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Abstract: The northern margin of the West Tianshan in Xinjiang is well endowed with epithermal gold de-
posits. These deposits are primarily hosted in the continental volcanic rocks of the Late Devonian-Early Car-
boniferous Dahalajunshan Formation and are concentrated in the Tulasu and Yelimodun volcanic fault-depres-
sion basins and the Wusunshan area. Based on a systematic review of the geological and geochemical character-
istics of typical gold deposits such as Axi, Jingxi-Yermand, and Tawuerbieke in the region, this paper analyzes
the relationship between gold mineralization and regional tectonic-magmatic evolution, and discusses the post-
mineralization modification and preservation processes as well as their implications for mineral exploration. The
epithermal gold deposits in the northern margin of the West Tianshan include various types such as low-sulfida-
tion, high-sulfidation, and porphyry-epithermal transitional types, which exhibit significant differences in ore
body occurrence, ore texture, mineral assemblages, and alteration characteristics. The ore-forming materials are
mainly derived from the host volcanic-subvolcanic rocks, and the ore-forming fluids consist primarily of mag-
matic hydrothermal fluids (high-sulfidation type), meteoric water (low-sulfidation type), or a mixture of these
two fluids (porphyry-epithermal transitional type). Gold precipitation mechanisms include fluid boiling, water-
rock interaction, and fluid mixing. The mineralization age is mainly concentrated in the Late Devonian-Early
Carboniferous, formed in a back-arc extensional environment during the peak subduction of the North Tianshan
and South Tianshan oceans. After their formation, the deposits underwent a complex modification and preserva-
tion history. The epithermal gold deposits in the Tulasu and Yelimodun basins have been preserved due to rela-
tively weak erosion, and their deep sections hold potential for the discovery of porphyry-skarn-type Cu-Au poly-
metallic deposits. In contrast, the peripheral areas of the basins have experienced higher degrees of erosion, lead-
ing to the destruction of most epithermal deposits, but the prospects for porphyry- and skarn-type deposits re-
main favorable.

Keywords: epithermal gold deposits; gold mineralization; ore-forming system; modification and preserva-

tion conditions; northern margin of the West Tianshan
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Fig. 1

(a) Sketch tectonic map of the Central Asian Orogenic Belt, and (b) regional geological map of the

Western Tianshan, Xinjiang
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Fig.2 Sketch geological map of the Axi and Tawuerbieke gold deposits
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Fig. 4 Typical macroscopic and microscopic photographs of the ores from the Axi, Jingxi-Yelmand, and Tawuerbieke gold deposits
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Fig. 5 Sketch geological map of the Jiamante gold deposit
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Fig. 7 Typical macroscopic and microscopic photographs of the ores from the Jiamante, Xiaoyuzan, and Kuruer gold deposits
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Fig. 9 Sulfur isotopic composition of sulfides from the epithermal gold deposits in the northern margin of West Tianshan, Xinjiang
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Fig. 10 Lead isotopic composition of sulfides from the epithermal gold deposits in the northern margin of West Tianshan, Xinjiang
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Fig. 11 Hydrogen and oxygen isotopic compositions of Au-

bearing quartz from the epithermal gold deposits in

the West Tianshan, Xinjiang
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P B RS R R AR S VR

AR i Ry A2 AR AR LA PR 19 5 46 A B ik o,
UL VBORH R SR B SO AR A AR SR A, AT
T il A 43 ) 34— 2 VRO AR, B — TR EE AR
W 7S B i A v A T AR ok s PR A R
PR ¥ H0 LA pH{ECFI 4R B2 T, S B A P Sio,
VA g 2 TR R R 3 2% 5 WY B0 0 R DCUE o A R P
LRl AR08 NN A NN TR /NN TN i o R PN |
FOORIR A5 4G, 2 DA I AT 1IR3 (15T 4a~ [&] 4c,
€l 4e~ &l 4f; Hedenquist et al., 1989; Simmons et al.,
1994, 2000; Shimizu, 2014) , & i, Li et al. (2025a) %}
ANTRI B B AN R 45 R A 0 18 ZE A~ RN X R 70 F
SERM, b L B e R AT S W B2k B s Y As
1 Sb DL R AR AR TR 1 AL B, 2 R B AR
PR 2 15 T8 B 5 T AT it S AR K £ T IR A S B AT
BARK AL KA 1 As Rl Sb % 1, W] BETE WL T R B
BUR AR i 3

