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Abstract: The Arqiale Pb—Zn—Cu deposit is located in the southwestern margin of the Wusun Mountain in the
Western Tianshan, Xinjiang Province. The orebodies occur in the limestone of Lower Carboniferous Akeshake
Formation and are generally consistent with the strata in occurrence. Considering that the orebodies are
stratabound and no magmatic rocks are identified in the orefield, whether the deposit is related to magmatism re-
mains controversial. Ore—forming process can be divided into four stages, including garnet-pyroxene stage (1),
actinolite—ilvaite stage (II), quartz—calcite—polymetallic sulfide stage (III) and carbonate stage (IV). Two types of
inclusions have been identified in the actinolite from stage II and quartz, calcite and sphalerite from stage 1II,
including the two—phase aqueous inclusions (L—V type) and mono-phase liquid aqueous inclusions (L type). The
L-V type inclusions in actinolite have homogenization temperatures and salinities ranging from 278°C to 425 C
and 2.1 wt.% NaCl eqv to 13.0 wt.% NaCl eqv, respectively. By contrast, the L—V type inclusions in stage III
hydrothermal minerals have homogenization temperatures and salinities ranging from 162°C to 342 “C and 0.5
wt.% NaCl eqv to 9.0 wt.% NaCl eqv, respectively. Fluid inclusions and C—H—O isotopic compositions indicate
that the initial ore-forming fluids were mainly source from magmatic water, with increasing input of meteoric
water with time, leading to the decrease of temperatures and salinities, as well as the precipitation of ore-form-
ing materials. The 6°'S rations of sulfides in the ores have a wide range (—7.57%o~1.30%o), and the Pb isotopic
compositions have the characteristics of crust—mantle mixing. Combined evidence from geology, fluid inclu-
sions and S-Pb—C—H-O isotopes indicate that the Arqiale Pb—Zn—Cu deposit belongs to the distal skarn type de-
posit, with the ore—forming materials sourcing partially from the magmatic rocks at depth and partially from the
strata. The orebodies in the ore field gradually transit from Pb—Zn orebodies at shallow in the south to Cu + Zn
orebodies at depth in the north, implying that the concealed causative intrusions and skarn Cu orebodies in the
contact zone may occur in the deep part in the north of the mining area.

Keywords: fluid inclusions; S—Pb isotope; Distal skarn deposit; Argiale; Western Tianshan
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Fig. 1 (a) Structural sketch of central Asian orogenic belt, (b) tectonic sketch of West Tianshan,

(c) structural sketch of Ishkirik metallogenic belt.
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Tab. 1 Temperature measurement results of two—phase aqueous inclusions from the Arqiale Pb—Zn—Cu deposit
B B [T ] A 22 R 2 A Rl VKSR ECT Y — R ECT £ B (wt.% NaCl eqv) % (gm®)
BB T FH A2 A7 L-V(84) -9.1~-1.2 278~ 425 2.1~13.0 0.6~0.9
DNE=20n L-V(7 —5.4~-26 226~ 265 43~84 0.8~0.9
B B T T7 i A L-v(I11D —5.8~-0.3 162~311 0.5~9.0 0.7~1.0
P L-V(3) -54~18 230~ 342 3.1~8.1 0.7~0.9
50
(a) -%EL@E (5 10w BBt
OA%E 3 . -
0 O W LG IRE"
Jr A BB
g 30 7 7_
5. O
10} % Z / 7,

0
130 190 250 310 370 430
Hy—ELE (C)

0 2 4 6 8 10 12 14
1 (%NaCleqv)

7 FIRIGE Pb-Zn-Cu W KM E | R E I H—ERE(OMBEEEHTE (L)
Fig. 7 (a) Histogram of homogenization temperature and (b) salinity of stage I and
Il fluid inclusions in the Argiale Pb—Zn—Cu deposit

© S

Cmpma. | SRR
| © BrE 1 BT BER T~
O MBI IMET  fxgs ‘7(13 ohE
50 | O BB I A% i Rif T/ 488
o LOPTBL I INEED” (Ifthry €O,
0 2 4 6 8 10 12 14
EREE (wt.%, NaCl eqv)

