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Abstract The Yindonggou Ag-Au-Pb-Zn deposit is a quartz-vein system hosted in metamorphosed volcanic rocks of the
Wudangshan Group in the southern Qinling Orogen. The Ag-Au mineralization is controlled by the Yindongyan anticline. The
hydrothermal oreforming process can be divided into four stages according to mineral assemblages and crosscutting relationships of the
veinlets from early to late: (1) fine grained quartz-sphalerite-galena vein; (2) fine grained quartz-silver—gold vein containing minor
pyrite; (3) coarse grained quartz vein with minor galena sphalerite and chalcopyrite; and (4) ankerite-quartz vein. Most of the Ag—
Au ores are formed during stage 2 and Pb-Zn ores are formed during stage 1. Three types of fluid inclusions ( FIs) are distinguished
in this study based on petrographic and microthermometric criteria NaCl-H,0 CO,-H,0-NaCl and CO,-CH, fluid inclusions
respectively. All of the three types of Fls can be observed in the hydrothermal quartz of stages 1 and 2; while only the NaCl-H,0
inclusions occur in the stage 3. FIs of stage 1 are mainly homogenized between 308°C and 436°C  with salinities ranging from 5. 1% to
10. 2% NaCleqv. The stage 2 Fls yield homogeneous temperatures of 220 ~375°C and salinities of 2. 0% ~ 10. 7% NaCleqv. FIs of
stage 3 are homogenized between 122°C and 272°C  with salinities of 0. 4% ~7.2% NaCleqv. The estimated pressures range from
330MPa to 463MPa in stage 1 180MPa to 366MPa in stage 2 corresponding to the depths of 12.5 ~ 17. 5km and 6. 8 ~ 13. 8km
respectively suggesting regional compression might cause somewhat tectonic overpressure. The 8"y, decrease from 6. 6%o in the stage
1 to —1.2%0 ~0.4%o in the stage 3 with the §D changing from —74%o in stage 1 to —48%o ~ —73%o in stage 3. The 8D vs SISOHZ(,
plots show a shift from metamorphic water towards meteoric water line. Thus we suggest that the original oreforming fluids are
metamorphic in origin which is characterized by mesothermal low-salinity and CO,-rich. The fluid mixing have took place during ore—
froming process and resulted to metal deposition. Therefore the Yindonggou deposit can be genetically assigned to be orogenic-type
mineral system.

Key words Yindonggou deposit; Fluid inclusion; H-O isotope; Orogenic deposit; Qinling Orogen
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Fig. 1 Tectonic map of China showing the location of the Qinling Orogen ( a) tectonic framework and ore-system distribution in

Qingling Orogen (b after Chen er al. 2009) and regional geology of the Yindonggou deposit ( ¢ modified after Zhang et al.
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Fig. 2 Geological map of the Yindonggou deposit ( modified after Li et al. 2008)

1998; 2007) ( 200 ~ 1000m 2. 4m;
1999a b) . NN
177g/t 1.80g/t.
3 ~ ~ ~ o
( 2. N N ( 3
( 1991) . -
- ( 2010) . . (50 ( Sh); .
( _
2. 3), . ( 5a);
F, F, ( 59-
EW ( . ( 35a) ( 3¢ .
2008) - ( 3. ( 5d). .
68° o
. 10° ~30°, F,.F, . ( 5i).
( 76°) o
( 78°) . ;
2150m 150 ~300m . .
. 27 . ( 5i);
( 4 EW 166° ~175° .
( 60°~68°) ( 70°~80°) . .
175° £75° 4 ( 6):(1) -

© 1994-2014 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



31

oo | 24 Ly 75 5 9 i B
C|OBEACE I K
B 2 1Ly B R A 0y B
PIWO” | BEdeH . LB
] ERIA £ IR
[ Ptwo,| 7B 4 3 fiy B 7T 08 4K 4
Pwg™ | & #1I< 11 3 /g B
B W RRREACE
L1100
& | e
11000 YRR &
Hb J57 7 2%
900
/800
r 200(m)
-&]"%/ ST
7%
3 ( 1988 )
Fig.3 Geological profiles for prospecting line of the Yindonggou deposit ( modified after Wu ez al. 1988)
. ( 4a); 11 I 3 v
(1) - -
( 4b)
( 4e d):(1) LINKAN
3 (40 THMSG 600 -196 ~ +600°C .
(V) 1 +0.5C < -70C; £0.2C <100%C; +2C
' <600C; FLUID INC
- - ( 4b 1)
1 ~5C/
- (4 . :
min  CO, 0.2°C /min
0.2 ~0.5%C /min,
4
Renishaw RW-000
4.1 514. 5nm 10s
1280 ~ 875m Tem™'( ) 100 ~4000cm ™
20 2m +2em”™'
I 6 I NaCl-H,0

