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Abstract The Jinchang gold deposit, located in Dongning County, Heilongjiang Province, is a giant deposit that has been
discovered recently, with resource up to 86 tons of gold. Occurring in the Jilin-Heilongjiang Metallogenic Belt in the eastern Central
Asia Orogenic Belt, it is a complex ore-system possibly including porphyry-, explosive breccia- and epithermal-styles. The ore-system
is associated with Mesozoic intermediate-acidic volcanic-subvolcanic rocks. The JO orebody is regarded to be of explosive breccia-type.
Studies in ore geology and isotope and fluid inclusion geochemistry show that the ore-forming process of the JO orebody includes three
stages, the early, middle and late stages, characterized by mineral assemblages of quartz—pyrite, quartz—polymetallic sulfides and
quartz—carbonate, respectively. Most of the native gold grains are observed in the middle-stage minerals, and next in the early-stage
pyrite. The initial ore—fluids were magmatic in origin and characterized by high temperature, high salinity, high oxygen-fugacity and
high content of CO,. Fluid-boiling resulted in release of volatiles such as CO, and decrease in oxygen-fugacity, causing rapid
precipitation of sulfides and native gold in middle stage. Meteoric water input made the late-stage fluids dilute, CO,-poor and
epithermal, and slightly contribute to Au-mineralization. The JO orebody of the Jinchang gold deposit is holistically an intrusion-
related, shallow-developed (633m ~2736m) , high salinity (11.70% ~37.81% NaCl. eq) and medium-to-high temperature (238.3
~425.7°C ) hydrothermal ore-system. The ore-system, characterized by high-content of CO,, must be developed in extensional regime
of a thickened collisional orogen, instead of a magmatic arc related to oceanic plate subduction.

Key words Fluid inclusion; Explosive breccia-type gold deposit; Jinchang deposit; Heilongjiang province; Central Asia Orogenic
Belt.
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Fig. 1 Sketch map showing the locality and regional geology of the Jinchang gold deposit ( modified after Qi et al. , 2005)
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Fig.2  Geological map of the Jinchang gold deposit (slightly modified after Jia et al. , 2005)
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Fig.3 photographs of explosive breccia of the JO orebody, Jinchang gold deposit

a-breccia-pipe, with quartz and polymetallic sulfides filling in the gaps of breccias; b-breccia-type ore, with polymetallic sulfides filling in the

gaps of breccias
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Fig.4 Microphotographs showing the ore geology of the JO orebody, Jinchang gold deposit

a-quartz phenocryst with a secondary growth rim; b-sericitized cataclastic quartz; c-pyritization-sericitization-silification; d-carbonation; e-native gold
occurring in the margin of the early-stage pyrite; f-in the middle-stage mineralogical assemblage, pyrite replaced by chalcopyrite, and gold occurring in
both pyrite and chalcopyrite as well as pyrite-chalocopyrite boundary; g-irregular-shaped native gold in pyrite of middle-stage assemblage; h-

coexistence of middle-stage pyrite, chalcopyrite, galena and quartz
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Fig. 5

Microphotographs of fluid inclusions of the JO
orebody, Jinchang gold deposit

a-CO,-poor S-type fluid inclusion in quartz phenocryst, containing
hematite, magnetite and other daughter-minerals; b-coexistence of the
CO, -poor S-type and CV-type fluid inclusions in quartz phenocryst,
showing a fluid-inclusion population trapped from boiling fluid ; ¢-CO, -
rich S-type fluid inclusion in quartz phenocryst, containing magnetite
and other daughter-minerals; d-CO,-rich halite-containing S-type
fluid inclusions in the early-stage quartz; e-WL-type inclusion; {-The

secondary WL-type inclusions
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Table 1  Microthermometric data of fluid inclusions of JO orebody, Jinchang deposit

