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Abstract Distinguishing of the end-member of fluids with various sources and recognizing the mixing-separation processes in
hydrothermal fluids are key to understand the nature of the submarine hydrothermal systems and genesis of volcanogenic massive sulfide
deposits. Two typical VMS deposits the Baiyinchang in Gansu and Gacun in Sichuan were choice for the study of fluid inclusions in
both the upper massive ores and the underlying stringer-stockwork zones. Available fluid inclusion data indicate that the hot fluid in
submarine hydrothermal system was a CO,- and CH,-rich NaCl-H,O solution. At least five end-members of fluids have been
recognized in the hydrothermal system. They are 1 low temperature < 150°C and high-salinity brine 2 high temperature >
320C  high-salinity >14.5wt% NaCl fluid 3 high temperature >350°C  middle-salinity 10 ~ 16wt% Nacl gas-rich fluid

4 low temperature ~ 100°C  low-salinity 2 ~5 wt% NaCl fluids and 5 middle temperature low-salinity fluid. These end-
member fluid data lead to three different arrays e. g. mixing paths on the homogeneous temperature versus salinity diagram. The
low-temperature and high-salinity brine probably was enclosed in the brine pool which developed within the seafloor depression at
Cacun whereas within the sub-seafloor porous volcanoclastic units and fracture zone at Baiyinchang. The high-temperature high-salinity
fluid and the high-temperature middle-salinity fluid were derived from a felsic magma chamber emplaced beneath the districts. The
former is mainly metals-rich H,O usually mixed with cold sea-water the latter is dominated by CO,- and CH,-rich gases occurred as
an isolated gas phase at temperatures of >450°C and then input to the ore-forming hydrothermal fluids at 250 ~260°C. The low-
temperature low-salinity fluid with salinity similar to seawater had mixed with magma-derived fluid in various proportions. The
middle-temperature low-salinity fluid has similar salinities normal seawater but has the high temperatures of 250 ~260°C  suggesting
the cold seawater was heated by a magma chamber up to 260°C. Episodically input of the heated seawater to the brine pool and mixing
with brine could account for the observed anti-correlation path II . These fluid inclusion data lead us to conclude that episodically
input of heated seawater into the brine pool resulted in the formation of massive sulfide precipitations while mixing of magma-derived
gas-rich fluid with cold seawater as well as replacement and infilling to surrounding volcanics during discharging of the mixed fluids
produced the underlying stringer stockwork zone on the sub-seafloor.
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VMS VMS
€O, CH, NaCl-H,0 5 1
<150C > 12 wt% NaCl 2 >320°C >14. 5wt% NaCl 3 >350°C
® “ " 95- -39 49773177

1961 . E-mail hzq@ cags. cn. net



222 Acta Petrologica Sinica 2003 19 2
10 ~ 16wt% Nacl 4 ~100°C 2 ~5 wt% NaCl 5 3
H,0 Co, CH,
>450°C 250 ~260°C
250 ~260C
VMS
P618.4
1 2
VMS 2.1
1955
1994 1995
Skirrow and Franklin 1994 Hou et al. 1995
VMS 2 ~3km 1955 1982
1 ~1.5km Urabe et al. 1983 fa 30 ~ 30em
1995 350°C /n
Campbell 1988 Fe-Mn
400°C 1999
90% 4 1
H,0-NaCl- KCl-CaCl, i ) ] 3
CO, CH, Simoneit 1988 Hou and Zhang 4 la Hou et al. 2003 i
1998 30 ~50m -
b-0 1983 -
Ohmoto et al. 1983 1980
Urabe and Marumo
1992 Yang and Scott 1996 1999 Hou et al.
2001 -
1995 -
VMS pipe-
style Hou et al. 2003 Mount Read
VMS Mount Morgan Reward Taube
1986 Large 1992 Doyle and Huston 1999
VMS

2.2

1000m



1
Fig. 1

] s
I e
| ER U
[FEEETE] Mt e
[ et e

[ et L T

(I v s e

HEN

[ Jemm

[=] + 4w

The geological section of the Gacun VMS deposit

idealized profiles of the Baiyinchang VMS deposit

1990 1995 -
Rb-Sr 218Ma
Re-Os 217Ma
Hou et al. 2001
Hou et al. 1995
" Large 1992 “ -

a layered sheet plus strata-bound stringer-style
Mount Read VMS Scuddles

Rosebery Large 1992

1b

1b

[ e puseme s

A mewmmwn

o] w - mammw

VMS 223

NE

4100

ETrEERE

£SAREIT

4000
A

she 1L e

A

2001

fater Hou et al. and an

B 2003

after Hou et al.