8 MI/RIGE Pb-Zn-Cu W KiRFEREH—EE-H
& 815 B (#& Wilkinson, 2001)
Fig. 8 Scatter diagram of homogenization temperatures—salini-
ties of fluid inclusions in the Argiale Pb—Zn—Cu deposit

B B 1 BH AR A7 LV A 2 R B — R Rk
T AR AL 43 ) A 278.1~425.1 C F1-9.1~-1.2 °C,
Xof %7 6 BE K 2.1~13.0 wt.% NaCl eqv., %} 0.6~0.9
g/em’s MBI 5 i A0 . INEER B /7 e rp L—V AU 4y B2
TR 4 — 38 BE 5 FBI7E 161.5~310.6 'C, 225.6~265.5 C
F1230.4~342.1 °C, K il B 73 i —5.4~-2.6 C.
—5.8~-0.3 ‘C f1-5.4~1.8 'C, Xt Jii £k BE 53 5l A 0.5~
9.0 wt.% NaCl eqv.. 4.3~8.4 wt.% NaCl eqv.Hl 3.1~8.1

wt.% NaCl eqv., % J& 5+ 5l 7 0.7~1.0 g/em®, 0.8~0.9
g/em’ F10.7~0.9 g/lem’,
43 C-O BHIEHEMK

BT ZR 48 3 A R T AL 6 1 R 3 R
HUAEN C-O R E s Ryl T2, fan
6" Cyppns 6" Oy I 6Oy suiow TEL T FE 43 51 2.8 %0 ~
0.4%o0. —26.6%0~—16.8%0F1 3.5%0~13.6%0. K
6" Cuyposs 6" *Oypon FT 6" Oy smow TH 78 B 53 51 47 0.3 %0~
2.5%0. —23.5%0~—13.3%0 11 6.7%0~17.1%0. KILF Y
6"Cy.opp~ 0" "Oy.pon 1 6" Oysyow 11 FEl 53531 5 —0.3 %0~
2.0%0. —22.3%0~—20.8%0F1 7.9%0~9.5%o.

5.1 FBE REMERERIR

VAR AL AR ARAE S, AR R] B B Y B0 I 1A R A
BE & WA o AR 0 AT A A AR A . B B T A R A
— IR AR AR TG Rl A 278.1~425.1 °C, EhE R 2.1~13.0
wt.% NaCl eqv., 4 0.6~0.9 g/em’; By B 111 i{8 7%
TR 2 — T AR AL JE R 161.5~342.1 °C, RN
0.5~9.0 wt.% NaCl eqv., ¥ N 0.7~ 1.0 g/cm’; $§ 71 Bif
IR 8 Pb—Zn—Cu &7 R B I AR B0 A b i . A
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Tab.2 C-O isotopic compositions of hydrothermal calcite, limestone and marble from the Arqgiale Pb—Zn—Cu deposit

e PE i 44 B 6"Crpon( %0) 6" Ovpop( %0 6" Oy.sow( %o ) 7k R U
AE-46 I A 0.4 —20.6 9.6
AE-75-2 J5 i £ -0.6 -16.8 13.6
AE-95 I7 1 -2.8 -26.6 35
AE-107 FA IR A 2.1 -133 17.1
AE-108 AR 2.5 -19.8 10.5
AE-109 TR A 2.1 -14.6 15.9
AE-42 AN EA AR 0.5 -23.5 6.7 e
AE-50 NG K 0.6 -20.7 9.5
AE-54 A& AR 0.3 -143 16.2
AE-58 RHEE 0.8 -22.1 8.1
AE-61 KEE -0.3 -20.8 9.5
AE-63 KA 2.0 -223 7.9
A6 I A 0.4 -26.0 4.1
A10 Ji A 0.9 -18.3 12.0
Al9 I7 1 0.1 -25.8 43
A20 I A -0.2 —26.4 3.7
A22 o7 A 0.3 -223 7.9
A32 i 0.1 -25.4 47
A39 Ji A 0.2 —-24.8 5.4
Ad6 I7 0.6 -19.5 10.8
Daietal., 2019
A47 Ji A 0.5 -19.7 10.6
A48 J7 fi 11 0.8 -19.2 11.1
A49 I A 0.7 -18.6 11.7
A50 7 A 0.9 -19.0 113
A51 J7 il 0.6 -19.0 11.3
A55 Ji A 0.1 -25.5 4.6
A61 J7 i1 -0.9 -26.7 3.4
AT73 I A 1.1 -23.8 6.4
AE-75-1 J7 -0.9 -25.4 4.8
AE-84 i -1.9 -225 7.7
AE-112 Ji A 2.4 -26.1 4.0 Pengetal., 2022
AE-115 J7 -1.0 —-24.0 6.2
AE-120 J7 -2.6 -26.9 3.2

