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Fig. 1 Tectonic framework map of the western Kunlun orogenic belt and its adjacent areas(modified after Leng et al,2019)
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Fig. 2 Simplified geological map of the Kukaazi Pb—Zn polymetallic deposit (modified after Leng et al,2019)
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Fig. 3 Profile map of typical exploration line in the Ku-

kaazi polymetallic deposit(modified after Leng et al,2019)
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Fig.4 Photographs of partial representative ores in the Kukaazi Pb—Zn polymetallic deposit
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Fig. 5 Reflected light micrographs of the ore samples in the Kukaazi Pb—Zn polymetallic deposit
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Fig. 6 Sequence of mineral formation in different metallogenic stages of the Kukaazi polymetallic deposit
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Table 1 Sulfur isotopic compositions of metal sulfides in the Kukaazi polymetallic deposit

FE 25 FEMm B PR atk BT B KA 8%8/(£0.2%0)
y1-N3-7 [ t7RN AR TAWRHE Hi BRI AL I B B K I B =50 6.1
ylI-N3-36 T A AMFawEes Hil R AL By B K I #H B =50 6.4
yl-S1-1 Wk AT AR Hil BRI AL I B B K I8 B —5l 3.7
yl-81-2 Wk AT AW H B AL I B K I8 B—5l 43
yl-S1-6 Wk AT AW H B AL B K I # Be—5-il 39
yl-S6-3 T A AMFay RS R AL B B KI5 B 7551l 2.0
yl-86-7 W H R HWTFA R il B AP B KI5 B 7S50 3.8
yl-S4-8 i ARTFaB RS HPEBAL I B B KI5 B U553 11.6
y1-84-9 ki AR FAYRE BYERBL L B B KL & B PY 531 8.7
y1-84-20 T ART A RS BRI Y B K115 B U531 8.9
y1-83-1 I HRTA R BRI Y B K& B =" 11.7
yI*-14 I KELE BRI AL B K& B =" 10.5
yI*-21 I KELE HYEFIR AL B KI# B =50 10.3
yI¥*-10 Fw K HYERGR LI BE KIH B =5 10.2
yI-17 TR K HYERGR L B KIH B =5 7.9
yI-12 T KHE YRR AL B B K1 # Bt =i 10.8
yI¥-9 T piba HYRERRAL I Y B KI5 Bt =1 7.4
yI -7 T KIS YRR AL B B K I8 B =5 10.6
yI**-2a T KH A R B KI5 Bt =41 10.7
yI-N3-7 HR AT AW H AR AL B B K T # Bt =51 6.5
yl-N3-11 B ARTFaB RS R m A B B K15 B =5 6.0
ylI-N3-32 B ARTFay RS il BRBR AL B B K15 B =5 6.6
ylI-N3-16 W HRT A RS BRI Y B KT#B="5 5.9
yIP-22a T AT AR HAR R AL B KT #B=%iR 6.9
yI’-21 HE AT awRE HAR R AL B KI5 B =50 6.8
yI>-8 A ey R Al i o HAR R A B KT # Bt 5 6.2
yP-1 NEED Al rawres HYEIR LI B KI5 B =5 52
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=21 N KHL HYRERRAL I Y B K I B =5l 12.0
yl-15 N KHE FEFR L R B KT # Bt =1 12.1
yl=9 DSE=20n pike HPEBAL I B B K I3 B =51l 11.5
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AT TRIE (£ 3) , 1 e 4l Bl 19 U Th 1 Pb &
ST RE A RN o (B, SR 5 R A LA =0
B S BBl A R B TR o T 2 (FRRE 4
2000) 41k -

(Pb/*Ph),=(*Pb/**Pb) .., ~u(e"~1) (1)
(" Pb/*Ph),=("Pb/*™Ph) .., ~u/137.88(e*~1)  (2)

("Pb/*™Ph),=(*Pb/*Pb) ., ~w(e"~1) (3)
Ao AR

MR (GR 3K , & mm ikt b fi gk
T AL B BT 1 i) s v A N B A B 1> Ph/* % Ph
*Pb/ P F1*Pb/*Pb L H 53 51| 2y 18.507~18.733
15.599~15.782 1 38.143~38.718,, 41+ 4% i 1L ¥ B B
T2 B Y 7 5 A R I BE BT L {H O 18.394~18.654
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Table 2 Lead isotopic composition of metal sulfides, intrusive rocks and ore—bearing wall rocks in the Kukaazi