60 45

12 3

3.1

5 ~25um

la =5~20%

¢ =25~55% Ie

60 ~90% . la
la

3
Ib Ie
b I
-26.0C
Potter et al.
62 ~
91°C ~

-1.0 ~
1.57 ~ 1
1978 Bodnar 1993 .

500°C 1

> 23 wt%

la



224 Acta Petrologica Sinica 2003 19 2
1
Table 1 ~ Microthermometric data of primary fluid inclusions in quartz at Zheyaoshan mine Baiyinchang deposit Gansu
C C Wt% NaCl eq.
pm o %
BC34 1 10 ~20m 5x2~29x15 5~10 68 ~156 125 15 -12.7~ -17.8 15,1 11 16.62 ~20.82 18.61 11
BC32 1 10 ~20m 6x5~14x4 10~15  182~269 205 8 -2.6~-21 -2.78 4.34~4.49 4.42 8
BC31 1 20~30 m 5x2~12x6 10~15  130~169 144 3 -2.5~-25 -2.53 4.18 3 4.18 3
BC30 1 20~30 m Ix3~9x3 10~15  130~160 148 5 -2.9~-3.4 -3.15 4.80 ~5.56 5175
BC-18 1 12 9x5~35x10 8§~12  134~237 166 4 -1.3~-1.7 -1.6 4 2.24~2.90 2.65 4
BC-19 1 12 3x3~29x14 7~35 134~237 193 11 -1.6~-17-  -175 2.74~2.90 2.80 5
BC20 1 12 5x5~14x5 10~15  167~267 197 11 =37~ -4.7 -4.54 6.01~7.45 7.09 4
BC21 1 12 6x5~12x6 10~12  149~174 164 3 -2.1~-2.9 -2.43 3.55~4.80 4.07 3
BC22 1 12 5x5~16x%5 8§~20 140~176 159 3 -2.4~-21 -253 4.03~4.49 4.18 3
BC2 1 5 5x5~9x%6 15~25 218~249 2295 -1.9~-4.2 -3.05 3.23~6.74 4.96 5
la
BC-26 Py-Sp-Gn 3x2~Tx2 15~20  175~283 2425 -3.8~-3.9 -3.82 6.16 ~6.30 6.23 2
BZ-19 3 10 1573m 6x6~14x14 5~20  112~225 166 19 -5.1~-260 -89 12 8.00~>23.00 >10.89 12
BZ17 1 56 1573m T x4 ~14 x4 5~10 62~131 109 8 -10.6~-14.1 -12.98 14.57~17.34 16.81 8
BZ2 1 34 1573m 6x5~10x8 10~15 127~208 177 6 -5.0~-6.9 -5.66 7.86 ~10.36 8.67 6
BZ3 1 56 1573m 6x6~29x14 10 165~185 176 4 -3.8~-4.7 -4.3 4 6.16~7.45 6.91 4
BZS 1 56 1573m 7Tx4~20x10 5~10  154~173 162 7 -1.6~-3.2 -2.51 2.74~5.26 4.18 7
BZ9 1 56 1573m Sx4~17x13 5~10  136~220 162 10 -0.9~-7.9 -4.2°10 1.57 ~11.58 6.47 10
BZ-10 1 546 1573m Tx3~12x4 5~10  142~220 167 5 -3.3~-3.6 -3.45 5.41~5.86 5.50°5
BC3 1 1425m 6x3~20x8 5~25 157~330 244 13 -4.5~-164 -11.28  7.17~19.76 14.50 8
BCS 1 1425m 6x6~22x14 5~10  116~320 199 10 -1.8~-12.1 -4.06 3.06 ~16.05 5.92 6
BC7 1 1425m 5x5~9x3 10~20 118~258 173 7 -1.1~-5.7 -2.76 1.91~8.81 4.34 6
BCY 1 1425m 4x4~13x13 1025 192~252 217 8 -2.7~-5.2 -3.25 4.49~8.14 525§
BC-11 1 1425m 6x2~13x14 10~20  91~362 223 11 -2.3~-2.6 -2.52 3.87~4.34 4.112
BC-12 1 1425m 4x4~13x7 10~25 186~239 211 8 -3.2~-3.6 -3.4 4 5.26~5.86 5.52 4
Ib
BZ9 1 34 1573m 5x3~12x7 30~35  383~478 400 4 -6.7~-8.1 -7.14 10. 11 ~11.81 10.62 4
BZ3 1 34 1573m Tx3 30 322
BC3 1 1425m 5x4~9x7 30~40  390~405 398 2
BCS 1 1425m 10x3~20x16  30~40 237~398 3423 -12.1 -12.1'1 16.05 16.05 1
BC7 1 1425m 2x4~25x10  30~50 317~413 3747
BCY 1 1425m Tx3~8x3 30~40  359-~387 369 3
Ie
BZ3 1 34 1573m Tx5~15x6 65~85 378~455 415 6
BZ9 1 34 1573m 10x5~17x11  60~80  410~480 434 6 -8.1~-8.2 -8.23 11.81~11.93 11.90 3
BCS 1 1425m Ix3~13x3 60~65  445~500 479 4 -12.1 -12.1'1 16.05 16.05 1
BC7 1 1425m 13x8 70 425 425 1
11
ZD-T* 13x8 10~15 400 38
73 14 x5 10~15 300 31
772 10~15 320 2
7437 10~15 380 36
116-3* 10~15 345 36
11 o % / a Il 1982 . CHAIXMECA
- 180/ +600 LINKAM - 180/ +600
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Table 2 Microthermometric data of primary CO.— and CH, —rich fluid inclusions in quartz at Baiyinchang, Baiyinchang deposit, Gansu

