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Ore genesis of the Tulasu Pb-Zn deposit in the Western Tianshan, Xinjiang:
Constraints from the geochronology, fluid inclusions and S-Pb isotopes
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Abstract: The Tulasu Pb-Zn deposit is one of the typical base metal deposits in the Tulasu basin, Western Tian-
shan, Xinjiang. The outcropped orebody is hosted in the Late Paleozoic Dahalajunshan Formation tuff and con-
trolled by the N-S trending tensional fault. The minerals in the ores mainly consist of galena, sphalerite,
chalcopyrite, pyrite, quartz and calcite. The ores are characterized by the occurrence of filling textures in open

space, including cave, drusy, comb and breccia textures. LA-ICP-MS U-Pb dating on zircons in ore-hosting tuff gave
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weighted average age of 372. 5+4.3 Ma, indicating that the tuff resulted from the subduction of North Tianshan
Ocean beneath the Yili-Central Tianshan Plate. A large amount of liquid-rich two-phase aqueous inclusions are
developed in the ore-bearing quartz, with homogenization temperatures and salinities in the ranges of 130 ~210°C
and 8. 1% ~16.9% NaCl,, respectively. In addition, vapor-rich two-phase aqueous inclusions, vapor mono-phase
inclusions and daughter mineral-bearing three-phase inclusions are locally observed. Both the fluid inclusions and
ore textures show that fluid boiling and subsequent temperature decrease could be the important mechanism for the
Pb-Zn precipitation. Galena has narrow 8*S range of —2. 2%0 ~ 0. 5%o, indicating a contribution of magmatic-
sourced sulfur. The **Pb/**Pb, *"Pb/**Pb and **Ph/**Pb ratios of galena range from 18.208 to 18.264, 15.588
to 15.617 and 37.954 to 38. 088, respectively, similar to those of gold deposits and ore-hosting volcanic rocks in
the region, indicating that the ore-forming metals were sourced from the Dahalajunshan Formation volcanic rocks.
Based on the information from geology, fluid inclusions and isotopes, the Tulasu Pb-Zn deposit is considered to be
an intermediate-sulfidation epithermal deposit. For the further prospecting in the Tulasu basin, in addition to the
low-sulfidation Au deposits that may occur near the identified Pb-Zn deposits, intermediate-sulfidation base metal
mineralization should also be paid attention underneath the discovered low-sulfidation Au deposit and its vicinity.

Key words: mineralization age; fluid inclusions; isotope; intermediate-sulfidation epithermal deposits; Tulasu

