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ig.1  Simplified regional geological map of the Shuangwang gold deposit and its adjacent areas ( modified from Mao et al ., 2002a)

ix?ﬁi-

. — g o
104° 10s° 106”7 107° 108~

1 —Triassic gray wacke and slate ; 2 —Late Paleozoic flysch ; 3 —Cambrian- Ordovician slate and carbonaceous sedimentary rocks ; 4 —Early Paleozoic

island arc complex ; 5 —Triassic- Jurassic granitoids ; 6 —Cambrian- Ordovician granitoids ; 7 —Regional fault zone ; 8 —Regioal thrust fault zone ; 9 —

Orogenic gold deposit with Au>50 t; 10 —Orogenic gold deposit with Au<50 t; 11 —Carlin-type gold deposit with Au>50 t; 12 —Carlin-type
gold deposit with Au <50t
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Fig .2 Sche matic geological map showing the N W-striking gold bearing breccia bodies , the Shuangwang gold deposit
( modified from Shi et al., 1993)
1 —Lower Devonian Wangjialeng Formation: sandstone and limestone ; 2 —Middle Devonian Gudaoling Formation: sandstone and limestone ; 3 —
Middle Devonian Xinghongpu Formation : siltstone and limestone ; 4 —Upper Devonian Jiuliping Formation: siltstone and slate ; 5 —Late Triassic-
Early Jurassic monzogranite ; 6 —Late Triassic- Early Jurassic quartz monzodiorite ; 7 — Auriferous tectonic breccia and its serial number ; 8 —Granitic

porphyry dike ; 9 —Normal fault and its attitude ; 10 — Undistinct fault
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Fig .3

Sche matic sections of the main orebody in the mine , showing the development of gold mineralization

in the upper part of the breccia zones

1 —Middle Devonian Xinghongpu silts and sericite slate ; 2 —Gold orebody ; 3 —Breccia body with gold mineralization ; 4 —Fault ;

5 —Adit ; 6 —Position of adit; 7 —Drill hole ; 8 —Number and altitude of drill hole ; 9 —Depth of drill hole
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Table 1 C, Hand O isotopic composition of ores from the Shuangwang gold deposit

B 5 ] PR 8D/ %o 8'8 Oy ppp/ %o 88 Oy smow! Yoo 813C/ %o 8180,/ Yoo to/ C
Sh-1 ISPl FHE - 64 -11.8 18.7 - 6.5 8.3 245
Sh-2 BAZH E B - 63 -11.8 18.7 - 6.3 10.9 313
Sh-6 BHABH T B - 73 -12.9 17.5 - 6.4 10 .4 337
Sh-7 EEPvl BB - 176 -11.8 18.7 - 6.9 1.8 345
Sh-8 BH=H FHE - 175 -12.2 18.3 - 6.0 11 .4 345
Sh-12 BAZH E B - 63 -12.6 17.9 - 6.5 9.2 288
Sh-15 EEPvl 192t - 62 -12.4 18.1 -5.6 1.5 356
Sh-19-2 BHRA FHE - 72 -12.2 18.2 -6.8 10 .4 314
Sh-21-1 BAZH E B - 60 -12.2 18.3 -6.2 10.7 321
Sh-22 BHABH T B - 69 -12.6 17.9 -6.2 10.8 336
Sh-24 EEPvl 192t - 69 -13.9 16.5 -7.0 9.4 336
Sh-25 BH=H FHE - 74 -13.8 16.7 -6.2 9.6 336
Sh-30 BAZH E B - 65 - 14.1 16.3 -7.8 7.6 287
Sh-31 BHABH T B - 60 - 14 .4 16.0 14 .4 7.3 287
Sh-33 [EEPvel 1192t - 69 -11.5 19.0 -11.5 10 .8 302
Sh-34 BHZ=H FHE - 64 - 14.0 16 .4 14.0 8.2 302
Sh-9 BAZH E B - 69 -11.9 18.6 7.4 1.7 345
Sh-16 Ji A AN - 62 -21.6 8.6 - 4.9 1.5 255
Sh-21-2 Ji il B B - 60 -22.6 7.6 -45 0.5 255
Sh-26 i A M B Bt - 74 -23.8 6.3 -1.8 1.0 255
Sh-10 FhE i B - 70 17.1 7.9 255
Sh-11 e G B B - 66 17.5 8.3 255
Sh-23 PEp B B - 68 10.6 1.4 255
Sh-28 e e B B - 70 18 .2 9.0 255
Sh-31 VEE S A= - 65 18.6 6.5 201
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Fig .4

