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B 1 WESH KM X #b )R (35 Mao et al. , 2002a #54%%)
1—ZRERDE B 2 REEANRA; R ANEES FRENBS,; +—RhERENRE; 5— 8- KFR2EREEK;
6-—NER-MMEERR S, 7KW RE; s— KR IR o—RAT 50 « MAUMET R, 10— EDT 50 1 WHELRET
R 1 —M MR T 50 1 B FREBEH IR 12—HEhT 50 t D RHRBET K
ig-1 Simplified regional geclogical map of the Shuangwang gold deposit and its adjacent areas (modified from Mao et al. , 2002a)
1—Triassic graywacke and slate; 2—Late Paleozoic flysch; 3—Cambrian-Ordovician slate and carbonaceous sedimentary rocks; 4—Early Paleozoic
island arc complex; S—Triassic-Jurassic granitoids; 6—Cambrian-Ordovician granitoids; 7—Regional fault zone; 8—Regioal thrust fault zone; 9—
Orogenic gold deposit with Au>»50 1; 10—Crogenic gold deposit with Au< 50 t; 11—Carlin-type gold deposit with Au>>50 1; 12—Carlin-type
gold deposit with Au<C 50 t
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B2 WNESFT R KREMEE (RO, 1993, BHH%)
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Fig.2 Schematic geological map showing the NW-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—(ranitic
porphyry dike; 9—Normal fault and its attitude; 10—Undistinct fault
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BERBHRE NW FBTE1, K25 11.5 km, K 4
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Fig.3 Schematic 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; $—Depth of drill hole
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Table 1 C, H and O isotopic composition of ores from the Shuangwang gold deposit

B S ¥y o9 = R 3D/ %o 880y mp/ %o o T 813C M 380y M /T
Sh-1 BHAZRE B - 64 -11.8 18.7 -6.5 8.3 245
Sh-2 &HEE FHE - 63 -11.8 18.7 -6.3 10.9 313
She-6 ®AER ENE -73 -12.9 17.5 -6.4 10.4 337
Sh-7 BHEA EHE -76 -11.8 18.7 -6.9 11.8 345
5h-8 ¥®HsA/ EHEE -75 -12.2 18.3 -6.0 1.4 345
Sh-12 BaEH EHNE - 63 -12.6 17.9 -6.5 9.2 288
Sh-15 HHEA ENB -62 -12.4 18.1 -5.6 11.5 356
Sh-19-2 HEA FHE -7 -12.2 18.2 -6.8 10.4 314
Sh-21-1 BHER EHrE -60 -12.2 18.3 -6.2 10.7 321
Sh-22 -J=E-p FHEE -69 -12.6 17.9 -6.2 10.8 336
Sh-24 #®Bzsh EHE - 69 -13.9 16.5 -7.0 9.4 336
Sh-25 = EME -74 -13.8 16.7 -6.2 9.6 336
Sh-30 &HER EBER -65 -14.1 16.3 -7.8 7.6 287
5h-31 BHEA ENE - 60 -14.4 16.0 -14.4 7.3 287
5h-33 3=k EX824 -69 -11.5 19.0 -11.5 10.8 302
$h-34 [:d=F2 0 ERTE - 64 -14.0 16.4 -14.0 8.2 302
5h-9 ®EHER M - 68 -11.9 18.6 -7.4 n.7 345
Sh-16 FRE BB -62 -21.6 8.6 -4.9 1.5 255
Sh21-2 FHE B B X - 60 ~22.6 7.6 -4.5 0.5 255
Sh-26 FRE BERTER -74 -23.8 6.3 -1.8 -1.0 255
$h-10 A3 WA B -70 17.1 7.9 255
Sh-1l A% BEE - 66 17.5 8.3 255
Sh-23 A% BB B -68 10.6 1.4 2558
Sh-28 a% i BY -70 18.2 9.0 255
Sh-31 A% . 171424 -65 18.6 6.5 201
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00 H0 & ¥4 ZHAaMELA LMk
B 80% LA L. HiCH 2~20 pm, P HI3E 30 pm,
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S AMUR(E 4A.B). ZRTHEN=H. B8
Pik. HFEHOLEED CO, WkBTER 5% ~
45% , KZ,H 10%~-35% ., =HaRES CO, i

e 5 He A fh e K, RS BUM T 10% B 90%,
HEXZENTF 50%.

