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Abstract The Xingfengshan skarn-type tungsten deposit hosted in low grade metamorphic rocks was discovered in Xiangzhong
region recently. In this paper major and trace element compositions U-Pb dating of the hydrothermal titanite from the Xingfengshan
skarn were analyzed by EPMA and LA-dCP-MS. The results show that the titanite possesses relatively low > REE TiO, contents and
Th/U ratio and high Al,0, and F contents 1. e. it belongs to typical hydrothermal titanite. The enrichment of W and depletion of Mo
in the titanite suggest the hydrothermal fluid was rich in W and poor in Mo. The chondrite-normalized REE pattern of the titanite
displays HREE enriched with obvious Ce and Eu positive anomalies suggesting it formed under reduced environment. In-situ U-Pb
dating of the titanite yields the intercept age of 215.2 £2. 7Ma indicating the skamn tungsten deposit formed synchronously with the
adjacent Baimashan ilmenite-type granitoid. Based on geological and geochronological evidences we conclude that the deposit was
genetically related to Baimashan magmatic-hydrothermal event in Indosinian. Combined with previous research it is revealed that
tungsten mineralization in Xiangzhong region is closely associated with Indosinian reduced granitoid and is a part of Late Indosinian
regional mineralization event that took placed in the study region.

Key words Titanite; Xiangzhong, Skarn tungsten deposit; Xingfengshan; U-Pb dating
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Fig.1 The sketch map of deposits distribution in Xiangzhong region( modified after Xie er al. 2019)
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Fig.2  Geological map of Xingfengshan region ( modified after Xiao et al. 2020)
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Fig.4 Field characteristics of Xingfengshan tungsten deposit and titanite
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Fig.5 Microscope and BSE photos of hydrothermal titanite in Xingfengshan tungsten deposit
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1 (wt%)
Table 1 Major element composition ( wt%) of hydrothermal titanite in Xingfengshan skarn
F Si0, TiO, MgO Ca0 FeO Al, 0, K,0 MnO Na, O Total
XFS2004 1.26 30. 55 30. 06 0.03 28.34 0.27 4.80 0. 00 0.11 0. 00 95.41
XFS2002 1. 64 30. 44 29.17 0.01 28.53 0.15 5.74 0.00 0.12 0.02 95. 81
XFS2003 1.58 30. 46 29.75 0. 00 28. 18 0.23 5.14 0. 00 0.10 0.01 95. 45
XFS200-4 1.24 30. 18 30. 10 0.02 28.32 0.23 5.35 0. 00 0.10 0.01 95.54
XFS200-5 1.33 30. 60 30.92 0.02 28.42 0.20 5.10 0.00 0.09 0.01 96. 69
XFS200-6 1. 11 29.99 31.36 0.02 28.58 0.16 4.96 0.01 0.04 0.02 96.23
XFS20049 1.18 30. 48 30.35 0.03 28.56 0.24 4.96 0.01 0. 06 0.01 95. 88
XFS200-8 1.09 29. 64 30. 44 0.00 28. 05 0.25 5.02 0.02 0.11 0.03 94. 64
XFS2009 0. 86 30. 41 30. 27 0.02 28.09 0.17 4.82 0. 00 0. 06 0.01 94.70