Pb-Zn deposit; Western Tianshan
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Fig. 1 Tectonic map of the Central Asian Orogenic Belt (a, modified after Long et al. , 2011) , regional geological map of the Chi-
nese Western Tianshan (b, modified after Tang et al. , 2010) and geological map of the Boluokenu Polymetallic Metallogenic Belt
showing the locations of the main deposits (¢, modified after Tang et al. , 2010)
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NS—Nalati Suture; NTS—North Tianshan Suture; YCTP—Yili-Central Tianshan plate; NYPF—North Yili Plate Fault; 1—Axi Au deposit; 2—Tabei
Pb-Zn deposit; 3—Tawuerbike Au deposit; 4—Jingxi-Yelmand Au deposit; 5—Kexiaxi Cu deposit; 6—Tulasu Pb-Zn deposit; 7—Kuokuqueke
Fe-Cu deposit; 8—Jiamante Au deposit; 9—Kekesala Fe-Cu deposit; 10—Lailisigao’er-3571 Mo-Cu deposit; 11—Qixing Pb-Zn deposit; 12—Hale-
gati Fe-Cu deposit; 13—Dongtujin Cu-Mo deposit; 14—Kendenggao’er-Seleteguole Cu-Mo deposit; 15—Saibo-Lamasu Cu deposit; 16—Dabate
Cu-Mo deposit; 17—Kekesai Cu-Mo deposit
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Fig. 2 Geologic map of the Tulasu Basin ( modified after Zhai Wei e al. , 2010)
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Fig. 3 The geological sketch map of the Tulasu Ph-Zn deposit ( modified after Liu Xixi, 2014)
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Fig. 4 Characteristics of typical ores in the Tulasu Pb-Zn deposit
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a—quartz-sulfide orebody with steep angle; b—galena is disseminated and agglomerated in quartz vein; c—fragments of altered rocks and early-stage
quartz breccia are cemented by later quartz and galena; d—chalcopyrite in quartz vein is oxidized to form malachite during supergene ; e—quartz-gale-
na-chalcopyrite vein, with chalcopyrite partially oxidized into malachite and azurite; f—altered tuff is broken into breccia and cemented by quartz and
sulfides, forming breccia structure; g—the late-stage quartz grows around the early-stage quartz breccia, with galena filling in the residual space; h—
smoky-gray quartz containing sulfides cemented by milky-white quartz; i—euhedral coarse-grained quartz grows undirectionally to form cluter structure ;
Jj—quartz-calcite vein, with calcite filling in quartz crystal cavity; k—galena filling in the quartz crystal cavity (reflected light) ; 1—tuff and quartz
breccia are cemented and crosscut by calcite vein ( cross-polarized light) ; Qz—quartz; Cal—calcite; Gn—galena; Ccp—chalcopyrite; Mlc—mala-
chite; Azu—azurite
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(363~385 Ma) , IEFIRER T 90% 1Y 13 M s 7% 1L
L T R HB T ([ 6d) , H 32 S AR I Fr° Ph/ > * U
HIACF- Y484 43591 2 371. 4+3. 8 Ma(MSWD=1.3)
F1372.5+4.3 Ma(MSWD=1.4)
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&1 MREBEEYRRY EKREDHEA LA-ICP-MS U-Pb EF R
Table 1 LA-ICP-MS zircon U-Pb dating of the host tuff from the Tulasu Pb-Zn deposit
w,/107° [l 2 L AE 1%/ Ma
HT Th/U WAL %
Th U 207Pb/206Pb 1o 207 Pb/235U 1o 206 Pb/238U 1o 206Pb/238U 1o
13TLS-1-1 151 168 0.90 0.053 5 0.002 9 0.444 2 0.0259 0.059 7 0.001 2 374 7.5 99
13TLS-1-6 452 605 0.75 0.055 8 0.002 1 0.473 7 0.018 2 0.061 1 0.001 3 382 7.6 97
13TLS-1-7 374 636 0.59 0.056 7 0.002 0 0.481 7 0.017 6 0.060 8 0.001 0 381 5.8 95
13TLS-1-10 257 462 0.56 0.056 1 0.002 2 0.482 7 0.020 4 0.061 5 0.001 2 385 7.0 96
13TLS-1-12 397 610 0.65 0.057 7 0.002 6 0.468 5 0.018 4 0.059 3 0.001 3 371 7.7 95
13TLS-1-13 282 352 0. 80 0.059 0 0.003 5 0.503 2 0.029 1 0.061 2 0.000 9 383 5.6 92
13TLS-1-14 357 623 0.57 0.052 8 0.002 2 0.4317 0.016 6 0.058 8 0.000 9 368 5.2 99
13TLS-1-15 411 688 0. 60 0.064 7 0.002 7 0.537 4 0.023 2 0.059 0 0.001 1 370 6.5 83
13TLS-1-16 198 416 0.48 0.0599 0.003 0 0.497 3 0.024 3 0.059 8 0.001 0 375 6.2 90
13TLS-1-18 314 495 0.63 0.053 7 0.002 2 0.436 6 0.016 6 0.058 3 0.000 8 365 4.7 99
13TLS-1-19 402 628 0.64 0.052 7 0.002 1 0.4352 0.016 4 0.058 8 0.000 8 368 4.8 99
13TLS-1-20 113 142 0.80 0.057 4 0.004 5 0.454 6 0.033 5 0.057 9 0.001 4 363 8.3 95
13TLS-1-24 104 241 0.43 0.065 1 0.004 0 0.5417 0.033 1 0.060 4 0.001 3 378 7.7 84
13TLS-1-25 204 377 0.54 0.054 2 0.002 8 0.4384  0.0218 0.058 7 0.000 9 368 5.8 99
13TLS-1-28 288 542 0.53 0.054 9 0.002 1 0.4504 0.0182 0.059 0 0.001 0 370 5.8 97

6
Fig. 6 Hand sample(a), microscopic photo(b), Cathodoluminescence ( CL) image (c¢) and U-Pb concordia
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diagram(d) of zircons from ore-hosting crystal tuff in the Tulasu Pb-Zn deposit
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TR B A A BRI R E M HES R &, ke
B IR IR B A AR A A IS S AL e AT IR B
JRURE G341 1 J5 A A AT Jee S B UL T A

BB 1A 85 22 g A0RL B 5E 5 BT, AR & b
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Fig. 7 Typical fluid inclusions types in the hydrothermal minerals in the Tulasu Pb-Zn deposit
a— W A (D) A R VORI K AR A b— A e (1) = ARG IR 55 WO K PRI 2R o d—& 0 e (1) s WORE R
B SORK AR A AR AR T [/l — s e— & A 08 (D) i A dh 7 i AR =30 A (1) o Hidh 7 i =AM A g h—
AT ) PR o3 A 1 R ORI K IR A B A s i— A DE—BRERER B B ( 1 ) T ik v v 14 e RORH P A 2K A0 24 LHzo—ﬁ*ﬁ7K, Vio— —<

AR S—Adh; K—#Eh
a—liquid-rich two-phase aqueous inclusions in the ore-bearing quartz ( Il ) ; b—triangular and oval liquid-rich two-phase aqueous inclusions in the
ore-bearing quartz ( Il ) ; ¢, d—liquid-rich and vapor-rich two-phase aqueous inclusions within the same limited area in the ore-bearing quartz ( I ) ;
e—halite-bearing three phase fluid inclusions in the ore-bearing quartz ( Il ) ; f—sylvine-bearing three phase inclusions in the ore-bearing quartz
(II'); g, h—liquid-rich two-phase aqueous inclusions with group distribution in the ore-bearing quartz ( Il ) ; i—liquid-rich two-phase aqueous

inclusions in the stage Il calcite; LHzo—liquid water; VHZO—vapor water; S—halite; K—sylvine
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Fig. 8 Fluid inclusion assemblage in the ore-bearing quartz in the Tulasu Pb-Zn deposit
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R BRGSO B W g NIRRT R, ) —
BWAR, Aded V-L AR IR LV Bl
FARILAE T [F] — s, AR L 80% ~ 90% , T #4
JE AR GRS e — T R AR, s T