F 00, & R4 IAEBEY 5 Ak A
10% ~15%, S LBE/NTF CO,-HO ik, K#
220 pm, KM F 10 pm, TE L0 ST E
E mEEERMR. 4 E¥RS CO-HO il
B FERTFESSH, ROBCAFHE
4A),

REROEE ZBOBELLQEEAEN
5% ~10% , HKEHHK 2~15 pm, F3 4~8 pm, <4
BAEE 5% ~15%, M FIH % 30% LA k(A 4C),
TR T RSHMBEAER, 5 00, H0 B FIE
SAEMEEELAE.BRERKBAB=AERKER
RE B #E 2 7 (H 4C)

AN ENHEAPEREDETH YL
ARE EZEEL ADENT ETYEE TSR
W, R — 5 TAE. BIEH%(2000)HHFE, H
alkh TP YRR EE R FEET . EP.A
hREEzH%.
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B4 SanathiitaBkBnRy
A COrHOERERE CO, féik; B. CO-HO UMERAEHERE; C. M BHaRE
Fig.4 Microphotos of fluid inclusions
A. CO,-HyO inclusion and OO, -rich inclusion; B. 00»-H,0 inclusion and aqueous inclusion; C. Aqueous inclusion
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Table 2 Temperatures of different fluid inclusions from the Shuangwang gold deposit

iﬁﬂﬁtﬂ“% @-*ﬂ‘%ﬂ tm(m)/t tm(dmhnm)/t tm(tnl)/t th(COI)/‘C th/t
®H=h CO,-HO 6.5~9.5(11) -56.7~ -60.5(51) 15.6~31.7(39)  148~436(100)
KM -2.4—~ —20.6(54) 130~370(56)
®CO, ~56.7~ -57.0(9) 15.3~23.0(9)
Ik CO-H,O 180~ 340(9)
KIEH 160~280(7)
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a. EMBHATA; b BHBOX
Fig.5 Histogram showing total homogenization temperatures of fluid inclusions from the Shuangwang deposit
a. Ankerite of the main stage; b. Quartz of the late stage

5.2 MBSEREBESE

W A R B R W E R A X E ™ Linkam
Thmsg 600( — 198~ + 600T )& # & E#EFTH), Mk
R 0CUTH£0.1C, £ 0CTU LR £1TC,
WA B RSB ERNKA e 00, H0
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AEAN TSN —REREA 148~436T , £ EHR
260~400T , A 320°C JyuefE; 56 KBRS
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Sa)o 9 MLV ER R ERKE T CO-H0 BEERTE
43RBT EY 180~ 340°C, 7 KB w3
By B 160 ~280C , B A M F LI
240°C A eEH (A 5b) .
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W8 49 1 CO-HO0 BLEAH) oo HITEE N
15.6~31.7C, T EHEPF 28.0~30.0C;9 F &
CO, BB AR —EEN 15.3~23.0C (B
6)o RILIKTB £ 0o, H0HE 60 1, EIK - 56.7~ -
60.5C (F+E CO, Bk 9 1, KRN - 56.7~
-57.0C), T EEEHN - 56. 8~ - 58.0T, I
-57.0C Hyikfl,

Z BRI CO, LB MRS, F
£ COyHyO 326 (R 7E DU iR i 72 b, 1 BB 0 1 3
Eeu( clathrare) 0 94 K PE A B 1A B 5m(ioe)j‘-7 -2.4~
—20.6C , MR M w(NaCly) X 4.00% ~22.70%;
11 4 CO-H,O IR CO, KKEDH 2 dabrare) H
6.5~9.5C, # M # w (NaCl,) 4 1.03% ~
6.63% (% 3). BMESARKBRAKEEEND
ERT CO-H0 fikaBkmiE, REELE
E#A,HLL 10.00% HEME(E 7). HAEHESE
RN IBE R MM EERH 0. 716 ~0. 990
g/an’, -3 0. 857 g/an’, A B B IR 51 20 15 ~ 205
MPa, EEH B ¥ 65~130 MPa; H4E 00,-H0 itk
HIER AR, FEXR S (1999) M2 0O, S ALY
—BFHIRE - HES R LB MK 0O, 1
BEp(00,) 127 0.630~0.761 g/c’ , FOBEHAAKIE B
fIRERE N 0.59~0.77 g/end®, LR RA R BHEH
0.64~0.75 g/a? (K 3)o WA CO, R
z(COy)2k 0.10~0. 23, K #F H #° NaCl B9 BE /R 4F
x(NaCl) ;24 0.003~0. 022, =4 O, {EHF NaCl
ALE R «(NaC) K 0.003~0.016(F% 3), hE
B LA 28R 188 =800, 2 5B 4 P H O/ B /R 4+

