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Abstract

Located in the western part of the Min-Li metallogenic belt within the West Qinling Mountains, the Zhaishang gold deposit is a
large Carlin-type disseminated gold deposit discovered in recent years. The ore deposit occurs in the slightly metamorphosed Middle
Devonian and Lower Permian clastic and carbonate strata composed of quartz sandstone, siltstone, calcareous slate and carbonate that
comprise flyschoid formation. Gold mineralization is strictly controlled by a fault zone. Ore minerals are quite complex and consist of
sulfides, sulfosalt, oxides, sulfate, carbonate, tungstate, telluride, native metals, and polymetallic intermetallic compounds. The di-
versity of mineral species in the ores and the existence of visible native gold minerals constitute outstanding features of the ore deposit.
In the light of the REE distribution patterns, it is reasonably considered that the ore-forming materials of the ore deposit had affinity
mainly with host rocks. S, C, Pb, H and O isotopic compositions show that the ore-forming materials were derived mainly from

country rocks and underlying rocks and partly from deeper sources. Data obtained suggest that the ore-forming fluids were derived
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predominantly from an active meteoric groundwater system. The amount of the hydrothermal fluids in the ore-formaing and alteration

system was relatively insignificant. Ore-forming temperatures are estimated to have been in the range of 120~2407C . The dissolution

of ferruginous limestone in the host rocks and the sulfidation of the dissolved iron by H,S introduced by ore fluids constituted not only

the most important depositional mechanism for the existence of visible gold grains but also the advantageous conditions for gold enrich-

ment in the Zhaishang gold deposit.
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Fig.1 Simplified geological map of the Zhaishang gold deposit, Gansu(modified after Liu et al. , 2006)
Q—Quaternary conglomerate; E>—FEocene conglomerate; PI*—Lower Permian carbonaceous slate intercalated with sandstone; Dsdci—silty slate
with lesser intercalated quartz sandstone of the A unit, Upper Devonian Dacaotan Formation; Dsydc§—silty slate of the B unit, Upper Devonian Da-

caotan Formation; D§—Middle Devonian carbonate rock and calcareous slate; 1-—Stratigraphic boundary; 2—Angular unconformity; 3—Fault

and its serial number; 4—Gold ore body and its serial number
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Table 1 Mineralogy of the gold ores in the Zhaishang gold deposit
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Fig.2  Mineral assemblage of gold ores in the Zhaishang gold deposit

All microphotographs are under plainlight : py—Pyrite; tt—Tetrahedrite; gn—Galena; stb—Stibnite; mol—Molybdenite;
Chalcostibite; bou—Bournonite; au—

zin—Zinckenite; cha—
Native gold; cuzn—Cu-Zn intermetallic compound; cuni—Cu-Ni intermetallic compound; nicu—Ni-Cu-Sn-

