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Table 1 The contents (%) of major elements of the metamorphosed fine clastic rocks (after Zhang et al. ,2009°)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
3301 3692 4267 4052 4910 401-4 | 404-3 403 4 3304 4312 4039 | 40313 | 404 3 | 403 30
Si0, 65.51 | 70.86 | 66.97 | 77.23 | 70.42 | 65.95 | 68.64 | 62.77 | 72.44 | 71.04 | 68.13 | 58.73 | 61.34 | 61.11
AlL,O; | 15.05 | 13.64 | 14.91 | 9.94 | 13.47 | 14.83 | 14.82 | 15.49 | 12.23 | 13.20 | 13.68 | 17.80 | 17.21 | 16.02
Fe,03 2.19 1. 06 0.94 1. 09 0.91 0.53 0.37 1.59 1.41 1.36 1.65 4.30 1.22 1.57
FeO 3.64 3.87 4.49 3.42 3.93 3.56 3.90 2.55 3.17 3.76 3.25 2.82 5.29 3.91
Ca0 2.26 0. 38 0. 65 0.28 0.35 0. 66 1.12 3.19 0. 88 0. 40 0.33 1.02 0.26 0.52
MgO 1.99 1.64 2.15 1.43 1.53 1.72 1.78 2.20 1.44 1.61 1.79 1.95 2.02 2.45
NaO | 1.59 | 2.38 | 3.10 | 1.30 | 2.97 | 4.03 | 4.14 | 3.66 | 2.33 | 2.13 | 2.06 | 1.65 | 2.28 | 1.71
K,O 3.92 2.47 2.38 1.59 3.12 2.32 2.71 3.05 2.19 2. 60 2.32 2.68 3.09 3.16
Ti0, 0.82 0.73 0.79 0.61 0.71 0.53 0.58 0.72 0.67 0.72 0. 65 0. 81 0.96 0. 83
MnO 0.13 0.07 0.06 0.10 0.07 0. 05 0.07 0.07 0.13 0. 05 0.10 0.12 0.07 0.10
P,05s 0.16 0.13 0.19 0. 08 0.13 0.16 0.16 0.23 0.12 0.14 0.17 0.19 0.10 0. 19
L.O.1 2.30 2.45 3.06 2.74 2.33 1.56 1.53 3.12 2.68 2. 66 3.20 4.48 4.06 4.05
99.43 | 99.32 99.7 99. 8 99.94 | 95,90 | 99.82 | 98.64 | 99.57 | 99.67 | 97.33 | 96,55 | 9.49 | 95 62
15 16 17 18 19 20 21 22 23 24 25 26 21 28
3401 3318 1052 1072 10F7 101-5 2044 204 5 2043 2046 204-3 1232 1006 1008
Si0, 72.04 |70.430 | 75.45 | 65.75 | 58.51 71.74 | 5842 | 68.93 | 68.53 | 68.42 | 72.41 69.53 | 67.69 | 70.72
Al1,03 13.48 |12.910 | 10.95 17. 62 16.24 | 17.49 17.59 14.76 | 13.81 13. 44 12.16 | 13.11 12. 28 13. 40
Fe O3 | 0.860 | 0.820 0.55 0.56 1.28 0.47 0. 64 0.79 0.53 0.95 1.44 4.25 0.72 0.90
FeO 2.360 | 4.650 3.25 4. 04 4.87 0.42 5.23 4.01 3.93 3.11 3.22 1. 11 3.75 3.84
Cal 1.140 | 0.720 1. 00 0.22 1.56 0. 08 0. 60 0. 19 0.53 1.52 0.76 0.18 3.52 0.39
MgO 1.220 1. 650 1.19 1.51 1.91 0.54 1.90 1. 11 1.32 1.26 1. 15 1.03 1.36 1.89
Na,O 1.530 | 2.340 2. 86 1. 64 1.20 0. 68 1.96 2.85 2.49 2.13 2.22 1.05 2.79 2.94
K,0O 3.480 | 2.170 1. 40 3.71 3.18 2.88 3.39 1. 86 2.29 2.72 2.17 2.40 1.90 1.91
TiO, 0.35 | 0.740 0.58 0. 85 0.83 0. 86 0. 82 0.63 0.62 0.58 0. 64 0.70 0.60 0. 67
MnO 0.070 | 0.100 0. 06 0. 06 0.11 0.01 0. 08 0. 08 0.12 0.11 0.07 0.15 0.19 0.15
P,05s 0.05 | 0.180 0.11 0.11 0. 87 0.02 0.38 0. 08 0.12 0.11 0.13 0.07 0.13 0.12
L.O.T| 3.000 | 2.970 2.27 3.54 8.37 4.43 3.49 3.05 2.68 3.44 3.06 4.18 4.74 2.72
99. 5 99.7 99.67 | 99.61 98.93 | 99.62 | 9450 | 98.34 | 96.97 | 97.83 | 99.43 | 97.76 | 9.67 | 99.65
29 30 31 32 33 34 35 36 37 38 39 40
10F52 10k &1 101-9 4 1021 101-24 3109 1 3202 3683 3612 204-45 3159 10F 92
Si0; 70. 08 64. 10 71.67 62. 45 64. 18 66.81 74.51 70.91 65.43 65.78 74.23 66. 38
ALOj3 13.03 15. 64 12.73 15.39 14. 34 15.77 11.49 13.40 16.59 14. 66 11.35 16. 23
Fe,03 0.86 3.96 1.37 1.22 1. 08 0.76 0.42 0. 68 0. 86 0.77 0.74 0. 89
FeO 3.71 1.62 3.43 4.45 4.39 4.61 4.02 4.31 4.32 4.13 4.42 4.30
Ca0 0.83 0. 06 0.52 0.28 0.73 0.21 0. 47 0. 49 0.76 0. 81 0.24 0.35
MgO 1.20 1.31 1.50 1.72 1.90 2.03 1.57 1. 56 1. 81 1.48 1.64 2.51
Na,O 2.06 1.02 2.52 1.23 1.88 2.05 2.19 2.41 1.57 2.08 1.79 2.54
K»0 2.28 3.02 2.53 3.66 2.74 3.28 1. 81 2.37 3.56 2.84 1.89 2.18
Ti0, 0.62 0. 68 0.68 0. 69 0. 67 0. 82 0.64 0.72 0.76 0.70 0.70 0. 64
MnO 0.10 0. 06 0.08 0. 06 0.09 0. 06 0.08 0.07 0. 06 0.09 0.06 0.28
P,05 0.11 0.08 0.14 0.15 0.11 0.13 0.12 0. 14 0.12 0.13 0.11 0.08
L.O.1 3.12 4.39 2.68 3.24 3.30 3.12 2.36 2.57 3.84 3.20 2.50 3.33
98. 00 95.94 99.7 99. 8 95.41 99.65 99. 680 99. 63 99. 68 96. 67 99. 67 99.71

156 21 23~ 2529 33 38

;16 19 35 39

32~ 4 7~ 10 17 19 27 28 36 37

; 11~ 15 20 22 26 30 31 32 40
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Table 2 The contents (< 10~ %) of trace elements of the epimetamorphic fine clastic rocks (after Zhang et al. ,2009°)

,2009°)