B x(HO0)H0.693~0.894(F% 3) , HEA 8 FILLF
H, i 00,-H,0 A BEMAESHIRENENELET
100~200 MPa HIFERE =+,

»r O mco,mmik
30 b E co-HO0 Bk
K15 §
®
%10 N
— W
st
0 IR VN T I S | N\ “\ Dby
4 g 12 16 20 24 28 32
fooy' C

H 6 WELF FRAALEECO, Bl —BEEFE
Fig.6 Histogram showing hamogenization temperatures of 00,
far 00,-H,O and 00,-rich indusions fram the
Shuangwang gold deposit

0 ABwamE
O CO-HO BXik

7 WELT BRI RE R E
Fig.7 Histogram showing salinities of fluid inclusions
fram the Shuangwang goid deposit

%3 NELTHHS 00,-H0 SREHAXSH
Table 3 Related parsmeters of (0,-H,O type flnid inclusions

p(B)/(g-em™?)

pC0)% o) T 1T toutens wi(NaCl,) 7% {00 x(HO) z(NeC) x(NaQl)y,
KO O, i
35 21.0 315 7.9 4.14 0.72 0671 0.0 0.14 0.849 0.0l 0.013
50 24.0 353 6.5 6.63 0.71 0.7117 071 0.23 0.758 0.016 0.021
50 290 348 7.5 487 0.68 0.630  0.86 0.21 0.783  0.012 0.016
65 27.0 39 8.5 3.00 0.59 0.6 0.64 0.30 0.653 0.007 0.009
25 2.0 281 9.5 1.63 0.75 0743 0.75 0.11 0.887  0.003 0.003
25 27.5 282 9.0 2.03 0.77 0.662 074 010 0.8%4  0.006 0.006
30 20.5 300 9.0 2.03 0.73 0.761 074 0.16 0.835  0.005 0.006
40 21.0 320 9.5 1.03 0.68 0.755 0.7t 0.7 0.827  0.003 0.003
35 21.0 310 9.5 1.03 0.70 0755 0.72 0.15 0.847  0.003 0.003
45 26.0 330 8.2 3.57 0.69 0.688 0.69 0.19 0.81 0.009 0.0




248 ¥OK O # &

2004 £

1200 1 T T T T T U T T

1100 |- -

900 |- n

soo}\ B
——somp
5
L0 SN : ok s

t/C

600 \ -
500 |- A

Y pomsermss™
400 |- ‘[ s, =

300 1A Tma,
{ PRl 100 Mpa Y

20 RHOME
+ WCO M,

L I ) I 1 PR R |
0 W 20 3 40 50 60 T 88 % 10

x(CO,)%

H 8 B w(Na(y) = 6% 00,10 SRz
—BES (00,)HIXF AW Bowers et al. , 1983)
Fig.8 Total homogenizarion temperanure versus calculated

mol fraction of 00, for C0,-HO inclusions with the
w{NaCl,,) being 6% (after Bowers et al., 1983)
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6.1 REHTRBM

TR EER G R R — R SR CO-HO &
EEAAHFNWY—-RELE, BT 00, M C0,-
HO . EPH 00, W EA MRMFSH—REM
TEH-BEREE O, BB &P
HO, HAFEED 84 15% a7k 2 MELR TR
WARRE |, R iy TR 4 Py B TR 5 DL
B} (Ramboz et al. ,1982; Oslen, 1988 ; Hollister, 1990) A
EARBHORERAHELNELE.

WRTETR, D ELF R IHEMA KR 00, HO R
bk, B 0O, AT 10%ME KO =H
ARIE, A 00, ABUERE 70% T E 00, =HE
Bk R — M (EFE)E 00, Wk, mH =]
B Rl — A BrEp s A gk, CO-HOHE 0O,
BT E CO, R H—BIS AT 28— FIHA, 5
BAKBARRNER S —BEEE (5 3h 15.6~

31.7CH#115.3~23.0), A=A O-HORETE
PRSI —IRIE % 260400 , BRI E O, MBI
RARFNY—EEERE,E b TaREHEMAR
HMBAERER, O, HROBERENY - REH
F NaCl-H,O B9 34 (180 ~ 340C ), X L7 & &
HAREE, EH A 00, RO HEBEAEEH MR
ZREY X—ARFWET LR F, 00, Fi NaQ-
HO RAERREFER, 00, NERABE P BHR, R
ARG, I SEOK B E. 8 Th
OO Bl B R A 30 B (v (NaCl) ) F BT B N
1.03%~6.63%, iR CO-HORILERR, L%
¥E Bowers % (1983) 1) 2(C0;)- ¢, (B 8) iy CO, H1
HONaCI BB EERE P, U R NS
PR LA R 1 B BT T LA AR B R IR B R
WRE, T ELARD Wik S R PR Q0RO (&
£o

