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Abstract

The Qianhe gold deposit controlled by the fracture zone is hosted in the ductile shear zone of weakly meta-
morphosed rocks of the Middle Proterozoic Xiong’er Group. The ores occur as veinlike or lenticular bodies with-
in altered andesitic-dacitic host rocks. Hydrothermal alteration resulted from the fluid-rock interaction in the mi-
gration process of ore-bearing hydrothermal fluids. There are four types of fluid inclusions in the gold deposit.
Fluid inclusion data indicate that the temperature, density and pressure of the fluids are 145~331C, 0.68 ~
0.94 g/cm® and (367.01~896.55) X 10°Pa in the whole fluid-rock interaction stage and 213~260°C , 0.80~
0.89 g/cm®, (502.86~710.57) X 10°Pa in the gold deposition stage. Besides, the fluids of the main ore-form-
ing stage are characterized by the increasing of the CO,/H,O ratio, the content of N,, H,S, Ar, C,Hy in vapor
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phase components, and the values of f(CO,), f(H,S), f(CH,) and E},, and the deceasing of f(O,), f(H,0O)
and pH. The fluid ion components are characterized by SO~ >Na® >Cl~ >K*. The fluid-rock interaction
based on propylitic andesite seems to be the main cause for gold deposition.

Key words: geochemistry, gold deposit, fluid inclusion, structure-controlled alteration rocks, fluid-rock in-

teraction, Qianhe
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Fig. 1 Sketch geological map of the Qianhe gold deposit Henan Province modified after Li et al. 1999 Zhang et al. 2006
1—Quaternary 2—Middle Proterozoic Xiong' er Group 3—Late Yanshanian porphyritic monzonitic granite 4—Structure-controlled alteration-
type gold body 5—Breccia dyke 6—Reverse fault 7—Normal fault 8—Thrust belt SF;—Shangdan suture zone SF,—Mianlue suture zone

F,—North fractured zone boundary of Qinling Mountains F,—Machaoying fractured zone F;—ILuonan-Luanchuan fractured zone F,—Shiyan

thrust belt Fs—Shiquan-Ankang thrust belt Fg—Hongchunba-Liping thrust belt
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Fig. 2 Vertical projection contour diagram of gold grade of No. [V ore body
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Fig. 3 Geological section along No. 87 exploration line of the Qianhe gold deposit
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A. Pyrite-quartz vein

C. D.

E. F. Gal— Cpy—
Py— Ce— Qtz— Chl— Sp— Ser—

Fig. 4 The assemblages of ores and gangue minerals in the Qianhe gold deposit

B. Reddish K-feldspar vein and pyrite veinlet C. Chlorite and quartz enclosed in calcite plane polarized light ~D. Milk

drop-like chalcopyrite enclosed in galena galena partly enclosed in pyrite reflector ~E. Sphalerite enclosed in chalcopyrite reflector F. Phyllic

alteration rock with lepido-granoblastic texture plane polarized light . Gal—Galena Cpy—Chalcopyrite Py—Pyrite Cc—Calcite Qtz—Quartz

Chl—Chlorite Sp—Sphalerite Ser—Sericite
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Fig. 5 Schematic geological map of the wall rock alteration zone in the Qianhe gold deposit

1—Weakly altered andesite 2—K-feldspathization-biotitization belt 3—Propylitization belt 4—Phyllic alteration belt 5—Pyritization-sericitization belt
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Table 1 Formation and paragenetic alteration sequence of main minerals in the Qianhe gold deposit
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Fig. 6 Fluid inclusions in quartz of the Qianhe gold deposit
A. Quartz vein formed in the silication process containing CO, three phase inclusion C type B. Quartz in ore vapor-liquid inclusion

V-L type C. Quartz vein formed in the pyrite-quartz metallogenic stage liquid inclusion L type D. Pyritized-sericitized andesite

vapor inclusion V' type
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Fig. 7 Frequency histogram of microthermometric data of quartz fluid inclusions in the Qianhe gold deposit
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Table 2 Microthermometric data of quartz fluid inclusions in the Qianhe gold deposit
ty C w NaCl, % o goem? p x10°Pa
200 78 1 7 V-L 281~312 1.9~4.3 0.73~0.76 688.20~827.56
8 L
200 80 Il 9 L 145~185 2.5~5.2 0.92~0.94 367.06~496.50
13 V-L
200 81 1 13 V-L 291~323 3.4~5.9 0.73~0.76 758.41~872.75
6 \%
200 82 11 6 V-L 223~245 2.3~6.2 0.85~0.86 559.29~663.61
4 \Y%
200 84 I 8 L 161~192 3.4~5.9 0.92~0.93 419.60~518.78
9 V-L
240 75 1 11 V-L 285~309 0.71~1.9 0.71~0.74 576.88~756.77
2 C
240 76 I 12 -L 241255 1.8~4.9 0.82~0.83 585.88~682.00
7 L
240 81 1 7 V-L 279~321 0.9~1.8 0.68~0.75 598.16~780.36
4 L
280 75 I 12 V-L 231—258 5.2~7.8 0.85~0.87 619.96~705.83
6 L
280 78.5 I 5 C 301~331 5.1-6.2 0.72~0.76 806.92~896.55
11 V-L
320 81 Il 13 V-L 213254 3.1-5.4 0.84~0.87 550.72~683.12
4 \
360 82 I 6 C 234~256 1.1~1.8 0.80~0.83 523.55~622.34
12 V-L
400 81 Il 9 V-L 225~260 6.9~7.6 0.85~0.89 612.44~710.57
3 L
440 83 il 15 V-L 221~249 ~6.9 .84~0.86 502.86~677.77
480 80.5 1 8 V-L 290 ~326 ~2.6 0.68~0.73 584.84~828.67
9 Gy
480 84 Il 12 \% 158~192 2.2~2.6 0.90~0.93 394.21~488.05
6 C
- CO, 60~80TC 12 h
<40%
WEX-
CO, 110
2004
CO, <10
pm CO, “ "
I i}
3.3 SO;~ I Cl
3
3 Wilkinson 2001 Na® Ca**
40~ 60 - K" Mg Na' Ca2" K" Mg®" 4
- - 98 % Il