1 2 3 4 5 6 7 8 9 10 11 12 13 14
3301 | 3692 | 4267 | 4052 | 4910 | 401-4 | 4043 | 4034 | 3304 | 4312 | 4039 | 4031 | 404 | 4039
Ba [ 1190.0 369.0 | 613.0 | 416.0 | 602.0 | 539.0 | 623.0 | 341.0 | 447.0 | 549.0 | 555.0 | 608.0 | 354.0 | 395.0
Co 15.2 | 15.3 | 13.3 | 20,6 | 18.6 | 17.0 | 18.6 | 15.1 | 146 | 10.7 | 1223 | 11.7 | 133 | 16.8
Sc 34.8 | 1224 | 11.6 | 2.8 | 7.0 | 20.7 | 20.4 | 13.2 | 10.3 | 9.9 11.8 | 5.8 10.1 6.8
Cr 68.0 | 63.7 | 71.4 | 82.5 | 90.2 | 87.0 | 90.8 | 114.0 | 66.6 | 53.2 | 46.9 | 14.6 | 554 | 61.7
Ni 34.8 | 24.2 | 28.5 | 44.0 | 34.8 | 36.5 | 46.6 | 27.4 | 25.1 | 22.3 | 19.1 | 6.4 | 208 | 27.0
Ga 20,9 | 19.3 | 19.1 | 23.8 | 19.9 | 24.5 | 25.1 | 12.6 | 20.0 | 22.8 | 18.7 | 22.8 | 162 | 18.3
Ge 0.9 1.0 1.4 2.0 1.2 1.3 L8 L5 0.5 2.0 2.0 1.6 0.8 1.1
Rb | 185.0 | 100.0 | 98.5 | 108.0 | 94.1 | 128.0 | 145.0 | 83.2 | 107.0 | 94.2 | 89.3 | 143.0 | 106.0 | 127.0
Nb 16.2 | 13.7 | 16.9 | 15.5 | 16.0 | 15.6 | 18.0 | 11.4 | 13.4 | 18.5 | 16.5 | 9.6 | 137 | 14.7
Cs 13.9 | 6.3 14.9 | 7.3 6.0 9.2 13.9 | 20.0 | 15.4 | 32.0 | 28.8 | 23.4 | 1.9 | 19.9
Hf 6.0 6.8 6.8 5.5 6.6 5.4 56 5.9 6.4 8.1 7.5 5.1 7.9 6.3
v 79.4 | 95.4 | 79.9 | 113.0 | 109.0 | 117.0 | 125.0 | 92.6 | 96.2 | 75.0 | 72.6 | 108.0 | 747 | 81.2
Sr 240.0 | 79.7 | 117.0 | 197.0 | 185.0 | 100.0 | 132.0 | 59.1 | 97.8 | 207.0 | 242.0 | 547.0 | 124.0 | 92.4
Zr | 247.0 | 259.0 | 257.0 | 216.0 | 249.0 | 216.0 | 221.0 | 203.0 | 252.0 | 299.0 | 268.0 | 188.0 | 204.0 | 242.0
Ta 1.7 1.3 0.9 1.0 1.6 0.5 13 1.3 1.5 0.6 1.0 0.6 1.0 0.6
Th 149 | 122 | 87 9.1 9.7 4.6 | 111 | 92 132 | 93 7.1 5.9 171 | 146
15 16 17 18 19 20 21 22 23 24 25 26 27 28
3401 | 3318 | 1052 | 1072 | 10t7 | 101-5 | 2044 | 2045 | 2048 | 2043 | 2045 | 1232 | 1006 | 1008
Ba | 428.0 | 449.0 | 233.0 | 589.0 | 837.0 | 406.0 | 683.0 | 347.0 | 386.0 | 476.0 | 379.0 | 332.0 | 315.0 | 366.0
Co 1.70 | 14.60 | 14.3 | 17.1 | 14.0 | 14.0 | 16.9 | 13.3 | 13.0 | 1.1 | 155 | 0.0 | 136 | 17.8
Sc 5.59 | 12.10 | 8.1 17.1 | 17.2 | 149 | 13.0 | 15.4 | 1229 | 9.2 13.2 | 68 9.8 6.5
Cr | 24.00 | 66.80 | 54.6 | 75.8 | 78.4 | 66.8 | 75.7 | 71.0 | 55.9 | 57.7 | 55.2 | 0.3 | 535 | s54.8
Ni | 11.90 |23.60 | 13.6 | 290.3 | 38.0 | 25.0 | 35.2 | 22.7 | 21.5 | 20.1 | 23.7 | 3.9 | 228 | 23.5
Ga | 2590 |18.20 | 13.5 | 25.6 | 26.5 | 22.1 | 25.8 | 18.6 | 18.5 | 17.7 | 16.8 | 20.5 | 165 | 17.7
Ge 1.00 | 0.90 1.1 1.5 1.3 1.1 1.7 1.2 1.5 1.5 1.5 1.8 1.1 1.4
Rb [162.00] 93.60 | 51.9 | 156.0 | 132.0 | 116.0 | 125.0 | 72.5 | 94.2 | 105.0 | 90.7 | 482.0 | 812 | 79.1
Nb | 32.80 | 13.90 | 9.8 16.4 | 18.8 | 14.6 | 18.2 | 13.9 | 13.7 | 13.5 | 12.3 | 39.2 | 106 | 13.0
Cs [ 1290 | <60 |<6.0]| 125 | 141 | <6.0]| 16.4 | 157 | 6.8 8.6 56 | 32.6 | 7.1 7.5
Hf | 16.70 | 8.30 | 7.4 5.7 5.8 7.1 6.2 6.9 6.1 7.5 6.6 4.5 5.7 6.5
v 39.70 | 99.40 | 74.2 | 109.0 | 108.0 | 97.3 | 99.3 | 78.0 | 83.7 | 74.2 | 87.7 | 24.6 | 914 | 94.0
Sr 100.0 | 120.0 | 131.0 | 87.9 | 222.0 | 69.3 | 142.0 | 106.0 | 142.0 | 171.0 | 142.0 | 113.0 | 330.0 | 83.7
Zr | 627.0 | 304.0 | 255.0 | 223.0 | 222.0 | 265.0 | 247.0 | 249.0 | 222.0 | 279.0 | 232.0 | 173.0 | 203.0 | 235.0
Ta 2.00 | 0.90 | 1.2 1.7 1.0 2.0 14 0.8 1.5 0.7 1.1 3.7 0.6 0.6
Th | 23.10 | 12.70 | 9.6 14.3 | 135 | 12.1 9.1 9.5 1.2 | 9.7 7.1 52.0 | 9.9 11.7
29 31 32 33 34 35 36 37 38 39 40
10r52 | 10r8&1 | 10-94 | 10r21 | 10124 | 31091 | 3202 3683 3612 | 20445 | 3159 | 10r92
Ba 368.0 464.0 348.0 | 460.0 | 455.0 | 3950 | 239.0 | 422.0 | 662.0 | 392.0 | 246.0 | 448.0
Co 13.3 14.5 16.4 19.5 19.2 14.1 12.7 15.5 15.4 14.7 17.7 16.2
Sc 9.3 15.5 11.0 14.1 13.1 9.5 10.7 12.4 16.2 12.7 2.3 9.5
Cr 55.7 62.3 58.8 66. 1 62. 1 82.5 85.7 65.7 75.8 63.3 119.0 | 60.7
Ni 19.4 27.2 20.5 32.7 28.6 33.7 17.9 24.4 31.0 22.7 280 32.3
Ga 14.0 21.6 14.4 22.2 20. 1 23.2 15.9 18.5 24.4 18.2 16.1 25.3
Ge 18 2.0 <2.0 1.4 1.6 1.1 1.1 0.9 1.3 1.7 1.2 1.3
Rb 80.9 131.0 86.7 164.0 | 114.0 | 1520 | 100.0 | 105.0 | 162.0 | 99.6 90. 3 97.7
Nb 1.3 16. 4 11.5 16.2 15.0 15.8 12.6 12.9 14.5 13.7 13.7 16.0
Cs 10.5 13.2 6.4 12.6 9.1 <60 | 17.2 14.0 16.8 9.6 6.1 <6.0
Hf 7.3 6.3 6.8 6.0 6.5 5.7 7.3 7.1 5.7 6.9 110 5.8
v 80.0 96. 5 88.7 97.9 92.3 1060 | 78.7 100.0 | 109.0 | 97.0 84.0 84.6
Sr 84.5 61.2 126.0 90.2 95.0 57.0 78.5 125.0 | 84.4 119.0 | 67.5 165.0
Zr 229.0 239.0 233.0 | 240.0 | 247.0 | 2220 | 268.0 | 261.0 | 223.0 | 257.0 | 400.0 | 208.0
Ta 08 0.5 1.3 0.6 1.0 L5 1.0 1.4 0.9 1.0 0.7 1.0
Th 6.0 13.3 6.6 11.9 9.6 16.3 12.5 13.5 15.7 10.2 15.1 15.8
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Table 3 The contents (x 10™ %) of REE of the epimetamorphic fine clastic rocks(after Zhang et al., 2009°)
1 2 3 4 5 6 7 8 9 10 11 12 13 14
3301 3692 4267 4052 4910 401-4 404-3 403 4 3304 4312 403-9 403 1 404 403 9
La 23.50 33.10 | 49.20 | 21.10 33.80 | 37.00 | 41.60 | 23.20 36.10 | 45.20 35.50 34.10 | 40.20 32.30
Y 42.80 | 23.10 | 31.60 | 40.40 | 30.50 | 27.80 | 31.80 | 18.00 | 28.40 | 42.80 | 38.10 13.10 | 25.90 | 29.60
Ce 51.10 | 75.00 | 70.80 | 60.70 [ 72.50 | 72.00 | 68.80 | 52.30 70.20 | 74.50 | 65.40 55.60 | 75.80 | 71.50
Dy 8. 85 4.56 4.60 6.50 5.35 5.86 4.90 3.56 4. 80 6. 30 6. 30 2.30 5.23 6.37
Er 5.75 2.98 2.90 4.10 3.25 3.91 3.10 2.33 2. 80 4. 10 4.00 1. 10 3.41 3.18
Eu 2.73 1. 19 1.90 2.40 1.32 1.57 1.90 0.76 1.20 1.90 1.90 1.90 1.51 1. 14
Gd 8. 82 4.95 5.20 6. 80 4.85 6.33 5.60 3.62 5.60 6.90 6.70 3.70 5.91 5.34
Ho 2.45 0. 96 0.90 1. 40 0. 81 1.29 1. 00 0.73 1. 40 1. 30 1. 40 0.40 1.14 0.94
Lu 0. 67 0.43 0. 40 0.50 0.40 0.49 0. 40 0.33 0.50 0.50 0. 60 0.10 0.43 0.42
Nd | 34.40 | 31.30 | 30.30 | 33.90 | 28.50 | 37.20 | 34.10 | 18.20 | 30.40 | 37.10 | 32.50 | 26.90 | 37.30 | 29.60
Pr 6.55 8. 10 6. 30 6. 80 6. 05 8. 88 6.90 6.94 9.40 7.20 9.20 5.90 8.58 6.41
Sc 34. 80 12. 40 10. 80 | 21.60 7.02 - 17.10 |203.00 | 10.30 9.90 11. 80 8.20 10. 10 6. 82
Sm 9.29 6.93 6.40 8. 00 7.28 8.56 7.10 4. 64 6.70 8. 00 7.30 5.30 8.34 8.08
Tb 1.55 0.73 0. 60 0.90 0.49 0.98 0.70 0.58 1. 40 0.90 1. 10 0.40 0.93 0. 63
Tm 0. 83 0.41 0.50 0.70 0.36 0.52 0.50 0.32 0. 60 0. 60 0. 60 0.20 0.45 0.43
Yb 4.52 2.72 3.10 4.30 2.78 3.65 3.30 2.20 3.40 4. 40 4.00 1. 00 3.17 3.07
238.61 | 208.86 | 225.50 [ 220. 10 | 205.26 | 216. 04 | 228. 80 | 340.71 | 213.20 [ 251. 60 | 226.40 | 160. 20 | 228 40 | 205. 83
15 16 17 18 19 20 21 22 23 24 25 26 27 28
3401 3318 1052 1072 10+7 101-5 204- 4 204 5 2048 2043 204-5 1232 1006 1008
La 116.00 | 68.10 | 29.50 34,80 | 43.10 | 37.30 | 28.60 | 25.10 34.90 | 39.10 | 51.30 50.80 | 27.20 | 28.80
Y 15.70 4.98 19.10 | 27.30 | 77.90 | 27.80 | 47.70 32.00 30.10 | 30.30 | 27.30 28.70 | 21.20 | 20.20
Ce 10. 90 2.99 57. 10 82.70 | 90.60 | 69.00 | 6840 | 62.70 54.80 | 74.10 | 55.90 | 70.70 | 52.40 | 58.60
Dy 2.87 1.32 3.78 5.40 14. 30 5.69 8.20 5.30 5.00 4. 60 4.00 3.90 4.26 4.24
Er 13. 80 5. 60 2.60 3. 66 7.36 3.61 4.50 3.00 2. 80 2.70 2.40 2. 80 2.60 2.52
Eu 3. 60 0.94 1. 40 1.31 2.65 1.39 1. 60 2.20 1.50 1. 40 1. 10 2.70 1.09 1.17
Gd 1. 50 0.41 4.25 5.02 14.70 5.67 8. 40 5.40 5.00 4.90 4.50 5. 60 4.62 4.35
Ho | 60.8 |31.80 | 0.67 | 0.93 | 2.90 | 1.16 | 1.60 | 1.10 | 1.10 | 1.10 | 0.70 | 1.00 | 0.64 | 0.65
Lu 15.30 7.38 0.32 0.44 0.70 0.45 0.50 0.40 0.40 0.40 0. 30 0.40 0.33 0. 37
Nd 5.59 12.10 | 29.30 34.00 51.00 | 33.70 36.10 | 28.60 25.30 | 28.50 | 25.50 37.30 | 27.30 | 28.00
Pr 15.70 6.91 6.36 6. 84 11. 40 6. 84 6.90 7.40 6.70 7.80 4.90 8. 00 4.71 5.35
Sc 2.53 0. 69 8.07 17. 10 17.20 14.90 | 16.70 | 12.40 11.20 10.60 | 10.50 13.00 9.75 6.45
Sm 1.45 0.42 5.96 7.59 14. 10 7.70 8. 60 6.70 6. 10 7.00 5.40 7. 60 6.18 6.24
Tb 10.30 | 2.94 | 0.32 | 0.40 | 2.26 | 0.82 | 1.10 | 1.00 | 0.90 | 0.90 | 0.50 | 0.80 | 0.22 | 0.21
Tm | 418.04204.08 | 0.27 | 0.38 | 0.89 | 0.46 | 0.70 | 0.50 | 0.50 | 0.50 | 0.40 | 0.50 | 0.28 | 0.30
Yb |263.87|147.51| 2.49 | 3.37 | 5.01 | 3.26 | 440 | 2.90 | 2.90 | 2.70 | 2.70 | 3.20 | 2.30 | 2.45
154.17 | 56.57 171.5 231.2 356. 1 219.8 244.0 196. 7 189.2 216.6 197. 4 237.0 165. 1 169.9
29 30 31 32 33 34 35 36 37 38 39 40
10F52 1081 101-9 4 10k 21 101-24 3109 1 3202 3683 3612 204- 45 3159 10F 92