Microphotos of fluid inclusions

A. CO, H, O inclusion and CO,-rich inclusion; B. CO,- H, O inclusion and aqueous inclusion; C. Aqueous inclusion
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Table 2 Temperatures of different fluid inclusions from the Shuangwang gold deposit

WA AR tn(ice)/ C £ n( clathrate) / C En COZ)/ < Eng COZ)/ < ty/ C
Epaval CO- H,0 6.5~9.5(11) -56.7~-60.5(51) 15.6~31.7(39) 148 ~ 436(100)
I - 2.4~ -20.6(54) 130 ~370(56)
H CO, -56.7~-57.0(9) 15.3~23.0(9)
paE CO, H,0 180 ~340(9)
KW 160 ~280(7)
VE RS IR BT A R B
0T 8
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Fig .5

Histogram showing total homogenization te mperatures of fluid inclusions from the Shuangwang deposit

a. Ankerite of the main stage; b. Quartz of the late stage

MRERREXSH

oA A 25 A BB R 7E 98 [ P Linkam
Thmsg 600( - 198 ~ +600 C) ¥ G LT R
FEEAE 30 CLL R 0.1 € #fE30CL Bl £1C.
PRI H GG K AR B VK R ¢ i) -COx H, O
T co, KEWHIIBEMBEL t o danme ~COx
FEACUR L ¢ co,, AV IAT CO, IOEB Y3 U
tacco,y MIEAII L £) JIAGTER I 2.

5.2

AR E B =479 100 4 CO-H, 0
AR e — I BEIE I N 148 ~ 436 C,FHEH
260 ~ 400 'C LA 320 CHUEAE ;56 11 7KW I EL 2 A1)
Y)—IR BV 130 ~ 370 €, LA 330 'C 4 UEA{H (
5a) . 9 PRI B B kAR co,- Hy 0 BRI 5
SR EIE N 180 ~ 340 C 7 PE/KVE I 2 AA
¥ — L FE 2 160 ~ 280 C, N 80 B 4R B 4K 1 DL
240 CRUEAE( Kl 5b) .



o3l Foal FRAVEAT 4

W PR T B R o R A 2 B T L 247

1T 49 1F COr H, O WK £y o) HITE N
15.6~31.7C, FEEPT 28.0~30.0C;9 I'H
Co, LB HI A 33— N 15.3 ~23.0C( K
6) . WIIIF £ o, Bl 60 A JEIFN - 56.7 ~ -
60 .5 C(HHE co, R o  HIEHE A - 56.7 ~
-57.0C) , EEIJEHEN - 56.8 ~ - 58.0C,LL
- 57.0 CAHUEAY

TR D FVRHAT co, Hel BRI, VF
% CO,- Hy O £ ZE AR 7E Dk 3ok 72 v A & A0 ) 1)
tn(clathratey = 54 TFK AL ZEARI £ H - 2.4 ~
-20.6 C AN w( NaCley) A 4.00 % ~ 22.70 %;;
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6.5 ~9.5C, MM w(NaCl) HH1.03% ~
6 .63 %( < 3) . M RVRE AR K U A BRI 2
P T COr Hy O WM AR By 3R FE . R RS
FRIEER AHLL 10 .00 % W IEAE( K 7) . KRB 2
AR DI &5 SAG AR B E A 0,716 ~ 0.990
g/em’ V35 0.857 g/em® AHRE KK T K 15 ~ 205
MPa , EEEH A 65 ~ 130 MPa; i Co,- H, O LA
(IR 38— FE AE X EE(1999) 4l co, A
IR 2 SR A A N IR co, A
HE(gCc0o) I40.630~0.761 o/ cm® MK
IERE R 0.59 ~0.77 of cm® ML IS VA (1 %5 B
0.64~0.75 g/cm’ (% 3). W% co, IR
x(CO)N 0.10 ~0.23 KW H NaCl ¥ BE IR 43 £k
x( NaCl) , A 0.003 ~0.021 , =4 co, BT NaC1
[V EE R 40 x( NaCl) 4 0.003 ~0.016(K 3) . H I
& JUAZHORAF I =4 co, AR 1, O BE R 47