6.2 BTEANRESHRET FREER

AEEESR R, 5 HPHE CO, ERNKER
ARAER 00, M1 NaCLHO AR RB AR EAS, &
- RE MY —E DR FX L aXENHRE
BRI E S , B A R s . kit R
HEW, WEET RRERBREN T 148~436C &
BB BB R IR B AE 260~ 400°C 22 B8], LI 320°C Fpi
H; TR AR R MR SR AR A B FER R
H 65~ 130 MPa,

WA AMESEHT SR EN, 00,-H0 B #
EHEMSARESR TS O M= HARE
-56.6C , B+ OO, 41, EWRER & CH, .
N QO BHER S WMABEEE AL, w (NaCl ) {E &
& EEL10.00% AuE(E, /BT HO(REE)-CO, R,
Ytk 0O, WX BE/R U 10% ~30% , HO B94H
X BERAHCH 69.3% ~89.4% , NaCl SR BE/R 433K
H0.3%~1.6%, MAKHBHEEERN0.64~0.75
g/ar. ERBRITAERY TE R K000, PR
NaCl, &0 N, JCH, 1 O,

6.3 BT YRERT FEFE

B OO, AMREEEE R £ &0 IR R W st B
¥4F (Bohlke et al. , 19865 Robert et al. , 1987; Kerrich,
1989) , fHL F* 3t 14 641 3 IR 47 75 A 3 K B8 (Burrows et
al. ,1987;Jiang et al. ,1999; Mao e al. ,2003b) 3 i3k
¥ (Kerrich et al. , 1981; Goldfarb et al. , 1988; Colvine,
1989; Camaron, 1989; Kerrich, 1989) L 5 i 98 HE < 5% At
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BEMAAIRA (Newton et al. ,1980; Groves et al. ,1998)%
B,

BEAMETZ(1993) R, REST R IUE K
BB SHSEH 3.80%0—6. 10%, T E A 84S 1N
9. 90%0 ~ 13. 80%0, DX K & AU IR A P K 1Y
FS{EATEIR —6.55%F - 2. 10%., LTEFET
Frh SR 2. 60%0~12.91%, B35 9. 16%0, FTBE
HEERERT BB 5MS H.5i5 5 B &2 T
HMSESFEL, BT ESERABTHEN MSHER, &
PN ESH ROPEHEE 205 5 XM A%
PAE G

DEETREERTHBRKAZA MPCHENE
EHEN 5. 6%~ —7.8%, X—UERLEET
Rollinson(1993) 38 14 B 5B A . £ AR E MR
A MBREICL R BT H B Hbg B [ A8 (8°°C
=-3.0%~ -8 0% MEES B K FHMH
—6.0% LB BT, BB N AN P ComeE N
—1.8%0~ = 4.9%, B TH A/ 8°Cy prpf, (K FH4E
BRBREE (0. S%o £ 1. 56%0) , L ML MB R WBR A R E
£, L ERERHENE ST ROBOCE TR BT
HuFEEE NS

FEVRBHNEAS AN D ENA - 60% ~
—76%0 , BB Bt 7 0 A A Y 3D 1B 2 5K - 60%0
~ — T4%0 1 — 65%a ~ — 0%, 25 & ¥ — B i W A
i 3O fHAT BN 7. 3%~ 11.8%0, — 1. 0%~ 1, 5%
1.4%~9.5%, A=A DHEILFERT ERK
(3D= 5. 5% ~ 9. 5%a) B9 3D i K 3, (Ohmoto, 1986;
Sheppard, 1986 ) , BE A28 Bk 7 1 88 . AR 31804
BT +1.4%250, HRBEAEKKHEEAN, g
A B0 AR SRR AEHE(E 9).