polymetallic deposit

FE 5 FEf 2R bk I B 206ph2%pL 2TpRA%PL 28pLA%PL w Th/U
ylI-N3-7 WY ARTAWRE MYmAE  18.530 15.622 38.219 949 3520  3.59
ylI-N3-36 Wk ARFAB RS WY E  18.612 15.719 38.529 9.68  36.90  3.69
yl-S1-1 i 7R ARTFAWRE  WgmmE 18,597 15.719 38.504 9.68  36.88  3.69
yl-S1-2 W R ARTAWRE  MYmAYIE  18.649 15.782 38.718 9.80  38.06 3.76
y1-S1-6 WY ARTAWRE MPmAE 18.596 15.719 38.516 9.68 3694  3.69
y1-S6-3 il AT ARTAWRE BB 18.559 15.599 38.143 945 3454 354
y1-S6-7 iGN ETaWRE  FRRABB 18.530 15.636 38.263 952 3550  3.61
y1-S4-8 T ARTOW-RE  BEmAE 18.508 15.595 38.130 944 3471 356
y1-84-9 WikAL ARTFAW-RE BB 18.531 15.626 38.226 9.50 3526  3.59
y1-S4-20 vkl AWTFAWRE BB 18.530 15.621 38.202 949 3512 358
y1-83-1 i ARTAWRE  BYEEEALYIBTE 18.509 15.591 38.125 9.44 3465  3.55
yI¥-14 T KHLE HEmA B 18.515 15.619 38.217 949 3524  3.59
yI*-21 I KHH HEmi B 18.509 15.602 38.154 946 3487 357
yI¥*-10 T KHEH LB 18.535 15.629 38.243 9.51 3533  3.60
yI3-17 T KEEE WAL B 18.509 15.600 38.147 945  34.82  3.57
yI-12 T KHE HEmA B 18.505 15.600 38.149 945 3485  3.57
yI*-9 I KHH R B 18.508 15.600 38.139 945 3480 3.6
yI*-7 T K LB 18.507 15.601 38.146 9.46  34.84 3.6
yI¥-2a i KA WEREELAL YT B 18.503 15.597 38.144 945 3481 3.6
y1-N3-7 HE AT LRTawRE WYgmemE 18.522 15.612 38.246 948 3526 3.6
yl-N3-11 W ARFAY RS MYmAnE 18.525 15.605 38.200 9.46 3500  3.58
yl-N3-32 A A ARTFAWRE  MYmAYmE  18.604 15.610 38.244 9.46  34.81  3.56
yl-N3-16 B ARTaW-RE WYmiE 18.733 15.626 38.305 948 3455  3.53
yI’-22a He b R AWTFAYRE S AemnE  18.564 15.643 38.390 9.53 3590  3.65
ylI’-21 B AFa Ry WS AemmE 18.507 15.615 38.243 9.48 3535 3.6l
yI>-8 B AT aw-RE WYmipE 18.523 15.641 38.304 953 3575 3.63
yIi-1 DSE=20n ARTOW-RE  BEmABE 18.588 15.689 38.513 9.62  36.69  3.69
yI3-21 DNE=200 ARTAW-RE  BEmAE 18513 15.607 38.198 947 3507 3.8
yI-2 N ARTFAWRE  BYEEmik BB 18.582 15.683 38.481 961 3654  3.68
yI3*=2b IR KELA WAL B 18.394 15.680 38.340 962 3695 372
yI¥*=1b DSE=20n KHE HEmA B 18.398 15.690 38.369 9.64 3714 373
yI¥*-21 DNE=208 KHH HEmi B 18.584 15.692 38.444 9.63 3646  3.66
yl-15 DNE=208 KH it iB: 18.573 15.680 38.397 9.60 3622  3.65
y1-9 N KA HRERAL I B 18.654 15.781 38.743 979 3813  3.77
yI=YT-1 KA 18.230 15.617 37.836 954 3570  3.62
ylI=YT-2 TRH 18.819 15.612 38.247 9.48 3553  3.63
yl-156 TRH 19.028 15.621 37.696 990 3634 355
yl-158 KA 19.100 15.642 38.146 9.60 3265 329
y1-159 TERd I 18.647 15.633 38.214 952 3469  3.53
y1-165 T N 19.354 15.649 38.037 1022 3796  3.59
yl-168 1B RN A 19.386 15.674 38.490 9.89 3620 3.54
yIN302-7 it 18.101 15.604 38.104 9.56 2922 296
yIN302-5 paeiiba 18.837 15.622 38.082 1517  29.14  1.86
y18302-1 i 18.480 15.604 38.138 1111 28.68 250
y1S302-3 KA 18.023 15.569 38.045 1143 2886 244
yIE102-2  JREBEIR TR 18.357 15.604 38.221 953 30.66 3.1
yIN302-1 IR EBE IR 18.586 15.600 38.204 946 3512 3.9
yIN302-2 SRR AT A 18.508 15.634 38.304 952 3578  3.64
yIE102-1 B BEAYRE 18.363 15.601 37.752 948 3564  3.64
ylE102-3 B BEAYRE 18.433 15.644 38.072 9.55 3507 355
y1S602-1 BB ass 18.900 15.631 37.481 9.64 3093  3.11
yIN302-3  ARFAHRE 18.659 15.795 38.850 982  38.66 3.8l
yIN3ys-1 AT AW EH 18.506 15.611 38.294 948 3480 355
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15.591~15.781 F138.125~18.743 ; TE{Z A AFE M,
— K& fH N 17.540~18.406, 15.574~15.603 Fil
36.873~37.443; 4£ (4 IN KA LU AE M 17.959~18.671
15.595~15.634 F1 37.178~37.671, W 4" [l & +E 5
W RS U (E R 17.197~17.740,15.523~15.565 Fll
37.392~37.489, JK €4 5E JK 5T K77 LU H Ry 17.668
15.565 F1 37.527, S JK {5 Bk JK 5 LU AE R 17.820~
17.902 ., 15.562~15.595 £l 37.409~37.494 , & =~ £} 1
AR A fH R 17.678~18.203 . 15.563~15.605 Fil
36.781~37.278, Ai i T A 1 K & L h 17.821~
17.949 .15.573~15.755 #137.506~37.975,,