La 41.90 36. 30 59. 80 61.40 54. 80 69.50 56. 50 61. 80 79. 10 57. 80 62.00 69. 80
Y 22.90 35.10 4.10 5.50 4. 30 5.90 4.55 4.57 5.34 4. 10 3.94 6. 60
Ce 57. 10 67.50 2.50 3.30 2.80 3.23 2.93 2.83 3.30 2.50 2.48 4.38
Dy 4.30 5.80 1. 30 1. 60 1.20 1. 15 1. 04 1. 18 1.29 1. 10 0.98 0. 89
Er 2.70 3.70 4.50 5.80 4. 60 6.16 5.16 5.11 5.90 4.50 4.43 6. 64
Eu 1. 40 1. 90 0. 80 1.00 0. 80 0. 89 1.17 0.95 1. 11 0. 80 0.62 1.42
Gd 4.60 5.90 0. 40 0. 40 0. 40 0.42 0.41 0.43 0.49 0. 40 0.36 0.56
Ho 0. 80 1.20 27.10 33.30 27.90 31.40 26. 60 29.20 32.50 26.90 28. 80 34.90
Lu 0. 30 0.40 7.30 6.90 5.50 6.79 7.28 6.98 8.26 5.30 6.72 8.47
Nd 28.50 35.10 11. 00 14. 80 13. 40 9.50 10. 70 12. 40 16. 20 11.70 2.29 9.47
Pr 5.80 7.00 5.60 7.30 5.80 6.99 6. 67 6. 80 7.74 5.60 6.67 8. 44
Se 10. 80 15.30 0. 60 0. 80 0.50 0.47 1. 12 0.72 0.90 0.50 0.34 1.03
Sm 6. 10 7.60 0.40 0.50 0.40 0.37 0.44 0.41 0.49 0.40 0.28 0.57
Th 0. 60 0.90 2.50 3.40 3.10 3.28 2.58 2.75 3.17 2. 80 2.41 4.08
Tm 0.40 0. 60 179. 4 201.7 178.0 2123 178. 4 189.7 228.3 176.7 176.6 192.0
Yb 2.90 3.90 129.9 133.7 120. 5 149.9 126.0 135.9 163.5 122.7 135.7 157.2
191. 1 228.2 49.5 68.0 57.5 62.3 52.4 53.9 64.8 54.0 41.0 34.8
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4 La ICPMS U Pb ( ,2009 )
Table 4 La ICP MS zircon U- Pb data for the rocks ( after Zhang et al., 2009 ©)
(Ma)
ml e = [ 3] B R R
TW07XK-02( s ) LA- ICPMS U-Pb 828.517.9 Ma
xk201 ]0.06697(0. 00172]1. 26864|0.03222 0. 13743 0. 00199 (0. 04336|0. 00537(1.97|0.01| 837 | 55 | 832 | 14 | 830 | 11 | 858 | 104
xk202 ]0.06765(0.00147|1. 27766|0.02931 |0. 13699 |0. 00214 (0. 02639]0. 00226( 7.9 |0.02| 858 | 46 | 836 | 13 | 828 | 12 [ 526 | 45
xk204 ]0.07236(0. 00163]1. 36572(0.03196 |0. 136850. 00206 (0. 03931]0. 00444(5.3210.01|996 | 47 | 874 | 14 | 827 | 12 [ 719 | 86
xk205 ]0.06811(0.00138] 1.3605 [0.02885|0. 14487 0. 00208 (0. 03935]0. 00308(2. 46|0.01| 872 | 43 | 872 | 12 | 872 | 12 [ 780 | 60
xk206 0. 06707(0. 00306]|1. 26002|0.05663 |0. 13623 (0. 00286 (0. 03081]0. 007812 06|0.01| 840 | 97 | 828 | 25 | 823 | 16 | 613 | 153
xk207 ]0.06823(0. 00263|1. 34257(0.05149 |0. 14276 |0. 00275 (0. 03469]0. 00728 1.5 |0.01| 876 | 82 | 864 [ 22 | 860 | 16 | 689 | 142
xk208 |0.0697 [0.00205(1. 36704|0.04083 |0. 14219 (0. 00237|0. 042080. 00717(5.98(0.02| 920 | 62 | 875 | 18 | 857 | 13 | 833 | 139
xk209 ]0.07019(0. 00237(1. 47409|0.04955 0. 1524 (0. 00262|0. 04084 0. 00837 1. 04 (0.01|934 | 71 | 920 | 20 | 914 | 15 | 8 | 163
xk2 10 ]0. 06848(0.00169(1. 36288| 0. 0347 | 0. 1444 (0. 00222]0. 03985 0. 0061 [1.89(0.01|883 | 52 | 873 | 15 | 869 | 13 | 790 | 119
xk2 12 ]0. 066530. 00143 (1. 25657(0.02921 [0. 13698 [0. 00215|0. 03147]0. 00378(2. 53 (0. 01| 823 | 46 | 826 | 13 | 828 | 12 [ 626 | 74
xk2 13 ]0. 12356(0. 00222(6. 20661 0. 1232 |0. 36437 [0. 00569 |0. 12008 0. 01327(€60. 8 [ 0. 38 (2008 | 33 |2005| 17 |2003 | 27 (2292 239
xk2 14 ]0. 06726(0. 00133 1.2992 |0.02782 (0. 14012 [0. 00215|0. 03589]0. 00299 1. 82 (0. 01 | 846 | 42 | 845 | 12 [ 845 | 12 [ 713 | 58
xk2 15 ]0. 06899(0. 00357(1. 30603|0.06553 [0. 13731 (0. 00312|0. 03481|0. 00744 2.8 [0.01 | 898 | 110 | 848 | 29 | 829 | 18 [ 692 | 145
xk2 16 |0.06783(0.00157(1. 34135| 0.032 |0. 14343 (0. 002190. 03736]0. 00367(2. 17 [0.01 | 863 | 49 | 864 | 14 | 864 | 12 [ 741 | 72
xk2 17 ]0. 06785(0. 00347 (1. 28748|0.06427 |0. 13764 [ 0. 0029 | 0. 0366 |0. 00404(0. 71 (0. 01| 864 | 109 | 840 | 29 | 831 | 16 [ 727 | 79
xk2 18 0. 06787 0.0015 [1.28305|0.03028 (0. 13715 (0. 00221 0. 02948]0. 00291 (2. 41 (0. 01| 865 | 47 | 838 | 13 | 829 | 13 [ 587 | 57
xk219 ]0.09801(0. 00163 (3. 76513|0.07113 |0. 27867 [0. 00419|0. 05708 0. 00465( 1. 77 [0. 01 [1587| 32 |1585| 15 [1585| 21 [1122( 89
xk220 ]0.070070. 00241(1.39978|0.04778 |0. 14489 [0. 00263 |0. 03808 0. 00593 1. 67 [0.01 (930 | 72 | 889 | 20 | 872 | 15 [ 755 | 115
xk221 0. 10998(0. 00183 (4. 90007|0.09193 |0. 32321 0. 00479 0. 0729 |0. 00658(4. 68 (0. 01 [1799| 31 |1802| 16 |1805| 23 |[1422| 124
xk222 0. 110580. 00239(4. 83346|0.11072 |0. 32035 [0. 00437 |0. 08325]0. 01138(4.39 (0. 01 [1809| 40 |1799| 19 |1791| 24 [1616| 212
xk223 ]0. 06739(0. 00209(1. 28422{0.04015 |0. 13824 (0. 00246|0. 02898]0. 00365(2. 04 (0. 01| 850 | 66 | 839 | 18 | 835 | 14 [577 | 72
xk224 10.06796(0.00185(1. 34833|0.03676 |0. 14389 (0. 00221 0. 03823]0. 00623 1.92(0.01 | 867 | 58 | 867 | 16 | 867 | 12 [ 758 | 121
xk225 ]0.070030. 00156 1.4921 | 0. 0344 |0. 15455 (0. 00234 0. 04356]0. 00443(3. 57 (0.01| 929 | 47 | 927 | 14 | 926 13 [ 862 | 86
xk226 ]0.06743(0.00167]|1.26338]0.03196(0. 13591]0. 00215| 0. 0349 |0. 00389(2.82(0.01( 851 [ 53 [829 | 14 | 821 | 12 | 693 | 76
xk 227 0.06034(0. 0024 |1.43494|0. 04894(0. 15013]0. 00267|0. 03679|0. 00527|1.21]0.01{ 909 | 73 [904 | 20 | 902 | 15 | 730 | 103
xk228 ]0.06807(0.00191]1.34221]0. 03793(0. 14305|0. 00235]|0. 03619|0. 00443|1.73]0.01| 871 [ 60 [864 | 16 | 862 | 13 | 719 | 86
xk229 10.07092(0. 00289]1. 35451]0. 05418(0. 13859]0. 00284| 0. 0249 |0. 00385|1.71]0.01{ 955 [ 85 [870 | 23 | 837 | 16 |497 | 76
xk 230 ]0.06654(0.00229|1.23721/0. 04244(0. 13487|0. 00245]0. 03505]0. 00838( 8.6 [0.01 [ 823 | 74 | 818 | 19 | 816 | 14 [ 696 [ 164
xk231 ]0.06736(0.00134|1.25157]0. 02681(0. 13478]0. 00206/|0. 03095|0. 00265|1.31]0.01( 849 | 42 (824 | 12 | 815 | 12 | 616 | 52
xk232 ]0.06789(0. 00164|1.33689|0. 0333 (0. 14283]0. 00225]|0. 03605|0. 00388|3. 76|0.02| 865 | 51 [862 | 14 | 861 | 13 | 716 | 76
xk233 ]0.09891(0.00219{3. 82009/0. 08864 (0. 28017]0. 00443]|0. 06546|0. 00774|1.4910. 011604 | 42 [1597| 19 |1592| 22 |1282] 147
xk 234 0. 067 [0.00373|1.25107|0. 0672 |0. 13542|0. 00313( 0. 0384 0. 00832(2. 81|0.02| 838 [ 119 | 824 [ 30 | 819 | 18 [762 | 162
xk 235 ]0.06649(0. 00499]1.26173|0. 09125(0. 13774]0. 00412|0. 039510. 01355|1.41]0.01| 822 [ 162 [ 829 | 41 | 832 | 23 | 783 | 263
xk236 |0.06622(0.00136]1.23721]0. 02706(0. 13551]0. 00205]|0. 03299|0. 00394 |4.4910.01 | 813 | 44 [818 | 12 | 819 | 12 | 656 | 77
xk237 ]0.12138(0. 0039 |6. 00789]0. 19077(0. 35901]0. 00643]|0. 09326|0. 01702|2. 55]0. 02 (1977 59 [1977| 28 |1977| 31 |1802] 315
xk238 0. 16767(0.00339(10. 9684|0. 23682(0. 47448]0. 00736/|0. 10414|0. 0124 |1.75]0. 01 |2535( 35 [2520| 20 |2503| 32 |2002| 227
xk 239 ]0.06708 (0. 00223|1. 27437]0. 04236(0. 13781| 0. 0025 |0. 04148]0. 00702(1. 84 (0. 01| 840 | 71 | 834 | 19 | 832 | 14 |[821 [ 136
xk240 ]0.06841(0.00171|1.35419]0. 03421(0. 14359]0. 00217]0. 04283]0. 00534(2. 86 (0. 01 [ 881 | 53 | 869 | 15 | 865 | 12 [ 848 [ 104
xk241 |0.06744 (0. 00242]|1.26276]0. 04512(0. 13582]0. 00257|0. 03088 0. 0036 |3.57(0.01( 851 [ 76 [829 | 20 | 821 | 15 |615 | 71
xk242 ]0.06763(0.00391|1. 33481/0. 07408(0. 14315]0. 00343]0. 04456]0. 01314(2. 65(0. 01 [ 857 | 123 | 861 | 32 | 862 | 19 [ 881 [ 254
xk243 ]0.06855(0.00261|1.39001/0. 05156(0. 14711{0. 00268]0. 0425210. 00889( 1.3 [0.01 | 885 | 81 | 885 | 22 | 885 | 15 (842 [ 172
xk244 10.06885(0. 00155]1. 44157]0. 03379(0. 15186|0. 00232]|0. 03791 0. 00407|2. 67 ]0.01| 894 | 48 [906 | 14 | 911 | 13 |752 | 79
xk245 10.06695(0. 00197]|1.26552]0. 03821(0. 13714]0. 00244|0. 02575]|0. 00339|7. 06 |0. 01| 836 | 63 [ 830 | 17 | 828 | 14 |514 | 67
xk247 ]0.06758(0. 00324 1.2578 |0. 05835 0. 135 |0. 00282]0. 03437]0. 00648(1.94 (0. 01 [ 856 | 102 | 827 | 26 | 816 | 16 [683 [ 127
xk 248 ]0.07206(0. 00205]| 1. 3684 |0. 03944(0. 13774]0. 00232]|0. 03861 |0. 00455|1. 15]0.01 (988 | 59 [875| 17 | 832 | 13 | 766 | 89
xk249 0. 16876(0. 0037 |11. 1229]0. 25831(0. 47806|0. 00754]|0. 14094]0. 01987(5. 19 (0. 02 {2545 38 |[2533| 22 |2519| 33 (2665|352
xk250 |0.1672 (0. 00331| 11.05 |0.23248(0. 47933|0. 00743]0. 13559]0. 01609 2. 6 (0. 02 (2530 34 |2527| 20 |2524| 32 (2570|286
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4
Ma)
27p}, 207pl, 20pl 25p}, sy bopp|  Popl 27p}, 28p},
n6pl, lo B5y lo W™y 1o | mrp 10 borpl 1© fwpp| 1° (50| 1© |=y| 1° f=rn| ©
TWO07XK-07( s ) LA-ICPMS U-Pb 827.5%4.1Ma