oy R R EREKIE Efk CO B BECT) o —BECC) B (g/em?) EA4WHEAERECC) HHE Wtk B—RECC)
R FA(pm)  HE(W%) i E EHE ey iy HE FHH #iE EHE BE FHE HE FHE
I & CO: Hfk a3 ik
11 B @M E
_ No.1,1425m; _ -
BC—5 §X3~15XT7  COs: 100 —38,4~—358.6 —58.6(4) 15.0 0.740~0.848  0.802(4)
t—Cp
BC—21 o1, MZm 97 €Oz, 100 —57.6 —57.6 14.9 14.9¢1) 0.815 0.815(1)
Q—Cp B
BZ—05 zi"l(’:l;;sm 18X 14~20X16  C02,100 —60,1~—60.6 —60.4{2) 9.9~10.4 10.2¢2)  0.853~0.857 0.855(2)
—Lp
Bz—gg o 1:1573m; 63 €Oy, 100 15.6 15.6¢1) 0. 808 2.808(1)
Q—Cp K
BZ~10 g;"_ll’,;al?m‘ SX5~28X7  C0.100 —59.2~—59.% —59.8(10) 11.0~18.6  14.8(10) 0.743~0.848 0.809(10)
Bz—13 o-1:1673ms BX5~72X15  C0s100 —58.1~—BL6 —59.2(7) 2.5~22.2 9.6(Tr  0.741~0.903 0,857(7)
Co—Py Bk
ITh B 4u 38
BC—5 z‘:‘lél;:sm §X6~14X9 Veo,: 10~4 —58 4~—58,6 —58,4(2) 20.7~26,4  22.7(5)  0,681~0,758 0,732(5)
—Lp
BC—il g‘t"lélgs“‘ 6X4~9x5 Voo, : 10 —57,3 —57.3(1) 28.2~20.0  28.6(3)  0.632~0.649 0.641(3)
—Lp
Be—g1 ol 1425m 22%7 Veo,: 15 —57.6 —57,6¢1) 211 2.1 0.753 0.753C1)
Qt—Cp K
11l %603 ik
BC—5 gf'_lc‘;;;m UXI1~16X14 COz, 66~95 —358 1~—58.4 —58.2(3) 20.5~27.5  24.8(3)  0.663~0.761  0.706
BC-21 gf‘_lép‘;jfs’“ IXT~36X16 CQy, 30~75 ~57.6~—57.6 —57.6(5) 18,1~30,0  24,4(5)  0,596~0,785 0,701(5) 6.7~6.8  6.75(2) 6.7~6.7 6.7(2) 266~335 209(3)
Bz—o5 Lo 131573m 14X7 COq, 15 15.5 0. 809 0.809(D) 7.6 469 468 228
Q—Cp
No. 151573m
BZ-10 o e 9XT~20X18 €Oy, 18~35 7.2~16.5 12.002)  0.798~0.875 0.836(2) 7.6~86  8.1(2) 281~4§9 3.75(2) 226~270 248(2)
BZ—13 g;’_lpis;':m 1X10~18X5 €Oz 15~40 —58.7~—59.1 —50.002)  9.8~13.1 12.9(2)  0.857~0.830 0.844(2) 5.6~839  7.7(2) 2.22~8.13 5.17¢2) 245~295 270(2)
H(E IV, ECH.E8K
Bz o 1s1573m 11X2~36X9 CHi, 100 —100.0~—108.2  —104,7(7) 0.30137~0.3272 0.3149(7)
-3 .
BC—3 No.l, 1425m 8X7~15X7  CHi, 100 —84.0~-85.9  —BA.8(3)  0.2040~0.2368 0.2303(3)
Bz-o5 o Lil573m 18%11 CH,: 100 —83.3 —83.3(1) 0.20570  0.2057(1)
Co—Py K
BZ-13 2:'__1;,;5;’“ 13X 4~54%22  CH,: 100 —§3.0~-97.3  —92.3(13) 0.2000~0.2924 0.26905(13)
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Table 3  Microthermometric data of primary fluid inclusions in the Gacun VMS deposit
T, C T, T, C T, C T, C T, C
wt% NaCl wt% NaCl
1 BT34 Z7ZK313 UMO 114 2 -3.5 5.7
Ia ¢ 5% ~30% BT40 ZK1204 UMO 207 2 -7.0 10.4
C-1 UMO 121 3 ~3.1 5.7 BT40 7K1204 UMO 112 4 -4.0 6.4
c2 UMO 119 4 -2.3 5.1 BT41 7K1204 UMO 155 1 -2.9 4.8
c3 UMO 118 3 ~2.0 3.9 | BT42 ZK1204 UMO 125 1 -9.0 13.2
C4 UMO 118 3 -2.3 3.4 BT43 ZK1207 UMO 134 2 -8.0 11.5
C-5 UMO 120 2 ~3.0 3.9 Gc96  7ZK401 UMO 150 2 -6.1 9.6