© 1994-2014 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



32 Acta Petrologica Sinica 2013 29(1)

Sph+Gn+*Ccp

4
(a) -1 - D (b) -1 - Il -

I\ - (o) I . I - () -
II - v (e) -l - v - 5 (H-1

- v - . © Ank- ; Cep— ; Gn— ; Q- ; Sph—
Fig. 4 Photos of ore bodies of the Yindonggou deposit
( a) -the quartz-sphalerite-galena vein of stage 1; ( b) -the quartz-sphalerite-galena vein of stage 1 cut by Ag-Au-bearing quartz vein
of stage 2 and all of them cut by massive ankerite—quartz of stage 4; ( ¢) “Ag-Au-bearing quartz vein of stage 2 cut by quartz vein of
stage 3; ( d) the Ag-Au-bearing quartz vein; ( e) -deformation of the Ag-Au-bearing quartz vein of stage 2 and the turning side
filled by ankerite-quartz vein of stage 4; ( f) -the boudinage of quartz-sphalerite-galena vein of stage 1 cut by massive ankerite-quartz

vein of stage 4. Abbreviations: Ank-ankerite; Ccp-chalcopyrite; Gn-galena; Q-quartz; Sph-sphalerite
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Fig. 5 Photographs showing ore petrography of the Yindonggou deposit
( a) -sphalerite and galena replaced the pyrite of stage 1 showing metasomatic relict texture; ( b) -disseminated natural silver in stage 2; ( ¢) -
sphalerite replaced by silver forming metasomatic reaction rim texture in stage 2; ( d) -argentite coexisting with galena in stage 2; ( e) -electrum
coexisting with jalpaite in stage 2; ( f) polybasite coexisting with sphalerite galena and chalcopyrite in stage 2; ( g) -chalcopyrite sphalerite and
galena in stage 3; ( h) -natural silver coexisting with jalpaite in fine granular quartz veins in stage 2; ( i) -silicification and sericitization in stage 2.

Abbreviations: Arn-Argentite; Ank-Ankerite; Ccp-Chalcopyrite; El-Electrum; Gn-Galena; JalJalpaite; Pol-Polybasite; Py-Pyrite; Q-Quartz; Ser—

Sericite; Slv-Native silver; Sph-Sphalerite
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Table 1  Overview of fluid inclusion types of the Yindonggou deposit
V/(L+V) ((pm)
PC CO, CH, 100 <10
C Veor Lo 10 ~50 5~20 . €0, “ "
Veo, +Leo, + Lo w
W V0 + Ligo 5~20 %;020 A
Veo,— €0y V- H,0; Lyg—  Hy0; V/(L+V)
( 2004)
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Table 2 Microthermometric data of the Yindonggou deposit
() (vol%) 7, (C) Ty ice(C) Toal C) Tuco,(C)  T,(C) (W% NaCleqy)  ( g/en’)
w 50 4-~18 -6.8~-3.1 308 ~483 5.1~10.2  0.49~0.77
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Fig. 7 Microphotographs of fluid inclusions of the Yindonggou deposit

(a) the W-ype inclusion in stage 1; ( b) the W-ype inclusion in stage 1; ( ¢) the C-ype inclusion containing more H, O than CO, in stage 1; (d) —
the W-ype inclusion in stage 2; ( e) -the C-ype inclusion containing more CO, than H, O in stage 2; ( f) —distribution of the C~type inclusions in stage
2; ( g) —coexistence of the C+ype and W-type inclusions in stage 2; ( h) -the PCtype inclusion in stage 2; ( i) the W-type inclusions containing more

liquid H, O than vapor in stage 3. Abbreviations: V¢,-CO,vapor; Lo, -CO,liquid; VipoH,0 vapor; Ly,oH, 0 liquid
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Fig. 10 Laser-Raman analyses of fluid inclusions of the Yindonggou deposit

(a) -the W-type inclusion in stage 1 containg variable contents of CH, and CO, ( b) -CO, in PC-type inclusion in stage 1;

inclusion in stage 2;

inclusion in stage 2 containg CH,

5.2
- 4,
5% 0,
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( 200 ~ 500°C) ;
8% 0, 1000Ina =3.06 x
10°77* - 3. 24( Matthews and Katz 1977) .

( ¢) -water in W-type

( d) the W-type inclusion in stage 2 containg variable contents of CH, and N,; ( e) -earbonic inclusion in stage 2; ( f) -carbonic
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Table 4 Hydrogen and oxygen isotopic compositions ( %eSMOW) of the Yindonggou deposit
8"0( %o) 8" Oy ((%0) 8D( %o) T(C)”
YDG242 I 1.1 6.6(5.8~7.3) ~74 380( 350 ~410)
T3448A I 12.3 7.8(7.0 ~8.5) 380( 350 ~410) @
13224 I 13.4 8.9(8.1~9.6) 380( 350 ~ 410) @
Q5 I 13.9 9.4(8.6~10.1) -71 380( 350 ~410) @
06 I 13.6 9.1(8.3 ~9.8) -73 380( 350 ~410) ®
07 I 12.9 8.4(7.6~9.1) ~69 380( 350 ~ 410) @
YDGA1 I 12.1 4.5(1.6~5.9) -75 280( 220 ~320)
YDG272 I 1.7 4.1(1.2~5.5) _87 280( 220 ~320)
YDG-594 I 11.6 4.0(1.1~5.4) -95 280( 220 ~320)
YDG-60 I 1.8 4.2(1.3 ~5.6) ~93 280( 220 ~320)
Q1 I 12.5 4.9(2.0~6.3) -78 280( 220 ~320) ®
Q2 I 12.2 4.6(1.7~6.0) -65 280( 220 ~320) ®
03 I 12.4 4.8(1.9 ~6.2) ~75 280( 220 ~ 320) @