xk701 [0.06747]0. 00082|1.27292(0.01372|0. 13687 0. 00122]0. 04229(0. 00118| 2.3 (0.01| 852 [ 26 | 834 | 6 |827| 7 | 837 | 23
xk702 [0.06741]0. 00089| 1.273 [0.01581|0. 13699 0. 00134|0. 04176(0. 00141|2. 48 (0.01| 850 [ 28 | 834 | 7 | 828 | 8 | 827 | 27
xk703 [ 0.0677 |0.00087|1.27737|0.01619|0. 13682 0. 00145]0. 04039|0. 00124(3.09|0.01| 859 | 27 | 836 | 7 |[827| 8 [ 800 | 24
xk704 [0.06731]0. 00105|1.27098| 0. 0202 |0. 13689 0. 00163 0. 03673(0. 00189|2.53(0.01| 847 [ 33 | 833 | 9 |827| 9 |79 | 37
xk705 (0. 06655]0. 00085|1.26029| 0. 0162 |0. 13733]0. 00149]0. 03991|0. 00167| 1. 73|0.01| 824 | 27 | 828 | 7 |[830| 8 [ 791 | 32
xk706 [0.06806]0. 00128|1.28253|0.02434|0. 13661 |0. 00175]0. 03828|0. 00225(2. 13|0.01| 870 | 40 | 838 | 11 [ 825| 10 [ 75 | 44
xk707 [0.06717]0. 00094|1.26808(0.01737|0. 13692 |0. 00144 0. 03995(0. 00192|2. 07 (0.01| 843 [ 30 | 832 | 8 |827| 8 |79 | 37
xk708 [0.06671]0. 00083|1.26285(0.01648 |0. 13727|0. 00154|0. 03736( 0. 0017 | 2.5 [0.01| 829 [ 27 | 829 | 7 |829| 9 | 741 | 33
xk709 (0. 06834]0.00106|1.28904(0.02057 |0. 13678 |0. 00165|0. 03611(0. 00192 1.39(0.01| 879 | 33 | 841 | 9 |826| 9 | 717 | 37
xk710 (0. 06636]0. 00137|1.25273(0.02624 |0. 13692| 0. 0018 |0. 03898(0. 00365| 2.5 [0.01| 818 | 44 | 825 | 12 | 827 | 10 | 773 | 71
xk711 (0. 06689]0. 00077|1.26808| 0. 0148 |0. 13751 |0. 00146]0. 03885|0. 00103(2.93|0.01| 834 | 25 |832| 7 |[831| 8 [770| 20
xk712 (0. 06674]0. 00109|1. 26324(0.02041 |0. 13732]0. 00158 0. 03993(0. 00162| 2.7 [0.01| 830 [ 35 | 829 | 9 |829| 9 | 791 | 31
xk713 (0. 06841]0. 00097|1. 37422|0.02079 |0. 14572]0. 00181]0. 03911|0. 00151{2.19|0.01| 881 | 30 | 878 | 9 |[877| 10 [ 775 | 29
xk7 14 (0. 06674]0. 00121|1.26436|0.02311 |0. 13744 ]0. 00173 0. 03795|0. 00238| 1. 47|0.01| 830 | 39 | 830 | 10 [ 830 | 10 [ 753 | 46
xk715 [0.06841]0. 00165|1. 37627(0.03347 |0. 14595| 0. 0022 |0. 03561 0. 0022 |2.38(0.01| 881 [ 51 | 879 | 14 | 878 | 12 | 707 | 43
xk716 [0.06909]0. 00117|1. 30883(0.02346|0. 13742|0. 00186|0. 03417(0. 00157|1.98[0.01| 901 | 36 | 850 | 10 | 830 | 11 | 67 | 31
xk7#17 [0.0675 0. 00109|1.27262| 0.022 |0. 13677]0. 00181]0. 03551|0. 00204| 3.6 |0.01| 853 | 34 | 834 | 10 [ 826 | 10 [ 705 | 40
xk718 [0.06849]0. 00165| 1.2926 (0.03138]0. 13691 |0. 00204 0. 03668 (0. 00264|2. 58 [0.01| 883 [ 51 | 842 | 14 | 827 | 12 | 78 | 51
xk719 [0.07456]0. 00358|1. 39511(0.06503 | 0. 1357 |0. 00159]0. 04089|0. 00048|2. 050.01 1057 99 | 887 | 28 [820| 9 [810| 9
xk720 (0. 06894]0. 00091|1.30256(0.01847 |0. 13704 |0. 00164 | 0. 0402 (0. 00155|2. 38 (0.01| 897 | 28 | 847 | 8 | 828 797 | 30

