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Abstract

The copper deposits distributed in western Awulale Mountain metallogenic belt include subvolanic rock-re-
lated Cu deposits (SVR) situated in the middle and southern area and intermediate-low temperature hydrother-
mal vein-type Cu deposits (ILTHV) located in the northern area. This paper reports a detailed C, O, S and Pb
isotopic investigation of three SVR deposits (No. 109, Qunjisayi and Qunji) and two ILTHV deposits (Nulasai
and Qiongbulake) lying from south to north in the ore field. The sulfur isotopic compositions of the sulfides from
the five deposits show distinct differences and systematic variations from south to north. The SVR deposits show
small variation of 8*S values from +3.4%0 to +4.4%0 (No. 109 deposit) and from —1.6%0 to 0.2%0 (Qun-
jisayi and Qunji deposits). In contrast, the ILTHV deposits have large variation of 8*S values from — 18%o to
+8.9%0. The carbon and oxygen isotope variations of the two types have similar sulfur isotope variation fea-
tures. The SVR deposits show small variation of 83C values from — 1.44%0 to +0.8%0 and relatively large vari-
ation of 8'%0 values from + 11.87%0 to + 16.99%0. The ILTHV deposits have large variation of 83 C values
from —10.1%0 to —3.2%o and relatively large variation of 880 values from 9.63%o to 16.27%. The Pb-iso-
topic composition of sulfides from ILTHV deposits indicate that they are normal-Pb mainly derived from the
mantle. The Pb-isotope of sulfides from felisic SVR deposits is rich in radiogenetic Pb provided by the Precam-
brian basement rock. The Pb-isotope of sulfides from basic SVR deposits is the mixed mantle-Pb and crust-Pb.
In conclusion, the systematic variations of mineral source and ore-forming process from SVR deposits to ILTHV
deposits reveal that the metallogenic environments in southern and northern copper belt are different and this dif-
ference was probably related to the Permian rifting evolution. In the process of Permian rifting evolution, the
different extents of the stretching structure in southern and northern copper belt caused different volcanic rocks
and sedimentary strata which constituted the ore-source bed. The formation of different Cu deposit types in dif-
ferent positions was controlled by the difference in‘mineral sources and intensities of continental volcanism caused
by the Permian rifting.

Key words: geochemistry, stable isotope, mineral source, metallogenic environment, western Awulale

Mountain metallogenic belt, Xinjiang

2 000 o
109 5

1993

1996 1997 2004 350 km 50 km
2011

(1) 703 . 1982.



31 5 1001
Y., T -
82°N\ N 86
e - - 2005
I N7 ]\ o % 3L 27 48
B AR AR B
2
240~270 Ma 1993 1998

2008

— - - N—
V— -

Fig.1 Sketch map showing the devision of tectonic units in
western Tianshan Mountains and the location of western
Awulale Mountain copper belt
modified after Zhang et al. 2008
I —Alatao Permian rift [l —Northern Tianshan Bayingou Early-
Middle Carboniferous forearc trench [l —Biezhentao-Hanjiga Early-
Middle Carboniferous intracontinental arc [V —Tulasu Carboniferous

back-arc fault basin V —Yili Carboniferous-Permian rift

2 km?
Cht

(1] . 1979. 1:20

2006 Zhao et al. 2008 -

— 2005
250 ~290 Ma
260~ 270 Ma 1998
2003 2006
Rodin-
nia
2008 2008

Gao et al. 2009

1995 1996 2004
2010
3 2 DOEW
@ NW
® 3 NE
2

K-44-V .



1002 W

2012 4F

B2°50"
o

D5.EF

‘0‘1\-1?_,‘::12‘P,.-|3|9,»|4

‘ Py \ 5 ‘ Py [ 6 \ P | 7 [

£EaEl

1’1,9 .m-ll.izl\_\IBMMNHMMMH v

10km

-EEaf¥

R2°50°

BE 2 ol bl peh s 11 B U B A 5 L@ SR i 4, 2005 220
1—SBMFR: 2— Lo REEN/RTACURRE AEERE N E): 37 - REHMAEF ARG RS MRS E): 4 =&
Zima KB N LI PRI B 8, R B JONEEFRRSE E): s— —REMWPE P AR S RE A £ R E BUE) 6T
CBREHRHEACUER LS T-F I RES AR JEEFRES N E): s ERARSEIMI EE A (P B A lE
HEN o KRR AT B ORAR S A RS ) 10— A KRS, 11— AMEE: 2—WKBE: 13—WR: 4—ImR%: 158
s 16— TR 17—
Fig. 2 Geological sketch map of western Awulale Mountain metallogenic belt (modified aflter data @ and Song et al. » 20052