Fe-Zn intermetallic compound; col—Coloradoite; mel—Melonite; mal—Mealachite; au—Native gold; qz—Quartz; ca—Calcite; ank—Ankerite
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Fig. 3 Characteristic ore textures in the Zhaishang gold deposit
All microphotographs are under plainlight. A. Abundant framboidal pyrite disseminated in carbonaceous slate gold ores; B. Arsenopyrite, together
with pyrite, constituting euhedral, subhedral and anhedral granular textures formed as a result of crystallization; C. Sphalerite replacing chalcopy-
rite; . Rhodochrosite and siderite aggregate, showing colloidal texture; E. Microscopic girdles texture of pyrite in quartz; F. Ring fibre texture
of pyrite in quartz; G. Cataclastic texture of pyrite in quartz; H. En echelon twins of stibnite. apy—Arsenopyrite; py—Pyrite; cp—Chalcopyrite;
sp—Sphalerite; stb—Stibnite; sid—Siderite; rh—Rhodochrosite; lep—Lepidocrocite; ru—Rutile; gz—Quartz; ca—Calcite
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Fig.4 Characteristic ore structures in the Zhaishang gold deposit
A. Quartz veinlike ore; B. Tetrahedrite-galena veinlike ore; C. Microscopic pyrite veinlet and stockwork ore under plainlight; D. Quartz and stib-
nite-cemented brecciated and lunpy ore, with disseminated pyrite; E. Tetrahedrite and galena massive ore; F. Ankerite and calcite-cemented breccia
ore, containing pectination structure of calcite; G. Stibnite massive and radiating ore; H. Microscopic stibnite radiating ore under plainlight. py—
Pyrite; tt—Tetrahedrite; gn—Galena; sp—Sphalerite; stb—Stibnite; qz—Quartz; ca—Calcite; ank—Ankerite
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Fig.5 Chondrite-normalized REE patterns of rocks, ores and hydrothermal minerals in the Zhaishang gold deposit
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Fig.6 Sulfur isotope distribution in the Zhaishang gold deposit
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204 phy 55206 P, 204 P, AR REL = 0.9570,2%8Pb 24Pl 526Ph/
24Ph FFAZCFR K ~ = 0.9843, T REJ BR T TS WA SR IR Y
BAr, HETRUREECRINR ,1998) (E 8) I, #t—# SRtk
TE R EAERAEFEN . Bt e, e ER 58 K EE
RS ANK A EREERBENE —EWER,

2.2.3 WRREEEAR

ELEW KRBT RO NE. ERNEARSTEER,
33 Cppry H — 2.08%0 ~ 0.85%0, -1 — 0.51%0, 8 Oguow N
11.40%0 ~ 19.84%0 , -1 18.32%0, T HIMEAHERIRILAY 5°°C
AEALTE BRI — 1%0~ +2%0, F1] 0%, Keith et al. , 1964),
S OguowfE—BEK T 20%0 ; TR K BRBRRR 25 S5 & NI A1 iy 813C
T RHEREE HFE — 5%0 — £ 2%o, A 3K B W AR 1 88 Ogquow 1 4
BARAYIE1E (5.0%0 ~ 10.5%0) , T HL 38 L &8 1 8" Cippr) F
3" Oquiow fH T8 Bl T IR PR £ 4 AR R B MR A 22 ], EL B
BAFF X8 b 17 K o O e A Bk &R AR AR
(8B3C= -2.37%0,80=3.32%0, T B %% ,2002),

YH WK T7 1 1 B SE 0 8% Crppry T 8" Oquiow 18 3% 52 T
3180-3BCH L (H 9) , R K, BB S AT LT AR IR
Ha XIBAEW, AP S R A KA I, R KB E ok
BRI EEHEATRRRE A A RER, PRER RS
EERBBEANRE S . REX RS BRIRREL T P
TR & RN R B BRI B S EEONER,

ok, T SBC e [EEWTEEIRZE, T 88 OquowfE N T
11.40%0 ~19.84%0Z 8] , B A e R R E R S 8k L
BT R . HEAEMEREA:© o, MBE</EA;
@ Witk S E 2 8] 1 7K -A BB (Zheng, 1990; Zheng et al,
1993) . an a5k VR RN E 1943 7o 18 A2 th CO, B B <A FL BT
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Fig.7 Lead isotopic compositions of the Zhaishang ore deposit (lead evolution model after Doe et al. , 1979;
Zartman et al. , 1981)
U—Upper crustal lead; O—Orogenic belt lead; L—Lower crustal lead; M—Upper mantle lead
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Fig.8 Plot of AB versus AY for ore and host rock in the
Zhaishang gold deposit (base map after Zhu, 1998)
1—Mantle lead; 2—Upper crust lead; 3—Mixed lead between upper
crust and upper mantle in the subduction zone (3a—magmatism; 3b—
sedimentation) ; 4—Chemical sedimentation lead; 5—Sea floor hy-
drothermal deposition lead; 6—Middle-high grade metamorphism
lead; 7—High-grade metamorphism lead in lower crust; 8—Orogenic
belt lead; 9—Upper crust lead of old shale; 10—Retrograde metamor-
phism lead