PR T IEARATA RO R s . 53 Ahad ] bl
V B FERF -V B A AL A T[] — i (18]
7d) o S-L-V BRI f — 4S50 1 RO AR
KL, e i W B 2 D7 R B A 2R T
At (18] 7e) BB ROBR R 78 (181 76) o THE R,
S-L-V BRI SR H AE 1 — R A B AR A — 1
AR T RSB R ORI R R,
TP U E LV AR (B 71, KZEBUAH
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IR R T A 2 A ) S B e 5 SR AL

F2ME 9, L-V B BRI S-L-V B B R 1 £

JEE 53 AR 4 vk ST B - R S 32X (Potter et al.

1978) F1ER £k fil Ak 7 B - 5 B A =0 (Hall e al.

1988) TR, S0 Ao L-v B4 AR —

T T DK S e BE Y R 53 30l ol 127 ~247°C (E 8N T
130~210°C Z [1] ; SF-44 174°C ) Fi1-13. 0~ =5.2°C (°F
$9-9.2°C) , AR A ERFE w (NaCl,, ) R 8. 1% ~
16.9% (P34 13.0%) . WA &S0 A derh—A> 5 ik
AL ZE R BB ER 7 i TH IR Ry 216°C I K R B
4 280°C IR ARIGEREE N 46. 8%, FiffAHh L-V 1
FEURI LB FPK R BE 43 51 123 ~219°C (7
155°C ) , W Eh BETE L K 0. 4% ~3. 1% (3 1.6%) .

x2 MEBHEETASREKAESEE(L-VE)Y—EERLE

Table 2 Homogenization temperature and salinity of two-phase aqueous inclusions in the Tulasu Pb-Zn deposit

X g/ C KRR/ C R w(NaCl,,) /%
FES AR R B — . — . — .
ARSI E R P AR R (IR B ARk FE O K Pifl
TLS-3 127~217(28) 161 -10.4~-7.2(28) -8.6 10.7~14.4(33) 12.4
TLS-8 e e 156~194(35 175 -13.0~-7.5(35 -10.5 11.1~16.9(35 14.5
T T - (35) (35) )
TLS-6 BB I 130~247(46) 181 -12.5~-6.5(46) -9.5 9.9~16.4(46) 13.3
TLS-1 U 131~195(16) 173 -8.8~-6.5(16) =7.5 9.9~12.6(16) 11.1
TLS-37 156~224(5) 178 -11.1~-5.2(5) =7.0 8.1~15.1(5) 10.3
DA - R R
TLS-36 . 123~219(20) 155 -1.8~-0.2 -0.9 0.4~3.1(20) 1.6
BB (1)
50 _ 15
a N b
30 F ]
40 o i W i
Crwes 51 [ [
\
= e \ = 20 f
h 20 I 151
10 |
10
] 5 llig
60 100 140 180 220 260 300 340 0 2 4 6 8 10 12 14 16 18
iR/ C #hMEw(NaCly)/ %
B9 kIR R AR IR — IR (a) FIEREE (b) BT R

Fig. 9 Histograms showing homogenization temperatures (a) and salinities (b) of fluid inclusions in the Tulasu Pb-Zn deposit

4.4 S-Pb EAIEAERK

WA (1) S-Ph [R) AL RSRIRAAE UL 3 &
10 FIE 11, 6 5785010 6*S JEFER-2. 2%0~—0. 5%0, F-
YHE 1. 3%0, 6 FIFESH (7 Ph/™Ph *"Ph/ ™ Pb Al
5P/ 2 Ph 439K 18. 208 ~ 18. 264 15. 588 ~ 15. 617
137.954 ~38. 088, H-H H.E B CAF e 42 b T
280~315 Ma, F-34 294 Ma; u fHIIAEILIE RN 9. 46
~9.51 (F379.49); 0w {HAF 35. 50 ~36. 02 (°F
¥135.77); Th/U A+ F 3. 63 ~ 3.67 Z [a] (F
#13.65) .