T W204 58 5( s ) LA ICPMS U-Pb 821.2%4.6 Ma

0458 1 [0.06647]0.00139]1.25178(0.02646|0. 13665 |0. 00191|0. 01909(0. 00093| 1. 49 (0.01 | 821 [ 45 | 824 | 12 | 826 | 11 |38 | 18
0458 2 (0. 06646]0. 00133|1.22902|0.02466 |0. 13413]0. 00179]0. 02581|0. 00182(2.32|0.01| 821 | 43 | 814 | 11 [ 811 | 10 [ 515 | 36
0458 3 {0.06789]0. 00132 1.265 [0.02503]0. 1352210. 00187]0. 01777 0.001 2 [0.01[865| 41 | 830 | 11 | 818 | 11 |35 [ 20
0458 4 {0.06607]0. 00113]1. 19257(0.02113 0. 13092 0. 00173 0. 01558|0. 00071| 1. 96|0.01| 809 | 37 [797 ( 10 [ 793 | 10 | 312 | 14
0458 5 (0. 06667]0.00145|1.25968|0.02699 |0. 13703 0. 00181]0. 03187|0. 00276( 1. 78 |0.01 | 827 | 46 | 828 | 12 [ 828 | 10 [ 634 | 54
0458 6 (0.06733]0. 00121|1. 27581(0.02331 0. 13744 10. 00178 0. 02403(0. 00138|2.290.01 | 848 | 38 [ 835 10 [ 830 | 10 | 480 | 27
0458 7 {0.06542]0. 00125]1. 24032 0. 0242 |0. 13751 /0. 00186 0. 01903(0. 00129| 1. 47|0.01| 788 | 41 [ 819 11 [ 831 | 11 | 381 | 26
0458 8 (0. 08095]0. 00541|1. 60082(0.10086 |0. 14347 0. 00406 0. 04203 0. 00953| 1. 77 0. 01 |1220| 135 | 971 | 39 [ 864 | 23 | 832 | 185
045810 |0.00139(1.24447]0. 02613]0.13638 (0. 00183 (0. 02735]0. 00257]0. 00139(4. 84 (0. 01| 812 | 45 | 821 | 12 | 824 | 10 | 545 | 51
0458-12 0. 06731(0. 00105(1. 26508]0.01993 |0. 13632 (0. 00161 0. 03749{0. 00171 1.5 {0.01| 847 | 33 (830 9 |824| 9 |74 | 33
0458-13 |0.06852(0. 00129(1. 41575]0.02669 |0. 14988 [ 0. 0019 (0. 03467(0. 00211 1. 57({0.01| 884 | 40 [ 896 [ 11 | 900 [ 11 | 689 | 41
0458-14 0. 06736(0. 00196(1. 27203]0.03612 [0. 13697 [0. 00211 (0. 02732]0. 00149 1. 68|0.01| 849 | 62 [ 833 | 16 | 828 | 12 | 545 | 29
0458-15 0. 06623 (0. 00135(1. 25756]0.02558 0. 13773 (0. 00181 (0. 03371]0. 00256| 1. 67|0.01 | 814 | 44 [ 827 | 12 | 832 | 10 | 670 | 50
0458-16 0. 06919( 0. 0013 [1.42051]0.02753 |0. 14895 [0. 00206 (0. 01838|0. 00091| 1. 76{0.01| 904 | 40 898 [ 12 | 895 | 12 | 368 | 18
0458-17 |0. 06806(0. 00104 (1.27191]0.01993 |0. 13555 (0. 00163 0. 03554|0. 00206 1. 66|0.01 | 870 | 32 (833 [ 9 | 819 | 9 | 706 | 40
0458-18 0. 06828 (0. 00233 1. 26954|0.04244 |0. 13506 (0. 00241 (0. 01165(0. 00104|2. 81 (0.01| 877 | 72 | 832 | 19 | 817 | 14 | 234 | 21
0458-19 0. 06733 (0. 00252(1. 28162| 0. 0468 (0. 13821 0. 00256 (0. 01681| 0. 0018 |2.57|0.01| 848 | 80 [ 838 [ 21 | 835 | 14 | 337 | 36
0458-20 0. 06702(0. 00194 (1. 26748]0.03634 (0. 13723 (0. 00221 (0. 01996]0. 00181| 2.6 |0.01| 838 | 62 831 | 16 | 829 | 13 | 39 | 36
0458-21 | 0. 0647 [0.00107(1.23292]0.02149 [0. 13826 (0. 00184 (0. 01703]0. 00069| 1. 59]0.01| 765 | 36 816 | 10 | 835 | 10 | 341 | 14
0458-22 0. 08291 (0. 00212(2. 44199|0.06129 |0. 21364 | 0. 0032 (0. 03592(0. 003112 65(0.01|1267| 51 |[1255( 18 |1248( 17 | 713 | 61
0458-23 10.06718(0. 00143 (1. 25225]0.02679 |0. 13523 [0. 00188 (0. 02193]0. 00135|1.79(0.01 | 843 | 45 [ 824 | 12 | 818 | 11 | 438 | 27
0458-24 10.06842( 0. 0012 [1.26064]0.022% |0. 13365 [0. 00179 (0. 01522]0. 00066| 1. 68 |0.01 | 881 | 37 828 [ 10 | 809 | 10 | 305 | 13
0458-25 0. 06708 (0. 00119(1. 25685|0.02284 |0. 13592 (0. 00176 (0. 02517{0. 00159|2 11{0.01| 840 | 38 | 826 [ 10 | 822 | 10 | 502 | 31
0458-26 0. 06778 (0. 00362 (1. 24804|0.06379 |0. 13359 (0. 00299 (0. 03332{0. 00808| 1. 88 [0. 01| 862 | 114 | 823 [ 29 | 808 [ 17 | 662 | 158
0458-27 |0. 06898 (0. 00227(1. 26578]0.04025 |0. 13311 (0. 00217 (0. 03146] 0. 0042 | 1.85]0.01| 898 | 70 [ 831 | 18 | 806 | 12 | 626 | 82
7. 5. 54 m