B x(H,0) 4 0.693 ~0.894(% 3) . HHE 8 \LLH
H i co- B, O B S EUI R TEAE T
100 ~ 200 MPa [FFEHIT .
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Fig .6  Histogram showing homogenization te mperatures of CO,
for CO,- H, O and CO,-rich inclusions from the

Shuangwang gold deposit
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Fig.7 Histogram showing salinities of fluid inclusions

from the Shuangwang gold deposit
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Table 3  Related parameters of COs- H, O type fluid inclusiors

AB)/(grem™?)

#€COy) % tweoy/ T 1y C F o ctathratey/ C w( NaCle))/ % x(CO) x(H0) x(NaCl)  x( NaCl),,
H,0 co, 2
35 27.0 315 7.9 4.14 0.72 0.671 0.70 0.4  0.849 0.011 0.013
50 24.0 353 6.5 6.63 0.71 0.717 0.71  0.23  0.758 0.016 0.021
50 29.0 348 7.5 4 .87 0.68 0.630 0.66 0.21 0.783 0.012 0.016
65 27.0 396 8.5 3.00 0.59 0.671 0.64 0.30 0.693 0.007 0.009
25 22.0 281 9.5 1.03 0.75 0.743  0.75 0.11 0.887 0.003 0.003
25 275 282 9.0 2.03 0.77 0.662 0.74 0.10 0.894 0.006 0.006
30 20.5 300 9.0 2.03 0.73 0.761 0.74 0.6  0.835 0.005 0.006
40 21 .0 320 9.5 1.03 0.68 0.755 071 0.17  0.827 0.003 0.003
35 21.0 310 9.5 1.03 0.70 0.755 0.72 0.5  0.847 0.003 0.003
45 26 .0 330 8.2 3.57 0.69 0.688 0.69 0.19  0.801 0.009 0.011
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Fig .8

mol fraction of CO, for CO,- H, O inclusions with the

Total homogenization te mperature versus calculated

w( NaCl,,) being 6 % (after Bowers et al ., 1983)
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M MEEE] . CO- H, 0 B AL ZE AR IR 38 — L % =
T NaC- H, 0 B HE 4R (180 ~ 340 C) X 4 A WAL 4k
ANRIE A COx- H, O BUALZERAR LG 14 i 172
ZIREY X —IE RN LR, co, Ml Nack
H, O RAENRHAER ,coy, MERZKIFIRT 7 B H oK R
ST AR TS KIS I B s A
COr H, 0 AL ZE AR 262 ( w( NaCl,) JEZVE N
1.03%~6.63%,NJE CO- H, OfREREMR R 587K
7E Bowers 25(1983) ] x( COy)- t, K& 8) H¥) co, Al
H, O NaCl AR D IBGE Y . DL FRR AR WE 4
PRI AAE, AR 1 22 A ] LUFH A R AN TR 12 ok
fifet it ELRSAT A A N JE IR co- Hy 0 &
.

6.2 FHYERRYEE G R AH RIRLERK

R CER K AT HE co, EARFIKEE
AL co, M NaC- H, O FIANRIE AN S e
ATTRATSA 0 B RN 38— P ) AR 2R3 8, B AR 11 4t SR
FERHER A7 B S FE RS s . ik 4 SR
HEWT BT 40 PR )G G FEA- T 148 ~ 436 €, F 2
S B BRI LE 260 ~ 400 ‘C2 ), H. A 320 'C Ayl
AFL ;T 3 0, 28 A U e A BV R P g 22X (i)
65 ~130 MPa.

IR EEASEII T2 R R |, co- H0 B2
AT ] AH 45 4k P 3K+ 26 co, 1 = A AR B
- 56.6 C ,UtIHRLEMA T ER co, 48 BV RET A CH, .
N, M COFEHE R I . AR, w( NaCl,) fH i
R ELL10.00 % AWM JET H, 0 KERE)- co, AR .
AR co, IIAHXSEEIR 73400 10 % ~ 30 % ,H, O IKIAH
XFEE IR YN 69 3 % ~ 89 .4 % , NaCl [RIAHNTEE IR 734k
H03%~1.6%. WAKSELEFENO0.64~0.75
glem’ . RUIEW WAL EE Y H,0.c0,, D
NaQl, & # /D& N, .CH, Al CO.