B, 0] BN O A — R A H,O 28 2, CO, 1 RS X TR IH)
PR AR EIF AR, W8 [ A7 R AR 02 B
), % £ IXH 81 Coppp THAATEBIRAE . B L, CO, HBE

SAEFR R M T A SRR ET YT EERNR. &
BB b, T A (T AR B B TR (Y AR T T, BB B
FEARTOREAR . 7EH P44 R P iR B8 2R BB R T 18 A AL
TR TR (K 4R, 2001 ) , MBI 93 X 7 84 AR DT RE 0] 8
H 7K - BN AR B AR AR 5 VR T

2.2.5 A EHFEPELAR

X 11 55 E H IR R A5 IR A Sk AR
R S R AR R K P AT T IR, I B -k R
RSB R E R WA S BRI R AR, R
SCHIER T BEBR B 4 (2006) B A T B IR . BFC R K4
BRI WA 81 Op o HTE + 4.71%0 ~ + 14.42%, 341l
FEI 5 B A, — 8 80 1 A AR 1 (818 00 =
+4. 1%~ +13.7, 34, 2002) B IK5E (8% Op 0= +1.04%
~+ 12.11%, FF B HE4%, 2000; £ 7 5%, 2004; D& %,
2004) A —H, #EETRT WEKH Dyosvow BN T
= 73% ~ —99%Z [ , 1 54 o 1L &5 K 8D fE ( — 63%0 ~
—105%, K& ,2002)M1 5 -

e 8180-3D X R B (F 10) b, KEP4HHE 76 T BUA %K
IKFNAEFAKZSL , vk TEHK X P , Z AR ik
HREMEKAMA MBI H T K, 3B R R T 6 555
BKEX, BHTHARNE R EEE TERKRBRN T L
T R KRR, XA ETIER SO EB AR, K
TRERAKESEOTEAFRMELRE T HEBRKK-E KD
HEE EF, 0 RS 5 A R4 TN, K28 HESN, R
BokHxt BA Sk i S0, AR SD1E.

2.3 REEBREHRLE

Xt T B PR b I AR AT B R B 5 M 2 A BR AL 22 4
1E, B RA%(2008) CFAEA XY 347 TIHEMME, 25
W PO 4E I BF A LS 5 28 9 40T, 3 3R A8 10 367 B SR T i
mF,
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Fig.10 "0 versus 8D diagram of fluid inclusions of the

Zhaishang gold deposit (base map after Sheppard, 1986)

2.3.1 WAGREEMRFRLE

ESTHERNGRE TR OZET I HFERRFESD
Bk, REAESZH, ARFED YR REMEHE 2,
I O L B R LU BRI BT R BUR D 32, 7
JriRa T RAERANUEY S ZARES. OREL2
PRS2 BB B BR M0 (RYIFH B0 YR , KANE R 3
~25 pmo FEFUEREES  BART S AL AEY, A
SRR ERRS AR GH BTN, KBRS
ZREEY AN F AN LTS 5 & R AR 2
PR SKBA.

AR A B AR AR AR S U A0 S I VR AR AR SR, o)

X AR ELBRERB T REE KBRS, HEE
EEEEI80% ~90% , REKAT UHEERAETWEEEE
R, — A, R 2 pm B 25 pm R, SHESREN T
5%~20%. WKBREEBITARA, % SHERECE
it BA BRI JE R L ECORHLRR G & S A
B, S A E >60% , ME-—AE <8 pm, BEMMER; & CO,
AN FEFE G R B AT A, A B — R 10% ~
15% 2 18], 4Rk £ R 0 T8 6 B AR MR, Sk A
BRI A RTOR o