K5 AET Y {3 IR R B ? A UKE(C) i LR [dE
(C) HEE(C) (wi%NaCl. eq)  (g/em’)
IR i S >800 — — _ _ gy
ATIEBE S > 800 — — — _ gy
ABERE S >800 — — — _ gy
AT S >800 — — _ . P
Jc-04
VaE 87 S >800 _ _ _ . gy
ATHEBE S > 800 — — _ _ gy
ATHEBE S > 800 — — _ _ e
A1 YT i Cv >800 — — _ _ o
paE S 339.0 183.0 — 31.06 0.98 B
o S 354.0 137.4 — 29.19 0.93 B
o S 377.5 181.5 — 30. 99 0.93 B
FeEa S 354.3 183.6 — 31.09 0.96 B
o S 332. 4 184.9 — 31.15 0.97 B
i S 358. 4 183.4 — 31.08 0.95 HL
FaEa S 379.6 188.7 — 31.32 0. 94 B
PaEi S 365.7 185.9 — 31.19 0.95 H
pagi S 364. 6 181.5 — 30.99 0.95 HL
o S 372.1 285.2 — 37.06 1.01 5k
L S 356.7 181.6 — 30. 99 0.96 B
i S 382.9 182.2 — 31.02 0.93 B
Fax: S 389.7 270. 4 — 36. 02 0.98 ok
jc0-7 paE S 344.3 267.6 — 35.82 1.02 B
o S 326.6 267.2 — 35.8 1. 04 B
oo S 379.0 269. 5 — 35.95 0.99 B
pax 3 S 412.6 278.1 — 36. 55 0.97 B
i S 410.0 295.3 — 37.81 0.98 B
I S 399.1 289.7 — 37.39 0.98 HL
FaE S 373.9 288.0 — 37.26 1.00 15k
A S 425.7 225.5 — 33.23 0.91 H
o S 425.5 279.3 — 36. 63 0.95 HL
HH S 373.5 286. 3 — 37.14 1.00 5k
Fex s S 386.9 291.7 — 37.54 0.99 H
pagi S 395.0 288.9 — 37.33 0.99 B
oy S 421.9 248.5 — 34.59 0.93 ik
FeE 3 S 381.5 234. 1 — 33.72 0. 96 H
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Continued Table 1

, e U B Ry . EhpE TR .
5 FETY fFE RS () HEC) vKE(C) (W% NaCL eq)  (g/em’) i1d=4
i WL 238.3 — — — — o

o WL 286.3 — — — — o

HE WL 280.7 — — — — G

o WL 309. 1 — — — — o

oo WL 286. 2 — — — — o

FaEa WL 301. 1 — — — — o

i WL 289.3 — — — — o

i WL 293.3 — — — — o

Fax: WL 319. 4 — — — — o

o WL 293.2 — — — — o

o WL 275.5 — — — — o

Y WL 316.7 — — — — o

HE WL 292.7 — — — — Gl

i WL 262.3 — — — — o

o WL 317.5 — — — — o

JC-0-19 FeE 3 WL 338.7 — — — — o
o WL 339.8 — — — — o

oo WL 339.7 — — — — o

pax WL 328.9 — — — — i

o WL — — -8.3 12.05 — o

i WL — — -8.1 11.81 — o

LY WL — — -9.0 12.85 — Gl

Ak WL 327.1 — -9.1 12.96 0. 81 i

I WL 326.6 — -8.5 12.28 0. 80 o

Fax: WL — — -8.6 12.39 — o

by WL — — -8.9 12.73 — Gl

o WL 324.7 — -8.0 11.70 0. 80 o

o WL — — -8.4 12.16 — o

HE WL 284.2 — -8.6 12.39 0. 86 o

o WL 292.5 — -8.5 12.28 0.85 o

o WL 286. 6 — -8.5 12.28 0. 86 o

Ji et WL 166. 2 — — _ _ W

Ji fifa WL 169.0 — — — _ i

Ji A1 WL 196.7 — — _ _ W

JC-0-12

JifiAn WL 169.2 — — _ _ W

Jiftn WL 173.8 — — _ _ W

Ji A1 WL 174.9 — — _ _ W

H:JC-04 A B BEA BT ; JC0-7 BB Be A Je— 8™ ik ; JC-0-19 h B 24 @ Bk - Jelk s JC-0-12 BRBH Bt 82 1k )7 i £ Bk
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Fig.8 Laser Raman spectra of fluid inclusions of JO orebody, Jinchang deposit ( The spectra were disturbed by hosting quartz)

