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Kuroko-type and Cyprus-type sulfide deposits of North Qilian Mountains
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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 meiting 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)
I —Tarim River-Alxa platform; [[ —Fold zone of Hexi Corridor; [ll—Fold zone of North Qilian Mountains; IV—Fold zone of Middle Qilian
Mountains; V—North China platform (Ordos massif). 1—Precambrian fold; 2—Caledonian fold; 3—Hercynian fold; 4—Mesozoic sediments;
5—Cenozoic sediments; 6—Precambrian intrusive rock; 7—Caledonian intrusive rock; 8—Hercynian intrusive rock; 9—Intrusive rock of Indosi-
nian- Yanshanian; 10—Ultrabasic rock; 11—Gigantic fault; 12—Inferred fault; 13—Basic 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

BHVRAEARE ARBBETFXZERE
GBY-41 GBY-43 GBY-44 GBY-54 GBY-35 GBY-56 SJL-12 SJL-13 SJL-14
w(B)/%
S0, 67.69 72.23 72.48 77.13 74.23 77.58 44.49 49.82 48.57
TiQ, 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
Ca0 1.59 1.18 1.11 0.43 0.45 0.34 11.21 7.02 6.63
Na,O 8.06 7.35 7.49 5.50 4.88 5.89 4.14 4.62 4,51
K0 0.20 0.56 0.55 1.12 2.17 1.49 0.11 0.21 0.11
P,0;s 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)7107°

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
\Y 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
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 2 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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Tablel Cont.1
BT KA R A GREFRKERE
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
Sb 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
Tb 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
SREE(AEY) 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
5Ce™ 0.88 0.90 0.85 0.89 0.92 0.85 0.90 0.91 0.90
Lan/Yby™ 3.91 4.29 5.37 2.94 2.37 4.40 0.64 1.02 0.85
* BN 1,

RSP HREAE, IR B FKILE, w (NayO) 34
6.51% , SRR B (1985)IL B AXKATLE NayO &
BH Y, w(K0O)/w (NaO) <1, w (NaO)/
(w(K;0) + w(Nay0O) )k 0.69~0.98, &5 & & F
¥H 6.52%, w (TiO,) H/NTF 0.90%, ¥
0.25% , & T RN BE X BA HZE(1.80%) o
ARBZREN w(Si0,) N 44.49% ~49.82%
(R 1), BTEEALEE, WEERWKH RHE.
w(NayO) V4 4.42% , 5EE K B (1985 )i B 41
23 NayO FRMEAR K, w(K0)/w(NayO)h
0.02~0.05, w (Na,0) /[ w(K,0) + w(Na,O) ) A
0.95~0.98,K,0.Na,O & BZEBE /N, 2WER
KK 4.57%. w(ALO) FHEEN 12.52%,
w(TiO) B FHHN 1.10% , B KR ZRE
BRJE A4 %5 (2000320012003 BF s R AR B
XA R T REMSEERY], GEACRERE
FHEEARE, Al LR E AR AR ETXKAT X
WE R BB KLAE-ARE R, FEAKILE
Z K,0-Si0, 1 K,0-Na,O B (|’ 2)%, B8 (I
L) ARAFEEABFNERERIIX, A0 H

RARENY HINE A AT 258 T84 e
BRINEX ; ABEXREHSBEME AEWER
3 KA,
3.3 HEBTE

BRI MAREY KA KLEANHETE
N-MORB #3 #E 1k 2377 #1284 $ WL 3a.3co BB
T X7 # AN A A B A W B T B RSy th &
HAR—FH, uH Th.U.Nb.Pb 0 EIJLF5EL
HE BRTHERXMMHEENE, BESHEENM Ba
2 Lu FECEA BN KREVN, F iR S B 2R
fRmas, Fit, KEFAHEITTE Rb.Ba, Th .U,
K.Pb Hf.Zr §EEE,HFHERITE Nb.Ta . Ti BF
T, Nb . Ta B E , B~ 8B ICE RIERRE