e

5.1 BERT B

T ARGERGRIE I KA (C d) FEFERPY
KNG BRRIR 2 5340 L A 7 X 38 )5
A Z WA R E T A RS O B /8 AR
XHBJTT A 77 JRy, 1993) o KRESHLAL LA Ll A /2 v
Kl 4y B IRE 207, A5 F7 75—t HL 5 i b
X A7 AR IR PR 427 PR ( Zhao et al. , 2014a, 2014b,
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x 3 MIHEEFYRFHRYT B S-Pb BEARERREHEXSH
Table 3 S-Pb isotopic compositions and characteristics parameters of galena from the Tulasu Pb-Zn deposit
B 6%Sy/%e  °Ph/2pPL 27ph/2MPL 28ph/ 2P 1/Ma m w Th/U AB Ay
TLS-4 -1.1 18.264 15.617 38.088 294 9.51 36.02 3.67 18.72 16.49
TLS-5-1 -1.0 18.246 15.599 38.014 285 9.48 35.65 3.64 17.55 14.52
TLS-5-4 -0.5 18.264 15.613 38.076 289 9.51 35.94 3.66 18. 46 16.17
TLS-7 -1.6 18.254 15. 600 38.038 280 9.48 35.71 3.65 17.61 15.16
TLS-9 -2.2 18.208 15.588 37.954 299 9.46 35.50 3.63 16. 83 12.92
TLS-27 -1.2 18.211 15. 603 37.992 315 9.49 35.78 3.65 17. 81 13.93
506 A HmE R IR (372, 524, 3 Ma) IEEA T%4H K1l
LR . HCd’ M C d” HTEBRIE AR Z 0], 25 BRTIA,
un gl R A IRV L e LA
S— | = S0 PRSP I g PRI S T VR 4t - L
L UUB e B BT AR LV [ R AR o O AL - rh R LAk
- ‘i Z R4 AF 5 (An et al., 2013; Tang et al. ,
L ] 2013) .
I EEEY w0 5 Culi™ B N B . L) e Vv T e s
B R Al /ﬁbkﬁ&‘/lﬂlmﬁﬁz I‘T J*—L‘J J( u—l N {J\J( ”—l ﬂ?& {ﬁ ij ﬁx‘
R = S BIARE, F= AT AL 3 A <000, 3
HAHPO-Z00 R D R AR I B AR I (— B 0. 5 ~
A L Pb-Znf) K o .
o, e ERRAEE 10 Ma, BRI 10 ~ 15 Ma; John et al.
50 -40 30 -20 10 0 10 20 30 0 )
58/ %0 2003; Kesler et al., 2004; Hennig et al., 2008;
B10 BERRA A AR BB A 5 I b e Zhang et al. , 2010; Kirk et al. , 2014) , BT AL

UACEA SN AR SR ol TR AL A B TS €T N |
Hoefs (2009)

Fig. 10 Sulfur isotope compositions of sulfides from various

types of hydrothermal deposits in the Tulasu Basin compared

with natural geological settings (the ranges for natural geolog-

ical settings are taken from Hoefs, 2009)

2014c; Peng et al. , 2017, 2021a, 2021b, 2021c; ¥
SCHEE, 2020) | BT E 7 8 b DX AR £ R TR
(Zhang et al. , 2014) DL S S5p 111 1 DX A 7 8 A1 7 A
W 40 IR (PNTHTF4E, 20165 Yu et al., 2018a,
2018b, 2022; Peng et al. , 2021b) . I, iZ4H k1l
FE| T REAAFRIEIRFERN DL, Ik
K2 B X IR A iz 4 K A IR T R
A1 U-Pb [ 2 4R, 345 —HERH QRS BEAR K 47 i
I (386 ~346 Maj; £ 4), Horpr nkhign & bk
PR A 2 PR B IR B R R i 42 Ll 2 2k L
FH ETIAEB(C ) MBRTERE K A B (¢, d7) 1
B U-Pb A5 539128 367 ~347 Ma F1417~371
Ma,, A% 3CHE YO F7 55 A KRG Fr 11 4 kil A
FRPEBE KA B (C dY) BIBEIKCETT R T 454 U-Pb

i b 8 TR PRI A B PR R/ BB A 1 HE R i o AF
) T8 vk A7), S B S b X a5 (R
R ICE, HETHEER Gy 3 T B84
A Re-Os JARALZAR Rb-Sr 5%, Ar-Ar ZH5E 51k
G A K-Ar 54 42040 SIMS U-Pb 250786, 3k 15
AR IR IO P RS, R AR 1% (3R 55 353 ~286
Ma) , TEBTA &0 X, &0 7R S KRG K H1 2210
KA (363 ~356 Ma; A%, 2006; An et al.
2013) W& A 4R T A A= M1k A1 (347 ~ 331 Ma;
Cohen et al. , 2013 ) (BTG ¥ 20 FA BE RN & 7 5,
[Fi] s 2 BT AT 2E G ™ AT 5 4 S KR A 1) IS R
FRIE A Bk B S R AR R B 7E 356 Ma 47
LS (R ARAE, 2006) . VAZNESE, it Hi
AR FE B AR AT et R R s
SR, 3 06 I b IR L AR o 3 ki AR (Liu e
al. , 2020) Fl5 if 75 1) R FR5E (An and Zhu, 2018;
Zheng et al. , 2020) . A1t AR AR 22 a5t
$i7 I 5 b S 30 0 B S B R AR (SR A 357 ~ 341
Ma) FIHY 5 BBk £ 4 @ 7 IR (8 & R 363 ~
362 Ma) WUBL# B — (£ 4) . KEWA
FERYAFEIY (312~286 Ma) ] REAER 1 flf4i J5 A R [ Be
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& D SELPOZ0 KR (35159, 2019) |
i b R R AT A ki
, 2005; /hm :.r .r.f (JI-Ih Peng eral., 2017)
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/ 370}
365 F
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JFHLBCOKIR R ALK (P EE447, 2005 200
X » 2005; l.mL Iﬂf 2013)
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Fig. 11  Plumbotectonic model for sulfides and ore-hosting magmatic rocks from the Au and Pb-Zn deposits in the Tulasu Basin

(base map after Zartman and Doe, 1981)