A-H, O-spectrum of the WL-type fluid inclusions ; B-Spectrum showing that the CV-type fluid inclusions contain CO, ; C-Spectrum showing that the S-

type fluid inclusions contain hematite crystal; D-Spectrum showing that the S-type fluid inclusions containing magnetite crystal

xR2 &I &W 0 TEBRT RESERGLRAR (%0, SMOW)
Table 2 The §™0 and 8D values (%o, SMOW) of ore-fluid of
the JO orebody, Jinchang deposit

S BB oY 8D 8o 8%0, E/C
Jc07 H VaES -72 8.7 4.5 395
JjC0-19 Vap s -73 111 4.1 297
jco-12 Fap -76 8.3 -5.1 175

(1) 80, fHMR M 1000Inayy  =3.38 x 106772 - 3.40
(Clayton et al. , 1972) 7415 (2) F BB 80, 507
FRIRE S B AR AR 2 At 3 (0 3 — 3 BE b AT T g
TE) W BT PR BE O A — R P 2 (.

XTBERR AT S S JE AL B AR R I G P TR 2
M, 45 2R R D R BT (R IR g Dy 246,292, 410, 667,
1323em ™) (&1 8C) FIREHRD™ (FFAEIE Sy 667cm™") (1 8D) ,
WA a3 AT B R AR L

4 FUARINLHBESE

JO B R 10 B B 3t A v & AU ) R AR AR B 1 3% 2,
Frp 6% 0, HAMIE AR 1000Ina ;4 =3.38 x 10°T % -

3.40( Clayton et al. , 1972) DL K 43 ZE {4 $ifj 3K i BE Ak 52 (8
(O S A LAY — 8 B A7 A2 I I Ak 345 3] ) sl 4
TRY—IE S B A . Mo, B Bk 8 0, =
4.5%0,8D = - T2%0; B Bifi ik 8" 0, = 4. 1%0, 5D%o =
—T73%0; Wi BE ik 8" 0 %0 = = 5. 1%0, 8D%0 = — 76%o.
AT UL, W00 BT A LA A IR RHAE , i 60, {E MR
FUGZHTFAR , Wi b B 8™ 0 Sy & i i, B KA K
P, B ™ 0 140 DA 2 5 AR 1l R AR /K FABE 1k, 55
A BT R BT S R (N SB AR T 56, 2007 ) RIS AT IR
(=5 2007 ) (AL BLAE ARV &

5 e
5.1 BR—RERGEHELI AT

1O S A4 B By v AL A 4 2 PR S8 B M T R TR
O AT B o A R A SR B 1Y I 1A B0 B AR AR
S 1 A M T B A A A . R SR A AR A v B 5k
KA P B AR — I (HEA T7E 800°C BRIy — , £ WA
PEBE i 9T L IE 5 T 800°C o 7B I U J H I RH A7 1
RATFIA SERES il B 5 5 R K S R DL SR TR . 9
s T AR K A AR B HAE e P (< 8km, JR )
b 2kb) BB 45 di U R R £9 9C 28 (Robb, 2005 ) , £k A-

“H HH
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Fig.9 Plot of temperature versus H,O content showing the
crystallization sequences for granitic melt cooling and
solidifying at shallower crust level (2 kbars). The bold lines

refer to H,O-saturation curve, liquidus and solidus ( from

Robb, 2005)