R®3 ERMEZEETKKEGHRY BEMENSPD

GloE¥:l:3
Table 3 Pb isotopic compositions of ore—bearing wall

rocks and intrusive rock after correction

in the Kukaazi polymetallic deposit

206Ph 207Pb 208Pb

FEhdis  FEM AR fpy P PP Ay
yl=YT-1 kA 17.540 15578 37.028 21.64 41.57
ylI=YT-2 kA 18.134 15574 37.443 20.68 56.38
yl-156 kA 18.312 15581 36.873 23.63 76.31
yl-158 TR 18.406 15.603 37.407 23.58 49.28
yl-159 NS 17.959 15594 37.429 20.87 33.07
yl-165 EHNESE  18.615 15608 37.178 25.50 88.51
yl-168  fERINKA  18.671 15.634 37.671 25.73 75.75
yIN302-7 piibe 17.410 15565 37.443 24.05 19.36
yIN302-5 KELH 17.740 15561 37.422 44.69 23.14
ylS302-1 Lt 17.677 15.559 37.489 29.17 19.79
y1S302-3 KB 17.197 15.523 37.392 29.79 21.08

yIE102-2 JREEERFAFRE 17.668 15565 37.527 22.49 26.22
yIN302-1 SUREEEIKE  17.902 15562 37.409 18.73 35.44
yIN302-2 SR Bk A
yIE102-1 B AR 3s 17.678 15.563  36.945 18.46 28.20

17.820 15.595 37.494 19.76 24.86

ylE102-3 BARHEN A 17.743  15.605 37.278 21.05 22.69
yIS602-1 MBI kA 18.203 15592 36.781 23.77 36.17
yIN302-3 AT A4 17.949 15755 37.975 29.61 33.17
yIN3ys—1 ARIFAW RS 17.821 15573 37.506 18.46 21.73
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(AR, X HE T PR B 8 A R U5 B sV FH B A
FEFE/RVEA (Sakai, 1968; Ohmoto, 1986; Hoefs, 1997;
BRK IS 55 ,2009) o A SR B A 3 32 A B A
s — 2B IR A, L 8™S B N —3%0~3%0 ( Chaussidon
et al, 1990) ; —J& /KA , I 8™S (BBl 15 7K 1) b J5T Hsf
AR FE+10%0~+35%0 15l N AR 4 ; = DT
(A SRR, e 6¥S A K i f(H, FLAS b3 Bl K
(Rollinson, 1993 ),

24 S [R5 R 4318 38 B M 4 8 AL 1)
SUSTHELA 6 ot >8™S i >0™S s >0™'S i UL
TS, P B 0™ IR 4 Jed i A 4 1 S ) o7 25 4 A%,
(1, B 3) W AR AZINT , e W% 8 R i 42 )8
W Ak 7T i A TR B Ab B B A 7 ) (GRB kKA,
2000) . M STEIf; 2 B 7 (B 7) AT LUE 320 X
&R BRALYI I 87 (5 22 2 W5 A FRAE , on 34 I
18, 53 5K 3%0~4%0 6%0~T%0 F1 10%0~11%0. i1,
WA 3%0~4%0 (SEIIME N 3.5%0 ) M Hil B i AL 1) B B
BYCR WG BT SR R . M REwEa LARR
FE B ALY 2 BT, S e T I SRR B R AR R, AR
W BRI Y pH>6, HELEE <500 “CH, 325 B4 i
JE H,S, 1 U 1 3 R 1 8¥S L KB X T3 0~
PO Y 84S 18 B K& ,2000) PR ok Hfi Dhir g 35 4k
W ILTE I 3 PR Y 84S (E A 3.5%0, 1% 6™*S {EL I =
T R Y 6% A T b AR TR KR A 8 S . 0
{EL 6%0~7%o 1Y 3 4 2R B Ak 4 B Bt 36 4 0 A0 i 2 22k
W S A7 ZAE, AR 1Y S S E AL A /N, 4 s
ke, H5REEERT ( 8MS {E AT , PR M w # k
W S - HIE (6.2%0) I UL M S 5 PR Y 6¥S
(B O 7Kk K55 ,2000) o FH I HEWT 47 2% 872 1k 42 o B
()BT R BRI T LA AR 32 R A
D I K AR PR B (BRIR 45, 2004) o 1A 10%0~
11%0 1R FYREBL AL ) B BE 7 #5007 AN B 1Y) S ]
B E A, 4w B ALY 0 84S ME A5 AL Y8 Bl ok, K
7.4%0~12.1%o , VL WA TE J 3 26 4 & B Ak 10 B 14 4
WA MR £ AHRA TR Z1K,

HEAX W Bl 5 2 & JR 0 IR vh 5 4 & G Ak
LA (R Ty A RN SR AT O R R 5T, 45
FW - 4R R 380 “CHY, S5 A Bk 21 O [l -
AR S0y, o 164 4.39%0~7.19%0 , LA 5K /b
KR G I RRE SRS O 240 CHY, 5K
J5 i A3k 2 0 8 7 2O 7 19 U AR 800, 18 R
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PE, B, B PR K TR LU 51322 ST 14 I
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Fig.7 Histogram of sulfur isotopes of different metal

sulfides in the Kukaazi polymetallic deposit

(2)HF IR I3

H1 T Ph [R5 R AW S A% A B E P LF
AR BER, 8P R R Ak EER R
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A Th/Ph HEARL, PR i 1o 3 A 4 AN 4 i) P[]
A7 2R 20 1T AR 5 1 0 ) Jo ok R A IR il A
(Macfarlane et al, 1990; Chiaradia et al , 2004 ) .