C-6 UMO 118 3 -2.8 5.0 Gc08 7ZK402 UMO 225 2 -2.3 4.2
D-1 UuMO 109 3 -2.7 4.6 Gell ZK402 UMO 152 2 -6.0 9.5
D=2 UuMO 110 2 -2.3 4.5 Ge27  7ZK402 UMO 250 2 -3.3 4.9
D3 UMO 119 3 -2.3 3.9 Gc06  ZK403 UMO 159 2 -6.1 9.6
D4 UMO 118 2 2.7 3.9 Gel6  7ZK403 UMO 150 2 -4.1 6.9
E-1 UMO 123 1 ~2.8 4.5 Gce24  7K403 UMO 150 4 -6.5 9.9
E2 UMO 122 2 ~3.1 4.7 ||Gel32 ZK403 UMO 156 2 -4.1 6.6
E3 UMO 108 3 ~3.4 5.1 BT2 7ZK301 MSO 247 1 217 4 -6.0 9.3
E4 UMO 119 1 ~1.4 2.3 BT4 7ZK301 MSO 250 2 -5.0 7.9
E-5 UMO 123 2 ~3.6 3.5 BTS ZK301 MSO 245 2 196 4 -6.0 9.3
F-1 UMO 125 2 -3.5 5.8 BT8 7ZK301 MSO 228 2 -6.0 9.3
F2 UMO 125 2 ~3.5 5.7 BT10 ZK302 MSO 223 2 -5.0 7.9
G-1 UuMO 104 3 ~1.2 2.1 BT13 ZK302 MSO 240 4 -5.0 7.9
G2 UMO 105 3 ~1.9 3.2 BT31 ZK307 MSO 244 1 -8.9 12.9
BT1 ZK301 UMO 149 ~9.0 13.2 ||BT36 ZK313 MSO 258 1 -3.5 5.7
BT1 ZK301 UMO 114 4 ~6.0 9.3 Gc04 7ZK401 MSO 170 4 -6.1 9.6
BI9 ZK302 UMO 110 4 -5.0 7.9 | Gel8 ZK403 MSO 250 2 -3.7 6.0
BT9 ZK302 UMO 138 -7.5 11.5 || Ge21  ZK403 MSO 250 2 -3.7 6.0
BT14 7ZK302 UMO 174 ~8.0 11.5 ||BT38 ZK1205 MSO 250 2 -4.0 6.4
BT14 ZK302 UMO 105 4 —4.0 6.4 BT39 ZK1204 MSO 213 2 -8.0 11.5
BT16 ZK302 UMO 140 -9.0 13.2 Ib ¢ 60% ~90%
BT16 ZK302 UMO 104 2 -4.5 7.0 | BT3 ZK301 MSO 321 1 -5.5 8.6
BT17 ZK302 UMO 209 -3.8 6.1 | BT8 ZK301 MSO 281 4 -49 1.8
BTI18 ZK302 UMO 166 ~7.0 10.4 || Gc04 ZK401 MSO 299 6 -6.0 9.3
BTI18 ZK302 UMO 110 2 ~3.5 5.7 Ge05  7ZK401  MSO 320 2 -5.8 8.8
BT23 ZK304 UMO 180 ~-7.0 10.4 || Ge88 ZK401 MSO 320 2 -6.8 10.1
BT23 ZK304 UMO 110 2 -4.0 6.4 -
BI24 7K304 UMO 185 -7.0 10.4 | BT2 ZK301 MSO 279 4 -10.5  15.1
BT24 7K304 UMO 112 4 —4.5 7.0 BT3 ZK301 MSO 297 4 -11.5 16.4
BT25 7ZK304 UMO 125 ~10.0 14.5 BT4 7ZK301 MSO 297 4 -11.0 15.8
BT25 ZK304 UMO 99 4 ~-3.0 5.1 BT5 7ZK301 MSO 295 2 -12.0 17.1
BT26 7ZK304 UMO 122 ~9.0 13.2 ||BT10 ZK302 MSO 285 2 -13.4 18.4
BT26 7ZK304 UMO 100 4 ~3.0 3.1 BT13 ZK302 MSO 301 1 -13.5 18.4
BT27 7ZK307 UMO 139 ~10.0 14.5 ||BT36 ZK313 MSO 319 4 -14.5  20.5
BT27 ZK307 UMO 101 4 —4.0 6.4 BT38 ZK1205 MSO 318 4 -12.0 17.1
BT28 ZK307 UMO 139 ~-9.0 13.1 ||BT39 ZK1204 MSO 298 4 -10.0 14.5
BT28 7ZK307 UMO 1002 -4.0 6.4 I CO,-H,0
BT29 ZK307 UMO 160 -5.0 7.9 |Ge58 MB 280 1 -3.6 5.9
BT29 ZK307 UMO 1002 -5.0 7.9 |[GeS-8 MB 208 1 -3.8 6.2
BT32 7ZK307 UMO 180 -5.0 7.9 ||Ge58 MB 3391 -12.9 16.8
BT32 ZK307 UMO 113 4 -55 85 |6e5-10 MB 321 -10.2 14.9
BT33 ZK307 UMO 181 -6.5 9.9 |Gc5-10 MB 3571 -10.0  14.6
BT33 ZK307 UMO 114 4 -5.5 8.5 |Ge5-10 MB 3422 -9.9 13.8
BT34 7K313 UMO 221 -6.0 9.3
1. 1992 Houet al. 2001 2. MB MSO - UMO
3. I I Cco,