1—Quaternary: 2—Basiergan Formations 3— Tamugisayi Formation: 4 Hamisite Formations 5 Xiacshansayi Formation: 6— Taerdetao Forma-

tions 7—Wulang Formation: 8—Yishijilike Formation; 9

Tekesi Group of Changcheng systems 10— Quartz albitophyres 11— Granite-porphyrys

12— Diorite-porphyrite; 13—Fault: 14—Geologival boundary: 15— Unconformity: 16— Copper deposit: 17—City and town

A LR 43 A XS - R REATCE 2).

I 2 b DX AT R 23 A ke Ll PR Y C 55 A7
LT HAT R ) TR K Ll AGR R CHE 3 55 1K B 5 109,
FALSKFI - ST AR (K2R A 70 5 bk B I hr 3§
Bl Bk 31 B B A A Bz SR AT R ) AN AR RS AR s A
CHARLTE [ S0 404 BIRR (W4 58, 1993: T
2 ,1996:1997). BMEL(2012) X 4 mHrvw | 56"
PRBEATWF 505 A g, DURR RS R 5 B B R 4 O AN VoA
R T KB Sl Bk B R 36 O 7 3R
ik 2 FL AT AR PR A A 2K R AN AR R 1 (B
FAF, 2011 L, 1996: & F 55, 2012; 7k 21 5%,
2012). B, AR 3085 S 2 8 Aol 7 3 ik
RUFIYUAR A0 05 2 B e AR O R IR Al K B . /T A
K53 VR KL BGERT R I S  HE 2 SL A A R
WA A, W 2R IR 5 B R S X R B 82 1 Ik

L R AR AT PR LA AE R OBk SCRE SR, 2004,
i Bt T DR AT B AR 4 0 b A A 3L, A el
FRZ AR KA L.

IR B IR B 43 A L v B B L e
HA PR, =T F 8B5S B A R RSB
Kilegh, EEAFEZLL BFRT109. 6 B
BB L R S R (D). PRI A
K LA AR ) 3 S 0 A OF 0 B0 L R b X
WA B E AR A S F oS KA
[ B30T, 0 455 95 A7 2 v ] o K 3l e« e 804 i B B
$7FE LB SRR

RS2 B0 3 4% ] (B PRI A
REIW A% 209 B HCIRBEUIR, FETE R, kA
WhiRAa . ERABRRE, U BAZ 0B, 6
W, WAL BT R WY Kl 43 Dk J A S RN AR S AR Y

O FHHAEH /RO REMER. 1979, 1:20 77 R BU0E &R & (UB R K44-V). REREHL



31 5

1003

4 @ - -
_ @ ] ] ]
® - - ® -
2
@D -
@
5
1
3
14
34
3
17
10
0.1~1
mm
99 % 95%
200
50 mg
25C 48 h
V-PDB

£0.2%0 8" Osvow
5" Oyppp + 30.91

3" Ogvow = 1.0309

15 mg 150 mg V,0s
1 050C 15 min
cO, SO, Finnigan Delta S

V-CDT
+0.3%o0

[SOPROBE-T
1 #g 204 Pb 206 Pb
0.05% 208ph 206ph 0.005%
4
4.1
2 ®
—10.1%0~ —2.27%o —5.16%0 &80
12.56%0 ~16.27%0 13.89%o0
e —7.37%0 ~ — 3.2%0 — 5.49%0
3180 9.63% ~ 11.94%0
10.87%o0 B¢ —1.28%0 ~
= 0.7%o - 0.99% 80 13.53%0 ~
13.8%o0 13.66%o 3B C
—1.44%0 ~ 0.8%0 - 0.32% &% 0O
11.87%0~ 16.99%0 14 .44%0 -
3¢
Hoefs 2009
813(: 8]3C
4.2
5 3
S
109 534S 3. 4%0 ~ 4. 4%0
3. 8%0 s
_0.5%0’“0.2%0 _0.3%0
S —1.6%0~ —0.7%0 —1.06%0
) — 18%0 ~ 8.9%0
1.02%o 5%S 13.9%0 ~ 17%o
15.6%o0 %S
*10.7%0"‘6.7%0 *4.03%0
3 2
534S
S
- 1%0“‘4%0 3&
534S — 11%o
"’9%0 2 - 7%0"’ - 40/00 5%0



