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Material source and formation environment of ore-hosting volcanic rocks in
Kuroko-type and Cyprus-type sulfide deposits of North Qilian Mountains
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(Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China)

Abstract

The North Qilian orogen is one of the main metallogenic areas for sulfide deposits. Besides the sedimenta-
tion-exhalation (sedex) type Jingtieshan iron deposit, there exist lots of “Kuroko-type” and “Cyprus-type” cop-
per polymetallic massive sulfide deposits related to acid and basic volcanism. With Baiyinchang and Shijuli areas
as representatives, the authors made a systematical study of main elements, trace elements, rare elements and
Sr, Nd, Pd isotopes of the ore-hosting volcanic rocks in these two types of ore deposits. The results indicate that
the volcanic rocks have clear characteristics of subduction zone magmas. The difference between these two types
lies in the fact that the ore-hosting volcanic rocks of the Baiyinchang “Kuroko-type” massive sulfide deposit were
formed in an epicontinental arc environment of the active continental margin, whereas those of the Shijuli
“Cyprus-type” sulfide copper deposit were formed in an ocean arc environment within the ocean plate.
Correspondingly, the quartz keratophyre of Baiyinchang was derived from partial melting of the original mantle
with the participation of the liquid of subduction plate and, during the upward migration and invasion of mag-
ma, the mingling of some continental crust. Similar to things of Baiyinchang, the source of the sodium-rich

basalts of Shijuli came from partial melting of the original mantle with the participation of the liquid of subduc-
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tion plate, but with no mingling of continental materials.
Key words: geology, massive sulfide deposits, ore-hosting volcanic rocks, metallogenic tectonic environ-

ment, material source, North Qilian Orogen
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Fig. 1 Schematic geological map of North Qilian Mountains showing tectonic units and mine spots of volcanic type copper
iron and polymetallic deposits after Xiang 1986
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nian-Yanshanian 10—Ultrabasic rock 11—Gigantic fault 12—Inferred fault 13—RBasic volcanic rocks 14—Acid volcanic rocks 15— Kuroko-

type” deposit 16— Cyprus-type” deposit 17—Mine spots of copper-polymetallic deposit 18—Sampling location
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Table 1 Major trace and rare earth element compositions of ore-hosting volcanic rocks in Baiyinchang and Shijuli areas

GBY-41 GBY-43 GBY-44 GBY-54 GBY-55 GBY-56 SJL-12 SJL-13 SJL-14
w B %
SiO, 67.69 72.23 72.48 77.13 74.23 77.58 44.49 49.82 48.57
TiO, 0.33 0.28 0.28 0.21 0.21 0.20 0.95 1.28 1.39
ALO; 15.56 14.20 13.98 11.49 13.48 11.13 14.17 13.46 13.79
Fe,05 2.85 2.67 2.66 1.06 0.88 1.02 3.60 4.10 4.05
FeO 0.42 0.18 0.24 0.64 0.74 0.55 6.61 8.03 8.76
MnO 0.066 0.043 0.038 0.027 0.026 0.051 0.17 0.24 0.25
MgO 0.56 0.23 0.19 0.32 0.73 0.24 8.67 7 7.52
CaO 1.59 1.18 1.11 0.43 0.45 0.34 11.21 7.02 6.63
Na,O 8.06 7.35 7.40 5.50 4.88 5.89 4.14 4.62 4.51
K,O 0.20 0.56 0.55 1.12 2.17 1.49 0.11 0.21 0.11
P,0;5 0.099 0.091 0.087 0.042 0.026 0.028 0.095 0.12 0.12
LOI 2.30 0.72 0.86 1.80 1.94 1.24 4.16 3.00 3.10
w B 10°°¢
Ba 53.5 81.9 80.3 125 201 245 59.3 159 161
Be 1.15 0.775 0.833 0.736 1.05 0.576 0.44 0.489 0.464
Sc 6.17 4.15 4.51 2.81 3.12 2.32 34 34 37.2
Ti 1970 1770 1711 1177 1261 1062 5595 7980 9799
\ 28.9 22.1 21.5 14.4 15.2 11.5 207 213 273
Cr 3.08 2.82 2.54 3.62 3.56 4.82 286 163 187
Mn 383 254 231 220 168 184 1316 1696 1896
Co 3.06 1.88 1.84 2.42 2.16 1.95 37.3 34.3 40.9
Ni 1.49 1.71 1.13 1.41 1.41 1.43 74.9 60.6 63.8
Cu 20.9 21.3 12.3 14.8 22 6.56 80.3 131 117
Pb 8.65 8.93 6.84 5.75 5.11 7.34 1.78 5.08 7.77
Zn 66.8 51.1 48.7 21.7 24.1 12.2 70.8 91.7 140
Ga 14.1 12.1 11.9 7.37 10.2 5.9 14.2 12.2 13.3
Rb 3.7 10 9.92 9.93 20.2 7.32 1.76 3.86 1.55
Sr 81.7 54 50.7 98.5 101 78.7 94.8 111 142
Zr 195 169 164 138 141 118 68.3 134 152
Hf 7 6.05 5.76 4.96 5.13 4.4 2.82 4.97 5.6
Nb 4.58 4.15 4 3.77 4.12 3.34 1.61 3.04 3.24
Ta 0.455 0.374 0.357 0.361 0.38 0.305 0.153 0.221 0.264
K 1660 4647 4564 9294 18006 12364 913 1743 913
U 1.3 1.37 1.16 1.46 1.47 1.46 0.067 0.248 0.18
Th 5.52 4.89 4.76 5.11 4.2 4.41 0.169 0.617 0.407