Ph [Al3 W Al o (A Th/U AR S fb 2 ik
TR I o ik R A S, R AR HERT ™ IR
R . BEABEIEIAN , B (E (R T 9.58) 1
BYIE H R AU A Th AR X 5 4R 09 52 (Zartman
et al, 1981; S JF 2445 1 2002) (B A2 MR A o {45 6
BYETIE ok B L M1 (Kamona et al, 1999) , 11 w {H
AR o (B AR Y 548 75 T 52 K I (Doe et al,
19793 RIF44E,2002) o JERS T2 S g A7 IR 4

BRI Bl H 9.44~9.80 (CF-211H 4 9.54) , /N T
ST (B (9.58) , {HL B SR I A b e Y 1)
Wit (8.92) ;w {l H 34.54~38.13 (-1 {8 H7 35.68) ,
W& AT T b 52 % 10 - 8 (0=36.84) , T i T HiL & 4%
) w A (31.84) (Doe et al, 1979) ; Th/U H{E 4 3.53~
3.77, ¥R 3.62, W & T bl Y Th/U LA (3.45),
MK T 17219 Th/U FL(E (4) o 254 LIRERAE , HE
JERE BT A4 2 4 SR IR A R e IR Ak IR, H L
HbFER G A

it — AR Ph ORI HE AR & Y Ph R 2
ZH W 2 2P Ph—2"Ph/**Pb F4) ¥ 1 1k A5 =X &
(E8) I, 455 Wow , W w 2R (1% P [A] 37 3 2H L0
A e Ly AL 2 5 s A gk 2 1) H AR fb
K, T80 A [ R A Y P [R5 28 28 B )
ARSI 5 b sE 22 [R] B ST 3 14 T
PR LR g — M, 1 DAVEE BT 1 Ph [R] 457 28 4 00 48 v 43
MAE L HAe A2k |
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(KB #& Zartman et al, 1981)
Fig. 8 Pattern diagram of *"Pb/**Pb-""Pb/***Pb of
different metal sulfides, intrusive rocks, and ore—
bearing wall rocks in the Kukaazi polymetallic deposit

(base map according to Zartman et al,1981)
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Fig. 9 Diagram of Ay—Apg for discriminating tectonic

setting of lead sources of different metal sulfides,intrusions,
and ore—bearing wall rocks in the Kukuaazi polymetallic

deposit(base map according to Zhu et al, 1998)

Zi L iR, v BT A XN 4 B Ak 1) P
[F] 437 32 2 8 Ak L /DS, B B YRR, 455
HEBEHAY M wlH o B Th/U [EFFAE, HE
DX 4 JE B Ak ) BB R Ml 5 L TR A R VR, FLLA
HATARUE A F IR T D g IR Y . KSR
1AM B KLU LA Y P [R)03 38 2H i 2% 5+
R A JR AR 5 KB B R AR Ph [F 2R
21 R R, A Ph (Rl R A& B oA E A
a3 EBCHEN , ek BT 45 22 4 J@ 7 R % Pb . Zn , Cu I
Fe S5 B0 Y1 il e 2 5 K ETR A S KA X
PR R PRI IR A2 o 43 RV [m] it
52 #HHERKRE

JEVE BT 2 & B IR &0 R — B
AR RS AT AW RAEMgaEEa
AL, R (SOM KB ) th 2 W R o7
fif A7, T P i B A DN S I SR, A A
WKL 25, SUZ R APCR I & s A P AR
T EET YRR A AR R A, R

Vol. 34 No.4 Aug., 2026

A S A TR SR, A B BRI
1, o A SR AR A A A R 1~3 mm K
INPIBE SRS B AR BOR Gk A0 s SR B A A D
B YA, AN DR A S A A
DN A R R A ) (TE R 43 55,2013) o A= 1
FHIERE R 2 &R0 IR R 2 250K
SRR R b P AR AR A 1) b AN B L A
A ) 1 D) I — R b AL ) TR
USRI EE IS SR ALY DR S A A N e o
RERRW 7T B TR DN A A 1 L
JiCHR R RCR A HOR R AR Gk . Leng
et al (2018) X MEEH W FI 10 (Y6 10 R 43 A 45
R —HUESE 20 RIE W T KB IREREE N Ay
PR G, WX RSN A RGBS A U-Ph 4R
1% 461~452 Ma (V£ £ 2 55, 2013; Fi B 4L 55 ,
2022), J& T B, SRR B8 T fE 5 n
AR R A A T A A