11
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and ma

Laser Raman spectroscopic analysis results on type 1, IIT and TV inclusions in quartz from the discordant stringer

ssive ore zones at Zheyaoshan,

In Fig. 2, a and b are liquid and vapour phases of type I inclusions {quartz, BZ-0%), respectively; c and d are liquid and vapour phases of

type IIl inclusions ( quartz, BZ-05) , respectively; e is type III monophase CQs inclusion (quartz, BZ-05); fis type IV CH,-rich inclusion
(quartz, BZ-13).
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deposits.
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Fig. 6 Diagram explaining temperature-salinity variation for fluid
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conductive cooling and a
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combination of cooling and mixing. The line A represents simple

line B

represents the conductive cooling path of a fluid derived from

mixing of a magma-derived fluid with cold seawater

magma The line C represents mixing of heated seawater with
magmatic-derived fluid while D-G show heated seawater mix with
fluids which had ever mixed by magmatic fluid and cold seawater
in various proportions. The numbers on the mixing lines refer to

mixing proportions among different fluid  seawater  end-
members.
11
6
10wt% 6
5 ~23wt%
12wt%
23 wt% 5 wt%
20 ~28%
70 ~85%
4.3
Sato 1972

Acta Petrologica Sinica 2003 19 2
mound-style
Lydon 1988
sheet-style Lydon
1988  Hou 2001
12 wt%
2001
> 15wt% 5
800m 600m  JADE
Urabe 1997
>270%C <200C
Halbach et al. 1989 1993
Delaney et al.
1987 Cowen and Can 1988
6
4.4 CO, CH,
CO, CH,
CO, CH,
JADE co,
CO, Sakai et al. 1990 Hou

and Zhang 1998 Co,



H,0
CO, H,0
Ramboz et al. 1982 CO, Xco,
C0,/H,0 226°C
CO, H,0-NaCl
1 2 / Shepherd et al.
1991 3 Kerrich and Allison 1978 Robert and
Brown 1986 McCuaig and Kerrich 1998 4

Jia et al. 2000 -
Ramboz et al.

