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of Xitieshan massive sulfide lead-zinc deposit: Evidence from lithochemistry and geochemistry of ore-hosted volcanic strata,
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Abstract Recent research of submarine massive sulfide deposit (MSD) showed that the MSD generation was closely related to some
processes of tectonic structure and volcanism, which occurred in a special period of tectonic evolution and generally ore-forming time-
span within several million years. The Xitieshan deposit, located in the northern margin of the Qaidam basin, Qinghai Province, is the
largest MSD in the northwest of China. Based on systematic petrochemical and geochemical research of ore-hosting volcanic rocks,
named the Tanjianshan Group, it can be stated that, (1) petrochemistry and geochemistry of volcanic rocks of the Tanjianshan Group
indicate that the magmas were originated from an identical source, evolving from acidic to mafic and thus generating various volcanic
rocks with a transitional petrochemical and geochemical trend. (2) Attributes of REE and trace elements, and tectonic discrimination
diagrams collectively display that the tectonic settings for generating the Tanjianshan Group volcanic had been evolved continuously from
continental magmatic arc, through transitional arc, to oceanic basin. (3) The magma evolution and Rb-Sr isotope systematics imply
that the tectonic setting of the Xitieshan MSD might be a continental back-arc basin similar to Okinawa tough in the southwest Pacific.
(4) As to the mineral prediction, it is concluded that, the volcanic-sedimentary successions within the bimodal volcanic sequence
formed during the early back-arc extension, are believed to be the important target in the Xitieshan orefield and its vicinities, but the
upper stratigraphic successions of the Tanjianshan Group are not favorable in finding MSD mineralization.

Key words Metallogenic tectonic setting; Ore-finding significance; Massive sulfide deposit; Xitieshan
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Fig. 1 Tectonic map of the south-central of the Qilian Mountains and the north Qaidam area (modified after Xu et al. , 2003)
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Fig.2 The geological map of Xitieshan mine area
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Table 2 The composition of minor elements of Xitieshan Group ( x 10~°)
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Cu 25.9 122 28.0  50.2  3.88 4.8  37.6 31.3  16.8 312 179 182 87.8  12.9
Zn 57.6  72.2  73.2 269  14.9 451 78.4 159 72.5  87.7 9.4  97.3 749 44.7
Ga 14.0 17.4 13.0 189 203 22,3 18.1 16.6 21.0 19.4 16.9 17.6 12.8 21.4
Rb 57.3 20.1 35.4 19.4  64.4 216 23.8 2,72 1.9 76.9 5.12 509 0.82  6.20
Sr 133 851 272 219 80.4  26.4 197 167 247 106 155 157 58.1 612
Y 23.4 235 17.5 33.4 17.3 32,0 348 259 261 37.7 24.8 254 152 19.3
Zr 158 116 74.8 105 176 176 151 128 129 212 58.4  58.6  43.8 57.7
Nb 8.17 539 850 6.39 11.9 14.6 149 143 140 12.6 3.10 3.14 2.32 5.85
Sn 1.99  1.58 1.0l 1.53  3.77  19.0 1.68 1.24 1.51 2,55 0.62 0.59 0.45 0.79
Cs 3.89  1.25 7.76  0.57 1.47 10.4 0.83  0.24 0.61 521 0.37 0.37 0.098 0.26
Ba 260 262 298 425 402 602 102 54.0 201 607 57.6  55.6  15.3  59.4
La 28.4  43.5  26.0  38.7 131 41.7 17.6  12.7  18.8  38.6  4.44  4.43  3.90 10.3
Ce 49.1  85.5 42.9  43.4 258 81.3  36.9 27.9 37.0 75.6 9.28 9.33 591 16.7
Pr 5.86 10.6  5.03 5.18 29.9  9.23 494 3.90 496 9.02 1.51 1.499  0.92 2.54
Nd 21.0  40.2  18.2  19.8 103 34.0 209 17.3  20.8 342  7.52  7.48  4.48 11.1
Sm 4.33  7.77  3.32  4.04 154  6.85 551 450 517 7.39  2.58 2.5l 1.51  3.00
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Continued Table 2
FE S 7P-1 X-04 7P-2 X-08 D-1 2%427' X-33 X-35 7P-7 2%437' d3 d3 7ZP21  XP-6
Eaydi| 0,,tna-1 0,,tnb 0,,tnd-1 0,,tnd-3
Eu 0.91 1.89  0.83  0.90 1.64 1.46  1.81 1.41 1.79 1.8 0.97 0.97 0.42 1.19
Gd 3.0 5.92 2.8 3.74 819 583 580 4.65 4.8  6.85 3.27  3.19 1.87  3.26
Tb 0.60 0.8 0.43 0.56 0.86 0.89 0.94 0.74 0.79 1.03 0.60 0.59 0.35 0.51
Dy 3.74 445 2.71 3.79  3.53 5.8  6.33 4.8 502 6.71 4.16  4.23  2.54 3.22
Ho 0.78 0.85 0.5 0.83  0.58 1.14 1.30  0.96 0.96 1.37  0.90 0.92 0.57 0.67
Er 221 2.29 1.68  2.38 1.61 3.31 3.53 2,57 2,53 3.79 2.63 254 1.72 1.74
Tm 0.32 0.30 0.25 0.36 0.23 0.48 0.49 0.36 0.35 0.54 0.38 0.36 0.24 0.23
Yb 2.11 2.00 1.70  2.39 1.68 3.16 3.15 2.22 2,23 3.35 2.6l 2.49 1.77  1.42
Lu 0.33  0.30 0.27 0.38 0.25 0.47 0.44 0.33 0.30 0.50 0.38 0.37 0.30 0.20
Hf 412 2.8  2.02 274 4.69  4.71 3.54  3.00 3.05 5.52 1.67 1.60 1.25 1.39
Ta 0.70 0.32  0.50 0.47 0.94 1.07 1.02  0.94 0.93 .00 0.21 0.21 0.17 0.41
Tl 0.40 0.19  0.31 0.17 0.33 2.35 0.11 0.044 0.12 0.73 0.089 0.070 0.017 0.057
Pb 21.0 15.0  57.9 10.6  4.50 466 9.97 4.42 562 12.2 10.3 9.8  3.32 11.6
Th 10.7 11.2  7.46 9.06 16.0 18.9  1.83 1.26 1.27 14.3  0.29 0.28 0.23 0.58
U 1.94  2.77 1.72 1.82  5.39  3.20 0.51 0.46 0.64 2,73 0.17 0.16 0.15 0.19
SREE  123.5 206.3 106.7 126.6 555.2 195.7 109.6 84.31 105.6 190.9 41.22 40.90 26.49 56.00
(La/Yb)y 9.64  15.6 11.0 11.6 55.6 9.47 3.99 4.10 6.06 8.27 1.22 1.27 1.58  5.19
5Fu 0.67 0.8 0.81 0.69 0.40 0.69 0.97 0.93 1.07 0.8 1.02 1.05 0.77 1.16
5Ce 0.8 0.95 0.8 0.65 0.97 0.97 0.96 0.96 0.92 0.96 0.88 0.89 0.74 0.78
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Fig.7 Chondrite-normalized REE patterns and MORB-normalized trace element patterns of the Tianjianshan Group volcanic rocks