AR ST Ph Rl 2 4R e BH , JE 5 Bl 4401 [X
5 R TR AMRAT S5 I IR TR AR T 445
LI IL [ 4 JE B AL P TR AR AL T 1 o I T
FI RS b 11 5 0K 5 e W) TR 5 5 TR I
W IR R AR IR, 330 T Pb. Zn . Cu Fil Fe
Mk, FEVE B2 4R IR S [ R4l iR M
B I G TR 1 S IRk TR AR A ik
(R AR, AN ) 4 T B AL 0 T i, e e e
[F) R0 U0 AN ) B T i 1) 4 J it Ak,
I TR A B KA R

HEAKZ 8 IR 4 J@ 0 W) i Sl it JT R e B &5
T INEET U O R AFIE BRI KR8 T R A
H (Leng et al,2019) . # XN B A A4,
FEALERY R AL s A ek Ak kR 1k
AL (RARAE,2022) o K24SR BE & Wi R
BEW IR TR [ LA Y A R EYEED IR, FLRL 5
TR EZONAE G IN A NI A R0 (= F1E
KBEA 5 RBA A, 5 LU 8T RN
o R S RO e ST R AR 1L S o f A A B R
B RIS, 0 A s B . X e A R B,
VW& B £ 22 4 T 1T DR I AR AIE 5 R 2% 2208 1 3 45
B RE DR S Al M BB 25 B IR H A AH L1
(Meinert et al,2005; FHiE ,2023) .

ZE LA eI PR BT 22 4 AT R A S v 1



FEIGTEAE T S £ 22 <5 A PR SCAT 00 S U B A PR AP = S—Pb [l 37 ZR ks

RARE R Z SRR, ™ Yy s o e i &
AR B RIS ¥ K L s AU LA I B R4
e e K.

6 %t

(DB X N4 8B S [ 07 41138 4 1E
{8, B IR B A0 i B kA 1T 6 PR T IR AR K 3
/b | AL B T 0 YRR 5 17T BB G ST B B L
R A BT K AR 22, S [R) (37 22 (R A R T i , B 030 VA
KB

(2) " X N Y Ph [R5 2 240 o B 435 SR B, I
Wi BT 2 4 SR T DR B ) 5 A SE e TR AR R R
HEZRAREY R, e EEHR S KAETRAS
A K B I PR I A o 43 o e L ] 43t

) LEAT XN H B () A LR FRAE D
S—Pb [R5 25 FEAE , DA Sk 3 i 2 s BT #0222 45 TR 0 IR
J& T 51 LS Sl A 5C 9 38 S R e A A B
EZ N

2 % 3Lk (References) :

BaoZA,YuanHL,Zong CL, etal,2016.Simultaneous deter-
mination of trace elements and lead isotopes in fused sili-
cate rock powders using a boron nitride vessel and fsSLA-
(MC) -ICP-MS [J]. Journal of Analytical Atomic Spec-
trometry,31(4):1012-1022.

ChenF C,DengJ,ShuQH,etal,2017.Geology, fluid inclusion
and stable isotopes (O, S) of the Hetaoping distal skarn Zn-
Pb deposit, northern Baoshan block , SW China[ J ].Ore Ge-
ology Reviews, 90:913-927.

Chaussidon M, Lorand J P, 1990. Sulphur isotope composition
of orogenic spinel lherzolite massifs from Ariege (North-
Eastern Pyrenees, France) : an ion microprobe study [ J].
Geochimica et CosmochimicaActa, 54(10) : 2835-2846.

Chiaradia M, Fontboté L, Paladines A, 2004. Metal sources in
mineral deposits and crustal rocks of Ecuador (1° N-4°S) :
a lead isotope synthesis [J]. Economic Geology, 99 (6) :
1085-1106.

Darling J R, Storey C D, Hawkesworth C J, et al, 2012.In-situ
Pb isotope analysis of Fe-Ni-Cu sulphides by laser ablation
multi-collector ICPMS : new insights into ore formation in
the Sudbury impact melt sheet [ J]. Geochimica et Cosmo-
chimicaActa,99:1-17.

Doe BR, Zartman R E, 1979.Plumbotectonics : the phanerozoic

[M]//Geochemistry of hydrothermal ore deposits. New
York: John Wiley & Sons.

Hoefs J, 1997. Stable isotope geochemistry [ M ].4th ed. Berlin:
Springer.

Jiang Y H, Jiang S Y, Ling H F, et al, 2002. Petrology and geo-
chemistry of shoshonitic plutons from the western Kunlun
orogenic belt, Xinjiang, northwestern China: implications
for granitoid geneses| J].Lithos, 63(3/4) : 165-187.

Kamona A F, Lévéque J, Friedrich G, et al, 1999.Lead isotopes
of the carbonate-hosted Kabwe, Tsumeb, and Kipushi Pb-
Zn-Cu sulphide deposits in relation to Pan African orogene-
sis in the Damaran-Lufilian Fold Belt of Central Africa[J].
Mineralium Deposita,34(3) :273-283.

LengCB,WangY H, Zhang X C, etal, 2018.Constraints of mo-
lybdenite Re-Os and scheelite Sm-Nd ages on mineraliza-
tion time of the Kukaazi Pb-Zn-Cu-W deposit, Western
Kunlun, NW Chinal[ J ].Acta Geochimica,37(1) :47-59.