ER B RIS % B R AT, M 0o AR b L L KR B R
RRAECIE &) AR {0 2 (R SR AiE 15 L 7Y /) SEDEX AU A~
IR A B R 25 B (K — I8 B 4R ol 60~280 C Al
4~23 wt% NaCl 2 [f] ; Leach et al., 2004), {1 % /R 2%
Silvermines 7" J& ( Samson et al., 1987) . E[JJ&# Daira T JK
CAE A5, 201D M PE 4 Pb—Zn @ IR (K Vg 3 45
20200, i B AR YO F AR /DN, B 1A <300 C, FHILZ T,

BB T 21 B B T A 38 2 A8 Ak 55 8% R 4 B0 R B AH
L, 4NE PG 2 F-B Pb—Zn & BR CXS A [ %5, 2018) . 1)
B T Pb-Zn B PR (28 7K ik 45, 2021 11 74 6 552 311 W]
WIRCAE T, 2019), 1% R4 1R EE AL AE 300~700 C,
AR YIILE 100~500 C(Shu et al,., 2021)
HEE 5T 26 B, B B 1 BH R A o o A f B2 AR Y
6Dy A1 6" Opa0 18 1 il 23 51 4 —45.0 %0 ~—53.1 %o 1l
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0.5%0~9.3% (Z= R W, 2019), #& 1k 5 53¢ /K () H-O
7] 37 2% 40 ) A 3 (2242 1, 2019; Dai et al., 2019; Shep-
pard, 1986); B Bt 111 47 & 1 i 44 43 2 K 1) 6Dy HI
6" 00 1 15 [l 43 51 17 —98.7 %o ~80.7 %ol —6.0 %o ~
—0.6%0 (fRAR I, 2019), {IK T JF b7 5 HK K (1) H-O [F] {7
Al . 7E 6D—60 [l i (FE 9a), PHIE A1 BE 5 i 4 T
Ji A 2 RO DX S B ZE ), A SR TR T ROK S
RAREKLZ I o A SRR AR B0 A v $OR
fift 10 5" CyppalB JE Fl A 2.8 %o ~ 1.1 %0 (G- ¥ Ky

ot@) o
SMOW
—40 < . ;Eﬁﬁﬂ(
Vi
= X Aa
//’\)
g sl & 2 L
8 8 JFA A K
120}
ABIERA (2221, 2019)
AA{7HE (Dai et al., 2019)
-160 . . . .
20 -10 0 10 20 30

‘SMOI 120 (%0)

—0.2%0), 55 5 3K B i LA K I R B R 3 PRI AH 30 5
J5 it A1) 6" Oysmow TH 7 3.2 %0~13.6 %o (V- ¥ N
7.3%0) , 24K FEAH XA T8, BEARAT 6 2 H s b e ok
(JE9b) o L LI 6" Ov.smow A5 AL B AT RESE th TR
B TK BN, 33 6" Oysmow [FI 0 3 K A= 1] B2 o
MIEL 9b 7] LU Y, WA IR A i s 50 T 4K i< 55 A
AR T2 6 2 22 ], B i B R S 1 A8 1 2 X
AR AT FEJE T IRA A AR A 5 0 B & A 7K -
ER SRR A T 610 A R A A .

(b) B R
SE b AR

Qo0
a © AR

0f

=Sy IR A
o ﬁﬁm
E-0f TR (S
AL
£ B
> ol &m%%ﬂévmﬁw

A BRTTIRAT (30 ———

05 | A AWTTRRA

(fRAR1E, 2019; Peng et al., 2022)

=301 0 i (R0)

BRI (R0 ) ) i

0 5 10 15 20 25 30
61803.\40\&' (%0)

9 PI/RT5%) Pb-Zn—Cu & KB F if &k H-0 R ZE R (KE a 3E Taylor, 1970 MARA-RE-KESH
C-O E iz EE#E (KE b & Hedenquist et al., 1994)

