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Petrological characteristics and copper-nickel ore-forming processes of
Early Permian mafic-ultramafic intrusion belts in East Tianshan
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Abstract

Mafic-ultramafic intrusions in East Tianshan area are reclassified into seven belts, which are distributed as
clusters and belts, with the intrusions in the same belt controlled by a regional structure. In the light of petrog-
raphy, the ore-bearing intrusions must have been formed by multiple intrusion or a single intrusion, indicating a
perfect magmtic evolution and fractionation. With high Mg and low alkaline, Ca, Al and Ti, the ore-bearing
lithofacies show high Mg® value and high m/f and m/s ratios. Sulfide segregation and magmatic fractionation
took place simultaneously. With a Ti0,-10P,0s-10MnO plot, the transitional nature of the primary magma from
tholeiite to calc-alkaline can be identified, with most intrusions assuming the calc-alkaline trend. The intrusions

of this area mostly possess hydrous minerals such as hornblende and biotite generated from alteration of pyroxenes,
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implying metasomatism of the mantle magma caused by the early subducting oceanic crust. The mineralization

can be classified into three processes and five stages. The processes consisted of magmatic mieralization, hy-

drothermal mineralizaion, oxidation and eluviation. The five stages were successive and constituted a whole pro-

cess, and in the middle magma chamber the sulfur reached saturation, with the magma experiencing pulsating

intrusion as well as ore-rich magmatic intrusion at the final stage, loaded with hydrothermal mineralization, oxi-

dation and eluviation. Magmatic mineralization occurred synchronously with hydrothermal mineralization, the

magmatic stage could offer hydrothermal sources, and the hydrothermal process could be favorable to the sulfur

saturation and sulfide segregation. The hydrothermal alteration structures and ores formed at the magmatic stage

were reformed at the hydrothermal stage. During the uplift of the intrusions, ore bodies were subjected to oxida-

tion and eluviation, resulting in a special kind of oxiding alteration which can serve as indicators for prospecting

in depth.

Key words: geology, petrography, petrochemistry, magmatic Cu-Ni deposits, mafic-ultramafic complex