ARBTXZRENMEBTEAIFMESAR
I XARMAFENAHMEEFRER (B 3c), B
FERT Ba.U.Pb IR E 5L, Rb.Th #Xf 5, K
BEEE RS ®TE Nb. Ta. Ti THBLMEFH,
XLHRIE R T 58 IR X #9724k, Ba.U.Pb B4Eik
B Al BB KB i i P BB A T B R AE
P2 (B IRAE % ,2003) .
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Fig. 2 S0,-KO disgram (a) (solid line after Peccerillo et al. , 1976, whereas broken line after Middlemost, 1989) and K,O-Na,O
diagram (b) (after Middlemost, 1989; Le Mhitre et al. , 1989) of ore-hosting voleanic rocks in Baiyinchang and Shijuli
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Fig. 3 N-MORB-normalized trace element spidergrams (a, c) and CI chondrite-normalized REE patterns (b, d) of ore-

hosting volcanic rocks in Baiyinchang (a, b) and Shijuli (¢, d) areas


http://www.cqvip.com

P 000 http://www.cqvip.com]

$27% H3IW S, J6HE Ry KM EH BRI R G RAT KL BN FORR ST A5 351
3.4 BinHE HIH B AME
1 CLERARIFR 77 b7 AL B 5 B2 1 (P 3b) , (s
SR EELT S NG EARS W BANE G 4 B R AR E
AR R - TR & 8 (U MREE) B % 1,
XUTRER M T BT X &0 F B R, WM 4.1 BEMLE

BEFEERTANAR, BXARMEERK, KEAH
NAEERXRE, AR T S0 &% b too
ENBETH. T HFARNARE LR AR S
$i,0.K,0 & & ,Ca0.Fe,03 . T(Fe, O3 + FeO) H &
i, WU TiX—

HERTV AT XRENB LT R4k
(A 3d) BAPRE , 84 Eu 3%, H5ERF LXK
BRI SAHRAL, WHBREYERE THIKLKK
R, AfAMBERS, A SRR Ef L

H8T A RET RKAET KILESRAREAR
W2, K RAM ARABEET KLEHRES
B B A Pb, HART B XK A AR E K ®Pb/
204p, 207p}, 204 pL, 1206 PL2% Ph {43 $1 R 37.792~
38.694.15.503 ~15.556 1 18.025~ 18.097; 1 J&
By X %A 2% PbA2% Pb. 27 Pb/2% Ph M1205Ph/
204phE 435K 37.061 ~38.301.15.402~15.564 Fl
17.848~18.245, 7 Doe FHH &R E (E 4)
b RTE SRS WA, B AL TS AR |,

*k2 BRI NEREVRERV MLEAR. S HEARAN
Table 2 Pb, Sr and Nd isotopic compesitions of ore-hesting volcanic rocks in Baiyinchang and Shijuli areas

TR EAGGS RSAF  2Pb2%Pb  27phA%PhL  206PL/2%Php  STSr %Sy (VS ASSr), MNAA“Nd end(o) ena(2)
AEr
GBY-41 GHMBEE  38.253 15.528 18.517 0.707193 0.7063 0.512673  0.6827  4.1716
GBY-43 LBHMBEE  38.402 15.553 18.571 0.709539 0.7060 0.512653  0.2926  4.2138
GBY-44 ARMABE  38.507 15.556 18.698 0.709669 0.7059 0.512669  0.6047  3.8136
GBY-54 HYEABE  38.362 15.555 18.527 0.708044 0.7061 0.512645  0.1366  4.5841
GBY-55 HRMBEE  38.558 15.548 18.897 0.709667 0.7058 0.512576  —1.2094 3.1247
GBY-56 LBHMBE  38.282 15.536 18.649 0.707829 0.7060 0.512645  0.1366  4.9789
aER
SJL-12 ZTRE 38.301 15.564 18.245 0.707218 0.7069 0.513117 9.3438 8.8599
SJL-13 TRA 37.602 15.459 17.867 0.707554 0.7069 0.512955  6.1837  6.0337
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Fig. 5 Trace element discrimination diagrams (a. Nb-Y diagram; b. Ta-Yb diagram)
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