B B A LA AR B A 4 PR e, 5 4 0 9 LA VRO
SRR A B A T2, R UL i A B A2 5, Rl
16 I A DUVE I EZALH o 0710 22 LA AU AR
FIBA T, Fa AT LAY 2 2 IR IR SR ek
TR RS A AR s, AR D BULE A
T KA1 SE-BRAL I K, W8 78 7K — S g R /S LA Ak
15 AT B8 A 4 U0 TE o 72 bR 32 S A (2 SOA 4
2016; Peng et al., 2021a, 2021b) . FE7K 7 [ by 1 F2 H,
WA KL AT Rk (Fe™) 5 08T 3L 1R i (1) HS B
TSR, T8 AuHS), S54SR IR
AR S W, wERAE A LIHFE TIE T,
S ECGE R pHAE b TE, L2 i 6 2% B W) R R TTTE
(Williams-Jones et al., 2009) . th4h, 75— /RE 15
PEE IR BE /T L IS R S IR 8 S i A e 2
AT TR R JBE o S BRI A BT, 15 75 AR 6 1 T
WAL T TTNE .
33 EUAERE R

A S 37 858 VG % L b % e AR T AR 4 07 IR 1) 32
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BERA B, RGP KA A6 2, AT
Hi X R SR R R AE o R AR B R, KRG
Fr A2 kL B A B ARTE PR 2 HL A T 417~
335 Ma( = Z 4 1 7E 380~350 Ma) (An et al., 2013; i
AR, 2015; IS #£4%, 2016; Yu et al., 2016; Zhao et al.,
2021), 7E s B 5L 4 b A T 357~354 Ma( [ @R,
2011; F7%%, 2018; Peng et al., 2021a), 7E 1% P 111 Hb [X.
h 356~333 Ma( i #1177 %5, 2012; Yu et al., 2018a; Su et
al., 2018; Su et al., 2022) . JSA Gk, AN [A) M DX ) K
PB4 KL HA AR AL H BR Th 2 RRAE, SRR
G HEAE— BR A R L R R R AT
. THFERICE L Bu U H SRS, BoR
BB L SR GV, B T Hh e Je 2 thE— R
A6 TR 1L R K LU ] AP A — v KLt A e 3 D )
WA (32 LA, 2015; B +£55, 2016; Peng et al., 2017;
/4B 2017; Yuetal., 2018a) o

Hy T e = 38 R ()06 38 AR I O, 7
R AL A S A R G 4 0 IR 1 R B — ELAFAE
BRI, HAl, O &R R S5 2L h
PG 8 At — A it (18] 12) .

B A 2 B DR ) B AR AR 2R B e e o . AR
145 (1998, 2004) #2 18 A 9% ik H i 1A 42 25 1K 1% Rb-Sr
LI LR AR I8/ T 340~301 Ma, Liu et al. (2020) % ¥
YR A A B2 ik s B 1Y Re-Os R 2 5 4, 41
315 (353+46) Ma F1(332+8) Ma I 25 B R AR 1, TA K
W7 B R 207 T W &0 L S mEH . An et al.
(2018) 1l 5 2% 4> W 4 ™ Re-Os 25 It 28 4F #4 Ky (299+35)
Ma, Zheng et al. (2020) 238 5 @ & AL &40 A
SIMS U-Pb 4E 1%}y 306~ 304 Ma, & 1 IA b i) 75 4 7 JR
TE T Rl 8 1L 5 R85 o SR, AT 65 H At b 5
W R, Bl A 4 0 1 R FLR AT 1) WA P 22 1L 4 ok
Ll (~363 Ma) Y8 & A et 4E 6151 (347~331 Ma)
oA BT A e GE BT A Bl 21 ) R B A 7 25, HLAE R
AT AV LA B A A B KR A 2 Ll Y IS R
RIS b & A 72 363 Ma 2 J5 | 4 28 1 22 il
(A%, 2006; 32 A, 2015) . Shi et al. (2025) 4R 4
o 35 T 2L VG 30 B S 25 v e AT 5 (R R ) 5 A1 U-Pb 4R
1% (344.0+3.4 Ma), 4= I Bl 7 5 7 1k I 18] AN B T 344
Ma, $lt, ZEH X B A R se R b b e =
A1 B AT ST Ak P — e TR R Tk P R L s A T R T R A
U-Pb E4E, 43 513K 15 (362+13) Ma F1(360.2+4.5) Ma [
W (K 12) o LG BRBERL, BH NPT A &0 K

AT RE A AT I A 363~360 Ma( I8 2 1H ) .