belt, East Tianshan
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Fig.1 Loxations of mafic-ultramafic intrusions and major Cu-Nideposits in Eastern section of Eastern Tianshan Mountain
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Table 1 Features of the East Tianshan mafic-ultramafic intrusion belt
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Table 2 Major element composition of mafic-ultramafic complexes in main Cu-Ni deposits of East Tianshan
SiO, TiO, ALO; FeO Fe,Os MnO MgO CaO NaO KO PO, Mg*
*
" 43.12 1.8 18.57 8.2 513 0.22 4.69 8.78 1.42 0.8 0.61 6.66 100.00 50.73
) 44.93 2.39 18.29 6.84 4.78 0.22 4.15 8.79 3.33 1.06 1.33 3.95 100.06 52.20
) 43.15 2.3 16.75 9.44 6.75 0.21 5.78 8.12 0.88 0.81 0.29 5.52  100.00 52.43
43.31 0.62 9.39 9.2 2.12 0.17 21.54 4.54 0.9 1.52 0.09 6.60 100.00 80.82
45.01 0.65 10.78 8.36 1.20 0.2 19.47 5.25 2.54 1.26 0.11 5.17  100.00 80.74
45.82 0.75 11.65 8.07 0.83 0.17 17.57 5.82 3.42 0.4 0.11 5.39  100.00 79.67
43.09 0.42 7.63 8.79 2.19 0.16 27.03 3.84 2.35 0.33 0.06 4.11  100.00 84.70
43.01 0.76 11.01 11.59 1.44 0.14 17.49 4.13 1.64 0.85 0.12 7.42 99.60  73.09
36.58 0.32 6.18 9.02 6.91 0.16 28.95 1.82 0.06 0.13 0.05 8.34  98.52 85.24
38.63 0.35 5.54 7.65 5.08 0.16 29.89 1.8 0.16 0.3 0.06 9.24  98.91 87.55
50.82 0.72 17.53 4.17 1.31 0.10 7.32 11.00 4.24 0.42 0.06 1.40 99.09  75.96
53.01 0.53 17.36 4.51 0.94 0.10 7.45 10.21 3.79 0.40 0.12 1.15 99.57 74.83
51.27 0.47 6.71 11.35 1.16 0.22 18.69 4.55 0.41 0.78 0.12 2.71 98.44  74.77
49.73 0.89 14.78 8.47 0.94 0.15 8.74 10.98 2.23 0.33 0.07 1.23 98.54  65.00
46.3 0.91 9.97 8.32 1.26 0.14 20.31 5.72 0.63 0.38 0.13 4.48  98.55 81.46
49.76 1.11 11.61 8.3 1.30  0.17 14.81 6.11 2.51 1.06 0.09 1.85 98.68 72.26
48.67 1.76 17.43 7.02 1.37 0.13 6.88 9.42 4.44 0.65 0.16 0.97 98.90  63.82
46.95 1 17.78 8.39 1.56 0.17 7.33 10.88 2.13 0.8 0.03 3.10  100.12 61.13
48.43 0.8 16.79 8.48 1.26 0.16 7.17 9.89 3.09 0.78 0.05 2.94  99.84 60.35
47.69 0.9 17.29 8.44 1.41 0.17 7.29 10.43 2.61 0.79 0.04 5.36 102.42 60.86
38.7 0.27 8.58 7.21 4.54 0.16 33.09 2.28 0.23 0.07 0.06 6.75 101.94 89.20
38.77 0.23 5.6 6.84 3.24 0.13 29.85 3.7 0.5 0.03 0.04 6.46 98.39  88.71
39.85 0.08 4.7 7.4 4.46 0.16 34.32 2.02 0.5 0.02 0.03 8.02 101.56 89.30
40.73 0.37 6.51 7.88 3.23 0.15 27.86 3.53 0.18 0.01 0.05 7.35 97.85 86.42
39.34 0.23 5.65 7.6 3.14 0.14 32.99 0.22 0.1 0.01 0.02 9.51 98.95 88.65
41.22 0.1 7.4 6.21 1.94 0.12 29.1 3.59 0.5 0.02 0.02 7.45 97.67 89.40
41.86 0.3 7.51 7.16 4.88 0.17 23.9 6.12 0.51 0.12 0.02 5.39  97.94 85.73
43.94 0.28 7.27 7.55 5.93 0.18 25.8 6.73 0.76 0.15 0.02 2.11  100.72 86.02
40.8 0.25 9.05 7.83 1.65 0.11 24.15 8.56 0.37 0.10 0.02 4.55 97.44  84.74
45.24 0.30 13.49 7.38 3.03 0.15 15.05 9.11 1.49 0.17 0.04 6.39 101.84 78.59
46.4 0.61 17.87 3.80 3.08 0.10 9.40 8.44 3.75 0.16 0.03 7.29  100.93 81.66
44.06 0.25 16.79 4.06 1.77 0.10 11.00 11.37 3.15 0.14 0.02 5.60 98.31 82.98
54.62 0.34 13.84 6.00 0.37 0.14 9.77 5.42 5.60 0.16 0.14 3.89 100.29 74.56
42.49 0.35 8.92 7.89 4.17 0.19 25.73 4.80 1.32 0.19 0.06 2.81 99.92 85.44
50.56 0.49 6.24 6.79 2.45 0.17 18.1511.95 1.15 0.32 0.07 2.45 100.79 82.79
47.79 0.36 3.84 8.84 1.61 0.18 25.51 8.61 0.55 0.18 0.08 5.67 103.22 83.86
39.4 0.22 2.63 9.06 4.25 0.18 36.51 1.59 0.39 0.24 0.11 4.25  98.33 87.88
51.87 0.76 15.93 5.06 1.91 0.14 8.10 9.17 2.93 0.74 0.14 4.66  101.41 74.24
XRF Fe,05 Fe,0; FeO
Fe, O3 Fe,O;5 XRF FeO
704 Mg# =Mg*" Mg?" +Fe&*
3 m f

Table 3 The m [ values of ultramafic rocks in the ore-bearing complexes of East Tianshan
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