Fig. 9 (a) 6Dy versus 6" Oy diagram of the ore-forming fluids and (b) 6"C versus 6'°0 isotopic diagram of

calicite, limestone and marble from the Argiale Pb—Zn—Cu deposit

TR B RN T i iR C-H-O [F R R L5 S
FE, BT JRAA# Pb—Zn—Cu B PR 500 4 BT 3 44 by T
I B PR A 43 A ) S IR R, BE B I VR TR 2R 1T
KAREKBERNA, B A 04 05 32 R0 ER BE 2 T R
TR £ B RN R I 8) i ml DA M, 3 R ol
RS TEAHSCOC R, RIVER B2 6 o L B 9 3 AP T AR, 3%
B VR R AR R R, IR R T A KR 5 KRR
R KR G AR A5
52 B YERRIE

HE AT HORT IR W58 & B, iU i S 32 %2
A 3 FPOATE A A TR DM BT B A 4B, 67S AR LT [l
BN, BAKTE 0£3%0( Chaussidon et al., 1990) ., @7¢ 7
B, 6'S AR AU BIAR K, 22 Vi AH B Rk 1 A 00 i IR 5% iy
GRAFF5, 2009, ORA L, ZZ/EIEZm, BA
1RE B4 AFE (Rollinson, 1993) . P /RI& B KB 4
& BBy EE BT AR N,
IR LS H I R RRER ), R W™ I ™ 2R
B AR R4, B RAL P i ™S (K B RE S 1R L
W HLAAR B B 6™*S { (Ohmoto, 1972; Ohmoto et al., 1979;

Hoefs, 1997), A, AT DMRHEIZ0 IR T 580 Fr B A~
AP BRI 6™'S B HEAT U™ L A4 rh B U 14 7 B
BT JR A6 ) Pb—Zn—Cu & RH 41 A9 AL 2 S5 S [l 47
F T R, 0 A PR AL P AR X B SRR AR (—7.57 %0~
—5.63%0) (% 3); A P ELAL Y B 1 (1 67*S {8 3
H=7.10%0~1.30%0 (*F- 3424 —1.56%0) (3% 3) (Dai et al.,
20190, A SC T SCHk FR % S Tal v ZARBCE - Bos
2 AN s —3%0~2%0 F1—4%0 ~—8%0 (& 10a) . 5 H &k
Strh— SO A B R S TRl S AR AT X L, A
#H S ECE SR oS LI, R S UTRELY
1 8>S {E 38 B AH AT (I 10b) (Meinert et al., 2005) . Bi]
IR # Pb—Zn—Cu BRIy 67'S (HEA “PiB” 14
fiE, WL AR P B B A 2R IR I REAE . For,
T BRI 67S (B S 0 A5 7 2 B o 2 A 14 T R
JE AT B 67'S (B W b 1K T B 78 55 SO L 1) Pb—Zn
PR, /N 242216 — B Fe—Zn B FK (2.4 %0~4.6 %0)
(Zhao et al., 2021), &K Z% 155 /K& Cu-Ag 7K
(4.6 %0~9.1 %0)(Massawe et al., 2022), VG ji& [ | $7
Pb —Zn " K (2.1 %0~3.9 %0)(Sun et al.,, 2020), 5
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K3 FREEPO-Zn-Cu W KT ADHENLY S AMAEHERK
Tab. 3 Sulfur isotopic compositions of sulfides in the ores from the Arqiale Pb—Zn—Cu deposit
ﬁé lﬁj % ﬁf % 634SV-CDT< %0 ) % ;H‘;K {Ei ﬁé IJEIIZI % EL % 634SV-CDT( %o ) y)% *Jr ;k /Ei
AECcp-1 B4 A -5.63 A31-2 N B 0.70
AECcp-2 A -5.81 A45 N ~7.00
AECcp-3 BB -5.56 A52 N B —4.10
AECcp-4 A -6.18 A53 N —6.80
AESpy-1 N 208 -6.43 A54 NE=2n 0.70 Daietal., 2019
AESpy-2 NE= 208 -6.03 A60-2 N B —6.70
N Pengetal., 2022 o
AESpy-3 [NE=27N -5.92 A63 N B 0.70
AESpy-4 S 208 -7.12 A82 N B 1.10
AEPy-1 W -7.13 A56 B -0.10
AEPy-2 R -7.57 A69 A 1.20
AEPy-3 B -7.47 A105 W 0.90
AEPy-4 WA —6.66 A91 Y -2.60
Al-1 T By e -0.50 All13 WY —0.40
A2 VAL -1.10 All12 W 0.60
A7-1 I -1.10 All5 Y 0.20
A9-1 T -0.90 AQLO1 VR 1.30
ZE A, 2013
A23 kAL -0.80 AQLO2 KA -4.70
A31-1 VAL -1.50 Daietal., 2019 AQLO7 UEATE -3.70
A60-1 VL -7.10 AQL16 kAR -2.60
Al-2 IR BB 0.90 AQLO1 DSE=20n -4.20
A4 [N B 0.80 AQLO2 N B -0.10
A7-2 IR B 4 0.50 AQLO7 DSE=20n -2.50
A9-2 AR08 0.80 AQL16 AE=20n -2.20
12
@) mRim R AR S Rk (b) K
ol (% A%, 2013; Dai et al., 2019) BRI BBACIAG S % O
B[R R AL A S TRl 2R (Peng et al., 2022) e PRSI e S TR
- (Peng et al., 202) (‘% FAE%, 2013; Dai et al., 2019)
8+ ST IR 1
= N 7 N e—
% 6 — AP R 2y
= E—] &%Ew‘ K
= — Ko
4l s &3
Pk = —
2| [ ] URA
A T ]
O K=K
0 1 1 1 1 1 1 1 1 1
-8 -6 —4 -2 0 2 =50 —-40 -30 -20 -10 0 10 20 30 40 50
58 (%) 543 (%o)