DX PN HC A 4 ™ IR 1 040 A A 2 5000 A Bl 5 i
B TEMEER A ve A0 IR, BRI 45 (2014) H)3H T 4K
B BE A B A7 3R 4 5 B BT Re-Os 25 I 28 4F 1% N
(323+11)Ma, Peng et al. (2017) MG TR H" 22 111 22 F1 4]
AR 0 AR B A R A VKO #S A U-Pb AR % 43 5
(367.1+3.2)Ma F11(315.2+3.5) Ma, M 1 65 4 5 4k if A8
FRAETE 367~315 Ma Z[H] . 2835 XIS FE IR b 4
BERET M B AT B T Rb-Sr A7 2 2 4F, R4t
LA % O (323.8+1.7)Ma( &l 12) . M T TH45 (2016) 1
A5 T T DR v 28 42 AR T 11 Re-Os 55 1 26 A i Oy
(356.1+9.3)Ma. 7E £ 4li /K8 6 57K, Yu et al. (2018a,
2022) 0 £ by A5 B Ak 9 K BRE A B B A U-P AR IR T
AP EH Y Re-Os 55 B 28 4F I8 43 51 A 271~264 Ma
F1(256+12)Ma, B 5 e T4 09 K s L2 1L 4l Al s
(1R s 2 B R 7 R L [ 28 78 4 1 PR 1 ™ B4
34 ME-HRBEUSERT

VG R 1Ly i DXy A AR 0 sh A P e
TR Rt WA R R S 3 8, HOE K
5y S A 9 A 43 S A (A Ay b R L3 R 0 1)
R LUV ) B T Ak 2 U0 AH O (i S5+ 45, 2013, 2014a,
2014b, 2016; Huang et al., 2020; Zhao et al., 2024; & ]
%, 2024) o bR 1L AR R LR A b B U A R
A1 5t (380~320 Ma) AR w5 8 9 s 0 1, 51 &
TR B o R AR ARG o %Y, £
BUH S Ab G 0 TS BESE A KOO8 )T K S R
1RAHA KBS Cu-MoGE 7 i i /K . Lk Ay ) |
i 5 Fe-Cu( Al 5w, M AR A 5 . FE{H-milwig
I P B B A5 ) AN IR K AL Pb-Zn-Ag(-E X4 IR
(P 125 BT #E 45, 2014a) o 5 UL R I, 769005 ff 2 15
SR AR I Lt HE TR I P A X, RIS Sk
ISR TEIE T T2 504 BRI R L2 K LA SORAE T
L i AR TR PR A IR, A4 s AR 245 (i
) . B A (ISR L) /N TR (rh i B ) B3 B IR il
T RN R (B2 — e AR T PR Y 7R ) 45 (181 13) o

WG A7 5 1 (£ 320~300 Ma), BEEIL R INTE S
KA A TH T, P8 R 1 b X o AR 1 5 110 i B, 7
PRV AL ZIE B T — R I BE A - R %5 % Cu-Mo
G ERE B 38 . 15 8 R 5 ) Bl ik 8 w (g Ji
BB PR (5 4%, 2017; Wang et al., 2018a; Yuan et
al., 2022; Zheng et al., 2022) . o — & it (£ 300~
260 Ma), P4 K 1L 1 X 3= (A b T il 48 f5 1% Bl P e i 2R
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Fig. 13 Schematic diagram showing epithermal gold mineralization in the northern margin of the West Tianshan, Xinjiang

5% (Huang et al., 2020; Zhao et al., 2024; 5K &1, 2025) .
Z I, TE S PL AR B e R0 OB R T 5 — &
T K BE 5 (271~264 Ma) £ 5K 1Y BE A — 18 i A 18 B4
W Cu-Au 54k, 76 290 1L VG Bt 19 BT R 45 8y bb DXIE il T
S R A A O Y R A A Pb-Zn-Cu 5 IR

(268~264 Ma; 1E# K & FREE ) 5 76 0 AL b He b
7] 5 R F R A R Fe-Cu #74k (~368 Ma) A LRl
I, BT —W124 295 Ma i Mo & 4k (il 5 #£ 55, 2013;
Zhang et al., 2025b) .