16
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Table 3 Vapor and liquid component analyses of quartz fluid inclusions in the Qianhe gold deposit
x %
H,O CH, N, G Hg H,S Ar CO, > H,0"
20081 1 97.572 0.361 0 0.457 0.033 0 1.577 0.0249
24081 1 88.57 0.07834 3.838 0.0614 0.01199 0.02884 7.572 0.131
28075 I 95.797 0.359 0 0.358 0.251 0.054 3.181 0.0439
40081 11 88.78 0.111 4.169 0.0932 0.01203 0.04341 6.393 0.122
20082 I} 80.21 0.114 5.202 0.1082 0.02094 0.02406 15.456 0.261
24076 Il 80.443 1.183 0 7.112 0.277 0.361 10.624 0.243
48084 Il 97 0.03435 1.105 0.02048 0.00221 0.01329 1.756 0.0302
pg g’
F cl SO;~ Na* K* Mg?* Ca?* DI
20081 1 0 5.97 26.4 7.98 0.6 0.177 2.53 2.868
24081 1 0 2 10.388 2.589 0.231 0 0.899 3.331
28075 11 0 2.57 8.58 3 0.528 0.072 0.801 2.534
40081 Il 0 9.15 6.78 5.55 0.405 0 2.22 1.949
20082 Il 0 2.15 33 5.13 1.81 0 0 5.065
24076 I 0 0.435 9.51 0.185 0 0 0 53.757
48084 Il 0 27 4.17 21 0.405 0 4.23 1.216
pH Ey
lef O, lef CH, lgf HL,O lgf CO, lef H,S
20081 1 -31.73 -0.41 1.143 0.099 -1.777 5.689 -0.395
24081 1 -31.5 —1.081 1.2 0.788 —-2.183 5.3 —0.36
28075 Il —36.23 —0.448 0.947 0.339 -0.971 4.837 -0.318
40081 I -36.02 -0.959 0.902 0.639 -2.295 4.675 —0.304
20082 I —36.58 -0.952 0.878 1.021 —2.048 4.429 -0.281
24076 Il -35.97 0.072 0.94 0.876 —0.904 4.597 -0.297
48084 Il —42.42 —1.506 0.831 0.029 —3.065 4.483 —0.286
% CHy+ N, + GHg + H,S+ Ar+CO, H,O 1 =% F +Cl°+S0; Na"+K'+Ca"+Mg" 1
<5%
Il O, H,0
I CO, N, H,S I
f£CO, fHS fCH I 1994
1991 1995
/0, fHO pH 1990
E, -
4.1
¥ Ar-YAr 142.2+
- 0.8 Ma 143.1+1.8 Ma®
o . 2001.
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200
Ma -
3180
1999
Au HS " HAu
HS 9 Au HS 5 400C
Au-Cl
2005 Au Au-S
COZ pH
Au-S
CO,
Phillips et
al. 2004
f CO,
4.2 -
ZK Mg Fe 3AlSi30lO OH 2+4H+ -
Al Mg Fe 5AlSi;Oy OH ¢+ Mg Fe 2" +
2K* + 3510, 1

2NaAlSi;Og +3 Fe Mg 2" +2 Fe Mg " +

8H20:A1 Mg Fe SAISI:J,O]() OH g+3SlOZ+

Ca Fe

2Na" +8H" 2
K+

Mg

3A1 Mg Fe 5A15i3010 OH 8+2K+ + 18H28+702

+ 10H+ = 2KA13Si30lO OH 2 + 9FGSZ + 38102

+6Mg>* +33H,0 3
HS CO,
pH E, S

H,S

Ken et al. 2001

/n

3Al Mg Fe 5A18i3010 OH g""2[<Jr
+ 18AUHSO + IOI_Fr = 2KA13Si30]O OH 2

+9FeS, + 3Si0, + 6Mg® " +24H,0+ Au

4
Au Ag Cu Pb
Cu Zn
Pb
2007

Au  Ag Cu Pb Zn
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4
145~331C 60

0.68~0.94 g e’ 367.01 ~896.55 X
10°Pa 278 ~— 331C 576.88 ~ 896.55 X
10°Pa -

213~260C  502.86~710.57 X 10°Pa
2 Na™*
CL" K'Y Mg* Na® >Ca" >K*" >Mg*
- SO F~ Na'
Cl
CO, H,0 N, H,S Ar  GH;
SO fHO
J/ CH,
pH 4-~6
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