1982 Goldfarb et al. 1989 1997 Craw et al. 1993

pH f,

2

LINIKAM +600 C/ -196C

References

Bodnar RJ. 1993. Revised equation and table for determining the freezing
point depression of H,0-NaCl solutions. Geochim. Cosmochim.
Acta 57 683 -684

Brown PE  Hagemann SG. 1995. MacFlincor and its application to fluids
in Archean lode-gold deposits. Geochim. Cosmochim. Acta 59
3943 -3952

Burruss RC. 1981. Analysis of phase equilibria in C-O-H-S fluid
inclusions.  Mineralogical Association of Canada Short Course
Handbook 6 39 -74.

Campbell AC Bower TS Measures CI  Falkner KK Khadem M
Edmond JM. 1988. A time series of vent fluid compositions from
210N East Pacific Rise 1979 1981 1985  and the Guaymas
basin  Gulf of California 1982 1985 . Jour. Geophys. Res. 93
4537 —4549.

Cheng Gang. 1980. Some geological characteristics of the Baiyinchang
pyrite-type deposit. Geology and Exploration 9 12 - 20

Chinese with English abstract .

Collins PLF. 1979. Gas hydrates in CO,-bearing fluid inclusions and use
of freezing data for estimation of salinity. Econonic Geology 74
1435 —444.

Cowen J Can JR. 1988. Supercritical two-phase separation of
hydrothermal fluids in the Troodos ophiolite. Nature 333 259 —
261.

Craw D Teagle DAH Belocky R. 1993. Fluid immiscibility in late-
Alpine gold-bearing veins eastern and northwestern European Alps.
Mineralium Deposita 28 28 -36

Crawford ML. 1981. Phase equilibria in aqueous fluid inclusions.
Mineralogical Association of Canada Short Course Handbook 6 75

VMS 233

- 100

Delaney JR Mogk DW  Mottl MJ. 1987. Quartz-cemented breccias from
the Mid-Atlantic Ridge samples of high-salinity hydrothermal upflow
zone. Jour. Geophys. Res. 92 9175 -9192

Diamond LW. 1992. Stability of CO,-clathrate-hydrate + CO,-liquid +
CO,-vapor + KCI-NaCl Experimental
determination and application to salinity estimates of fluid inclusions.
Geochimica. Cosmochim. Acta 54 545 -552

Doyle MG Huston DL. 1999. The subsea-floor replacement origin of the

aqueous solutions

Ordovician Highway-Reward volcanic-associated massive sulfide
deposit  Mount Windsor subprovince Australia. Econonic Geology
94 825 -844

Fan H Groves DI Mickucki EJ McNaughton NJ. 2000. Contrasting
fluid inclusion types at the Nevoria gold deposit in the Southern Cross
Greenstone belt Western Australia Implications of auriferous fluids
depositing ores within an Archean banded Iron-formation. Econonic
Geology 95 1527 - 1536

Goldfarb R] Leach DL Rose SC Landis GP. 1989. Fluid inclusion
geochemistry of gold-bearing quartz veins of the Juneau gold belt
southeastern Alaska Implication of ore genesis. Econonic Geology
Mon. 6 363 -375

Goldfarb RJ Miller LD Leach DL Snee LW. 1997. Gold deposits in
metamorphic rocks of Alaska. Econonic Geology Mon. 6 151 —
190

Halbach P Nakamura K Wahsner M Lange J Sakai H Kaselitz L
Hanse RD Yamano M Post J Seifert R Michaelis W Teichmann
F  Kinoshita MA Ishibashi J Czerwenski S Blum N. 1989.
Probable modern analogue of Kuroko-type massive sulfide deposits in
the Okinawa Trough back arc basin. Nature 338 496 -499

Halbach P Pracejus B Andreas M. 1993. Geology and mineralogy of
massive sulfide ores from the central Okinawa Trough Japan. Econ
Geol 88 2210 -2225

Herzig PM  Hannington MD  Fouguet Y Stackeberg UV  Petersen S.
1993. Gold-rich polymetallic sulfide from the Lau Backarc Basin and
implication for the geochemistry of gold in seafloor hydrothermal
systems of the Southwest Pacific. Econonic Geology 88 2182 —
2209