E A8 A, B T B0 56 DU B BoAE S o & B A 2D
BREREMUERE 1), HBEEENESERE.
BRI, K/ 10~20 pm, AEKER BESBRSE5E
ALK AR, RE KM ARG, B2 F TESGK
. SAERBE A, REFEHBRHIOL, MRS
R TR, RIRIE (-1 5508, AR K4 T
O, RER . §RPEROEBANEE, BAXXEE2ES
BRRAERED THRARETHEISE R NEHED
YEFFITUBUE o F BEAR 5 30 A8 B A1 B (Welhan, 1988) . B
ABHFRIAAEVRES RS IR A %S KW HE TR
WAERE 4 MEF (B2 35%, 1998 hBEMI %,2001) . B
BLER RS R R & A 22 RN FI T B YR (YT
2.3.2 By YEcA Rt

ST R RBT YRS —BEN 105~372TC &
B w(NaCly) % 0.70% ~23.11% HEHE XN 0.71 ~1.03 g/
em® JEF K3 23.8~78.1 MPa(K 2). WRF BB BI8 0, AR
TR T H BRI EE, BFERE EME (1 .
. IV) IR B AR LB R K, {H R B T 7E 120~240C , A
THESRERTP-REE R EMB (IO V)MELE
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Fig. 11 Microphotographs of hydrocarbon fluid inclusions from barite in the Zhaishang gold deposit, Gansu
A. Three-phase inclusion containing aqueous liquid and an immiscible liquid hydrocarbon surrounding the vapor bubble, under transmitted light; B,
C, E, F. Two-phase hydrocarbon inclusion, under transmitted light; D, F, H. The same field of view as part (C), (E) and (F), respectively,
showing the hydrocarbon fluid inclusions under incident UV light
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Table 2 Microthermometric data, salinity, density, and trapping pressure in the Zhaishang gold deposit, Gansu
BRI BB t,/C tm/C w(NaCly,) /% o/(g/en?) »/MPa FETY
g 216~372 -3.0~-1.2 2.13~4.90 0.80~1.03 72.5~78.1
PHAY-AHERGBRD 0o Zon)  (“2.1,0=22)  (3.55,n=22)  (0.9%4n=22)  (76.4,n=22) G
B As BEH-BW-ARE 131293 -10.4~~1.6 0.70~8.14 0.85~0.96 38.9~52.9 Tt
Brexcn) (193,n=45)  (~2.7,u=23) (4.49,n=23)  (0.93,n=15)  (51.3,n=15)
113~368 -5.9~-0.1 0.18~9.08 0.71~0.99 23.8~51.2 Py
4 BEALY 8 -A (186,n=38)  (~3.2,n=24) (5.26,n=24)  (0.93,n=24)  (49.9,n=24)
BB meEh E BB CIT) 92~278 ~6.1~—-0.1 0.18~9.34 0.79~0.97 25.3~54.5 o
(198,n=30) (~2.6,n=20) {(4.34,n=20)  (0.88,n=20)  (52.5,n=20)
106288 -25.6~-0.4  0.70~23.11 0.84~1.03 31.2~53.5 P
(155,n=99)  (~7.3,n=72) (10.73,n=73) (0.96,n=73)  (42.9,n=73)
S ERAL Y -RiAL - - 136~228 -14.2~-2.3  5.56—17.96 0.89~0.98 42.8~44.5 T
BREREE ERE(IV) (159,n=28) (~4.7,n=19) (7.59,n=18) (0.95,n=18) (43.5,n=18)
140~194 -23.2~-3.1  5.11~22.52 0.94~1.00 43.4~45.5 _
(162,n=16) (~16.4,n=6) (18.89,n=6) (0.97,n=6) (45.3,n=6) LASE]
144~197 -7.1~-1.4  2.41~10.61 0.92~0.97) 39.3~43.1 R
(156,n 27) (~4.5,n=11) (7.17,n=11)  (0.96,n=11)  (42.5,n=11)
168~197
RERELR M BE(V ) (183, n=6) — — — — A
105~194 -3.4~-0.8 1.40~5.56 0.90~0.96 36.9~42.6 ST
(158,n=19)  (-2.3,n=14) (3.87,n=14) (0.93,n=14)  (41.6,n=14) HH

