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Abstract

The Zhaobishan Au-Pb-Zn polymetallic deposit is a new discovery in the middle segment of the Bogda is-
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land arc in Eastern Tianshan. The deposit is hosted by the volcanic-pyroclastic rocks of the third lithologic mem-
ber of the Liushugou Formation, with the major type as veinlet and disseminated mineralization, silicification and
alum alteration. The ore-forming process can be divided into three stages: (1) quartz-pyrite-arsenopyrite stage( I );
) quartz-gold-pyrite-sphalerite-galena stage( I ); 3 quartz-pyrite-chalcopyrite stage(II ). The host rock is bimod-
al volcanic rock. The basalts have high values of Mg (Mg"=36.25%~58.77%), Na,0/K,0 (1.95~27.35), A/CNK
(1.25~1.69), belonging to the peraluminous tholite series. The high La/Nb (2.49~3.83), Ba/Nb (41.00~315.38),
Ba/La (14.50~92.45) ratios indicate that the basalts have experienced a certain degree of crustal contamination.
These rocks are enriched in Rb, Ba, K and depleted in Th, Nb, Ta, which are comparable with the geochemical
features of intraplate basalts. The rhyolites of bimodal volcanic rocks exhibit high ALK (w(Na,0 +K,0)=9.50~
12.45), belonging to the potassium basalt series. They are slightly enriched in rare LERR, Rb, U, K and depleted
in Nb, Ta, Sr, Ti, which indicate that the rhyolites have been derived from partial melting of crustal materials. The
primary fluid inclusions trapped in quartz are mainly composed of gas and liquid. Homogenization temperatures
is 194.2~253.5°C(II'), and 156.7~201.6°C (Il ). Salinity is 7.9%~13.2%( 1), 7.3%~12.4%( Il ), respectively. The
dD,.smow Values of fluid inclusion hosted by quartz vary from —115.7%o to —95.4%o, and 60, guow Values of ore-
forming fluid using homogenization temperature method vary from —0.51%o to 7.19%., indicating that the ore-
forming fluid is a mixture of magmatic water and meteoric water. Combined with systematic geological and geo-
chemical comparison, it is concluded that the Zhaobihsan Au-Pb-Zn polymetallic deposit may belong to interme-

diate-sulfidation epithermal deposit.

Key words: geologic feature, deposit genesis, epithermal, Bogda island arc belt, Eastern Tianshan
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Fig. 1 Geological map and distributions of ore deposits in the Eastern Tianshan (base map modified by Ma et al., 2015)

1—Mesozoic and Cenozoic rocks; 2—Bogda island arc; 3—Harlick tectonic belt; 4—North Tianshan accretionary complex; 5—Dananhu-Tousuquan

island arc; 6—Kangur-huangshan ductile shear zone; 7—Agishan-Yamansu island arc; 8—Kumishi-Hongliuhe accretionary complex; 9—Central
Tianshan arc; 10—Tarim block; 11—Fault; 12—Gold deposit; 13—Pb-Zn deposit; 14—Place name
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Fig. 2 Geological map and distributions of ore deposits in the Bogda Island Arc (base map modified by Jin, 2014)
1—Jurassic; 2—Triassic; 3—Upper Permian; 4—Upper Carboniferous; 5—Lower Carboniferous; 6—Upper Devonian; 7—Lower Devonian;
8—Basic intrusive rock; 9—Neutral intrusive rock; 10—Acid intrusive rock; 11—Fault; 12—Pb-Zn deposit; 13—Copper deposit;
14—Iron deposit; 15—Gold deposit
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Fig. 3 Geological map of the Zhaobishan Au-Pb-Zn polymetallic deposit, Xinjiang (base map modified by You et al., 2021)
1—CQuaternary; 2—Miocene Taoshuyuanzi Formation; 3—2nd Member of Qijiagou Formation; 4—1st Member of Qijiagou Formation; 5—3rd
Member of Liushugou Formation; 6—2nd Member of Liushugou Formation; 7—1st Member of Liushugou Formation; 8—Diabase;
9—Granitoids; 10—Fault; 11—Synclinal; 12—Au-Pb-Zn mineralization zone
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Fig. 5 Geological section along No.1(a) and No. 3(b) exploration line in the Zhaobishan polymetallic deposit (modified from You
etal., 2021)
1—Quaternary; 2—Andesitic tuff; 3—Agglomerate; 4—Ore body location and number; 5—Mineralized alteration zone; 6—Location of drill hole;
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Fig. 8 Photographs and photomicrographs of the Zhaobishan Au-Pb-Zn polymetallic deposit
a~b. Quartz-pyrite-sphalerite-galena veins cut through sulfide-bearing country rocks; c~d. Anhedral sphalerite-semi-euhedral pyrite(Py,;) cut through
euhedral-semi-euhedral arsenopyrite; e. Anhedral sphalerite cut through pyrite(Py,); Semi-euhedral marcasite; f~i. Euhedral-semi-euhedral pyrite
(Py,), anhedral galena, anhedral sphalerite, droplet chalcopyrite, fine-grained chalcopyrite
Q—Quartz; Py—Pyrite; Sp—Sphalerite ; Gn—Galena; Apy—Arsenopyrite ; Cpy—Chalcopyrite