, 129 m 4. ,

6. 82 m

79 m 3. 66 m
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Fig.7 Measured geological section of Shuanggiaoshan Group in Qihong— Houtan Town

Qimen County Anhui Provence
1— 32— 33— ;44— 35— 36—
37— ;8— 39— ;10— ; Pth! — ; Pth? — Py — ; Pta' —
; Pta2—
1 —Sericite phyllite; 2—sericite quartz phyllite; 3—with chlorite sericite quartz phyllite; 4 —striped banded sericite quartz phyllite; 5—
phyllitic chip crystal vitric tuff; 6—phyllitic metamorphic tuff; 7—silty slate; 8—phyllitic metamorphic tuffaceous sandstone; 9—slate;
10—andesite; Pth! —the lower member of Heyong Formation; Pth?—the upper member of Heyong Formation; Ptj —the upper mem ber of

Jilin Formation; Pta' —the lower member of Anlelin Formation; Pta?—the upper member of Anlelin Formation

2. i
153 m ,
1. s
( ) 66 m , ’ , , , ,
( )
) > 124
, , (D, Si02 64. 18% ~ 75 45%:;
; AL O3 10. 59% ~ 16 59%, CaO
( ) Q 39% ~ 3. 52%, , Q 6% ~
, Q 7% ,Al203/( K20+ Na2O+ CaO)
) 2, K20/Na20 1, 1
, ) MO L 11%~ 3 93%
Si02 58 51% ~ 74. 51%; Al2 Os
11. 35% ~ 17. 62% , Al203/ (K20+ Na2 O+
Ca0) 2; K20/ Na:20 1,
( ) 1; CaO ,  0.06% ~ 1. 56%

() , 0 3%, MgO 1% ~
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( 3), 2REE= (171. 49~ -
356 07) x 10°°, 205. 3% 10 ° 1 6GCa tom
(PAAS) , 1.8~ 2 Ga ,
( 9 ) ,  Eu " Rb/ ¥ Sr
Pr Th ( 2)MORB , 7 Q 6191~
(9 « » 3008 L4 3 968~ 6 695
: . P 9 208, 12 3 24,
Ti YRb/®Sr (291)  ¥Sr/¥Sr 0 71902~
10- 0 8030 0 6380, ¥Sr /% Sr
(Q 72111~ Q 75268, Q 7379)
< ?
S
51 Bhatia( 1981)
2 (5 .

0 T T T T T T T T T T T T 1

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

Bl 8 BUAF L R AR A Al 10T F Am ok AL A K
Fig.8 Normalized REE patterns of epimetamorphic

fine clastic rocks in Shuanggiaoshan Group

10007

100+

104

Rock/MORB

0 S PR R R |
Sr K R

I I T 1 1 T 1

T T
BaThTa NbCe P Zr Hf Sm Ti Y Yb

P9 BURF L R 78 R 5 T T R b AL B X
Fig.9 Normalized trace elements patterns
of epimetamorphic fine clastic rocks

in Shuanggiaoshan Group
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tou 1, 60Gar~ 1. 89Ga(

827. 54 1 Ma( 4, 6e :
N29°47 56 ,E11739 51") 830 44 90 Ma(  6f;

:N2941'5, E117°38 55 ) LA-ICPM S U-
Pb ; 821. 24 6 Ma( 4,
6g; : N29 49 32, E117 48 37)  LA-
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822+6 Ma(  6h; : N29°45 38", E117° 40
30') LA-ICPMS U-Pb
831 X5 Ma 8290%5Ma SHRIMP
U-Pb | , 2008) ( )
, 821~ 832
Ma
22
2.2.1
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) , 1. 05% , Q 83%,
R , Ti02 (Q83%,0 58%~ 0 85%)
2 2 o 2
Ti02 P2 0Os , Ca0 MgO ,
- R SiO>Nb/ Y Si02-Zr/ TiO2 ,
, TiO2 TFe P20s , CaO MgO
, 500 s
(10, FMA (1) ,
— — , TiO2 P20s TFe , MgO
,FeO* /(FeO* + MgO) ,
5 , ( 06
, (MORB) ( 12)
TiO2 P20s Sr Rb Ba Th
, T102 0. 64% ~ HFS
AN ‘Ii—
Il
/~ 7 Wf OGO AP ATFITOI O I OTIN IS, / )
i n ' 0.8 S e fee oo ers OO TH | - .
// / SR, e ';y (RS o’;o‘é'-"."&,"t’-,&%’{"}’n lj-,/ it HHI-/[/ / ]”/
@
(»1_7 = Q) @ ‘.
) 9 " ()] @ ®®
N AR AR NG 3
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10
Fig. 10  Section map of the Zhangyuan mafic tectonic melange belt
: O— , , , ,
; @— . ; ®— ; @— ; 66— , ,
sc ., ¢ .S ; ©®—
: @O— , .
; , , 5C : @O— ; @— )
; O— ; - , ;1= 12— 13—
14— 35— 16— 37— 18— 19—

illustration of layered profile: O—Mylonitized metasandstones, streaky structure, developed the shearing rheid fold structure, a small part
of quartz sand in the shape of lens was directionally elongated and has rotation shearing tailing phenomena; @—altered pillow basalt, weak
@—altered gabbro;

S C fabric, which the directional arrangement of C foliation consists of the flaky mineral aggregate, and S

schisteous phenomenon in some section; @—altered massive pillow basalt; B —basaltic mylonite, developed rotational

mortar and flowlike structures,
foliation in emr echelon consists of the basic rock shear lens and mortar; ©—altered gabbro; (D—mylonitized tuffaceous sands, developed
streaky structure, quartz grains were elongated and the shearing mis— shifted formed domino structures, also can see the syntectonic quartz
veins shearing rheid fold structure; ®—basaltic mylonite, developed streaky structure, haveshearing mortar texture, rheid fold structures
and § C fabric; @—altered diabase; @—mylonitized tuffaceous sands, developed streaky structure and mortar tex ture; @—mylonitized
basalt; @—phyllite and mylonitized tuffaceous sands, developed mylonite foliation; 1—mylonite; 2—mylonitized m etamorphism tuffaceous
7—diabase; 8 —gabbro; 9 —faults

sands; 3—mylonitized metasandstones; 4 —mylonitized basalt; 5—massive basalt; 6—pillow basalt;
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Fig.12 M ORB normalized trace element spider diagram of the mafic rocks
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Table 5 Major elements compositions (%) of the Zhangyuan and Fuchuan mafic rocks

ZY b 1|ZY- F2|2¥ E3|Z2Y-1-4 |Z¥ F5|ZY-1-6 | Z¥ F 7|ZY-+ 8 |ZY- FOPY-1-10{ZY-2® |ZY- 1 ® |ZY-4 ® |Z¥-5¢| FC-2 | FG3 | FG4 [F20®

Si0; 5034 |46 8814593 | 48.0649.22|47.49(48.21 [ 48.51(44.74(51.29 [50.33 | 50.9 [49.88 [55.79 | 49.18 | 55.6 | 49.9 |48.25
AlbO3 |14.13 | 13.3 |16.63 | 13.54|12.65 [ 13.48 (13.35(12.73 | 10.2 [11.05 [ 14.61 | 13.5 | 15.54|16.26 | 14.07 | 16.06 | 16.3 | 14. 92
Fe; O3 1.81 | 2.46 3 269 | 2250 | 5.31 | 3.77 2.3 .16 | 1.17 | 3.02 | 3.8 .64 | 7.04 | .26 | 1.58 | 2.4 1. 18