6.3 FH BB AR ARCKIR

B COy FIKER FE R VE 2 S0 PR 1 RO i 44 g 23
FAIE ( Bohlke et al.,1986 ; Robert et al.,1987 ; Kerrich,
1989) {HN) T AR 1) K U5 A7 7E 77 K U5 ( Burrows et
al . 1987 ;Jiang et al.,1999 ; Mao et al . ,2003b) &K
‘UE@( Kerrich et al.,1981 ; Goldfarb et al.,1988 ; Colvine ,
1989 ;Camaron 1989 ; Kerrich ,1989) LA K s Hi < ol it
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rpﬁ//ﬁﬁ—‘/%)\( Newton et al . ,1980 ; Groves et al . ,1998) &
NS

PEATHENT Z5(1993) BT 5T W 40 X PG LA A B
BRI 84S {H M 3 .80 %o~ 6 .10 %o JIH [ 84S {HN
9.90 %o ~ 13 .80 %o , DX 3B 75 Bk JFU A B2k (1)
SAS A - 6.55 %ol - 2.10 %o FEH TLET B
A S4S AN 2.60 %o~ 12 .91 %o, F3I4 9 .16 %o, S B
H R RGBS s (L ST LS )2
SSAHA AL B SR N AR S4s HES R
AR E G PR 1 A B AT o 205 5 5 KA TR Aok
TEIRS R

REH IR FE A B E A 83 c{a i &
BEEIA - 5.6% ~ - 7.8 %, X VU ETELET
Rollinson( 1993) 1 1 5 &5 ik IR £her A1 R 5 A4 NI
A S (R 25 2H BT A H R b e [m) A7 = {EL( 82 ¢
=-3.0% ~ - 8.0%) Hyu [, H 5 H P35 (E
- 6.0 %ol BT . MR BT AR AT 8 CypppfH A
=1 8%~ - 4.9 %0, TH A 8 Cy pppff K T-HAH
TR ER (0.5 %0 1 .56 %) , -5 HUE R YE K A 38 4 1 T
B . LA BRI U XU S0 PR I B RIE 12858 B
HSEEG D |

TR B B 1 = A 1 SDAE A - 60 %o ~
- 76 %o MR B 7 A0 RIAT SE 1K) SDAE 20 3k - 60 %o
~ = 74 %ol - 65 %o~ - 70 %o, &5 o3 — UL VTS AR
V. 6% O B4 A 7.3 %o~ 11 .8 %o, - 1.0 %o ~ 1 .5 %ol
1.4%~9.5%. Tk =AM DL FE b T 7KK
(8D=5.5% ~ 9.5 %) ] 6D 18 [X 3k ( Ohmoto, 1986 ;
Sheppard ,1986) W& [ AL /K 7 5% . A 051 6% Ok
BRT +1 .4 % A HARE NG FOKITER A 77 iR
A 8% o HORTFBKIIRAE K 9) .

3510k i 1 W 2N i a4 % 1 O R N
FLZEARE R A OGS E, nl DUAEIRT Y XU 407 PR 1Y
B AR TR, - 2ok BT H e sl n] Reki T
HE AT AR BLE K R O R B BOR N A
AR AR TROK AR BE K
6.4 BEATRENMEA

(PN S0 PV e T ek LR ey iE e ap b R i an 1]
PSR BV e 2 S R R de 5N 1117 s S R LR N
A AHEST A (1989) $E H HGURASAR L R | R A e Ak
(2000) F1 7 455 2000) WA Ky A& HOKPTRR B R) 2=
FE(1999) W HRBEANIHKS . FIERIXES &K
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NGNS R A AR . SERT(1994) AN 2« )2
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H(1997) A A & HAE B 1 IR AR Bk 3 R PR (1997)
et T KA A A BRI e TE iR E AR,
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PR 5 e B D 535 DI AH G ISR A 2 A IR
T 25 (2002) FZFH WA 2002) A E 405 4
Vi kG ey N S EA e