KA B o 2R, H K,O/TiO, #il K0/
P,Os 114 LU 72 Ak ¥ il 38 K, 43 0l 4 T 0.24~2.48,
1.22~9.77, KWTE R Ak id e rh 2 3 T — e 72
JE 4 7 TR G (Guo et al., 2005; T 4 %€ %45, 2010; 7F
Wefti45,2015) o 3 R TR H (A A mT R S 300 b
FEIR Y AE A RO | T SR 5 2 ki 2K A7 3|
HAE P IR AR P IAHBE TR T B
2R, La i1 Ba B m g2 AHXT T Nb & i A iy,
M B #5519 La/Nb . Ba/Nb . Ba/La F i (Weaver
et al., 1984; Hofmann, 1988; Wedepohl, 1995; X Akt

%,2007) . WF5EIX L i La/Nb 4y F 2.49~3.83, Ba/
Nb 4> 41.00~315.38, Ba/La 4 T~ 14.50~92.45, it K
F J5 4 8 (Weaver, 1991) (La/Nb=0.94, Ba/Nb=
9.00,Ba/La=9.60) I N-MORB (Weaver, 1991) (La/Nb
=1.07,Ba/Nb=4.30, Ba/La=4.00) , 7 W 1 J5 2 58
KAE LTI PR REAZ 8 T — 5 B2 BE 1 M e ) o i
AR,

XL 3 KL 5 v R P ity G 38 R AR A 2 AR
AR b SE A AR A R R 5 o — R KR
TR B SR B A e R A, B
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Fig. 9 Schematic diagram showing paragenesis sequence of the Zhaobishan polymetallic deposit

W 0 R AR AE 5 1 A 19 X 3K 5 A AL (Sigurdsson,
1977; Christiansen, 1984; T 4R 5 ,2006) . HERE L]}
X i 80 K,0/TiO, Al K,0/P,0, H. 1 725 1k 78 il 43 )
4y 19.04~43.07 . 49.77~81.16, it K FiZ M X % i
FofE, U R X sa 5 LR TRIX AR . FER
- TCZR BRORL B A A AL IR I B (8] 11a) I, S
i oo R AEES T RRA A W, iz R
M T8 AR 41 AE B o0 2 R s b bR vfE AL
ik D P (] 11b) | i 80CA R A Nb  Ta, Sr . Ti 77
P, B Sr TiA I, RN SCH A2 s Z Rl = B
Y B R G &R TS0 R R T M e W) B Y R
STl

H i i A S A6 K I B R AE A AG R
2RI G ST X T RTA R 1 A iR
AT A AR 2 R T R ENE IR M pe (AR 38 LU T B 1)
M4 (2280 1k, 20045 2= 55 4 55, 2006 ; 77 1 0 55

2018;Han et al., 2018) . Bl b I IAE A TE AL T
AL FE S 8 B 0w FE N AL R L S 9 o A G
IR T3z R A KL, LB 2% 45 (2000
2001) % A5 K - w2k LA A 5T IR IR
TR 3K 5 A 7 A e HEAL T KB AT M4 . 5
X2 5 w(Si0,) ¥ i (48.85%~53.59% ) , & #l 7%