B 10 FI/RIEE Pb-Zn-Cu & SEMNEREFE () FHEAM S AR EESTLE (b) (E B & EHE Hoefs, 2009)
Fig. 10 (a) Histogram of the sulfur isotopic compositions of sulfides from the Argiale Pb—Zn—Cu deposit and

SEDEX R §" K 6™S {8 43 11 5 5% 14 4
(—8%0~30%o0) (Leach et al., 2010),
B IR T AR Hh B
i 19 A (Claypool et al., 1980) .

I SRS, AR A R

(b) compare with other sulfur isotope reservoirs

AR AT B 2E Pb [A] 7 R AE18 # FTLIE
HBEAEN, BT /RYs BRI &5

1981),

ok URE7/BiiE oo L]

LA Ak, Rl P [l 25 B EE -
PR A 43 S B R B ) 5 R R KA 1 3EHiE ( Zartman et al.,
BT /R 44 8 Pb—Zn—Cu & IR 5 H50 #Y A Pb [H]
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A7 2 7l RS /INCER 4D, 0 DR A AR, 1
(9.40~9.41) e T Hlu 18 i 1 o {FL 15 L, L] 840 T b 52
#(u= 9.58)(Zartman et al., 1981); wf{H (3536~
35.46) Ik T 172 ¥ 241 (36.84) (Doe et al., 1979), Th/U
{H(3.64~3.65) 5 Hb 12 {E (3.45)%% Jy $% T (Zartman et
al., 1981), 7£ Pb 4 & i 1k ¥ g b (&L 1D, BT R 45 )
Pb—Zn—Cu " KA 1 B AL ) AE i (45 5 T b7 5
e v A h £k 22 8], WG R 0 A B B A e IR G R IE . 5
A, TE Pb A4 8 Ak B v, BRI RZRMEE R,
It B AR A 8 E AR B RRAE, G B R [F] 355 759 Pb i
IR A &5 Pb [A] 37 5 4 k40 A 09 8 2R N 2 —
(Andrew et al., 1984), ¥E— R T 5w ¥ 51 1) Sk 7

HAZREME

LEA AR AL ZE KRR C—H-O-S—Pb [A] 7 K 41 i 4
T, 5535 HE00 B SR A5 ) Pb—Zn—Cu 87 FR F 540 49 I &6
I3 RVR T DR B AR B AR A G AR, &840 Sk U5 F R AR K
G L 1o i A A b 2 P B T e R
53 WHERKBERKT BR