4 ARARPRAT B ARAT R 7R

41 B RBRZUREFELE

BT AR IR PR Au-Ag B PRI H T2 B 8¢
K, o # 2 A OB, DRI R Z2 A OR A7 T 4 5 1
JFi {4 (Simmons et al., 2005) o 1 411, 75 V-7 Hb X f
TS AR PO A IR 35 BT R T I
Bt 255 DU 28 (Cooke et al., 2000; Kerrich et al., 2000;
Miiller et al., 2002) . AT, 7£ P4 K 111, 85l A1 547K
A3 1L o TS A A D i b AR AR P AR P Y
IR, X EEA5 55 T J5 A )22 U0 Y 0 4 15 O P
(Corbett et al., 1998; Lehmann et al. 1999; Downes, 2007;
Seltmann et al., 2014; Zhao et al., 2021) ., i}k A S48 4%
I R AR AR AR 2= SR SR R B, B v R L b & A
AR IR S0 R BE IR A 24, IE & W T L™
Ja gDy THGRTTRE 5 R Z IR 5, e RS R 1F
T AR 25 18 At 3 i % 2 (Wang et al., 2018b; Zhao et al.,

2021)

P R 1 b 2 i 3 AR O & 07 IR E 2R LT
W U 23 T — TR e e, T 0 5 28 5 T — Uk BT Y
TSR R . DA 4 IR 1, A8 L AL AR p
LR A J¢ 0 BT o S YT A AN B 5 B 2 T R A P A
L2 K s R 2 1, Bl b 3T 4R Rk vh AL
BE ARG ARG, R 5852 T
— 2E T2 B Y 46 T R0 0 OB 55 4 45, 2016) o Shi et al.
(2025 ) 3 415 BT A0y i 2 G 3B A 22 1L 2 Bk A TP
S A R A PR B A U-Pb E AR, o K L
FEIEH KL 22 AN S T T B ] PR S
348~344 Ma Z ], 45 G A 2 R E %Ok} (Zhai et
al., 2009) , &0 B A &2 0 IATE 1S 7E 29 4 Ma B[] P 3
2T ~360 m J5 114 5 B FAR R il

7 et b R AL S R R L S AR
¥ 5 T (Huang et al., 2020; Xing et al., 2021; Zhao et al.,
2024), mhfr g, A BB K B P 1L M X Ak TR B gk
BT R A R TR, $232 J5 )2 0 A 1 e BT 1 8 vy
20 A S 295 i AE - AR T AR, B L WY 5 b Y
() 4 - PR LR AP 2 R, H 8 2F — 25 (1 XU Ak 31 il (Peng et
al., 2018; 32 4%, 2020; Wang et al., 2021; Zhao et al.,
2021; Shi et al,, 2025). AR &t Bh 3, 5
P L AR AL AR 1A L kO 4R FR 3 Dl (Wang et al.,
2018b, 2021), 5 #b [l B, J& B 3K ~4 km (1 H
S PURYE B TR T R Z L, T4 T
H—E B9 ( Zhai et al., 2009; Wang etal., 2018b,2021) .

HAAR, TR L2 D7 T %8 i 12 K A B el (o
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£ 0.008 3 mm/yr) (Wang et al., 2018b) , Z#HiE4L, It
FCJE s e 9 (12~10 Ma) LA SR, 52 B[ — KR Al B
ilf 488 7 R 0O B By, KL L R AR T, R EORG
PrA I K LA 2z b s 2 XA R (Abdrakhmatov
etal, 1996) . KT, H AR AR— A= AR 0 340 ot i o A8 A2
DI 2 T RBP4 LA KA KT iRz i )E
JEUURUZ 58 2R 56 S, 3 75 22 800 U R PR
PRAT DR B8 224, F0 J  IA IA) i 8 sl s e 2 v T i & 9
(B3 #E 45, 2016; Wang et al., 2018b; Zhao et al., 2021;
Yin et al., 2023; Peng et al., 2023) .