(the chondrite-normalized data, MORB-normalized data and E-type MORB data after Sun and McDonough, 1989)
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Table 3 Lithochemical parameters of Xitieshan Group volcanic
rocks

FEfs S TIOF K,0% P,0f FeO* MgO* Al O}
7P-1 25.24 69.52 5.24 23.54 15.09 61.37
X-04 39.33 40.45 20.22 33.87 14.17 51.95
P2 31.06 59.85 9.09 25.65 13.10 61.25
X-08 33.59 58.02 8.40 10.71 6.57 82.72
8XB79(3) Oj,tna-1 19.63 75.70 4.67 14.24 5.24 80.52
3 14.29 82.54 3.17 20.16 6.12 73.73
82XB107 14.29 82.54 3.17 20.16 6.12 73.73
7k44003-17-1 19.63 75.70 4.67 14.24 5.24 80.52
XT-2 9.55 87.27 3.18 13.34 5.58 81.07
D-1 20.36 74.91 4.73 18.49 10.32 71.18
7k4407-19-6  Oj,nb  12.63 84.63 2.74 24.92 13.36 61.72
GS-29 9.55 87.27 3.18 13.34 5.58 81.07
X-33 61.89 26.57 11.54 31.06 17.99 50.95
X-35 77.56 10.73 11.71 28.93 22.38 48.69
7pP-71 59.73 29.01 11.26 32.05 12.18 55.76
7k4407-192 O, tnd-1 32.72 61.74 5.54 25.57 15.49 58.94
GS42 70.61 16.41 12.98 37.20 15.59 47.21
GS-26 86.64 11.74 1.62 36.66 20.48 42.86
GS-27 62.93 25.17 11.90 30.49 16.19 53.31
d-3 76.81 16.67 6.52 36.05 19.53 44.42
7pP-21 88.02 3.79 8.19 36.07 20.31 43.62
XP-6 61.59 28.26 10.14 26.34 10.53 63.13
GS-06 0,,tnd-3  54.74 26.32 18.95 27.72 12.93 59.36
GS-38 70.77 22.31 6.92 31.66 22.57 45.77
GS-13 56.80 27.20 16.00 29.16 24.51 46.34
GS-15 57.23 14.47 28.30 26.86 14.69 58.45

H:K,0" = K,0/(K,0 + TiO, + P,05) x 100; FeO* = (FeO +
0. 899Fe,0;)/(FeO +0. 899Fe, 05 + MgO + Al,0;) x 100; TiO} =
Ti0,/(TiO, +K,0 + P,05) x100; P,0% =P,05/(P,05 + TiO, +
K,0) x 100; MgO* = MgO/( MgO + FeO* + Al,0,) x 100; Al,O%
=Al,0;/(Al, 05 +FeO* + MgO) x 100
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Fig.8 Hf/3-Th-Ta diagram for tectonic environment

discriminating ( after Wood, 1980)
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