2012 %

R
W 06U & B BE (gm 5
S6W AN BRI OEMC GEARE  WUHNE HURHLSHGUNEYL BOSESWOZMYNIE JBHSBECL mr me 601
(R B WO R
WA A RO WE WMWY+ R 5
| VEER GE OB OBECSBE BEWER YRS WREEEEY S MEXDORDYOORE S THMAHE-L W b R
W
5 YR 4 HGUN & KB BE el (%0 T e
B BMCAWMC OB OME  WUSHE SNBHSIEGUNEEL BOSREGUOSMYNHE BeWHEECL mb R g
WM R
1y
I )
WE Y W Y gl WREEE - (3 T B )
B oWy AW LBH BN PHERY WEW  SNEHHBECEHMEE  MWGE—HE
HEEE BE AN SEEC oEE  TEE¥ | SGEEEHWBIONE T REIRIRENYHE SEUHBECL @ mr T
CHA
W ¥ gl G B B ) 4
YRE WO ERNAHL S PEFY  WYGHWATHMNEEY (R FHOTEMEY  WHEE S W
HERM B O 0e TCEER | FRBHDEE VS FEINIOBMNEE S BOUAGECL s WTR EHRE
M T R e
. : . 2T WHH
3 % S Bl it T 444 4 YW BT 4 W Lo wmewis

1004

1193 J1UAZO[[B)I UIEIUNOLY ICMMY 112)sIa Ul spisodap Jaddod [eords) Jo sonsLdRIRyD [BIS0[09) | Iqe],

AR oo e B T B e O 2 T 2

L3



1005

Table 2 Carbon and Oxygen isotope data of calcite from copper deposits in western Awulale Mountain metallogenic belt

2

o BC\/’—PI)B Y60 o ISOS.VI()W Yoo t C o ISOSM()W, %0~
NLS-9 —-4.32 13.53 163 1.8
NLS-54 -4.32 14.35
NLS-55 -10.10 16.27 230 8.18 012
NLS-57 -2.27 13.87 167 2.41
NLS-63 -5.00 12.56
NLS-69 -4.92 12.78
QBLK-21 -3.20 11.3 200 1.55
QBLK-24 -3.33 11.00 185 0.35 012
QBLK-30 -3.30 10.81 185 0.16
QBLK-33 -6.50 11.94 244 4.25
QBW-1 -7.37 11.91
QBW-2 -6.65 10.49
QBW-3 -7.12 11.80
QBW-4 -4.19 9.63 2011
QBW-5 -5.95 10.72
QBW-6 -6.12 10.04
QBW-7 -6.63 9.94
QJS-54 -0.70 13.80
QS-112 -1.28 13.53
7ZBQJ-3 0.80 16.99
7ZBQJ-7 —1.44 11.87
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Fig. 3 Histogram of 8*S for ore sulfides and barite from copper deposits in western Awulale Mountain metallogenic belt
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Table 3  Sulfur isotopic composition of ore sulfides from
copper deposits in western Awulale Mountain metallogenic belt

Sy.cor
%o
NLSS 8.9
NLS6 —4.1
NLS8 -9.6
NLSI12 6.7
NLS15 4.1
NLS29 2.7
NLS32 -18
NLS32 8.5 2012
NLS63 6.7
NLS65 5.4
NLS67 5.3
NLS-43 15.8
NLS-73 17
NLS-95 13.9
QIS-101 -0.3
QIS-102 ~0.4
QIS103 -0.5
QIS 104 0.2
QIS105 -0.5
ZBQI9 -0.8
7BQJ-15 -1.6
7BQJ-19 -1.1
7BQI22 1.1
ZBQI26 -0.7
QBLK11 1.4
QBLK23 10,5
QBLK25 LT
QBLK33 5.5
QBLK33 2.7
6.7
-10.7
-8.5
-6
-5.2
-9
L 1997
-10.6
-0.1
~6.4
~4.6
109
109-12 4.4
109-14 3.6
109-23 3.4
109-24 4.2
109-26 3.9
109-27 3.6
109-28 4.1
109-31 3.4

38.084

~39.052

206 Pb 204 Pb
2(]7Pb 204 Pb
208 Pb 204 Pb

109
18.641
15.553
38.585

5.1

1.064
S13C
3180
2001 S3C-81%0
3180
2 O CO,
2001 2002
CO,
S13C
4

0.968
17.363 ~21.325
15.393 ~ 15.697
37.421~40.579
206 Pb 204 Pb
1.442 297 pp 204 pp
0.118 28pp 2% ph

3.962
0.304
3.158
17.199 ~
15.435 ~
37.521 ~
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