ERHROFBAAY-AERB (L) & As R #er- A ENB (D PR BIELEE T 5B £%5(2008) #IIRERS, HAbig ¥

PRI BHR . “— "FRRW

HRETRTENE (L) BB (V), RERAE S HLY -
- BRBREE EMBE(IV), TAREEE w (NaCly,) W A
25.95% , - HE EE M B E TR0 BB (1 .
M., R FEFEELTF 0.71~1.03 g/ad®, LA 0.85~
0.98 g/cm® BNEEF,

B TR P E A AR S R R B A BB,
BAER—WiRd B, AR AR — S, F RS aEE
¥—EZSH (G REE%,2008), FEt, ESSRIAEEKTE
EH—RESLEEAMEENNS . B, ELe7
PREGRUH L AE S 1R T 8B & e wh IS VR s B o
[

2.3.3 WE FEES

WA EAR RS AT E R E (S R4%,2008),
B AT HE P Na* fT G2 2 F, HIRE K, A b
A& Mgt, Na* /K" IWE>1, Na* /(C2* + Mg ) HfH 0.5
~2.0; FIBFRCI SO~ BE, FFAHANG , F &8
B, HP SO Ml BFeESTHMAME T 1~2 4%
B, WA SEEART PRI H AR IRAE; <M
BB HO LUsh, BL CO,. Ny, CH, B, 8481 GH,.
GHis GH AL EY, X SHOLR 6 R A —
B (GRS ,2008) . MESHBMTERINELTRES
BAEH 0.004~0.044. BF WK “EhK-CO-CH, " #
BERKER

3 A L S A

LT RPRE R R H R B ERRFIERNA,
B BT B KSR A I BRI T K F B A Bl
FERARIRRAE , B vl BB SRIR TR TR A . H 38 S s 7
MR B WAEIEMIBWEERE., RERM_ER
—ESSERBN ST HENSNHTE LSRR MRS E
ENY AR E T HAL, & X WG R T 25
BURSER M T ABRA T My, W H B 4L T R
Wz E. Ry MK SEEREFRSWYRLSRE, B H
BT O, IEE AT NHIEFRH ST KK &
AYURIRE R FTRERE K ) IR A F H R AR MR, B AR
TYRIRESE. B LEVHRY RAESHKRES, HEE
JRAT LR BB A IR B e . MRS X
VAT A B30 2 B R 6 1 1 9 DA 26, T R AR T 51 A A o
MERRER. PBFEAFYBUEHE SRR ALY & KA
UL, R E R BT,

FERAB ST R, AT WS AR 40 BB 4 (4R %K) 2
SR W R EEFEIE KX (Archart, 1996; Hofstra et al.,
2000), FEE&F KT EITEN SRS B REFRINTF
£, R B TEAR R R B B B R R R B, B
T R WA S (S)BR, F(O)BER(BEE%E,2008),
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MMUEF T REFRAHIER, Wi LA 7 FE& L A’ Bt
ASHEST WEHTEREFEREST AR, EE RS
YEFRBEAT AR B AL A O3 , R ik 8 F(S) A
Wik, £(O) . f (Tex ) AR B R, X BT T B O B AL AR 3 45
B EAR TR S REREET YRR, R, 7285
Au-As RAILTIVETE M B AR S v se P “ s (TR & 3
%,1999), T R T 2EAE B A& B8 i 4k B
REThL, H—EREAGHASHEBERT ROZDEHEK
HAL 5 SR 0k, HO n et (8] B B 0 T & B8R0 B0 AR B
i XFHAEHEMBBRIBB TS RETWAAIELE L (Su et
al., 2008;3K5A5% % ,2008), LA LRBIFLEREW £ P 1
EEmt BRI RS T, Au(HS); 2 AW EEITRE
A (Seward, 1973)c MW T f(Te)/F(S) thEZXF] 107*
~107 %0, B P E R E LR E AW Au(HTe), ] ERNEH
(Plotinskaya et al. , 2006; Mikulski, 2005), X}Z&_EHifkuzE
RS ERT ST (S EHE5,2008) B, FF R &4 —E B
CO,,Fe S BRAE, VBB A2 HBR M A&k, Hik, 5
KRB (ETEST ) T Fe RV BERIETHIZA 5,
RARESTHRPS R MBI Y Fe. B Fe
KEFAPL(EREYD) A 2E R P Av R S35
HARSWRE , TIPS B2 SR .