Mo 0.526 0.556 0.469 1.18 1.07 1.3 0.428 0.414 0.541
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1
Table 1 Cont.1

GBY-41 GBY-43 GBY-44 GBY-54 GBY-55 GBY-56 SJL-12 SJL-13 SJL-14
Bi 0.108 0.077 0.068 0.107 0.082 0.085 0.018 0.061 0.064
Sn 0.822 0.822 0.733 1.11 0.513 0.909 1.18 0.608 1.23
Sh 0.283 0.247 0.181 0.587 0.636 0.541 0.132 0.373 0.207
La 12.6 10.7 12.5 5.91 4.56 7.54 2.09 4.62 4.69
Ce 23.6 20.3 22 10.8 8.63 12.5 5.74 11.7 12.2
Pr 3.26 2.75 2.99 1.38 1.09 1.57 1.15 2.12 2.32
Nd 12.6 10.8 10.9 4.81 3.76 5.4 6.45 10.8 12
Sm 2.86 2.32 2.56 0.962 0.764 1.02 2.19 3.56 4.23
Eu 0.771 0.693 0.686 0.275 0.252 0.323 0.968 1.21 1.2
Gd 2.98 2.43 2.43 0.988 0.847 0.937 3.26 4.89 5.79
Th 0.436 0.393 0.38 0.181 0.149 0.155 0.593 0.834 0.966
Dy 2.87 2.40 2.23 1.27 1.13 1.02 3.91 5.51 6.61
Ho 0.603 0.532 0.484 0.314 0.269 0.266 0.838 1.18 1.38
Er 1.97 1.58 1.47 1.08 1.00 0.90 2.47 3.53 4.19
Tm 0.313 0.257 0.231 0.184 0.177 0.165 0.351 0.503 0.590
Yb 2.31 1.79 1.67 1.44 1.38 1.23 2.35 3.26 3.95
Lu 0.375 0.289 0.253 0.233 0.221 0.214 0.342 0.488 0.565
Y 15.9 13.5 12.1 8.72 7.58 7.31 20.1 28.3 33.3
> REE Y 67.55 57.23 60.78 29.83 24.23 33.24 32.70 54.21 60.68
LREE HREE" 4.70 4.92 5.64 4.24 3.68 5.81 1.32 1.68 1.52
SEu” 0.80 0.89 0.83 0.85 0.95 0.99 1.11 0.89 0.74
dCe” 0.88 0.90 0.85 0.89 0.92 0.85 0.90 0.91 0.90
Lay Yby™ 3.91 4.29 5.37 2.94 2.37 4.40 0.64 1.02 0.85
* 1
w Na,O
6.51% 1985 Na,O
w KO w NaO <1 w NaO
w KO +w NaO 0.69~0.98 3.3
6.52% w TiO, 0.90%
0.25% 1.80% N-MORB 3a 3c
w Si0,  44.499% ~49.82%
1 Th U Nb Pb
w Na,O 4.42% 1985 Ba
NaZO w KzO w NaZO Lu
0.02~0.05 w NaO w K,O +w NaO Rb Ba Th U
0.95~0.98 K,O Na,O K Pb Hf Zr Nb Ta Ti
4.57% w ALO; 12.52% Nb Ta
w TiO, 1.10%
2000 2001 2003 3c
Ba U Pb Rb Th K
Nb Ta Ti
- Ba U Pb
KzO-SiOZ KzO-Nazo 2

2003
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2
Table 2 Pb Sr and Nd isotopic compositions of ore-hosting volcanic rocks in Baiyinchang and Shijuli areas
2()8Pb 2()4Pb 2(D7Pb 2()4Pb Z(K\Pb 2()4Pb 87Sr Sésr 8751‘ SGSr . 143Nd 144Nd eng O eng t
GBY-41 38.253 15.528 18.517 0.707193 0.7063 0.512673 0.6827 4.1716
GBY-43 38.402 15.553 18.571 0.709539 0.7060 0.512653 0.2926 4.2138
GBY-44 38.507 15.556 18.698 0.709669 0.7059 0.512669 0.6047 3.8136
GBY-54 38.362 15.555 18.527 0.708044 0.7061 0.512645 0.1366 4.5841
GBY-55 38.558 15.548 18.897 0.709667 0.7058 0.512576 —1.2094 3.1247
GBY-56 38.282 15.536 18.649 0.707829 0.7060 0.512645 0.1366 4.9789
SJL-12 38.301 15.564 18.245 0.707218 0.7069 0.513117 9.3438 8.8599
SJL-13 37.602 15.459 17.867 0.707554 0.7069 0.512955 6.1837 6.0337
SJL-14 37.777 15.491 17.958 0.706990 0.7068 0.513054 8.1149 7.1940
Exd O exd t Nd "Nd=0.512638  %7Sr %6Sr=0.1967 t =467 Ma t =443 Ma
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Fig. 4 Pb isotopic tectonic framework diagram of ore-hosting volcanic rocks in Baiyinchang and Shijuli  after Doe et al. 1979
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