A'-A"FI1 B-B' 73527 2kb [ J1 7 157K 2% F17% WAL B
KA IS ST B BE o FE KA RNZEZE M A AR AT
B A AT I 25 il BE 20 i T KA A A5 s SRk
U, SRR Y RO 4G I R o AR BRI AR
HBER T 800C, BEW] JO 4 1A 2 B J i 3 B )t
A-AT- AR B AN 0P AT R 45 i, R T L i R
WKL N 2% H B AR, 18 A-A"E 5 KRR 1958
AAT I SR B 5 e S [ 245 i R 18] 352 24
N TI0°C ISR AR A A AR 23 B, R AR T 2R Wb B A
(—ZEBB B A I ARG A v oy s AR T A e 5 7K O
PRARZ T A 2025, — 2R M 48 45 T AR v o oK 3 5 7 ) 45
Al I B I SRR AR A Z [ 70 8) o BRI AT D vp LA
AR R BT R OB S T RS
T AEI I SR RRBOE R R AR L VE CO, (SO, 1Y
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T KA (S CO, SO, SFHER Ir ) IERA E I T
Ji  AEF A MRS A BRI s — AR UK, i R 58N
(R A 36 I, 51k R R, B R RO R A 1
(Burnham, 1979) K ELERFRAR IR 2B 1

R B BL W 0 A AR Y — L Ol 326.6 ~
425.7°C , 5 47 SEBE A i A4 B AR — 3 B A 22 400°C L
FHAT R AR AR EE (710°C + ) #2229 300°C, $EHH B 1™
AR R G SR B B R 300400°C , R ATTIN N,
X — e AR i o R A T L o X BRI AT B 5 RO T
TR PR Ao B B CO, B545 & 43 FAR BE 1 DR 3 1L
Ko AR BASR (5 A 00— A 22 G P o e L, T L fof
VR ZR G2 T, W o I, 4R 3 R o, (i B A A vk 4 L 3k
TR, T8 R LA TP R AR T R R SR T &, sk
LR B b AR R T CO, =AM, TR K
YJ— K F1{UF 268bar, L] T _EiRYGRAG R, Pus R
J& A AR SR R R R B L VA A R T R L BRI
HMEERRER T ) A SR BT AR, PR BOR AR
e R R, I S E R R K IR &, TR R 51 €O,
it — AL, ZME R AR EFRETE. K
Wy B A 2R 40 AR E T, R IR RS IR A BB T 7, CO,
SEHE R AR O R A, WA IR KR B AR AR
AT

5.2 BAR—RERT RZENEEES

&) AW TR TP 1 B B v I Y A 3
VIR E A YRR B (B E AR 45 ,2005) 3% —
HAL RN T &) &5 RABIX [ L0 A R
RGOS T 7 AL PR I PR s (1) RS Al e 1 BR
B ART TR A 9 2A R IX (& Rk S A 3 ) (o= BE
45,1994 ; BF[EKAF,2005) 5 (2) 2B RS FEN oy i s K
Fti e 8 X (AR i3k S 45, 2005; Qi et al. , 2005; Chen et al. ,
2007) o fE5E R R, 22 F AT 5 O i 1L 38 Y Bl
ST AR TE ROk, 2 5 58— SR K LI iy AN ofr L 1A
GRS (FBEF-4,2005) , T U] , 2 L iR 5T IX.
Rili 7T 1A BT 1 T 40 T iR v JRe 0l 2 i 5 & 2 i B 1 3
HEANEAE R (Chen et al. , 2007, }HFI0) . W4, 585 24
FHEHE RSP T AR WA RENEE? RI\EH 4
FRAEFI 7 FATI R, AR E— R E = N EENER—
TR R GALD BURFAE N A 255 .