(Na,0/K,0=1.95~27.35) , H. /& i w(Al,O,) (15.23%-~
16.69% ) Fll Mg*(36.25%~58.77%) , H. Rb.Ba.K %70
AN A RIIE U B 244 AR A, 2R
FREERARRE LR A (F/NFI14E,2018) 0 i Bk
XL 3 L 4 J e ity o B R 0 B il R, 2 e
Wz B T —ERENARY, X RECA A RS
HI Ta Nb Ti TR W5 55, 2 sl R 5 oA 5T
(EMRYT4E,2007) , 111 Zr. Y 16 % 585 52 ) 5 1R
Aof L i SR AR AN RE ), T DABR A 1) S b & i
B I R (S ARYT 45, 2007) , DRI 20 b v B



$ 428 e ST FRAE R IRAR R L R BE L B TR 2 R AT R SR IE B A R A A 1131

x1 BELSFHSEBRTRNLUEEETE (wB)/%)BEBMMELE (wB)/10°) HiiFE
Table 1 Major element data(w(B)/%) and trace element data(w(B)/10~°) of volcanic rocks from the Zhaobishan Au-Pb-Zn
polymetallic deposit
4’5 ZK0001-30 ZK0001-54 ZK0001-55 ZK0001-59 ZK0001-62 ZK0001-63 ZK0001-66 ZBSQ-2 ZBSQ-3 ZBSQ-5 ZBSQ-7 ZBSQ-8

Sio, 52.41 53.90 53.79 50.25 51.21 53.51 52.07 71.99 73.74 75.65  76.08  69.10
AlL,O, 16.33 16.04 16.03 17.17 16.05 16.96 15.87 13.36 12.51 11.74 1117  13.95
Fe,O, 9.47 10.65 10.80 9.94 10.18 9.44 9.55 1.47 1.34 1.09 1.20 177
MgO 6.75 3.57 3.07 5.82 5.42 3.35 6.42 0.02 0.01 0.02 0.04 0.03
CaO 2.15 2.36 2.81 5.94 6.49 3.00 2.90 0.36 0.38 0.30 0.30 0.33
Na,O 7.14 6.96 7.17 4.75 491 5.76 7.11 0.02 0.02 0.02 0.01 0.03
K,0 0.37 1.61 1.49 1.22 1.40 2.96 0.26 11.93 10.75 10.15 9.56 12.52
MnO 0.176 0.182 0.156 0.168 0.114 0.255 0.167 0.010 0.013 0.018  0.013  0.003
P,0; 0.163 0.330 0.333 0.308 0.295 0.303 0.213 0.147 0.216 0.175  0.152 0.166
Tio, 1.117 1.380 1.381 1.215 1.102 1.193 1.105 0.277 0.543 0522 0502 0.612
LOI 3.74 2.47 2.75 2.78 2.34 2.82 4.00 0.73 0.53 0.51 0.78 0.77
Rb 6.62 32.0 329 31.6 38.8 74.7 4.65 247 230 217 200 269
Sr 285 237 212 1260 661 595 337 15.8 16.2 16.6 155 18.0
Y 19.7 25.3 26.8 25.7 24.4 27.4 23.0 29.9 34.0 271.7 26.7 39.0
Zr 101 111 111 108 101 116 101 218 207 192 178 235
Nb 3.16 2.90 2.92 3.28 3.14 2.99 3.00 4.70 5.02 4.80 4.20 571
Ba 157 433 299 322 340 943 123 557 684 626 584 831
La 7.88 111 10.3 10.9 10.1 10.2 8.48 6.42 8.18 22.2 6.70 15.6
Ce 21.7 27.3 26.2 26.5 24.2 24.8 239 14.2 25.2 66.5 17.9 32.3
Pr 2.96 3.81 3.71 3.71 3.38 3.68 3.34 2.01 3.66 6.43 2.92 4.64
Nd 14.2 18.1 17.9 175 16.1 17.9 16.5 9.51 18.4 27.1 14.1 20.4
Sm 3.93 4.74 4.84 4.56 4.32 4.77 4.41 2.66 5.28 5.14 4.09 4.59
Eu 1.27 1.35 1.43 1.52 1.45 1.54 1.38 0.987 1.28 1.08 1.15 1.08
Gd 3.84 4.73 4.82 4.65 451 4.82 4.35 3.20 5.14 4.42 4.05 4.72
Tb 0.605 0.754 0.78 0.743 0.712 0.779 0.687 0.575 0.873 0.720  0.695 0.857
Dy 3.75 4.76 491 4.62 4.35 4.90 4.23 4.13 5.72 4.60 4.47 6.03
Ho 0.783 0.974 1.02 0.942 0.894 1.01 0.862 0.958 1.21 0.969  0.937 141
Er 2.20 2.70 2.82 2.54 2.43 2.80 2.34 2.84 3.38 2.80 2.60 4.20
Tm 0.344 0.401 0.413 0.376 0.356 0.411 0.344 0.460 0.513 0.430 0401 0.656
Yb 2.28 2.55 2.65 2.43 2.28 2.64 2.26 3.14 3.41 2.88 2.68 4.44
Lu 0.345 0.385 0.397 0.372 0.344 0.408 0.329 0.488 0.525 0.438 0411 0.691
Hf 2.61 3.03 3.02 2.69 2.57 3.08 2.60 5.39 5.19 4.88 4.42 5.75
Ta 0.188 0.191 0.189 0.195 0.189 0.189 0.189 0.332 0.330 0321  0.292 0.357
Pb 9.74 5.17 3.76 3.13 2.49 4.15 3.57 8.30 2.26 4.72 2.44 435
Th 0.644 1.59 1.61 0.783 1.01 1.35 0.910 3.05 2.89 2.68 2.39 3.11
U 0.327 0.874 0.783 0.306 0.342 0.657 0.352 1.93 1.90 1.46 1.82 1.91