P FAF B M E B N (Chen et al. , 2012)

AN T4 IR, B mr 57 75 2 b Hp A v Al IR
P2 A ST N1 R B AVEE 23 A S e VA N e b 07 o
JETR KR AT &0 RIS H B IR, B 1A
FRIGPLZE A Jlia i, Has ) kg, Haiw
TG B HE AR A0 i UE B 3 Lo B Ak 5 X i 4
R L C AR R R AR R oo A 2 R LN (DR 7/ I (5]
EATTE S MR At - R Rt A SRR A - K L R
WA Re BT — BB R BRI B F il A AR AL R
L AR oo 28] il A P9 05 S R Bl i 2 A . G Tk dir
*ﬁ%“’f%br‘r“ DARIEACEY R R B B A PG e 0

T HE— 25 A 5T AN (LG AN TN BE T Rb-Sr 45 B
ZRIMAE 5 A0 SR U-Pb EAESEINR T B 24R) o
5.2 R R A TUENLE

TR B T PR A PR 1 3 A A 2 TR o 95y
B R BRI, (A, SEREA YR
FEA B 25 5 22 T A SR A 1) v At 8k A
TP TR Al W CO,-H,0-NaCl = AH 0, B2 /K F1 &%
F b Z AL ZEAK (Bodnar et al. , 2014; Zhong et al.
2018) o PRAUIGIR IR PR 19 30 1R A 2 AR X — ek B
umﬁ@Mdm%ﬂﬂw%JQP%%%ﬁﬁﬁ?
120~310°C 22 [f] , WA 24 g 240 ~250°C ; £k FE 25 1k A
0 £]>40% , H:rf 90% () 5545 4 ?01mmﬁﬂﬂ£
$1<10% ( Bodnar et al. , 2014) . HH. 75 Pb-Zn # R
F&HE%@M&Mﬁ%ELV@%W%ThEE
T 130~210°C (4 174°C ;A4 I 7] B3k 247°C)

F1 110 ~ 170%C (F- 155°C) , R EE4» M 8. 1% ~
16. 9% (V¥ 13.1%) F10. 4% ~3. 1% (V3 1.7%) ,
B AL U IR ™ R 1) A AL AR R AE AR —
o MBI 2 BB, ™ i A 8 R 2 30 i i 32
WA ARG FE R AR A B SR o AHX T i 437 95 2 b v
(1 B R B 8 7 PR LR AF, 20075 IR AT,
2007; % SUARSE, 2020) IS JLEYEED IR (Peng et
al. , 2023) , WEREIRATEEET PR FE 0T B BEAY IS A
B R, CHEEST AR DR TR EA
AP ER T AR R R R IA 46. 8% , R W]
T B B BT A ELAT T b AR A (] R B R
PRELEIR, FTREA R A K BRI Z Y |

TEHR SRR PR PR S5 b Rt AR T I AL e A
TR G A =25 SN 2 e 32 28 B9 8™ 52 90 3 AL
(Hedenquist et al. , 2000) , FEARAR — A7 75 7 S AEG
IR R, B PR R B R R A A
A AR B setR AT 5 I 7 R/ AR A S A
WRIRERT W) 2 WA BRIRA 3, 10 5% T 2R TR b 1
YER W) % 4 ( Simmons and Browne, 2000; Shimizu,
2014) . S, BOIR/ AR B4 7 9% 38 5 B0A I
Tt A A K TRV VR ) A BR AL 2 2% A (IR
F1 pH {H) B0 sh F1 Si0, 52 Gk 1 A 1 5 bk aE
ol B i 2% 2% 18 45 T B B ( Fournier, 19855
Dong and Morrison, 1995; Simmons and Browne,
2000; Moncada et al. , 2012, 2017) ., M-HiIREYEED
PR AT A7 L2 8 DR S i HRORI it ) IR A 38 Ay o 2y
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Table 4 Ages of ore-hosting rocks and mineralization for the typical hydrothermal deposits in the Tulasu area