Hou Z-Q Ai Y-D Qu X-M Zhang Q-L Tang S-H. 1999. Possible
contribution of magmatic fluid to the sea-floor ore-forming
hydrothermal system in the Okinawa trough. Acta Geologica Sinica
73 57 -65 Chinese with English abstract

Hou Z-Q Urabe T. 1997. Chemistry and zoning for metal elements in
massive sulfide ores and sulfide chimney from the Okinawa Trough in
the Western Pacific. Acta Geoscienta Sinica 18 171 - 181

Chinese with English abstract

Hou Z-Q Qu X-M Xu M-J. 2001. The Gacun VHMS deposit in China
modeling based on the geological observations. Mineral Deposits
20 44 —56 Chinese with English abstract

Hou Z-Q Zhang Q-L. 1998. CO, and hydrocarbon-rich fluids in
submarine active hydrothermal system in the Okinawa Trough
evidence from fluid inclusions. Sciences in China 18 142 —148

Hou Z-Q Li Y-Q Khin Zaw Qu X-M Song S-H Peng L-G. 2003.
The Baiyinchang Pipe-Style Volcanogenic Massive Sulfide Cu Deposit

Fluid Mixing and Sub-
seafloor Replacement. Econonic Geology in press

Hou Z-Q Urabe T Mo X-X. 1995. Double convective hydrothermal
system beneath massive sulfide orebody in the Gacun deposit
Southwestern China. Jour. China Univ. Geosci. 6 230 —246

Hou Z-Q Mo X-X. 1990. The evolution of Yidun island-arc and
implication in the exploration of Kuroko-type VMS deposits in
Sanjiang Region China. Earth Science 16 153 —164. Chinese
with English abstract .

Hou Z-Q Khin Zaw Qu X-M Ye Q-T YuJ-J XuM-J FuD-M Yin
X-K. 2001. Origin of the Gacun volcanic-hosted massive sulfide
deposit in Sichuan China Fluid inclusion and oxygen isotope
evidence. Econonic Geology 96 1491 —1512

JiaY Li Y Kerrich R. 2000. A fluid inclusion study of Au-bearing
quartz vein systems in the Central and North Deborash deposits of the

in Gansu Province Northwestern China

Bendigo gold field Central Victoria Australia. Econonic Geology



234

95 467 -494

Kerrich R Allison I. 1978. Vein geometry and hydrostatic during Yellow
knife mineralization. Canadian Journal of Earth Science 15 1653
- 1660

Large RR. 1992. Australian volcanic-hosted massive sulfide deposits
features styles and genetic models. Econonic Geology 87 469 —
470.

Liu Bin. 1982. Studies of solid and fluid inclusions on the copper
deposits in Baiyinchang. Acta Geologica Sinica 56 165 - 173

Chinese with English abstract .

Lydon JW. 1988. Ore deposit models #14 Volcanogenic massive sulfide
deposits Part 2 Genetic models. Geosci. Canada 15 43 -65
McCuaig TC  Kerrich R. 1998. P-T-deformation-fluid characteristics of
lode gold deposits evidence from alteration systematics. Ore Geology

Reviews 12 381 -453.

Ohomo H Mizukami M Drummond SE Eldridge CS Pisutha-Arnond
V  Enagh TC. 1983. Chemical processes of Kuroko formation.
Econonic Geology Mon. 5 570 - 604

Peng L-G Ren Y-X LiP-Z Liu X-M. 1995. A metallogeneic model for
copper-polymetal deposits of Baiyinchang Gansu Province. Beijing
Geological Publishing House. 211p Chinese with English abstract

Pisutha-Arnond V. Ohmoto H. 1983. Thermal history and chemical and
isotopic compositions of the ore-forming fluids responsible for the
Kuroko massive sulfide deposits in the Hokuroko district of Japan.
Econonic Geology Mon 5 523 —558

Potter RW II  Clynne MA  Brown DL. 1978. Freezing point depression
of aqueous sodium chloride solutions. Econonic Geology 73 284 —
285

Ramboz C  Pichavant M Weisbrod A. 1982. Fluid immiscibility in
natural processes. Use and misuse of fluid inclusion data 1I
Interpretation of fluid inclusion data in terms of fluid immiscibility.
Chemical Geology 37 29 -48

Ramboz C  Schnapper D Dubessy J. 1985. The P-V-T-X-f,, evolution
of H,0-CH,-CO, -bearing fluid in a wolframite vein Reconstruction
from fluid inclusion studies. Geochim. Cosmochim. Acta 49 205
-219

Robert F Brown AC. 1986. Archean gold-bearing quartz veins at the
Sigma mine Abitibi greenstone belt Quebec Part I. Genetic
relations and formation of the vein system. Econonic Geology 81
578 -592

Roedder E. 1971. Fluid inclusion studies on porphyry type ore deposits at
Bingham Utan Butte Montana and Climax Colorado. Econonic
Geology 66 110 -114

Roedder E. 1984. Fluid inclusions. Reviews in Mineralogy 12 644p.