B LB A R A RAE , 45 & ik
ARERE RHERSH, TTLHERE, RELTKY
BB THER, TE¥ A THREETERE T
e, WA LE R KA, BT RRBIRBARAR
Gk dink s v € N 7
6.4 SEMERAMRA

MABRMBEST KESHERSAMATREN
REAESREHR,BEFERKHSE. X TFHKE
HA AL (1980 R AR O, RERS
(2000)FJ7 4 % (2000) WA B ok TR BLE, %
BEIOVARRBAIKSE. ZEBINTZEEMEK
BAWIEEATHRASKEOMAHY EE D, H
A E T R BREUR N RO, K E
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M9 NELFREF BIEN 80 -DygowB
Fig.9 Damnof&lﬂ%omsﬁDvwof are-forming
fluid in the Shuangwang gold depcsit

HRBURR ™, EEEME TROKTTEURE .

MNEARENER, ERFE1983)INh SRR
REKARE RO HBRA X, AT EF(1989)#
HREFEMTRERUKENBERANENERA
HIEHTRAHEARE. BTR0194)IANER
PMEBGE- R AR AR NESRE". kE
(1997 H IR ES MR oL (5 FS R, W 32 PR (1997)
B TR A- A RBREERATEE " HIA.
BB E(199) M EHFRETRH WS, BHES
(2001 YA EF R BB 9 H KB
B R R B K A - S SRR R R Tk
AR R BE . BHERE (2001 AN EST
FRSEMHEN P B X MR R RB R LT K,
FEHEFQ)MBHNEQ2)IAANEET IE
AR RRIEBNATE .

2R R, & &MkARATESKE AN
BAR AR EARBRER, XETREMNA
B AA - B, MRS UK AEE
RESBTE BB RAFHAERSBERKE.
PR TR R/ DAEUER EHOK, S8 0.1~1
m 2, HPERARKAES BEHE. HARE
WEARRRRS, AU EE M RATRRKL, &5
BPREERM. A EATREEATRNRS EE,
KN BT REENRBSBEGRRIER, €8
WA E & & AP A0 R IBERE M R L B
BRBREDEYRENE AR, EEHKR
B S MR MRS BREE SR, R4 T
{38 BY 925 TE AR LA B/ N A AR SR 00 3, T
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BB NN KA R ENAETHREANSE

A RMRRMER ERT S &R ABRA
6.5 RAHH

FRWH X = HF LTS (Mao et
al., 2002a), KX HBAABR LB ELE R 2N
MEUE b E PR R I R e R o, B X
RERAXERUBER SRS E K. BAFAR
FWE AR E ST R ASHETT
161~ 197 Ma (A vET 5%, 1993; M85, 1994; BRI A 45,
2001;Feng et al. , 2002), Sk B0 F 58 b %7
HABIAERS 148~244 Ma(™ [, 1985; 7K E £5, 1988;
AHET %, 1993; BARIRAT , 1994 S 0345, 2001), X
—BV AR SER X SR BRI RRERH
4BX 160~200 Ma K AMEBLET BB A&, TTX—
R B S B 9 3 BR 3l F7 418 T g PO RS 10
B(ERLE,20030).

LN T HF RS FgIbR R Z HL M
- R S, R L N - MBI T
R LIE R (KB4, 1988) . ERX—BEILERER
o, PR TR A 2 U s B R SR E AR N
ERWER BB EREN. £XBEKHEEIFE
ot ST A EE RO ERRAL A EEB g Re R
W K R SR P R T R, 35 HAoR B AR
B EERRD - ERENEE T RRER, EER
A RP R BT YR ATRE RS IR
BE ERTREXREE K, ERT M¥if K< #
KIBARRY R,

B BRI KE &Y g K ENER
ETRFAETITAEMBER A .
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Geology, Geochemistry and Metallogenic Mechanism of Shnangwang Breccia
Type Gold Deposit

Zhang Zucheng, 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 emphaticelly 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 compositicnal types, i.e. CO;-HyO, COs-rich and aquecus ones. The homogenization temperatures of the
aqueous and C0;-H,O inclusions in ankerite of the main stage display wide temperature ranges of 130~ 370T
and 260~400T , but with the same peak of 330C . The salinity of the two-phase aqueous inclusion ranges from
4.00% to 22.70% w(NaCl,,), with a peak of 10.0 %, and that of CO;-H,O inclusions between 1.03% and
6.63% w(NaCl,). The C0-NaCl-H,O fluid is the main ore-forming fluid characterized by enrichment of
CO,, low salinity and high temperature. The 8'*C values of ankerite range mainly from —5.6%0 to — 7. 8%,
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 magmatic water was the dominant ore-forming fluid
with the mixtute 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: geochemistry, C, H, and O isotope, fluid inclusion, metallogenic mechanism, Shuangwang
gold deposit