D84 I 1.2 3.6(0.7 ~5.0) -63 280( 220 ~320) @

D85 I 12.0 4.4(4.4~5.8) -56 280( 220 ~ 320) ®
YDG463 i} 10.5 -1.2( -5.0~0.0) -48 200( 150 ~220)

YDG-582 I 12. 1 0.4( -3.4~1.6) -73 200( 150 ~220)
D494 1 12.4 0.7( =3.1~1.9) -77 200( 150 ~220) @

D-83 ] 15.3 3.6( -0.1~4.8) -63 200( 150 ~220) ©)
T3940A m 11.9 0.2( -3.6~1.4) -67 200( 150 ~220) ©)
T32826 I 12.8 1L1( =2.7~2.3) ~67 200( 150 ~220) @
T378-81A m 12.8 L1 =2.7~2.3) -7 200( 150 ~220) ®
T3448B I 13.2 1.5( =2.3~2.7) ~69 200( 150 ~220) o)

D492 v 1.3 —2.5( -4.2~-1.1)  -45 170( 150 ~ 190) @

D86 I\ 1.0 -2.8( -4.5~ -1.4) 42 170( 150 ~ 190) @

D87 I\ 1.7  =3.1( -4.8~-1.7)  -40 170( 150 ~ 190) ®

D54 v 10.7 -3.2( -4.8~-1.7) -42 170( 150 ~ 190) @

Q8 13.4 8.1~11.1 -39 350 ~500 @
Q9 10.5 5.2~8.2 -10 350 ~ 500 @
Q10 12.2 6.9~9.9 -18 350 ~500 @
W1 12.3 @
w 11.9 @

w8 12.6 @

W23 14.4 @

W13 13.5 @

)5 HO) 1984; @ 1988
( 2006; 2007,

Zhang et al. 2012; Zheng et al. 2012) ,

6 I

6.1 NaClH, 0; 150 ~
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N Co, ( 2007) .
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al.  2005) . -
( 11; 2009) 5"0
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8D 5%0 (11
. 5% 0 10. 7%0 ~
13. 4%0 80 3.6%0~9.4%0 8D —56%0 ~
-95%o0 .
6.3 -
I
400°C ( 1987)
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Py—Po + H,S
( Marshall et al.  2000)
H,S Au-Ag
o I 220
~320°C Py—Po + H,S H,S
o Pb.Zn
I cl-  HCO;
Il I (6% ~
10% NaCleqv) I (4% ~9% NaCleqv)
Pb~Zn o

1989; McCuaig and Kerrich 1998;
( Hagemann and Luders

2007; Chen et al. 2012) .

2007; Zacharias et al.

( Shenberger and Barnes
Zoheir 2008) .

2003; Mernagh et al.
( Uemoto et al. 2002; Mernagh et al.

2009) .

( Ramboz et al.  1982) : (1) ;
(2) 7 (3) : I
w C \
I . . o,
I . . Co, ; H-O
( 11),
I o
6.4
C0,H,0 .
co,
Flincor ( Brown 1989)  Bowers and Helgeson
(1983)
| 330 ~463MPa 1[I 180 ~
366MPa(  12) . I C0,-H,0
2.7g/em’ I
12.5 ~17.5km I
6.8 ~13.8km. [.1I
( Zhang et al. 2012) ( 2004)

( Zhang et al. 2012) ,
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Fig. 12 The estimated minimum trapping pressures of the

C-iype fluid inclusions from the Yindonggou deposit
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1989; 2007)
. Co,
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223Ma( 1996)
¢ 3
(1)
(2)
(3) . . .
(4) H,0-CO,NaCl + CH, N, .
H,S . co,

( 2007) .
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5
Table 5 Geological characteristics comparison between the Yindonggou and orogenic deposit
( 2006)
EW
. . (= )~
N N CO, =
N CO, =+ CH, = N,;
CH, £N, + H,S; CO,H,0.  CO,(
NaClH,0  .CO,-H,0NaCl  CO,<CH,
CH,)  NaCl4,0 2
350 +50C 250 ~300°C
50 ~400MPa 180 ~463Mpa
10 ~ 18km 12.5 ~17. 5km 6.8 ~13. 8km
(5) 350 ~410°C (1) - ()
220 ~320°C 150 ~ 220°C 6% ~ 10% (V) - o 1
NaCleqv 4% ~ 9% NaCleqv 2.7% ~ 3.6% I m v
NaCleqv .
° (2)
6) H-O
(6) . . €0, . .
° CO, o
(7) 180 ~ 463MPa 6.8 ~ (3)
17. Skm N o
(8) .
( Groves et al. 1998;
2006) o
( 2010 ) °
230 ~200Ma A A A A
223Ma( 1996) A A
!
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