Sakai H Gamo T Kim ES Tsutsumi M Tanka T Ishibashi ] Wakita
H Yamano M Oomori T. 1990. Venting of carbon dioxide-rich
fluid and hydrate formation in Mid-Okinawa Trough backarc basin.
Science 248 1093 -1096

Sato T. 1972. Behavior of ore-forming solution in the seawater. Mining
Geology 22 129 -222

Shepherd TJ Bottrel SH  Miller MF. 1991. Fluid inclusion volatiles as
an exploration guide to black shale-hosted gold deposits Dulyellau
gold belt North Wales U. K. Journal of Geochemical Exploration
42 5-24

Simoneit BRT. 1988. Petroleum generation in submarine hydrothermal
systems an update. The Canadian Mineralogist 26 827 -840

Skirrow R Franklin J. 1994. silicification and metal leaching in
semiconformable alteration beneath the Chisel Lake massive sulfide
deposit  Snow Lake Manitoba. Econonic Geology 89 31 -50

Song Suhe. 1982. Pyrite-type deposits Comparison study of the genetic
types of some significant deposits in the world. Bulletin of Institute of
Mineral Deposits CAGS 3 1 -12 Chinese with English abstract

Song Shuhe. 1955. Massive Cu-bearing pyrite deposits and regional
metallogenic features in Qilian area Acta Geologica Sinica 36 1 —
22 Chinese

Taube A. 1986. The Mount Morgan gold-copper mine and environment
Queensland A volcanogenic massive sulfide deposit associated with
penecontemporaneous faulting. Econonic Geology 81 1322 —1340

2003 19 2

Acta Petrologica Sinica

Thiery R van der Kerkhof AM Dubessy F. 1994. VX properties of
CH,-CO, and CO,-N, fluid inclusions Modeling for T <30°C and P
<400 bar. European Journal of Mineralogy 6 753 —771.

Urabe T Marumo K. 1992. A new model for Kuroko-type deposits of
Japan. Episodes 14 246 -251

Urabe T Baker ET Ishibashi J Feely RA  Marumo K. 1995. The
effect of magmatic activity on hydrothermal venting along the super-
spreading East Pacific Rise. Science 269 1092 —1095

Urabe T Scott SD  Hattori K. 1983. A comparison of footwall-rock
alteration and geothermal systems beneath some Japanese and
Canadian volcanogenic massive sulfide deposits. Econonic Geology
Mon. 5 345 -364

Wu J-R Ren BC HuangY Zhu M Zhao T Yu P-S. 1994. Massive
sulfide deposits in marine volcanic rock area in northwest China.
Press of China University of Geosciences 271 p.  Chinese with
English abstract

Xia L-Q Peng L-G Liu B. 1985. Melt inclusions in quartz keratophyre
at Baiyinchang. Bulletin of Xi‘an Institute of Geology and Mineral
Reosurces 11 1 —8 Chinese with English abstract

Xu M-J Fu D-M  Yin Y-M Yin X-K Xian X-M Xiao Y. 1993.
Gacun Ag-rich polymetalic deposit in Sichuan Province China
Publishing House of Chengdu University of Science and Technology
Sichuan 164p.

Yan Jinan. 1983. Origin of the Baiyinchang pyrite-type deposits in the

15 — 23 Chinese with

in Chinese with English abstract

Qilan Mountain. Mineral Deposits 2
English abstract

Yang K-H Scott SD. 1996. Possible contribution of metal-rich magamtic
fluid to a seafloor hydrothermal system. Nature 383 420 -423

. 1980. . 9
12 -20
. 1999.
73 1 57-65
. 2001. VHMS
20 44 -56
Urabe T. 1997.
18 171 -181
. 1990.
16 153 - 164
. 1982.
56 165 -173
. 1995.
. 1955.
36 1-22
. 1982.
3 1-12
. 1994.
. 1985.
11 1-8
. 1995.
. 1983. . 2
15-23



