ety ( B o R /N ) AR
BINEAR R F . KHAMRIE (A Ar-Ar 4:397.4 =
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0.4Ma F1422.2 +0. 2Ma, 3%, 2003) FI# 46 (A%
TRARALZE R Rb-Sr 50T 2875 . 462 + 18Ma, B R, 2010)
BRI 3 A T L AR B ARake L B (AR e S
O WAL TR, X 500 AHEDZ X R 2800 IR it 3
FRAVE AR IR T i 0 5 5 32 3 e 1L A e 1 FH G 52 ( 1
T4, 1993) AH—3, i — B8 R T - R % 3 L 11 2
T3 [ GRS SR X A B 5 L A TR BTk

6 5B

() FER¥ERER, RET KAHY (149.0 ~
139. 8Ma) 5 BAH" (137. 8 ~ 134. 8Ma) JE A H, HR G
RS IE B e, HH R & B B M ik R R B BE (125.8 ~
123. 8Ma) {575 2> 7=, R I A 0 1 2 W BE AL RRAE

(2)IREH IR &0 3 krE Mo pk B -1 1 22 4 (149. 0
~123.8Ma) MG JI TWRESSHEHS & 1 2R 24T - &
AR A ARG TR TR (RS BRI
W IR FUITE IR T sh i mnzs 6],

(3)IRIEW R I T e e X R R AT BB 2807 T i L
ARIARE Y38 LB VR, 8 T AS [ R B 194 8 LU B e e Ay
R U A SO EH

Bugt SRR R ML B A BRI R AT L X
TR AR AT PNEZ TR X TCH] T AR I 7E B 4
TARRRIR S S o R 27 B BB~ F 52 B R
el T S A i R AN LT B BE A SR A B W JK A1 LA-ICP-
MS U-Ph i % Hh 2 f3 i0 5 Bl o JEA0 o i R AS 1) 2
TEVE S i R rh et A 52 5 LRI
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