A Ze-zelY R . P X X w(Zn)h 101x - 6.2 & FREE

10°5~116x107,10(Y) N 19.7x10°~27.4x10°C, Zr/Y Hy HEORE LI G2 Y 4F 22 6 JB 0 IR JE 1T il 9z sk oA
4.14~5.13, 7€ Zr-Zr/Y Fff (K1 10d) b FEROSBITEA B8, 07 RIRAE T A L, 2 E BRIk (el a1, ik
MR 2o B, RO RN, 25 BAf g2 WA  ZFLRA S R IRA 4R
W BFFE DAL AT ¢t A TRk A8 1% 73R A A BURFIE 2R B U™ R0 2 A ROK TR S
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Fig. 10 Geochemical classification and discrimination diagrams for the Zhaobishan Au-Pb-Zn polymetallic deposit (Data cited

from Gao et al., 2014)
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Fig. 11 Pattern of the rare earth elements and trace elements for the Zhaobishan Au-Pb-Zn polymetallic deposit (Data cited from
Gao et al., 2014)
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Fig. 12 Microphotographs of typical fluid-inclusions in quartz from the Zhaobishan polymetallic deposit
a~c. Phase Il vapor-liquid two-phase inclusion; d. Phase Ill vapor-liquid two-phase inclusion
V—Vapor; L—Liquid
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Fig. 13 Thermomechanical characteristics of fluid inclusion in Zhaobishan polymetallic deposit (base map modified by

Wilkinson, 2001)
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Table 2 Microthermometers data of fluid inclusions in
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Table 3 Stable isotope data of the Zhaobishan Au-Pb-Zn

the Zhaobishan Au-Pb-Zn polymetallic deposit polymetallic deposit
FET YR BB B REECC PKARIESC  w(NaCl,)/% R 3D, suow B 820, qpow Vi 8O, syow o

236.7 -8.2 11.9 /%o /%o /%o
202.0 -9.3 13.2 -1155 13.6 2.79 2223
250.3 -6.7 10.1 AT -113.0 16.8 5.99 2223
2153 -7.1 10.6 -115.7 18.0 7.19 2223
203.4 -9.2 13.1 -100.2 13.4 -0.31 177.0
2535 -6.5 9.9 A/ () -95.4 13.4 -0.31 177.0
251.7 -6.3 9.6 -100.0 13.2 -0.51 177.0
194.2 -6.2 9.5 1 £ 80,6/ %0=0 20, spow/ %0 (11 9% ) —3.38x 108/ T2+2.9 , T Hy 48 Xof il &
236.7 -8.2 11.9 t A AL R — IR T I {E (RO 48, 2012)
250.3 -6.7 10.1