IR DX G/ v B HUNEWIRES RIS/ Ma SRS R
ZH/C d Rb-Sr 346+9 ZEABITAE, 1998
Yol e/ C d SHRIMP U-Ph 363.2+5.7 TS, 2006
ZIH/C D SHRIMP U-Pb 356.2+2.0 An et al. , 2013
2/ C d SIMS U-Ph 350.8+2.7 Zheng et al. , 2020
Wil /C d’ SIMS U-Pb 351.33.1 Zheng et al. , 2020
Zils/C d SHRIMP U-Ph 351.1+1.8 Zhao et al. , 2020
S%E?ﬁggggﬁ Rb-Sr 34048 AEAE RS 1998
Iy i 1 2 32 AR G MR A8 A e o Rb-Sr 312+14 ZHEITAE 1998
PR AR A A Ar-Ar 307+31 ZEAETAE, 1998
ﬁﬁ%ﬁ%}fggkga% Rb-Sr 30129 ZAEE 1998
e Re-0s 299+35 An and Zhu, 2018
BEEALE A/ C d K-Ar 286~293 An and Zhu, 2018
[ 38 4 gk Re-Os 353+6 Liu et al. , 2020
AR P A T Re-Os 332+8 Liu et al. , 2020
WA P PR A LA SIMS U-Pb 306.1+16.9 Zheng et al. , 2020
WAL A SIMS U-Pb 303.8+14.6 Zheng et al. , 2020
ZiECd LA-ICP-MS U-Pb 347.2+1.6 FEDIAESE 2009
2/ C d SHRIMP U-Pb 361+4 Zhao et al. , 2014a
BT R B B B — ZH/C d LA-ICP-MS U-Pb 367.1+3.2 Peng et al. , 2017
TR i e BEA SHRIMP U-Pb 355.4£2.3 Zhao et al. , 2014a
o BB LA-ICP-MS U-Ph 349+2 Tang et al. , 2013
ERETIR PR BT 4t o ik LA-ICP-MS U-Pb 315.2+3.5 Peng et al. , 2017
RN Y [ C VAR B/ INTE 2N Rb-Sr 29516 ZAETTA ) 2004
A B A A A A Re-0Os 32311 BIBEH AR, 2014
SR B A d SHRIMP U-Pb 416.7+2.6 An et al. , 2013
I RGIR RARITE %1 Wars/c, d’ SHRIMP U-Ph 386.4+9.3 LI, 2008
&R ZIHH/C, d SHRIMP U-Pb 370. 5+2. 1 GI5EE, 2014
BAIREE Au B7K GarERA/C d Rb-Sr 312446 ZRARTTAE | 2004
”ﬂ”gg;;ﬁgé;f%ﬁﬂ B C d LA-ICP-MS U-Pb 372.5+4.3 A
AN A SHRIMP U-Ph 357.2+3.0
DI AR SHRIMP U-Pb 356.4+2.2 ]
PLRBHERT TR BRGNS SHRIMP U-Ph 350.8+3. 8 R, 2013
N SHRIMP U-Pb 340.8+2.2
[ V2 B RS - 2R Viaske LA-ICP-MS U-Ph 362.8+2.8 BB 2017
R IR N LA-ICP-MS U-Pb 363.4+3.7 T

s B R R ) 5 4 T PR L A T ORI A I S T PR B (€ @, BZEEBY) 5 IR BYEEDT IR L4 i TR it
AN INATEB(C db, JNFEEBD 5 50 —R 24380 RIS LS8 TR R A S A B (Cy d°, MRS EELD) .

fiE, 7 B S B A 3 FE SR T A B K O 3 IR
(& 3) R A [ IR R A R A 1 T
VEZHE T WV H), 51— J7 i, A s ] I
L-V BRI V-L R4y B4R VR g0 52 AR A7 F 6] — #
B (7 7d, 8 8e) , H L-V BRI V-1 B4 B AR
P M, AR A TS V-1 B4 B8 R i A 2508

W ABZSE T Pk E BRI i (8] 4F 4h) |, 5

AN R GE R AR AT RE A A Wl R VR o Bl A

AT B0 AT, A2 3 | IR A AR B 23 AN 1 iR
H FRATTL MR ) R T R B T AR A A
TR SR, ia LR A AR
BLFE R | S SO A0 $HE W7 7 1 0 5 e o ) it
JEREAR T RE S & I B AL DUTE (1 ML
5.3 M HIERIE
TEARAAGR L A5 PE T, FRIB A 2 DUTE B R $h
Yy U BB AL v BE SR+ DT HY T+ N B
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Table 5 Comparative main characteristics of the Tulasu Pb-Zn deposit and different types of epithermal deposits

PRSI IR TR IR IRB AR RR AR R BB AURIR AR R e B R AU R AR R
Fa 38 PR A5 ILRSIPNGUE 3878 Rl A MRRFIEE S IRAEE BRI R RIS Rl A RRIT e 5 I R
P Hy 1 KN fERE MBS Bkl aF kL E R ARG, KIIMERE E BT ET kol Es RS,
o ARG L S 4 o ARG X B2 R
LR A
T [l PP SBUA R ZRE FIs s, IR Z LA RS S PERIEL s s s
TR FA < B B 2R B AT A A RECE o)
W e APERREL IO ORA AL AR AR AR PR RS AR A e KA
Tl S R/ ek AR A R STl KL SRR B AR e e drie=pi]
o
BIRT FEON YT A N BT AR A N B N T Rk P T B 5
B T DO BRI BEWT T ETDT BERD A SRR TR RO N1t R 1L RO - SN
TR 55 R
E ISR VAP i) [ FEIN- STREIN PN AT NG N i) EINU SIS A Bt PRA KK A% BIULA A
IN-SIEYEE A Hu g H—ARE FENL Y EREIS DIV EE
s VO OBRR SR B B SOBOR SRR B BRI I Bk K RAD LRI LR
IR KA FRIE W E R E — R EESUF IR A SR EE ARREN S AN E SR
i, ] DL R T AT [izEN
AL & i 10~15 Wik /T2, 0K 2~10  5~20 10~90
(RS E %)
FHE4LEE Pb.Zn Cu AuzxAg Ag-Au.Zn Pb Cu Au-Ag Cu As-Sh
Rl i s REAL HYE AL HE A, vkl itk A, mb E &AL BBRIE RRE S g ie el
BRIRERAL w1 H ik R A Fagia
e
AR ML 130~2107,8. 1% ~16.9% 150~300°C ,<3.5% 200~300°C ,0% ~23% 119~305°C ,<3.5%
w(NaCl,,) w(NaCl,,) w( NaCl) w(NaCl,,)
R AR KOk Aok Pl RARBOKEEHOK, ik 8 BROKRFRAEAK, Pl Y AR E K
BRI R A TR E BE K R L s AR WA Pl R AT WA Pl R I AT
BRI )
BB IR AL Hedenquist et al. ,2000; Sim-  Hedenquist et al. , 2000; Cam-  Hedenquist et al. , 2000; Sil-

