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Abstract The eastern Tianshan porphyry copper belt is located on the southern margin of Tuha basin. Based on isotopic dating, the
intrusive ages of copper-bearing porphyries were divided into two stages: early Carboniferous (i. g. Tuwu-Yandong porphyry) and late
Carboniferous to early Permian (i.g. Sanchakou, Chihu and Linglong porphyry). The Contents of SiO, (64.92 ~73.05% ), Al,O,
(14,24 ~17.08% ), Mg0 (0,92 ~2.16% ), Y (6.03x10° ~15.98 x10 ®), Yb (0.48 x107 % ~1.43 x 10"} and Sr (347 x
107® ~920 x10~®) and positive Eu anomalies of the plagiogranite porphyries indicate that Tuwu-Yandong and Sanchakou porphyries
possess adakitic characteristics. The rocks also exhibit positive £y,(t) values { +5.3 ~ +7.6) and low initial ¥ Sr/®Sr values (0.
70330 ~0.70416). Such features are similar to those of adakites derived from partial melting of a subduction-related oceanic slab.
Based on our study of the geology and geochemistry, we suggest that Tuwu-Yandong adakitic magma in the Dananhu island was formed
by direct melting of an obliquely-subducting early Carboniferous oceanic slab, but Sanchakou adakitic magma was formed by partial
melting of thickening lower crust in late-collisional orogen processes. Our studies indicate that large porphyry copper deposits are
related to adakitic rocks, and small porphyry copper deposits (or ore spots) have normal calc-alkaline affinity. We propose that large

porphyry copper deposits are related to adakitic, highly oxidized, and water-rich melts, their melts are eventually derived from slab
melting during flat subduction.