AT 198.2 -75 11.1 0 © 4 5 H B
239.1 -5.0 7.9 e B SMOW
2116 -8.2 11.9 I A5 I 7K
213.4 -8.7 12.5 —40
208.7 -7.2 10.7 ﬂ
222.7 -6.7 10.1 . iy T 284 A A
224.1 -73 10.9 ?—"% E) _Ll

® ! BBk /[

2123 -7.2 10.7 : ¥
210.5 -6.9 10.4 ol EmETE 4+ H o
2127 -7.1 10.6 I -
221.1 -7.4 11.0
201.6 -5.0 7.9 - o /) .
198.2 -75 11.1 -20 -10 0 10 20 30
197.6 48 76 8°0/%
193.6 -8.6 12.4
167.7 56 8.7 K14 FREEILZ 4 B E PRI A 5°0-5D I fif O K 4
159.5 6.3 96 Hedenquist et al.,1994 &2 )
200.1 50 79 Fig. 14 Plot of 3D versus §*0 for ore-forming fluids from the
197.6 4.8 7.6 Zhaobishan polymetallic deposit (base map modified from
165.8 54 8.4 Hedenquist.,1994)

350D 174.6 -6.7 10.1
1802 -61 93 150)'s 55 I A3 B B 4 38 4 4 — L HE A T 156.7~
156.7 53 83 201.6°C , Vi fA£h B 75 Bl 3 B4R W 1E 7.3%~12.4%, I
o o - PR 4R 1 (10g/(0,)) H —48~—43, pH 25 % 4.5-7 (4]
169:8 74:7 7:4 15b) . 5 [ ik A REE I G 2 S B0 K&
158.7 54 64 H PR PR B AICAEGR B AR pH R KR
168.1 58 8.9 KA FEIK IR A PRAE Tk B8 FP I 1 A TR AT
161.1 -46 7.3 IR
170.2 53 8.3 5 IR PR AT IR . SEDEX B \VMS B
1753 64 97 PRFFESEA TR (32 4) , BEBE 1| & 4R 2 &m0 IR I1)

7.9%~13.2%, H W 41 & #4727 A0 R BR 22 12 o BE R
1 Vi A4 48 2 (logf(O,)) A —41.5~-36.5, pH<4 (¥

FEl it Ar W4l & S5 FR1E 5 SEDEX 5\ VMS A3
PRARAL . SR, AT BEMN 255 . @ Bn 2R .
SEDEX I FIl VMS BUH™ R 14 7= 76 1 JiS R 7K 18 B FR 35
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15

logf(0,)-pH phase diagram of the Zhaobishan polymetallic deposit

Black solid line is the mineral balance line, gray dotted line is the sulfur occurrence state balance line, black dotted line is the altered mineral stability zone

Bn—Bornite; Py—Pyrite; Cpy—Chalcopyrite; Hem—Hematite; Po—Pyrrhotite; Mt—Magnetite; Kao—Kaolinite; Sec—Sericite; Kfs—K-feldspa

x4 REBUESHFSSEY RSEMRERRKRE SEDEX 2 VMS BUEHERT tb
Table 4 Comparison of characteristics of Zhaobishan Au-Pb-Zn polymetallic deposit with epithermal hydrothermal,