T PR 6 2 T 19 T 4 R ™ R B IR A 2, L2
EPHERSSRAERA L, Wi — Ly T
fEEAEZEAWE 2 E Lo /K BT /R 15 #) Pb—
Zn—Cu " JK 44 SEDEX I IK (‘¢ £ A 4%, 2012; %
KB AR, 2012; A4, 2018), Hdw 32 B A4 b T IE 45 2
T2 B e v SO 2 A R, SRR, B

&4 F/RIGE) Po-Zn—Cu H KT A PEAAY Pb B KA
Tab. 4 Pb isotope compositions of sulfides of ores from the Argiale Pb—Zn—Cu deposit

K5 7] *Pb/Pb *"Pb/"'Pb *“Pb/*"'Pb u w Th/U B
AE-81-13 kL 18.267 15.567 38.065 9.41 35.46 3.65
AE-81-14 VAL 18.266 15.566 38.059 9.41 35.42 3.64
AE-81-15 i #a 18.262 15.561 38.049 9.40 35.36 3.64 Pengetal., 2022
AE-81-16 AT 18.269 15.567 38.062 9.41 35.43 3.64
AE-81-17 ki 18.266 15.565 38.058 9.41 35.41 3.64

A2 kAL 18.290 15.643 38.294 9.56 36.98 3.74

A7-1 R X 18.277 15.628 38.242 9.53 36.70 3.73

A9-1 VAL 18.298 15.650 38.314 9.57 37.09 3.75

A23 Yk 2 18.305 15.656 38.338 9.59 37.21 3.76

A31-1 AT 18.227 15.552 37.996 9.39 35.25 3.63

A60-1 ki 18.318 15.659 38.348 9.59 37.21 3.76

Al-1 N B 18.286 15.635 38.282 9.55 36.88 3.74

Al-2 IN B 18.272 15.614 38.201 9.51 36.43 3.71

A4 INEED 18.282 15.633 38.262 9.54 36.80 3.73

A7-2 NE= 208 18.300 15.651 38319 9.58 37.11 3.75

A31-2 SE=20n 18.273 15.610 38.190 9.50 36.34 3.70

A45 N B 18.295 15.615 38.204 9.51 36.32 3.70

A52 N BT 18.270 15.592 38.134 9.46 35.96 3.68 Daietal., 2019

A53 IN B 18.285 15.613 38.204 9.50 36.36 3.70

A54 N 18.266 15.599 38.159 9.48 36.14 3.69

A60-2 NE= 20N 18.324 15.667 38.365 9.61 37.32 3.76

A63 SE= 20N 18.990 15.600 38.491 9.41 33.79 3.48

A82 N B 18.473 15.723 38.720 9.70 38.49 3.84

AS6 B 18.314 15.670 38.381 9.61 37.47 3.77

A69 gk 18.287 15.577 38.068 9.43 35.45 3.64

A105 A 18.308 15.668 38.372 9.61 37.45 3.77

A91 A 18.300 15.651 38.317 9.58 37.10 3.75

All3 Cig730 21518 15.946 38.182 10.79 28.83 2.59

Al12 BB 18.319 15.647 38.331 9.57 37.02 3.74

All5 RN 18310 15.579 38.070 9.43 35.36 3.63
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15.9

7Pb/?%Pb
7
2\
\C:f— g
=
NED

ALY 5 ) Pb [RIAL R
(Dai et al., 2019)

o JrEWIIEUL Pb [l

/ Peng et al., 2022
151 ) . (Penge )
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206Pb/204Pb

(®)

385+

208Pb/204Pb
w
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wn
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B 11 FI/RIEE Pb-Zn—Cu H K A HFFMLY Pb B REKX E (KEHE Zartman et al., 1981 &%)
Fig. 11 Tectonic model map of Pb isotope of sulfides of ores from the Arqiale Pb—Zn—Cu deposit

A AN R0 32, RN, 28 38 i 7 A b
A S B, Bl R A5 8 Po—Zn—Cu ™ PR A 1A 3 SR B4 44
JIJZ 7= L 4a), AR SR Kk B/ e i IR 12 B B4
(FE 4b) o Fioh, TEREEMIRE S B A0 WIBR N R F1
JrET, R R R R, Bka TR E
—EMAI Y RAT WA A, BlARE T 6. B,
PHAS A R A 55 N A ME L E, 0 A R
YOR M3 | A BRI E g e o £, IR A B
SEDEX I IR v $ U f1 £5 45 R A1 82 R A (Xu et
al., 2019)