FeO 7.59 | 7.95 [ 825675949 [8.69| 9.1 | 7.2 | 9.71 | 8.36 | 6.9 |8.15| 829 | 3.76 [ 6.74 | 3.75 | 5.71 | 9.35
Tiop | 0.79 0.7 | 009 [ .05 | 106 [ 0.9 | .08 | 0.6 | 0.55 | 0.56 | 0.64 [ 0.71 [ 0.91 | 1.24 | 0.4 | 0.55 | 0.88 | 0.92
Ca0 7.54 [ 10.139.39 [ 9.78 | 7.47 [ 7.81 | 7.34 | 10.43| 7.82 | 6.53 | 9.14 | 8.02 | 8.84 [ 2.96 [12.27| 7.47 | 9.72 | 1L 64
MgO | 8.12 | 11.15] 8.22 | 9.11 | 6.88 | 7.54 | 827 [ 11.63|17.84|12.93 | 833 | 8.91 | 7.55 [ 3.33 | 9.97 [ 5.72 | 6.84 | 6. 16
K20 0.2 [ 119 |055[015]|072 016|014 ]|024|04 | 07 [025]0.17 04 |0.08]| 013|127 ]0.83|0.57
NapO |[3.23 | 041 | 23 | 174|338 [2.72 ] 27 [1.91 ] 0.2 | 1.31 | 2.1 | 1.45 |29 | 556 238 |35 |2.87 |30
P,0s [0.076 | 0.07 [0.093 |0.081 | 0.12 [ 0.095]0.097 [ 0.056]0.048 [0.056 | 0.07 | 0.07 | 0.08 | 0.15 [0.011]0.095 [ 0.11 | 0.07
MnO | 0.15 | 018 |0.16 [ 012 | 019 | 0.12 [ 0.13 | 0.17 [ 0.18 | 0.17 | 0.2 | 0.18 [ 0.17 | 0.13 | 0.15 | 0.11 | 0.14 | 0.18
L.O.1T 561|515 422|657 |58 [517 (532 [3.81]65 |539(38 |3.8 |33 |298| 3 |39 |394(323
99.59 [ 99.57 [ 99. 64 | 99.64 [99.59 | 99.63 | 99.58 | 99.59 | 99. 49 [99. 52 | 99.45 [99. 72 | 99.54 [99. 28 | 99.56 | 99. 65 | 99.64 | 99. 56
< o (1]
6 (x 10 %)
Table 6 Trace element compositions ( X 10~ ¢) of the Zhangyuan and Fuchuan mafic rocks
ZY-1-1 | ZY-F2 | Z¥- 3 | ZY-F4 | ZY-F5 | Z¥ F6 | ZY-+7 | ZY-1-8 | Z¥- 9 |Z¥ F10 | zy-2® | FG2 | FG3 | FG4 Qpw301%
Sr 97.3 121 166 106 417 272 317 159 37.7 37.3 | 117.0 | 306.0 227 161 133.0
Rb 6.1 4.8 17.3 6.6 24.2 6.5 6.5 7.9 14.8 20 21.0 2.8 26.4 20.7 57.6
Ba 50.3 191 92.1 55.4 225 270 235 45.7 | 721 118 70.7 | 114.0 3n 145 408.0
Th 2.7 2.4 5.2 L1 4.1 2.6 1.7 4.2 2.2 2.9 4.6 1.8 3.2 4.2 4.02
Ta 1 1.9 L5 L5 1.1 L2 1 2.3 2.9 1.9 2.4 1.3 0.9 1.2 -
Nb 53 5.1 7.4 4.1 6.5 6.8 6.8 4.3 3.8 4.6 5.5 4.1 5.7 7 5.68
Ce 1160 | 13.90 | 18.80 | 16.80 | 16.40 | 19.70 | 17.70 | 810 | 6.9 10.00 | 1530 | 7.36 19.9 18.9 | 27.67
Zr 78.7 78.2 113 74.7 95 91 96 57.6 52 65.4 50.7 52.2 111 128 116.0
Hf 2 1.9 2.5 1.9 2.3 2.1 2.2 1.7 1.7 1.7 2.1 1.7 2.8 3 3.01
Y 12.3 2.5 16.8 14.9 18.3 16.9 17.6 8.9 8 8.5 16. 2 6.00 12.4 16.9 24.0
Yb 1. 40 1.40 1.9 1. 80 240 | 2.20 2.20 1.10 1.00 1. 00 1.80 0.7 1.3 1.9 2.29
Pb 53 7.1 7.6 6.6 5.8 3.1 2.5 3.1 2.7 5.1 5.1 3.1 9.5 7.3 3.1
Ga 14.5 15.9 18.9 16.6 23.3 | 229 23 15. 1 13.5 11.6 - 15.5 15.4 19.3 2.9
Ni 83.1 140 27.8 198 12. 1 36.2 2.2 258 420 213 86. 9 157 86.9 78.7 36.2
Co 47.9 50.3 | 48.4 55.6 2.2 | 375 37.7 55. 1 73.8 53.3 38.8 50.2 36.9 2.1 3.5
261 224 263 215 176 251 254 210 202 191 243 243 125 192 251
Se 34.8 27.9 | 425 27.8 4.7 | 49.4 2.2 35.4 | 323 29.4 40.9 43.9 21 28.6 49. 4
Cr 317 531 270 554 14 98.8 8.1 853 1200 909 450 373 192 215 98. 8
* e % (1995) ; )
s
2
2.2.2 ,

s ” 0. Sm,
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7 (%107 %)
Table 7 Rare earth element compositions ( x 10~ %) of the Zhangyuan and Fuchuan mafic rocks
IN-F1|Z¥ F2 | ZY-F3|2¥ F4 |2¥ F5|Z¥ L6 |ZY- + 7| ZY-F 8 |Z¥ FO[Z¥ FI10[ZY- 2 |ZY- 4% |Z¥- 5| FG2 | FG3 | FG4 |AW-301 * \W- 376%

La | 480 | 6.00 [ 880 [ 7.10 [23.70 | 17.1016.90 | 3.10 | 2.80 | 430 | 7.10 | 6.94 | 1244 | 3.35 [ 9.10 | 830 | 12.25 | 1280
Ce 11.60 [ 13.90 | 18.80 | 16.80 | 59.40 | 42.70 | 43.70 | 8. 10 | 6.90 | 10.00 | 15.30 | 16.26 | 27.53 | 7.36 | 19.90 | 18.90 | 27.67 29.64
Pr .95 | 1.78 | 3.30 [ 1.67 | 890 | 870 | 8.40 1.10 | 1.20 .18 | 1.9 1.64 | 3.58 L15 | 3.50 | 2.90 3.52 3.6l
Nd | 730 | 7.80 | 11.20 | 5.70 [36.80 [27.90|27.70 | 5.10 | 4.40 | 6.00 | 8.50 | 9.83 | 16.76 | 3.10 | 11.50 | 11.20 | 14.49 | 14.26
Sm 250 | 2.50 [ 340 | 250 [ 10.20| 7.70 | 7.70 | 1.60 | 1.60 | 2.10 [ 2.10 | 268 | 4.38 | 1.00 | 3.70 | 3.60 | 3.60 3.36
Eu | 0.60 | 0.70 | 0.80 | 0.70 | 3.00 | 2230 | 220 | 0.50 [ 0.40 | 0.40 | 0.65 | 0.88 | 1.44 | 0.40 | 0.70 | 0.80 | 0.72 0.73
Gd | 284 | 2.80 | 420 | 3.50 [13.30 [10.90 | 10.40 | 2.20 | 2.20 | 2.30 | 2.50 | 3.41 | 5.02 | 1.30 | 3.80 | 420 | 3.72 3.31
Th | 055 [0.68 | 05305 | .80 | .60 [ 1.60 | 0.29 | 0.28 | 0.30 | 0.45 [ 0.59 | 0.72 | 0.26 | 0.45 | 0.43 | 0.67 0.57
Dy 240 | 2.30 | 3.10 | 2280 [ 9.60 | 7.40 | 7.30 | 1.80 | 1.60 | 1.70 [ 3.00 | 3.56 | 5.13 | 1.40 | 240 [ 3.10 | 4.03 3.27
Ho 0.90 [ 0.78 | 0.86 | 0.82 [ 230 | 2220 | 210 | 0.40 | 0.39 | 0.42 [ 0.66 | 0.84 | 1.24 | 0.41 | 0.85 [ 0.76 | 0.85 0.66
Er 190 | 1.70 | 220 | 210 | 6.00 [ 470 | 460 | 1.20 | 1.20 | 1.40 | 1.90 | 220 | 2.94 | 1.10 | 200 | 2.30 | 245 1.89

Tm 0.30 [ 0.28 | 0.31 | 0.29 [ 0.86 [ 0.82 | 0.79 | 0.18 | 0.17 | 0.20 | 0.26 | 0.34 | 0.50 | 0.19 | 0.32 | 0.29 - -
Yb 140 | 1.40 | 1.90 | 1.80 | 540 [ 420 | 420 | .10 | 1.00 | 1.00 | 1.80 | 2203 | 2.92 | 0.70 | 1.30 | 1.90 | 229 1.77
Lu | 030 ]0.30 [ 0.40 [ 0.40 | 1.00 | 0.80 | 0.80 | 0.20 | 0.20 | 0.20 [ 0.29 | 0.31 | 0.44 | 0.15 [ 0.30 | 0.40 | 0.35 0.25
Y 1223 [ 125 | 16.8 | 14.9 | 543 [ 39.9 | 40.6 | 89 8 85 [ 162 |19.93]|23.98| 6.00 | 12.4 | 169 | 240 18.3
YREE [ 51.64 | 55.42 | 76.60 | 61.60 [236. 56 [178.92 [178.99| 35.77 | 32. 34 | 40.00 | 62. 61 | 71.44 |109.02| 27.87 | 72.22 | 75.98 | 100.61 | %4.42

< e % (1995); o

100.0 100.0

10.0 2 10.0
fas]
S >
2 10 < Basalt)
g b ; 1.0 Diabase)
I~ il Gabbro)

0.1 0.1

La Ce Pr Nd Sm Eu Gd Tb ]j_v Ho Er Tm Yb Lu La ée I;r I\'Id Sm Eu Gd Tb Dy Ho Er Tm YbLu

13
Fig. 13 Chondrite normalized REE patterns of the mafic rocks

_ , 10 m 4
s
o WU HE A K 1L ( 16)
Volcanic rocks of Zhangyuan
o} AR RE Kl 2 ' '
JAB  Volcanic rocks of Fuchuan y
z 10 m,
] 8 ,
Si0:2 54. 33% ; CaO 7. 48% , M ¢O
7 09% ; 4 71%, K20/Na2O 0. 49;
——————— Ti0: 1. 03% , U GS(1989) -
(TAS)
14 La/ Nb La Si02 69. 99% ~ 80 38%:; ,
Fig. 14 La/ Nb La diagram of the basalts 2 91%~ 4. 07% , K2 0/Naz2 O 197~ 2 48,
MORB— ;IAB— ;0IB— TAS
MORB—M iddle ocean ridge basalt; IAB—island arc basalt; S102 65 46% ~ T717. 73%,

O1IB—oceanic island basalt Laban 72. 53% : 4.33% ~ 6.48%. K20/ Na: O
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Fig. 15 NbX2-Za/4-Y diagram of the basalts
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Al—Intraplate alkaline basalt; AII—Laban intraplate basalt;

Pt R 5

B—enriched type MORB; C—volcanic arc basalt;