LengCB,WangW, YeL,etal,2019.Genesis of the late Ordovi-
cian Kukaazi Pb-Zn deposit in the western Kunlun orogen,
NW China: new insights from in-situ trace elemental com-
positions of base metal sulfides [ J].Journal of Asian Earth
Sciences, 184:103995.

LinY, Cook NJ, Ciobanu C L, etal,2011.Trace and minor ele-
ments in sphalerite from base metal deposits in South Chi-
na:aLA-ICPMS study[J].Ore Geology Reviews,39(4)
188-217.

Mattern F, Schneider W, 2000. Suturing of the proto- and paleo-
Tethys oceans in the western Kunlun (Xinjiang, China)
[J].Journal of Asian Earth Sciences, 18(6) : 637-650.

Macfarlane A W, Marcet P, LeHuray A P, et al, 1990. Lead iso-
tope provinces of the Central Andes inferred from ores and
crustal rocks[ J].Economic Geology, 85(8) : 1857-1880.

Meinert L D, Dipple G M, Nicolescu S, 2005. World skarn de-
posits [M]//One Hundredth Anniversary Volume. Little-
ton: Society of Economic Geologists.

Ohmoto H, 1986. Stable isotope geochemistry of ore deposits
[J]. Reviews in Mineralogy and Geochemistry, 6 (1) :
491-559.

Pettke T, Oberli F, Audétat A, et al, 2012.Recent developments
in element concentration and isotope ratio analysis of indi-
vidual fluid inclusions by laser ablation single and multiple
collector ICP-MS|J].Ore Geology Reviews, 44 : 10-38.

Rollinson H R, 1993. Using geochemical data: evaluation, pre-
sentation, interpretation [M ]. Harlow, Essex, England:

Longman Scientific & Technical.

2026 EF8 A H$ 34 E-F 4

847



848

RN e 22T

Sakai H, 1968.Isotopic properties of sulfur compounds in hydro-
thermal processes[ J].Geochemical Journal ,2(1) :29-49.

Xiao W J, Windley B F, Chen H L, et al, 2002. Carboniferous-
Triassic subduction and accretion in the western Kunlun,
China: implications for the collisional and accretionary tec-
tonics of the northern Tibetan Plateau [J]. Geology, 30
(4):295.

Xiao WJ, Windley BF,LiuD Y, etal, 2005. Accretionary tec-
tonics of the western Kunlun Orogen, China: a Paleozoic-
early Mesozoic, long-lived active continental margin with
implications for the growth of southern Eurasia [J]. The
Journal of Geology, 113(6) : 687-705.

Yuan H L, Yuan W T, Cheng C, et al, 2016. Evaluation of lead
isotope compositions of NIST NBS 981 measured by ther-
mal ionization mass spectrometer and multiple-collector in-
ductively coupled plasma mass spectrometer [J]. Solid
Earth Sciences, 1(2) : 74-78.

Zhang Z W, Shen N P, Peng J T, et al, 2014. Syndeposition and
epigenetic modification of the strata-bound Pb-Zn-Cu de-
posits associated with carbonate rocks in western Kunlun,
Xinjiang, China[ J].Ore Geology Reviews, 62:227-244.

Zafar T, Leng C B, Zhang X C, et al, 2019. Geochemical attri-
butes of magmatic apatite in the Kukaazi granite from west-
ern Kunlun orogenic belt, NW China: implications for
granite petrogenesis and Pb-Zn ( -Cu-W) mineralization
[ J].Journal of Geochemical Exploration, 204 : 256-269.

Zhang Y,NiuY L,HuY,etal,2016. The syncollisional granitoid
magmatism and continental crust growth in the West Kun-
lun Orogen, China—evidence from geochronology and geo-
chemistry of the Arkarz pluton[ J ].Lithos,245:191-204.

Zhang CL,LuSN,YuHF,etal,2007.Tectonic evolution of the
Western Kunlun orogenic belt in northern Qinghai-Tibet
Plateau: evidence from zircon SHRIMP and LA-ICP-MS
U-Pb geochronology [ J].Science in China Series D : Earth
Sciences, 50(6) : 825-835.

Zhang X C, Wang Y H, Leng C B, et al, 2014. Geology, sulfur
isotopes and scheelite Sm-Nd age of the Kukaazi Pb-Zn-
(Cu-W) polymetallic deposit, Yecheng County, Xinjiang,
China [J]. Acta Geologica Sinica (English Edition) , 88
(Suppl.2) :244-246.

Zartman R E, Doe B R, 1981.Plumbotectonics : the model [J].
Tectonophysics, 75( 1/2) :135-162.

WROK T L BT, B S, 2009, P4tk 48 X 4 )i Pb-Zn-
Ag Z R HITR e R R I A 22 (A st Bk 1k
Z[J] HEREL2#, 34(4) : 585-594.Chen Yongqing , Huang

Vol. 34 No.4 Aug., 2026

XN, E4%, 25427, 45,2010, FE

Jingning, Lu Yingxiang, et al, 2009. Geochemistry of ele-
ments, sulphur-lead isotopes and fluid inclusions from Jin-
la Pb-Zn-Ag poly-metallic ore field at the joint area across
China and Myanmar border [J]. Earth Science, 34 (4) :
585-594.