AL FE Y, BEA T R A OR A S5 A KT AR
ARG F BT INIX, AT AT 5 50 S 2 45
PR RETFRE T KM IR a2 5T (S 105 e
T, 2004, J T 30)  UFB T A A D T
AR AR AR £, F W CO, WK RE, T
a4l CO, A ARIRIE , B FL R A K —mAR R 541 CO,,
F /b CO,/H,0 AEHAR . SR, BB i 58 22 B, It ol 42
LA N PR SRR R RE KA E &/ & CO, [k
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LR & F R E CO, AR (BRATELAE,2007) , Bk vy
SHEIRBEE D (TR FREE, 2001 ) V0T 15 4R FY VA % 10 AR RS 7
G0 (255, 2008 ) TG K 2 A 2% BE A A (2506 I 4,
2007) NS AT S8 - LR AT IR (221 56,2007 ) | & g
PABEAH0 ( ESFILAE,2007) , RLE K —E R 25 &
% €O, BX CO,/H,0 B R o XF25 2 IR -55 Ko il 85 14
KRR R R RS Z CO,/H,0 Al B3 AN R 19 JR
BRATEAE (2007) 25 T R AR B RO 2 K
PRI Z G625 00 v 7 76 1) 2% S5 JBE /K i il , 6 DA K
NaCl %% F AR 5 il Rl 488 217 2 20— A 22 4 WU ke W F
Kt 58 AR o (PRI o) A8 B K s i, S5 e A
B, KRGFE20K % NaCl i s F, BFIRAE M iid B 28 2 o s
) CO,/H,0 LLfE,

Mg Bk, &) &8 10 R EREAEE & FRiE Co,
AL EARTT AR B T 2R X, g T K i il 4 4 R 5%
F b T IXAE T AR AR TR e I Y S R o i 0 A
BT R i Z 04 A FBE i JEE (Xiao et al. ,2003) 5 7E
=& - R A WIS X 32 58l — SR R I e AR A 1 5
W T P Bl 7 48 2 0% i 5 (%)™ 4§, 2007, 2008 ) 5 7EHE
PRB M- JE20 BF 9T X AR O 5 Rl 2 X [i) I 52 K7 7
AR e ) T T 2 7 Ry I A o X, T e Jre A T
IR oy Z0 Y PR T AR B A LT 4 A ( Chen
et al. , 1998, 2007) ,JEI T AL4E JO W IRTE N &) &0,
U, &) J0 W R R A K & A%, CO,/H,0 B R,
S S A Y R 25 TR R, AR B e, R T RERR
W25 1 BIAE 1 % (Ishihara, 1981) £RF , 555 7% [ (2005 ) 45
P B BB SR R T 7 A 00 a5 A — 3K

6 &iie

(1) &) &0 J0 5 (7= F (1 LR M AR b i
WRREDIT 3 AR B, 2 B R AT e — Bk 2 4 R G
-1 SRR IR ER IR B WAL, P B S BAR
G AR T R Y — R DA B 6 38
1%, L BE Ry 326. 6 ~425.7°C , HFR B H 238. 3 ~339. 8C , B
BrBeh 166. 2 ~196. 7°C , SR8 T i —m AR IR s i
8 IR B R AT RIS, RS T R B A R R Ak
HUREE K 633m ~2736m , 4T BE T I A 6 AR R
Rzl LA ESFAERAUE JO (A8 T L0 1t 1 1 £ Tk
RS

Q) AHBE P E B &R0 WS ETT YN E
CO, IR 8N L5 J SR B 35 3 . CO,/H, O LU i Vi
CO, ; WAL BLIATETHE Z 800°C 1 A1y — , JLHH TS i 4 45
AR TRLEE i A IR K <2% AR R0 T BRI A
RS W BT I EIA G B 2 CO, , R B I
FEEMAE CO, #H, RIIRG JAR N E CO, 147 CO, ik,
T I 1 FH RN R K TR A F AR, O Ry iR U4
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(3)J0 R A IK—IR MR E RGP HR K &5 AR, &
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HR—WAR RGEZ E/S CO, AR MR R 3 A
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