SEDEX and VMS types
255 T B AR Rkl K mi A BREEIZ &R K SEDEX %Y VMS %l
Py 5t BRI SR i Pyl 2 B PR B 9 il P9 i IEeIS N (N T ENEIS7S NI TE S Ik e £ 1 G TE s )
p— LB -2 i BRI B s R . LR A Ak AN BEIR A LR
. PaiiE=y P WMBUE WK L A XA Rsls [Udiveaeas KIS
F—— A LA o BE BRI SR R S iAT HILA AR A —— pap
o W T WA kAT WKk ey e "
REE YR Bk BTSN IR U2k Holk =Yk
[SINNE SIS [ISINNESIN
Fsk Jictk Bk L JA T g2k
o ikt WA AL b G a k. kR L kA WAL LR ART/3I7E N (AN X IR P H Y A
1! Py 1|
ym ey LilTvay!4 Ak [ CYegia I way4 sk ek
T WO BRI BT NER (IR . Bk REOR G T VBTN R B SRR T
' il W 7R b R (IRER) INEES™ D HE INEE B
SIETRAE Au-Ag.Cu . As-Sb Ag-Au.Zn.Pb.Cu Au-Ag Au-Ag-Pb-Zn Pb-Zn-Cu-Fe Au-Ag-Pb-Zn-Cu
- IR (156.7~253.5°C) , PR (140~ P R (100~
PR P I (300°C) . . .
—- (L (4%-15%6) 1k (200~320°C) , IR (<200°C) MIE4RFE  TPIEERIF (7.3%~13.2%) . 300°C) . H @k 350°C) A fikEh &
e 'mXH ) FPAICERE (pH ol 2~3 (<3.5%) \pH % it pH<4(Il),pH N (7%~22%) .pH K (3.5%~15%)
<
P 45~7(11) Hr-5B iRk pH<7
) EWI G R RAREAK R E,EIHK NN . o
R A o I ;/K A g ; " BRI RS SRR
& Z
Hedenquist et al.,1994; Hedenquist et al., Hedenquist et al., =1l 1994 24,2003,
SCHR 2000; PAii e %, 2007 1994;2000; 1994;2000; ARYMIFFE A ’ i 4, 2007

R 55,2018

FRE 45,2018

Al 5, 2007

£ 47,2009;

L X7, 2009
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R A4y 5 IR (100~350°C ) | A% £ i (3.5%~
15% ) (14136 JEE J L AR, pH<T7 , 11 BEBE LB PR AR
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ORI BEK IR A I, pH<4 (11 ), pH 20
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MR A, 40 S I Y AR, (IR 48 B, pH (B 4250 v
PE) R (IR PR B pH Ol 2~3) LR i
(rp &, B R pH<2) (Hedenquist et al., 1994;
Hedenquist et al., 2000; 4477 5t 55 , 2007 ; K [ 7 55
2018) , MRk [ 3R L ST T B 0T R ML B AE
TR BRI 2 FRIE 5 A 2 g A PR AR R AR
TP RN L, AR B RE I S8 2 /T IR R
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[ T

HERE L By PEZ & B AT IR T I 4R 5 —
PEBEN, KB rEE LA e A e iR 3
A IR OC R O T R AT Ak 3 B -
BRA-Bp b B (1) A -4 -3 - IN B - 7
BB (D) -2 gk - B B Be (D)

HERE L TR K 1L 2 Sy B e =k LA 4
Z R A I G R A AT AR, H K,0/Ti0, (0.24~2.48) il
K,0/P,05(1.22~9.77) lLH A fLyu I K, H B A8
75 1Y La/Nb (2.49~3.83) . Ba/Nb(41.00~315.38) . Ba/
La(14.50~92.45) U AF, 2 5 T~ v 99 Jo 1435 s il
HAZ 30T #5293 (TR e, i 80 S 7T K0/ TiO,
(19.04~43.07) 1 K,0/P,05(49.77~81.16 )it Kk T X it
R AR, SR U8 T b e ) B R 430 il

HERE L™ R A e ok rh i A B AR A 2R X
T AR, H ¥ — R O 194.2~253.5°C (1T ) . 156.7~
201.6°C (I ), EhBE M 7.9%~13.2%( 11 ) .7.3%~12.4%

(T, HA IR P AR B AR AEGR K pH (A ARAE
BT A 8D, smow 2 L ] 4 — 115.7%0~—95.4%o
80, smow 22T Fil }—0.51%0~7.19%o , 3¢ W BB I A4
FAEHAKEG KRR TRA I G5A 0 RRFE A
HERE X L, AN BREE L &8V 2 &R0 IR N
B R AR A IR o
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