XFS20040 1. 06 30. 60 30. 87 0.03 28.33 0.17 4.71 0. 00 0. 07 0.01 95. 84
XFS-524 0. 86 31.01 32. 66 0.03 27.76 0.13 2.95 0. 64 0.11 0.71 96. 86
XFS-522 0.93 31.71 31.31 0.02 28. 05 0.22 4.49 0.02 0. 08 0. 06 96. 88
XFS-523 1.22 31.19 32.22 0.01 27.71 0.14 4.11 0.01 0.05 0.02 96. 74
XFS-524 1.01 30. 05 33.53 0.02 27.59 0.09 3.03 0. 06 0.10 0.09 95.71
XFS-52-5 0.71 30. 86 32.06 0.04 27.93 0.22 4.13 0.02 0. 08 0.04 96. 08
XFS-52-6 0.23 30. 68 29. 83 0.02 28.00 0.24 5.57 0.01 0.09 0.02 94.70
XFS-5249 1.31 31.54 31.17 0.01 28.24 0.12 4. 66 0.02 0. 06 0.03 97.16
XFS-52-8 1.40 30.71 28.97 0.01 27.70 0.29 5.13 0.00 0.16 0.02 94. 69
XFS-529 1.65 31.13 29.31 0.01 28.31 0.23 5.79 0. 00 0. 08 0. 00 96. 51
XFS-5240 1.90 30.77 29. 89 0.03 28.32 0.26 5.64 0.02 0.15 0.00 96. 96
XFS-5241 1. 44 30. 62 30.92 0.01 28.33 0.16 4.70 0.00 0.18 0.01 96. 35
XFS-5242 1.18 30. 20 31. 14 0.01 28. 14 0.28 4.67 0.01 0.21 0.01 95. 84
Max 1.90 31.71 33.53 0.04 28.58 0.29 5.79 0. 64 0.21 0.71 97.16
Min 0.23 29. 64 28.97 0. 00 27.59 0.09 2.95 0. 00 0. 04 0. 00 94. 64
Ave 1. 19 30. 63 30. 74 0.02 28.16 0.20 4.79 0.04 0.10 0.05 95.94
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Fig. 6 Diagrams of Al,O; + Fe,0; against TiO,( a) and F (b) in different titanites
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3 LA-ICP-MS U-Pb
Table 3 LA-CP-MS U-Pb isotope data of hydrothermal titanite in Xingfengshan skarn
Ph Th U 27pp (Ma)  fae
Th/U

( x107°) Wph /P 1o 2TPL/PU 1o ®pb/PBU 1o ®Ph/PBU o (%)
XFS2254 1.36 0.14 8. 11 0.02 0.4193  0.0277 3.9701 0.4156 0.0675  0.0042 204. 4 25.48  52.29
XFS2252 1.58 0.15 5. 80 0.03 0.4969 0.0475 6.5366 0.8290 0.0946  0.0082 220.1 48.54  63.28
XFS2253 1.10 0.18 5.84 0.03 0.4306 0.0290 3.8226 0.1945 0.0667 0.0029 195.4 17.31 53. 88
XFS225-4 1.26 0.19 11.47 0.02 0.3108 0.0208 2.1162 0.1240 0.0504 0.0018 201. 8 11.32  36.90
XFS225-5 1.01 0.17 4.40 0.04 0.4842 0.0354 5.3396 0.3059 0.0830 0.0037 202. 8 22.11 61.48
XFS225-6 1.08 0.18 6. 47 0.03 0.4012  0.0331 3.5314  0.2388 0.0663  0.0029 211.2 17.41 49.72
XFS2259 1.02 0.13 6.20 0.02 0.3769 0.0193 3.1575 0.1828 0.0609  0.0023 207.7 13.72  46.28
XFS225-8 1.29 0.18 4.68 0. 04 0.5409 0.0379 6.9083 0.5090 0.0950  0.0055 184.1 32.42  69.52
XFS2259 0.94 0.13 5. 65 0.02  0.4056 0.0339 3.6068 0.2720 0.0661  0.0029 208.0 17.62  50.35
XFS22540  2.32 0.61 35.08 0.02 0.1827 0.0070 1.0236  0.0462 0.0407 0.0011 209. 8 7.02 18.76
XFS22541 2.33 0.54 33.25 0.02 0.2028  0.0123 1.1618 0.0713  0.0420  0.0012 208. 6 7.17 21.61
XFS22542 4.80 1.27 90.19 0.01 0.1235 0.0042 0.6479  0.0279  0.0381  0.0009 216.3 5.35 10. 36
XFS22543 1. 16 0.15 6.20 0.02  0.3943 0.0181 3.6405 0.1770  0.0687  0.0036 223.1 21.55 48.74
XFS22544  5.88 1.75 112.9  0.02 0.1138 0.0045 0.6018 0.0284 0.0384  0.0009 221.5 5.39 8.99
XFS22545 2.86 0.64 42.21 0.02 0.1937  0.0091 1.1115 0.0555 0.0418  0.0011 211.2 6.92 20. 31
XFS22546  5.44 1.48 103.1 0.01 0.1203  0.0048 0.6339 0.0275 0.0383  0.0007 218.7 4.15 9.91