Key words Late Paleozoic, island arc, Porphyry copper deposit, Adakite, Eastern Tianshan
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Geological map of porphyry copper belt on southern margin of Tuha basin in eastern Tianshan
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Table 1 Major (wt% ) and trace element { x 10 ) abundances of porphyries in Tuwu copper belt
HA AR L/ L R-ER AEBE L/ TR
=33 YD203 YD-34 TW306 TW18 TW-33 TW-35 YD205-1 YD205-2 LL301
Si0, 70.12 68.76 70.62 64.92 69.76 73.05 76. 64 78.83 77.45
TiO, 0.27 0.38 0.29 1.23 0.40 0.34 0.10 0.18 0.16
Al, 0,4 15.59 15.89 17.03 16.42 15.89 14.24 12.70 12.06 12.69
Fe, 0, 1.31 2.34 0.78 2.08 1.10 1.70 1.28 1.25 0.82
FeO 0.87 1.30 0.86 2.40 1.05 1.07 0.74 0.56 0.90
MnO 0.03 0.02 0.02 0.14 0.03 0.02 0.06 0.02 0.05
MgO 0.93 1.24 0.97 2.16 1.28 1.17 0.75 0.48 0.52
Ca0 2.05 1.01 1.11 3.49 1.22 0.30 0.54 0.11 1.18
Na,0 5.60 2.98 4.73 3.35 4.93 3.45 4.83 2.34 2.22
K,0 1.22 2.35 2.14 1.78 1.56 1.13 1.59 2.09 1.81
P, 05 0.08 0.21 0.06 0.55 0.30 0.37 0.02 0.01 0.05
LOI 1.78 2.93 1.41 0.91 2.30 2.50 1.29 1.60 1.94
Total 99.85 99.41 100.02 99.43 99.82 99.34 99.54 99.93 99.79
Mg* 45 42 46 41 48 46 31 38 31
Ba 786.0 605.0 586.0 554.0 458.0 272.0 277.0 142.0 360.3
Cs 1.90 1.20 1.21 1.18 0.46 1.01 1.02 0.90 2.72
Rb 17.0 9.79 21.8 18.48 11.45 23.01 51.6 56.4 48.19
Sr 738 346.8 714 920.3 420.8 397.2 65.4 35.4 12.05
Y 8.94 13.3 5.23 15.98 6.30 6.03 39.1 43.2 18.26
Cr 45.9 183.8 16.6 111.2 17.9 11.86 16.3 14.4 1.54
Ni 34.2 108.6 6.80 79.91 12.81 8.14 3.15 3.14 7.80
Nb 1.44 2.74 2.21 8.39 2.18 3.05 17.1 16.4 6.42
Zr 37.4 73.8 37.0 146.3 86.65 74,26 231 _ 227 85.79
Hf 1.06 1.89 1.09 3.53 2.29 2.00 7.14 7.03 2.80
Ta 0.16 0.21 0.12 0.56 0.21 0.28 1.57 1.53 0.87
La 6.28 6.73 7.71 16. 46 7.33 9.94 40.6 41.7 16.32
Ce 14.4 16.37 15.5 36.09 15.24 20.1 90.1 95.5 33.71
Pr 1.93 2.25 1.83 4.44 1.77 2.33 11.0 11.4 3.73
Nd 8.58 10.52 7.19 18.76 6.86 8.69 40.5 41.5 14.08
Sm 2.04 2.60 1.27 3.86 1.39 1.45 7.91 8.13 3.09
Eu 0.78 1.01 0.60 1.28 0.54 0.42 0.56 0.60 0.54
Gd 2.07 2.88 1.19 3.80 1.25 1.10 6.99 7.62 2.68
Tb 0.29 0.41 0.16 0.50 0.19 0.17 1.14 1.21 0.48
Dy 1.70 2.38 0.92 2.82 1.06 0.92 7.00 7.43 3.22
Ho 0.34 0.49 0.18 0.57 0.22 0.19 1.45 1.55 0.67
Er 0.96 1.38 0.51 1.58 0.65 0.60 4.52 4.72 2.07
Tm 0.13 0.19 0.07 0.21 0.11 0.09 0.72 0.73 0.32
Yb 0.85 1.27 0.48 1.40 0.70 0.69 5.01 5.11 2.26
Lu 0.11 0.20 0.07 0.21 0.12 0.11 0.75 0.74 0.36
dEu 1.15 1.12 1.47 1.01 1.23 0.98 0.23 0.23 0.72
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Continoued Table 1
Bh FHEAEKTEE/ A J-FH ARSI AHEBE/ R FERAERFE/ =20
=223 YD203 YD-34 TW306 TWI18 TW-33 TW-35 YD205-1 YD205-2 LL301
Si0, 71.40 65.75 68.23 74.34 72.35 76.62 70.26 65.49 65.04
TiO, 0.79 0.96 0.66 0.49 0.25 0.25 0.81 0.45 0.40
AL, 0V3 14. 60 16.67 15.38 12.55 14.79 12.52 13.96 16.77 16. 88
Fe, 0; 3.62 1.94 3.16 2.37 1.12 1.61 2.65 1.62 2.29
FeO 2.58 2.11 1.32 0.90 0.93 0.75 1.45 2.92 2.38
MnO 0.02 0.08 0.06 0.05 0.05 0.04 0.10 0.09 0.10
MgO 0.75 0.61 0.43 0.65 0.68 0.61 1.25 1.70 1.49
Ca0 1.14 3.7 0.68 0.81 1.80 0.43 0.56 4.07 5.06
Na, O 2.09 4.40 4.63 4.73 4.11 4.75 5.42 3.62 3.70
K,0 1.22 1.88 3.57 1.79 2.43 0.94 1.67 1.54 0.41
P,0s 0.10 0.20 0.14 0.08 0.07 0.06 0.24 0.19 0.19
LOI 1.44 1.57 1.71 1.25 1.34 1.15 1.39 1.29 1.78
Total 99.95 99.78 99.97 100.01 99.92 99.73 99.76 99.75 99.72
Mg* 18 18 20 36 36 39 40 31 32
Ba 446.9 111.0 699. 1 307.9 378.6 290.0 402.6 149 386.4
Cs 2.50 0.09 1.48 0.60 2.30 0.24 0.03 0.19 0.07
Rb 50.5 3.634 68.91 19.00 61.30 10.69 14. 80 29.97 7.03
Sr 293.7 232.9 134.2 119.1 272.9 69.76 62.50 595.3 758.0
Y 17.17 25.73 23.10 25.87 10.21 20.88 31.36 13.01 10. 24
Cr 146.7 0.87 10. 88 2.910 8.540 0.161 0.60 1.41 1.91
Ni 73.59 7.94 16.81 23.23 15.36 3.48 9.33 10.68 2.45
Nb 6.41 5.51 9.21 4.07 4.46 8.17 7.37 3.17 2.43
Zr 195.7 209.6 293.2 236.0 113.0 165.6 126.6 65.52 60.54
Hf 5.40 5.59 7.31 6.78 3.24 5.37 3.79 1.71 1.65
Ta 0.89 0.68 1.27 0.49 0.97 0.77 0.78 0.45 0.31
La 18.12 17.16 23.14 14.10 13.0 8.92 17.90 14.82 10. 34
Ce 38.13 41.71 50.29 29.23 25.41 21.16 35.68 27.80 22.61
Pr 5.28 5.40 6.47 3.54 2.94 2.84 4.70 3.52 2.97
Nd 22.27 22.24 27.05 16.08 11.26 12.01 20.31 13.71 12.24
Sm 5.03 5.29 5.91 4.74 2.49 3.13 5.19 3.15 2.87
Eu 1.18 1.24 1.16 0.86 0.55 0.50 1.20 1.10 0.85
Gd 4.32 4.48 4.95 4.35 2.03 2.69 5.28 2.62 2.27
Th 0.67 0.73 0.78 0.78 0.33 0.50 0.95 0.41 0.34
Dy 3.79 4.65 4.57 4.95 1.92 3.70 6.36 2.52 2.05
Ho 0.75 1.02 0.94 1.06 0.38 0.88 1.38 0.51 0.40
Er 2.08 3.07 2.61 3.15 1.08 2.78 3.98 1.48 1.14
Tm 0.29 0.47 0.39 0.50 0.17 0.46 0.61 0.22 0.17
Yb 1.84 3.23 2.45 3.43 3.10 3.19 4.16 1.43 1.14
Lu 0.27 0.53 0.37 0.57 0.18 0.53 0.65 0.24 0.19
3Eu 0.76 0.76 0.64 0.57 0.73 0.51 0.70 1.14 0.99

B0 g P B B R S R Y R AR BT, T BT R XRF R TR FiI ICP-MS 7 33t
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Fig.2  MORB-normalized Trace element and Chondrite-normalized REE diagram for porphyries on the southern margin of Tuha basin
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3.3 Sr-Nd E{E
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FZOETHEBREMA S-Nd R RAR, XEEAH
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0.7040 , Defant MJ and Drummond MS, 1990) 3% &L, R
TR MBS eng () FIBIER S/ St HF N +6.1 ~ +6.6
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(YS/%Sr) {H (0. 70461 ~ 0. 70466 ) , BT BE 3 B 1. 75 41 & 49
B
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