CO, + H,0=H,00; (1D
H,CO; + (Ca, Fe, Mg, Mn)CO;=Ca®" +Fe?* +

Mg2* +Mn?* +2HCO; (2)
2Au(HS); +H, =2Au" + 2H,S+2HS™ (3)
2H,S+Feét =FeS, +2H" + 1, 4
2HS™ +Fe?* =FeS, +2H" (5)
Ca?" +C03~ = CaC0; (6)
F&* + 00§ =FeCOs (7
Mn** + 003" = MnCO; (8)
Ca®* + Mg +2C05 ™ =CaMg(C0s), )

C2* +(1-z)Mg" +zF&™ +2C05 =
Ca(Fe, ,Mgi,)[COs 1,

[Au(HTe),1” + [Au(HS),]~ +2Hg** +F&* +
40H™ =2Au+2HgTe+ FeS, +4H,O an
BRI L &7 RN BT - I A AR R LR
SV ANFEARSSRAS O EMEEY FEIAR
B, THET O EMEREWERSEERN.O© §9#
WA RS A A P HE Fe.Mn KRB EE R, BN Fe.
Ca Mg Mn Mi#EA ST #IBAR (B 1.2) ;@ W # Fe IR
R, UL KRB Fe.Ca. Mg . Mn X5 CO§~ &4
TG BT FERT A ERRE S ARKE, FBET R
WHF Au B R A TUIE, B A R ST, S S

(10)

S B B A ST R I (SR 3~ 10) ;@ 7ERAET Wil
(S BEAE, £(Tey)/f(S) WAER B, & IR & %549
([AU(HTe), 1 BRAATIER o i T I Wik pH 8K
DA R % R R A4k, [ Au(HTe), ]~ BB 52 M B B
IR, & R AV R 1)

UL, WG A Fe BRARERA 1WA ARE I Fe DA K0
8 Fe (WX RBALIIL , BLRIE G0 R AE7E BT L R
SWBREBRE, LRSI ER0A AL,

4 45 i

(1) % E 40 AT WAL S E 3, E KRG,
Bith E RS ERKT Y, VAR ARERR LS
BEAYE, 76T WHERS AR E 2 RS
BA RS, VI T R .

(2) XB R+ TR ESMGAE LA B R G 2
(B B BRI AR ST R IR 4 TR I K 1 TR
BRTRIE FAEBYENS S, REBREERA L
RN BIPRAE R 3 T K, AL R AR PR AEAK /2 B
AR R AT

(3) W FIE & Fe BB YT BB Fe L KR
Fe A RBALIIAL, B9 E &0 A 7E BT L E RE 1
BEER RIS E A RIS . R BB KR
15 0 VIR 5 OV , 75 1 0SB 10 B2 70 40 B B
FREAL O BB LM, ) A W B M I I B
STTR . HIRETE S AL SR AL e A IR T2 R R U
25 6] B FE ) A A R 2 1

BB ERICSCHUBURR A B 80 ARREAT AT IR
TAHE 60 F4E, OB ARERKE, e F ARG
ERBEIH , ¥R RGBSR R e — MR R AR
FESFSP TAE SR AR BREEHEHAE SN AN E
B IRLL IR X B S IR R R R T SRS  FE LR R O !
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