WRIR , THE4E, 2004, Bk fb2 [ M. b 5T B24 A . Chen

Jun, Wang Henian, 2004. Geochemistry [ M ].Beijing:: Sci-
ence Press.
R JEAETE 2015, MR LA KB Y
W 0 — TR R BT 6 8 P-Zn 7 1) 2R 3 % X i 4
FRESCLI] B gE 5T, 33 (1) : 41-50. Dong Lianhui, Xu
Xingwang, Fan Tingbin, et al, 2015. Discovery of the
Huoshaoyun super-large exhalative-sedimentary carbonate
Pb-Zn deposit in the western Kunlun area and its great sig-
nificance for regional metallogeny [ J]. Xinjiang Geology,
33(1):41-50.

TEAE, TR, NEH, 1996 R G LA Sk [ M]. b
B M 5T WAL . Ding Daogui, Wang Daoxuan, Liu Xin-
wei, 1996. The western Kunlun orogenic belt and basin
[M ].Beijing: Geological Publishing House.

BYSCME, 20k, oA L 45,2018, T I VETE T HL IX 22 43
FEERT R ILIR < SRS S N P [ R UEHE [T ). A A 441
34(5) :1285-1298.Jia Wenbin, Li Yongsheng, Yan Guang-
sheng, et al, 2018.Ore genesis of the Duocaima Pb-Zn de-
posit, Tuotuohe area, Qinghai Province, China: evidences
from in situ S and Pb isotopes [J].Acta Petrologica Sinica,
34(5):1285-1298.

Jets g A A B R
BT R B IR A 2B AR S AR B A SE [T ] a2k
26(10) :3095-3105.Liu Jianping , Wang He, Li Shehong,
et al, 2010. Geological and geochemical features and geo-
chronology of the Kayizi porphyry molybdenum deposit in
the northern belt of western Kunlun, NW China [J]. Acta
Petrologica Sinica,26(10) :3095-3105.

AR T A KRR, S, 2022, V4 B FE R AUV R
JRHE S5 07 RS AT [T ] 37 A (L4 )& L 45(2) : 66-
68.Liang Dong, Wan Shengnan, Zhang Zhixin, etal, 2022.
Geological characteristics and deposit genesis analysis of
the Kukaazi lead-zinc mine in West Kunlun [J]. Xinjiang
Youse Jinshu,45(2) : 66-68.

PN, ZRA0 A S0, 5, 2003 7 B 4 s L 4 A I8
[M]. 4t 5% . #h F M BR 41 . Sun Haitian, Li Chunjie, Wu
Hai, 2003. Introduction to metallogenic province of west
Kunlun[ M ].Beijing : Geological Publishing House.

Ve AL , Tk T, 228, 45, 2022. 78 B 7 1Ly e L P 142



FEIGTEAE T S £ 22 <5 A PR SCAT 00 S U B A PR AP = S—Pb [l 37 ZR ks

A B AT A T TR S e O e R R 200 .
fi2£4R ,38(11) : 3321-3340.Tao Zaili, Yin Jiyuan, Yuan
Chao, et al, 2022. Petrogenesis of Late Ordovician intru-
sive rocks in the West Kunlun orogenic belt: constraints on
the subduction process of the Proto-Tethys Ocean [J].Acta
Petrologica Sinica,38(11) :3321-3340.

T,z SRS, A, 2017, 8 BE A B (e Lok R AL
i B BN 22 4 R A DR Y e I B RS ST )L R A i
5 2% ,41(6) : 1053-1062. Wang He, Li Pei, Ma Hua-
dong, etal, 2017.Discovery of the Bailongshan superlarge
lithium-rubidium deposit in Karakorum, Hetian, Xinjiang,
and its prospecting implication [ J]. Geotectonica et Metal-
logenia,41(6):1053-1062.

STFRL G A Bk AR, 2002, 5 A1 H )8 2R R B L
PIFORIRERA [T ). e TR o7, 30(3) - 73-81. Wu Kai-
xing, Hu Ruizhong, Bi Xianwu, et al, 2002. Ore lead iso-
topes as a tracer for ore-forming material sources: a review
[T].Geology-geochemistry,30(3):73-81.

TEE 2y, U, TR 6 , 2013 5 55 il B J26 8 ] 4 4 —
—(fi—1) Z & JmH X h—IR R A A TCR MRl
FAEACERIAL T LT ] A R Al 2ad i, 32(6) «
736-745.Wang Yuhui, Leng Chengbiao, Zhang Xingchun,
2013. A preliminary study on elemental geochemistry and
geochronology of intermediate-acidic intrusive rocks from
the Kukaazi Pb-Zn- (Cu-W) polymetallic deposit, Yech-
eng County, Xinjiang [ J]. Bulletin of Mineralogy , Petrolo-

gy and Geochemistry, 32(6) : 736-745.

T Fi R, 2023, R %22 06 B B W R EYERD IR ST AL
[D]. bt v R T kK2 (4652 ). Wang Ruiliang, 2023.
Metallogenic mechanism of the Baiyinnuoer Pb-Zn deposit
in the Southern Great Xing’ an Range [ D ]. Beijing : China
University of Geosciences.