mons and Browne, 2000; Sil-
litoe and Hedenquist,2003

prubi and Albinson, 2007;
KELE 2015,2018;
Wang et al. , 2019

litoe and Hedenquist, 2003;
PRAT5EAE, 2007

L 8%S s = 8%Ss ( Ohmoto, 1972; Ohmoto and
Rye, 1979) . WEHIITREVRED IR AOH™ £ h 42 R i AL 4
FER IR A R N AR BRI B A, R
R WA W, I PR BT I SRV B, G D7
WY 6™S 1B AE B8 K B R U™ Ui 14 1 & 6™S H
( Ohmoto, 1972; Ohmoto and Rye, 1979; Hoefs,
2009; Wang et al. , 2019) . M-HFREEFH IRH 4 h
JTETE R 8% S (B, A T =2 2%0~ =0. 5%0 2
6] (CPIE A -1, 3%0) , B AR TR BF T R B Ak
Wyiry &S A8, 15 5 J8 2 1) e AR T #4650 IR (BT
A B~ R S A MR B R B e ) e R Y
SUSETEH BN —8 (B 7) , Wi~ EATTHA A R A
— R RS IR AR . R IR A R R A rh 5 A
(9 P R 3R N — - SR EYRE IR A

BRI Ph [R] 07 ZR A LT H 5, v T3 L
P ZE BT (151 8) , RIS HYEERT ARG Ph I A A
FEMETR A3 B RF L AR AN U TS B R R B
Ph [R5 28 21 A 15 0 4 v e AR T P8 PR 3
SR ARG FE AL s 1 Ph Rl 3 24K
BN —E, RN A P A Ph-Zn Al Au HATAH
LLE AT Y ORI, BV B R hr A= 2 s
54 TRAREARKTIETEX

KEA A Ak g R AR 22 1 T ARG R
& HVRERT PRI 22 (8] 1 A R AN TR 9 fL AR A
A REARER T AR PR LA PR I5E P A [R] i 63 147
Yoo Bl i - DR S A3 S B0 v e i gy
Horb HATIEAETT R A9 3 SRR PR 0 IR,
H B i 3 A Sy S TR R 2R A ARl PR
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EAIR B E BN, O R R B
W, 4 & (Pb-Zn-Cu) & 84D 0 A kB A I
AR FEIR FARRAR  BAR SE A 3 PE R 25 9 51k vk
KAt AR A S PR il AE (A SE, 20105 32 X
5%, 2020) , HAT PR EFET IRT A0 K
EEZ{RNEE SR R NS NN - A== Sl A e =
WAL ST AARAE) |, R B it (AR 5 A o e 1
A, B B AR AR PR T IR B RE A5 (Xiao
et al. , 2005; 8 XA, 2015) . HEEIRMNTEEH RK)
WA L5 456 R MA 7 2211 21 K Ll Fn ] AR A A 1
BEA A vk A R B AT AR A LA
Ko/l BYER T - R B RN B, AT RE R T REA S
VR IR AR 2 T] Y 3 2R (22 AT %%, 2016,
2020; Peng et al. , 2017, 2018) .

ABXE T &0 IR, ik P 5 A A A PR R B T
TR /N AT 3 BT W SR I s, AR 5 it A 7
PP, X5 B A 4 7 PRI SR ) 35 JL 8 B0 IR, 52
X% (2014) Fil Peng 55 (2018, 2023) 3T A5
IR = B A A A LR R A 3 L] B
& B0 A AV 28 s AR T PR 4 ™ RS 1 T 41 e
WAk, AE kR r A Y o) — AR BT R,
7 3 PR B B PR B R 55k r o 28 b T & 0 TR A
IR R M AVE 22, R EYREDT IR B AL AR A 5 3
JCEVEER IR EBCA ZSARL, B anar iR 52 iR 7 il A2 iR
P NCEE RSN D QPR I S 6 [ I eV A= Wik 1
W —NFE - B B 1 AL G 3 EAT
AR FIR — A BRRAG R, 3 AR IR PR SR P45
o BT RAR T 2 e RS K R A R
T Fof 38 2 R R T B SR e i A b S VE L AR
P A A b 38 R S AR I T DL AN b R A
B AL 5L 4 &8 (Au-Ag) B4k, I IE s dihkn etk | B
setk I FR (#% F4R) B9 4 9E ( Buchanan, 1981;
Christie et al. , 2007) ; #2763 15 10 DA R AT 3R
HIZEBR R G, B PR A P R A2 A5 AR R R E
JCHOZ R AL T 07, AT 2308 iU 4
(Pb-Zn=Cu) ™ FL F1 [ T AHRL A9 R 55 7 IR A 0
( Christie et al. , 2007) , MEFE4EETF , —E 501
PR — B B BT 22 40 1 A 2o R A T TR )
@B A 1k T A 5 4 8 51k ( André-Mayer et
al. , 2002; Christie et al. , 2007) , M-I IREVEED IR
AR 32 W s ] A h A S FE A
E Ry R LN R T S TR R /R T G R TR 7]
T KT 10% 8 A Z2 5K RKCIR A ERIR