WO &, & S AR s R RR LK 2 AR
BAIR AR 2 AR 2R IR BR85S T T 4 A
¥ R MR PHE . SRR LN K AR S
N RS D REE U M DR K
famRar i ze FON MBI K R HOK 257 0.1 ~1
m i) i BRI S AR . AR R
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WSS P PR A A RS W R A T AR A K B
FAEBNA RHIRREAE ] BT & b ka4 .
6.5 FH ML

@%%iﬁgﬁtﬂﬁﬂﬁ“ﬁ\ﬁMEﬁ%ﬁﬁ( Mao et
al ., 2002a) , K% HILTE LLIE 2 40 it A8 TE 4 4 AH T
TR A I EE BT D R R v Wty HA X
REAEI AL AR R A AR seE B . i AR A
N R R SN REAS: RS T A N AWNE 2 & i
161 ~197 Ma( f1HESL S 1993 ;M %k ,1994 ;AR HH 445 |
2001 ;Feng et al ., 2002) A LBSHE T 55 1A AL
BRI AE RS 148 ~ 244 Ma( /™ FF 1985 ;5K [E 45,1988 ;
FAUETEE 1993 BEMIIREE 1994 T HEE 2001) . IX
— A AR ] 5 B S SRR W AR AL v bl K I
ZBIX 160 ~200 Ma [N IR A W) & T X —
FSC™ SO IS (1) b 3K 50y ) 27785 S5 A i oA A3 3 oo
FE(BHICEE 2003a) .

L T f ZR0RAEAb Z T s 2
WFrh- bR 2 J5 8 08 it L s 78 B S el T 4R T
Bl g LR (IR B A 1988 . AEIX i (A F AR
oh PR R 1) 22 U0 B R K 1 R B A A
BB IE R EAZ AT . A IR R I R 3t I B
o S PSR K RIGRIERATE ) Eis B R AN
WA R R B A F e IF S LR IR R A4 TR
B AR IR B — e R R A T BB EH BB K
FARRE AT ) IS 0™ 400 o LA S B 5 4 0 45 40 1) OB X
A JERCT TR B G0 R 75 Sl W 3 AR < R
TKIBNFH FR S

B EMBIR A e K E R
T REMAER AN AR KI5 8
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Geology , Geochemistry and Metallogenic Mechanism of Shuangwang Breccia
Type Gold Deposit

Zhang Zuoheng , Mao Jingwen and Li Xiaofeng
(Institute of Mineral Resources, CAGS, Beijing 100037, China)

Abstract

Based on a description of geological characteristics of the Shuangwang gold deposit in the West Qinling oro-
genic belt and a discussion on the origin of its auriferous breccia body , this paper deals e mphatically with the flu-
id inclusions and the carbon, hydrogen and oxygen isotopes of the ores. Fluid inclusion studies of both ankerite
from the main ore-forming stage and quartz from the late stage show that the fluid inclusions can be divided into
three compositional types, i.e. CO,-H, O, CO,-rich and aqueous ones . The homogenization te mperatures of the
aqueous and CO,- H, O inclusions in ankerite of the main stage display wide te mperature ranges of 130 ~370C
and 260 ~ 400 C , but with the same peak of 330 C . The salinity of the two- phase aqueous inclusion ranges from
4.00 % to22.70 % w( NaCl,,) , with a peak of 10.0 %, and that of CO,- H, O inclusions between 1 .03 % and
6.63 % w( NaCl,;) . The COx NaCl-H, O fluid is the main ore-forming fluid characterized by enrichment of
CO,, low salinity and high te mperature . The 83 C values of ankerite range mainly from - 5.6 %o to - 7.8 %o,
probably suggesting that the carbon in ores of the Shuangwang gold deposit was mainly derived from the great
depth . The hydrogen and oxygen isotope analyses show that mag matic water was the dominant ore-forming fluid
with the mixture of some metamorphic water in the ore-forming process of the main ore-forming stage . Besides,
some amounts of meteoric water were involved in mineralization in the late ore-forming system of the Shuang-
wang gold deposit .

Key words : geoche mistry , C, H, and O isotope, fluid inclusion, metallogenic mechanism, Shuangwang

gold deposit