S E; T AR R AT A AT 5, P K AN [R]
DX 18 33 AP TR R 4 0 DR AE )l B AN R A 2 I
PSEEAE I A 25 5. IXCBURUEE I, S b 7 3 AT LM K
WA AR DL L AR AR 88 A B AH ™ AR AIE 55
TR HN T o kb g -t B S 2 b 2% R KT R AR
KA AT FE R LB, IR R B B0 R 57 Cu-Fe-
Mo B b (FEUk Ay . STy 8 i 7R « Rl R R . W] S B4
WA W 2R 5 ), % T o B X 1) o] i R A o, 4 R
2N RGN o AH I, AL A TR
B VR R € R 20 BRI R VR IR TR PR R R A
g T PR FE AR R AE T ok 7R /BT IXORUBE, R
(] 45 A %) ) odt R B8 S AN S AR ) o B A < 7 DA 3R o
FERA, P87 nl | A . FF s [ B A kiR L AR
AR Hese k. e R AR SR A R i R A 58 A5 T A
IR Z AL, SRR PR AR NS0 IR
T FE WK, Ak DA Al Dk —R R A 38 A R AR, B A R
WA Z WK RBmAY .. wa-/RE85 . BER
S FE L = R S PR R AT DR B R R, AR
R AGBEUME, 7 A LARZH RS E
ALY A5 S, 578 H A8 88 090 4K T BB T SR T
WP R G bl
42 R BERT

TE MR 5 SR B v, 1R R TR A Au-Ag B
IR HEEHY R A Cu-Au BRI — A2 5 1) 2
&8 R RS, AR B R % Mankayan #E X &
B Y 5 B e - — R 2 e AR R PO
Cu-Au-Ag B, ™ & 4t (Garwin et al., 2005; Chang et al.,
2011), Baguio Hb X %) B 75— WA i A 19 R Cu-
Au-Zn " Z& 5t (Cooke et al., 2011), DL K 12 2% 1) 55
30 Almalyk & 5 IX (1 BE 75— AR R R % Au-
Cu-Pb-Zn Z & J& W™ R G0 5% (REAF 22 5F, 2012) . fEPY
KL S f k495 | A B S 2 kb iy N H R %, R AR

RE T BT WU i —5 A e AR bl =
8 ARt PRI B Y R e 2 R T AR 4 (B
THAE, 2014a, 2016) o

TR ™ R GE N, Hh 2 15 v it 2 v s AT ol A
T Au-Ag i PR B TRER BT, FETEFEREA BEA BY Cu-
Au B4 7 TR E PR il A A B B 36 4 I, WU B
JE Ay R A ) Cu, Au, Pb, Zn %88 JK (Hedenquist et
al., 2000; Sillitoe et al., 2003; Chang et al., 2011; Rinne,
2015) o TEAFE AT, 20w it i ol TR 1) vk i a8
Fe I I 2L Ak, P AL S IR AL AT PR Rl 7 ] — b IX
47 (Camprubi et al., 2001, 2007) . 5 40, iz 4 8 2 78
BT Ay B4 PR 48 B HH B TP i LT AL RFAE B9 Pb-Zn B
A, 2 A5 AR AR AR AL 4 A T RE S [] — U Ui A
12 b Th b F o, T A K s i 4 5L T (i 9 i)
Z R RZ B4y BIUIETE B R 42 s 5 Bt Jm e Ak, 3
(i) 4 J— B R A — v 4 52 5 2R e AR it PRV R 22 )
(Peng et al., 2018, 2023) . % R 5N i T VR Wk 5 10 LR
SR R T A O | ol R 1 80 AT DN ey R T
7 (André-Mayer et al., 2002; Christie et al., 2007) .

MR 28 G2 KAy Ak 22 9 2 AR 20 5 10 R B R A
O R B A A PR 01X, I 4R 50 1 2 4R 5 TR
I A s ) A O PR O I 1 AR R R PR . AT
SRV R AL =, e H E L U R PR
FERY S L B SRR G P L DX, 0 X B
B et R A8 Cu-Au 2 & JR B IR B #0718 A T .
TE LT 8 s J] 5 s b R 8 050 v )t X, 9 A AT i
PR AL R TT REXE LLORAT, (HIRESS BRI R 25 B IR
R R4 7% 1.

5 #5ib

(1) PR 1Ll % Mty AR AR AR IR P 4 07 IR K&
B ARAR A B 7R e B S — 1 AR it R o R A
FRAS Y, B R 3 B AE T W U6 4 th— A ot R
PLZE 1 20 Bl AR A, R e oA Tk BB
57 2 Ly VBT o 2 S S5 1 s X, B AT S O A e b 2
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