AmilDIR AR A AR T il 2 ) S LA T ) 4 3 AP A
AT AR EAT I | o R R 1R R AN K E R
BT Ry RO A B oK TR FIRE R, W
KU B AL R b AL e A B A 2 AL
RO PSR W A e b i A2 (R 5) o [Ali,
DA BB S s T AR B AR s R
FERYRAE , 1575 BRI SREK S 38 AT REA 4 I PRI Y
Z: 5, S-Pb [A)AL R R W) B BRI T A Kk
s, PRI, ik 9 B A PR B A X531 1 3 2 ) i
TR AR LA R, B e R, S
ARt TP AR Y VR ARG it PR PR R AT 2R B T L
Ik R TR R A A P AR KA e AR e A |
WS W AR S AR SRR AR 5 b 2
W IRTE AT (3R 5) , A SCH) AL H B H 0 & T
T AR I PR B TR

TR 2 AT — Y7 B At 4 (375 ~ 350 Ma) , b
PNIIRE S S8 S I N 1 i 2w UM UR iR U N S i
DCRA FEMIR A IR B T R i - A e
[ (350~310 Ma) , LI LI B ARF A U 22 O R
SR, 5 H U8 DA B 2208 U5 T3 Y A (Huang et
al. , 2020; Xing et al. , 2021) , B, iy A2 ACd0 R
LUV B AR e A v 7 i L 75 23 1A R 5 4R
TR HR A R A AR AAE R, PR R T
RGP 4 Y B L B AL AR RNy R R R 1k
AN ) b TS 149 A X5 DG 28 Rl K Ay 5478 8 38 4 B 3%
B ek 7 555 2t iy 3 0 T AR IR RO Y BT R 1Y
PRAF32 45 T BT J5 A7 2R I 4 - — & 20 i BRI
R 1 PR JTC 36 o0 v i A AR %) 22 18 381 ool 782 (o5
FESE, 20165 Peng et al. , 2018; Wang et al. , 2018,
2021; Zhao et al. , 2020) , AHXF T H AN, 75 &
S ) b A B Sy 3% 2 Ao 2, Sofdi R m AR v e 1k
A LU B R B4 R TR (e ey ) RIS R S TRk Al
(FEEBRARL) 0 R4S DA 68 3% (B +£ 55, 2016;
Peng et al. , 2021c) , HIL, M7 95 20 34 2 A
B RISy B 2 4 Jm 0T TR 1Y R AR /T 5
I35 T, T A 4 JE T R R T DA B AR
B B4 PR A i % 2H 43, SR DL SRR B 5 4 s i 1k
ZH AR - AR AL &R A RUT IR (André-Mayer et al. |
2002 ; Christie et al. , 2007; Camprubi and Albinson,
2007) o PR, $a A TR [R) Bt B S AE i gy
A AL PR IR AT AR AR B Ve Il AR Tt P 4
PR, R 5 b 75 BT i AR A 28 P ol AR T PR 46 40 PR TR
FHFRGRAT ek BB i Ik & | o, 4E
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K, BT A X ARTE RS B oh 7RG R B T
BER A, B b TR L5 o I BT -7
— ST - B AR B R A R B AR IR

(Peng et al. , 2023)
6 %5ie
(1) EREIREYVERE PRI BEIK A 58 A A1 Ry

372.5+4.3 Ma Eﬁi?%ﬂé‘ﬁﬂ%iLﬂ#ﬁf F—rh
Kt 2z T b ) 3 oy 5

@)m%@%@%ﬂUaﬁﬁﬁ%ﬁ@%%ﬁ
F B DL E AR AL | SRR K AL AR 3
BT AR, R B B S SR P AR K
FIZEIAR I 3 — I BE AR B w (NaCl,, ) 43 B4 h
130~210°C F1 8. 1% ~ 16. 9% 2 [8] ; W By BE 5 e 41 vp
A BRI — L B RN R B 430 123 ~219°C 11 0. 4%
~3.1% . J7EY S-Pb [R5 2% 2H MURFAE 2R I ™ )
TR TR KL, TR B AR 4l W R AiE
87 A P R EL A Bt ) T B I T RE R AT B DT
TERY FEEHLH]

(3) MERLINEYERD RS T i R R A I B
BRI R, P 2 A 5 B e e WE 2L v A L
YRR PR B 0T 3 SRAM A R 2 (I TR IR & 17 IR
(v o5 T 75 e AP T AR 4 1 R R A HL T %
Wnl gk h g 4w L,

Higt AXAFAARR BN LA RN
F4305" M B AT TR ELFEH NG ot AL
ELH LA RTAEN S W KA X HFoshTAE P 7
BTy AR EF SR FEIRIFAK
FRETA LA TR FTAEN 8] FF A Ao A= AT
849 S Bl 5 A b — 5 S0
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