XFS22547 3.45 0.97 46.36  0.02 0.2065  0.0107 1.2023  0.0731 0.0422  0.0010 208. 4 6.42 22.12
XFS22548 5.11 1.71  91.94 0.02 0.1464 0.0050 0.7442 0.0302 0.0370 0.0009 202.6 5.49 13.61
XFS22549  0.78 0.11 2.44 0. 04 0.5467 0.0355 7.2518 0.4592 0.0977  0.0037 184.2 21.72  70.34
XFS22520  2.44 0.53 33.51 0.02 0.2011 0.0083 1. 1155 0.0421  0.0406  0.0009 202. 4 5.46 21.37
XFS225-21 1.90 0.36  12.49 0.03 0.3168 0.0166 2.5916 0.1819 0.0609 0.0023 239.9 13.67 37.76
XFS225-22 1.79 0.31 11.29 0.03 0.3583 0.0240 2.7938 0.1843 0.0590 0.0023 211.1 14.07 43.63
XFS225-23 2.15 0.82 32.31 0.03 0.1582 0.0097 0.8609 0.0557 0.0407 0.0013 218.7 8. 11 15. 28
XFS22524 4.04 1.04 71.15 0.01 0.1366  0.0053 0.7441 0.0329 0.0395 0.0007 220.0 4.49 12.22
XFS22525 4.92 1.68 88.74 0.02 0.1245 0.0049 0.6711 0.0255 0.0394  0.0009 223.2 5.64 10. 51
XFS22526  2.71 0.63 38.09 0.02 0.1936  0.0121 1.1375 0.0778  0.0427  0.0011 215.7 6.91 20. 30
XFS22527  2.53 0.62 37.98 0.02 0.1820  0.0096 1. 0071 0.0563  0.0405  0.0015 208.9 9. 06 18. 65
XFS22528  5.21 2.07 90.64 0.02 0.1408 0.0058 0.7552 0.0342 0.0390 0.0009 215.7 5.62 12.82
XFS22529  4.46 1.75 72.93 0.02 0.1669 0.0076  0.8834  0.0484 0.0384  0.0009 203.6 5.72 16.51
XFS22530  4.03 1.34  66.18 0.02 0.1568 0.0065 0.8754 0.0381 0.0407 0.0010 219.2 6.16 15. 09
XFS22531 2.17 0.66 29.49 0.02 0.1897 0.0096 1.1069 0.0481 0.0431 0.0014 219.1 8. 60 19.75
XFS225-32 1. 05 0.43 6.90 0.06 0.3569 0.0213 3.0931 0.1902 0.0644 0.0035 230.7 21.41 43.44
XFS225-33 0.99 0.14 3.44 0.04 0.5120 0.0359 6.5964 0.5013  0.0959 0.0056 210.3 33.09 65.42
XFS22534  5.07 .72 94.71 0.02 0.1299 0.0055 0.6740 0.0267 0.0379  0.0007 213.0 4.38 11.28
XFS22535 3.70 0.89 65.52 0.01 0.1443  0.0060 0.7780  0.0357 0.0392 0.0006 215.3 3.98 13.31
XFS22536  5.27 1.73  97.92 0.02 0.1284 0.0046 0.6733 0.0243 0.0382  0.0006 215.3 3.63 11. 06
XFS22537 1. 04 0.15 5.58 0.03  0.4495 0.0279 3.9043 0.1521 0.0661  0.0037 182.5 22.15  56.57
XFS22538 1.85 0.23 11.68  0.02 0.3395 0.0156  2.8000 0.1557 0.0603 0.0017 225.3 10.46  40.97
XFS22539 2.44 0.22  10.82 0.02 0.3860 0.0250 4.4680 0.6179 0.0804 0.0071 266. 3 42.65  47.57
XFS225-40 1.42 0.21 11.21  0.02 0.3112  0.0239 2.2464 0.1414 0.0545 0.0026 217.6 15.79  36.96
XFS22541 2.30 0.49 31.91 0.02 0.1697 0.0088 0.9189 0.0452 0.0398 0.0012 209.7 7.18 16.92
XFS22542 1.75 0.22  12.17 0.02 0.3560 0.0246 2.8778 0.2052 0.0595 0.0027 213.8 16.73  43.31
XFS22543 1.61 0.18 8.51 0.02  0.4113 0.0192 3.7429 0.1993 0.0671  0.0029 207.9 17.73  51.15
XFS225-44 1. 11 0.15 4.56 0.03  0.4506 0.0264 5.1436 0.2836 0.0842  0.0029 230. 8 17.27  56.73
XFS225-45 6.21 1.66 116.6 0.01 0.1047 0.0041 0.5347 0.0216  0.0372  0.0007 217.8 4.05 7.71
XFS22546  6.20 1.72  116.7 0.01 0.1096  0.0042  0.5580 0.0247 0.0371  0.0009 215.2 5.61 8. 40
XFS22547  2.75 0.56  40.27 0.01 0.1946  0.0094 1.0837 0.0674 0.0405 0.0016 204. 5 10. 14  20.44
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