TR AL B AR H-O [A) 4 R AFAF R B, o it 1k
PE A 7] T 8 8 SEDEX 7 K, B i i #2 & 2E T
KRR, HRBILUA K AR, 5 KA
KK T TZ IR A VE (K 8) . TR & ] fE
JE BT SRR Pb—Zn—Cu &7 PR 3 2 (W 8 5L IE AL
Bl SR A4 Bh B R B AL B 67S A8 Th 9 B K (=757 %0 ~
1.30%0), o H A Ak 49 Ji A5 AT ) 14 67°S AL 43 A
=7.57 %0~—5.63 %0 (V- 15 2y —6.49 %) F1 —7.10 %o~
1.30%0 -3 2 —1.56%0), 5 UL AR WS i 7 Pb—Zn #7 IR
BAL DI 67S {H 3 A 22 0 K (L Bk 3, 2R
—5%0~+15%0) ( Leach et al., 2005) ,

IR I, 2556 Bl JR 45 8 Pb—Zn—Cu ™ FR (9 1k L J5
FRAE . AR AL LA RN S—Pb—H-O [F]fii K24 i, 4 1
WHiZ W™ R A5 G KPR IR I REAE . 7 X R
KI5 B A 5 B9 A 3K A (Serguei et al., 2019), 7] 8
2 H R BT AR A B B0 A o R B A PG .
VSV A= NOR G AR PN BV EY S a1 b ¥ s e
KMk H O B A FURAE AT, BER BT /R ) Pb—Zn—

Cu " IR 1 BB A 28 55 A ot AR fish oy 1) 32 i T 1% =
B R (Chen et al., 2017) .

A R A KA A B b, S0 IR TE A K by
TR AN B SR 4, R 1 N R, f Ja R 0 Rt 2
TR U A T A e SR B B 23 (R B R B B 22 T A I G
B o Vb s 2 KA R, 5 A AR R S ARE T, T
A E R TR R AT, a0 A%, b
IR R B BEAR, e R B Y e
i A i — 20 55 B0 5E Vb 5w 4 B AR W R e AR K A RO,
K R AR A B A S S KW RAT Y, IRt
YL 4 £ 1 T A1 %55 (Deer et al., 2013) ., Bl K-71
SN B FRREEHEAT, AP PR AR CRABEAO W AT
B A I IBE SR BT, 2 b 2 T i i e R,
IFHE AW E ARG, T B T A B I R R
G RN D7 B F B A R DIE &
LR, FEAE S A AR O P TR BB B CutZn 77
A, TEH O BB W ) Pb—Zn B 1A

TE 58 B 1 3T i — I Y B R S U™ R ge b, 8 ik
T Fh TR 2 e 2 TR A ) B 2 SR AR R A3 1 R A
PEAS AL, PRI H 2 S BRI T A8 AT A O R 1Y A3 [
Sy B4 (Meinert et al., 2005) . IT4ESR K $R 4™ 2 T
YRR, BT R G ¥ 8 R i B X g #E R 1 Pb—Zn -
A% i) AU T TR R R T U O 3 S L TR A R
(YRR CutZn 1K, [6] B 1A oA 4 = B 4
Z | Zn+Pb B WA /N, B R X AL BRI AR
HONRE T AR B AR . Rk, 7 X b 3B A R 2
Hu#h A A A B, 2 A R AR S )2 2 )
(4% filii iy R A
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COBZRAG 8 Pb—Zn—Cu B PR W) 1A LA™ it 1R A I
BB B AR R A3 Wb 1Y) 5 IR AR, BB LT AR B T
PE IR AR B W, A5 B4 I8 A Ak L AR A T
SECNERT T BT R BT A DOTE B R

OB R A T R A R ALY Y 6™'S (E AR 1k
Rl R (=7.57%0~1.30%0), S/ M 2 3 B L2 B A
TRAFEAE; 874 Pb [R5 28 7R e 8 TR R 19 8 55 B
YT B RUR T B AR 10 5 2, TRl b J2 R4 AL 13
53 B )

(BT JR5 ) Po—Zn—Cu B R & T 5 A5 K EH A
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