VERRSE, ZEE SR AT, 55, 2011, 38 LA HL 5 o /2R
TR T R R AR LT ] A A% R, 27 (1) 1-22.Xu
Zhiqin, Li Sitian, Zhang Jianxin, et al, 2011. Paleo-Asian
and Tethyan tectonic systems with docking the Tarim block
[J].ActaPetrologica Sinica,27(1):1-22.

K TR, AP, 2000. 57 W fe e R 07 3 LBk b 2= i
YL H2E %%, 7(2) :299-320. Zheng Yongfei, XuBaolong,
Zhou Gentao, 2000.Geochemical studies of stable isotopes
inminerals| J ].Earth Science Frontiers, 7(2) : 299-320.

AR R, BRI, 45, 1998. Hh Bk A2 rh Al i R K &
e 5 W H—— e b E R e i i e [M ] JE st B
2¢ Hi ittt . Zhu Bingquan, Li Xianhua, Dai Tongmo, et al,
1998.Theory and application of isotope system in earth sci-
ence: discussion on the evolution of the crust and mantle of
China [ M ] Beijing: Science Press.

TRz ZIC, SRR, 2000. H | B 4 B AT IR A AR IR
BT R 3R i e LD ). ek 4k~ , 29(3) : 231-238. Zhang
Qian, Pan Jiayong, Shao Shuxun, 2000. An interpretation
of ore lead sources from lead isotopic compositions of some
ore deposits in China[ J ].Geochimica,29(3) :231-238.

Source of Ore—forming Materials and Genesis of the Kukaazi Polymetallic

Deposit in Xinjiang : Evidence from S—Pb Isotopes

QI Hanji', ZHANG Xingchun®’, WANG Yuhui*®, LENG Chengbiao'

1.School of Earth and Planetary Sciences, East China University of Technology, Nanchang 330013, Jiangxi, China;
2.State Key Laboratory of Critical Mineral Research and Exploration, Institute of Geochemisiry, Chinese Academy of
Sciences, Guiyang 550081, Guizhou, China;

3.Guizhou Central Laboratory of Geology and Mineral Resources, Guiyang 550018, Guizhou, China

Abstract: The Western Kunlun Orogenic Belt, situated along the northern margin of the Tibetan Plateau,
represents one of China’s significant polymetallic metallogenic belts. The Kukaazi deposit, located in Yecheng
County, Xinjiang, is a newly identified Pb-Zn- (Cu-W) polymetallic deposit within this belt, exhibiting
considerable mineralization potential. However, due to its remote location and the paucity of fundamental
geological research, the sources of ore-forming materials and the genetic classification of this deposit remain
ambiguous, thereby limiting the comprehension of regional metallogenic patterns and hindering further

exploration efforts. The deposit comprises three ore blocks: K I , K1, and K 1II, with ore bodies manifesting as
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lenticular and stratoid forms within the marble, metasiliciclastic rocks, and contact zones of the
Mesoproterozoic Changcheng System. Based on mineral paragenetic associations and cross-cutting
relationships, the mineralization process is delineated into the dry skarn stage, the copper-iron sulfide stage, and
the lead-zinc sulfide stage. This study undertook a comprehensive sulfur isotope analysis of metal sulfides from
the KI and KII ore blocks, alongside a lead isotope analysis of metal sulfides, host rocks, and intrusive rocks,
based on an in-depth characterization of the deposit’ s geological features and mineralization stages. The
objective was to trace the sources of ore-forming materials and elucidate the genesis of the deposit. The sulfur
isotope analysis revealed that the S values of metal sulfides range from 2.0%0 to 12.1%o, with a mean of
7.8%o, displaying a multimodal distribution. Notably, pyrrhotite from the copper-iron sulfide stage exhibited
relatively low &S values(mean 3.5%o), akin to mantle-derived sulfur, whereas galena and sphalerite from the
lead-zinc sulfide stage showed higher 6*S values (mean 10.3%0). This suggests that the early ore-forming fluid
was predominantly magmatic hydrothermal in origin, with an increasing contribution from seawater over time.
The lead isotope analysis indicated that the lead isotope compositions of metal sulfides were relatively
homogeneous, with **Pb/***Pb, *Pb/**Pb, and **Pb/**Pb values ranging from 18.394 to 18.733, 15.591 to
15.782, and 38.125 to 38.743, respectively. The observed values exhibit similarity to those found in intrusive
rocks, yet they differ significantly from those of the host rocks. This suggests that the ore-forming materials
were derived from a combination of magmatic hydrothermal fluids associated with felsic intrusive magmas and
the deep metamorphic crystalline basement. The ¢ values of metal sulfides range from 9.44 to 9.80(mean 9.54),
o values from 34.54 to 38.13(mean 35.68), and Th/U ratios from 3.53 to 3.77(mean 3.62), indicating a crust-
mantle mixed origin with a predominance of crustal components. Through a comprehensive analysis of the
deposit’ s geological characteristics and sulfur-lead isotope data, this study concludes that the Kukaazi deposit
represents a distal skarn-type Cu-Pb-Zn polymetallic deposit associated with submarine volcanic activity. This
research contributes novel geochemical data pertinent to the genesis of polymetallic deposits in the Western
Kunlun Orogenic Belt and provides critical insights for regional mineral exploration efforts.

Key words: S-Pb isotopes; source of ore-forming material; ore genesis; Kukaazi polymetallic deposit; Western
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