D—normal-type MORB volcanic arc basalt
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Fig. 17 FAM discrimination diagram of

Shuangqiaoshan Group volcanic rocks
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Fig. 16 Tight isoclinal fold of andesite ’ ’
interlayer in phyllite rock Ea(1)= 2. 099, Ena( 1)
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(%1077

(x107°)
Table 8 The main element (x 10~2), trace elements ( x 10~ ¢), rare earth elements ( x 10~ ) and reevant parameters
of Shuanggiaoshan Group volcanic rocks ( after Zhang et al., 2009 ®)

(x10°°)

(

,2009°°)

PM10F34 |PM 10F112 3| D1235 F2|D12351-7|D1306 1-2| DI35%- F2 | D491G £2 | 10F 765 | 204584 | 204588
Si0, 68.9 77.73 75.67 75.55 | 65.46 74.01 70. 42 54.33 80. 38 69. 99
ALO; 13.03 11.5 12.92 12. 94 19. 98 15. 96 13.47 16. 21 10. 99 16. 12
Fe 03 0.84 1.05 0.98 1.06 1.99 0.29 0.91 3.67 2.6 3.92
FeO 3.49 0.39 0. 62 1.59 0.26 0.22 3.93 3.33 0 0
Ti0, 0.65 0.18 0.25 0.28 0.86 0.81 0.71 1.03 0.24 0.37
Ca0 0.51 2.55 0.92 0.27 0.07 0.08 0.35 3.45 0.07 0.09
MgO 1.4 0.25 0. 54 1.15 0.49 0.37 1.53 4.5 0.18 0.28
K»0 3.35 3.56 2.62 1.99 5.4 3.47 3.12 1.55 1.93 2.9
Na0 2.48 1. 44 3.86 3.39 0.72 0.86 2.97 3.16 0.98 1.17
P10 0.09 0.02 0.03 0.03 0.01 0 0.07 0.29 0.07 0.11
MnO 0.12 0. 04 0.03 0.07 0.04 0. 04 0.13 0.16 0.19 0.31
L.0.1 5.03 1. 18 2.14 2.21 4,51 3.73 2.33 7.07 2.16 3.41
s 99. 89 99. 89 100.58 | 100.53 | 99.79 99. 84 99.94 98.75 99.79 98. 67
NaO+ K,0|  5.83 5 6.48 5.38 6.12 4.33 6.09 4.71 2.91 4.07
K20/Nay O 1.35 2.47 0.68 0.59 7.5 4.03 1.05 0.49 1.97 2.48
5(AR) 1.31 0.72 1.29 0. 89 167 0.6 1.35 1.96 0.23 0.61
A/CNK 1.51 1.06 1.19 1.57 279 3 1.51 1.23 2.87 3.08
Mgt 40. 88 28.2 42.99 48.67 | 33.38 61.73 40.32 58.73 13. 89 14.27
DI(S]) 81.49 84.26 90. 05 87. 15 81.6 81.36 86. 15 27.8 88. 83 82. 62
Rb 112 92.7 107 33.8 187 102 107 55.7 64.7 103
Sr 115 169 68. 3 182 6.5 111 97.8 288 102 175
Ba 451 556 470 340 770 653 447 435 346 636
P 406 96 140 148 2.5 17.5 284 1266 305 480
Y 26. 4 40. 1 59.6 54.6 2.8 36.2 28.4 28.3 39.9 59.9
Cs 16. 1 9.1 6.7 3.1 %.5 15.6 15. 4 20.8 6.3 4.6
Pb 21 32.4 12.8 3.5 n.1 14.9 12.2 9.6 42.4 25.1
Ir 249 140 265 95.7 221 287 252 174 199 349
Hf 6.6 5.1 7.5 2.5 5.6 7.8 6.4 4.7 6 9.7
Nb 12.6 8.3 14.1 7.7 15. 1 14.9 13.4 1.5 9.9 15.5
Ta 0.5 1 0.4 0.8 0.9 2.2 1.5 0.7 0 0.7
Th 12.3 6.8 8.8 3.3 16.3 14. 1 13.2 5.2 8.8 16.9
Ga 19.5 16 17.4 17.9 9.4 21.9 20 21.6 14.3 21.3
Ge 0.3 2 1.7 1.6 0.6 0.7 0.5 1.5 1.8 2
Ni 21.8 2.9 25.7 74.9 3.6 8.8 25.1 20. 4 16. 4 27.1
Co 13 6.5 15. 1 41.8 1.6 1.6 14.6 26 3.3 2.4
v 92.6 16. 4 92 235 113 82.9 96.2 185 12.8 26.7
Cr 66. 1 3.4 65.7 264 7.2 117 66.6 52.6 9 12.3
Se 8.8 10.2 14.7 36.5 18. 4 11.8 10.3 18.3 7.4 13.3
La 32.6 74.9 37 35.8 5.1 44.8 36.1 34 30.6 51.9
Ce 63.5 60. 1 78.2 148 8. 5 85 70.2 42.2 53 98.6
Pr 9 22.3 8.1 10.5 1.2 15.5 9.4 4.4 6.8 12.5
Nd 27.9 79.7 38.3 48.4 3.7 39.8 30.4 24.8 26.4 46.3
Sm 6.2 19.3 9.3 11.6 7.2 9.5 6.7 5.6 6.6 12. 1
Eu 1.1 1.8 .5 1.8 1.2 1.6 1.2 1.4 1.5 2.1
Gd 5.2 15.4 8.4 10. 4 5.7 7.5 5.6 5 5.8 9.6
Th 1.2 2.7 1.4 1.5 1.3 2.6 1.4 0.5 1 1.7
Dy 4.3 13 7.9 8.4 4.9 6.1 4.8 4.3 5.6 9.2
Ho 1.2 2.5 1.9 1.9 1.3 2.1 1.4 0.8 1.2 2
Er 2.6 6.1 5.3 5.1 3.1 3.9 2.8 2.3 3.2 5.3
Tm 0.5 1 0.8 0.8 0.5 0.8 0.6 0.4 0.5 0.8
Yb 3.2 5.7 5.6 5.6 3.6 4.1 3.4 2.2 3.1 4.
Lu 0.5 0.8 0.6 0.6 0.5 0.6 0.5 0.3 0.4 0.7
LREE/HREE| 7.5 5.47 5.4 7.47 8. 85 7.08 7.51 7.11 6 6.55
REE 159 305. 3 204. 3 290.4 | 205.8 223.9 174.5 128.2 145.7 257.6
Sm/Nd 0.22 0.24 0. 24 0.24 0.2 0. 24 0.22 0.23 0.25 0.26
(La/ Yb) 7.31 9.43 4.74 4.59 8.59 7.84 7.62 11.09 7.08 7.56
(La/ Sm) 3.4 2.51 2.57 1.99 3.87 3.05 3.48 3.92 2.99 2.77
(Gd/ Yb) 1.34 2.23 1.24 1. 54 131 1.51 1.36 1. 88 1.55 1.65
5Eu 0.59 0.32 0.52 0.5 0.57 0.58 0.6 0.81 0.74 0.6
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Fig.20 T ectonic discrimination diagram for the volcanic rocks
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Neoproterozoic Crustal Composition and Orogenic Process
of the Zhanggongshan Area, Anhui —Jiangxi

ZHANG Yanjie, ZHOU Xiaohua, LIAO Shengbing, ZHA NG Xiaodong,

WU Bin, WANG Cunzhi, YU Minggang
N anjing Center, China Geological Survey, Nanjing, 210016

Abstract

Zhanggongshan area of Anhui- Jiangxi border, located in the northern margin of the Jiangnan orogen
(South Yangtze River), contains very thick low greenschist— facies metamorphic flysch rocks dominated
by argillo calcareous fine grained clastic rocks with minor volcanic materials. A mass of high precise
isotopic dating shows that it may form in early N eoproterozoic between 821~ 840 Ma, bordered by the
Jingdezhen— Zhangyuan— Fuchuan regional faulting belt. The Xikou Group in the southern part resulted
from extension of continental margin, while the volcanic terrestrial clastic rocks of Shuangqiaoshan Group
in the northern part is the sediments in basins related to island arc. The basic rocks such as altered pillow-
lump basic volcanic lava, gabbro and dolerite distributed from northeast to southwest on the northern slope
of Zhanggong Shan (mountain), occur as structural fragments in flysch matrix consisting of Xikou Group
volcanic margin fine grained clastic rocks. The geological feature and petrochemical analysis show that
they resulted from low-speed spreading of small oceanic basins in continental margin and characterized with
initial features of oceanic crust basic rock, indicating that they belong to part of the westward extension of
the Fuchuan ophiolite in southern Anhui . Large amount of vitric crystal tuff and minor andesite and
rhyolite occurring in the Shuangqiaoshan Group strata as interlayer formation is similar with geochemical
features, suggesting that they belong to potassium-calciumralkali rock series, and formed in a tectonic
setting of the volcanic arc in the continental margin. Combined with sedimentary characteristic, magmatic
and tectonic occurrences in the area, this study proposed that the Neoproterozoic Anhui- Jiangxi border
underwent a series of tectonic development processes from the splitting of the southeastern margin of
ancient Yangzi plate, limited subduction of small oceanic basins in continental margin, arccontinent

collision orogeny and finally to postorogenic rifting sedimentation of continental crust.

Key words: northern margin of the Jiangnan orogen; Neoproterozoic; material com position; orogenic

process, Anhui, Jiangxi



