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Fig.1 Tectonic framework of the Qinling orogen and the location of the Mianxian-Lueyang-Yangpingguan block

(a)(after Li et al., 2011); the geology of Mianxian-Lueyang-Yangpingguan region, showing the location of the
Jianchaling Au deposit(b)

1991, . ,(1): 6-7.



F4H EEZGE: FHAREKREY C. H. O, S. Pb I EMIKLETRE 655
( ), ( ,2010)
- , U-Pb , (
265749 Ma( , 1992), 1b),
U-Pb(LA-ICP-MS) 2661+17 Ma - -
2703+26 Ma( ,2010) ,
( , 2008), , U-Pb 880~824
, (2003)  Ma( ,2011)
SHRIMP U-Pb , ( .
840+10 Ma, 790+£15 Ma 2010), ,
77613 Ma U-Pb(LA-ICP-MS) 22146 Ma,
, ) 199+4 Ma( ,2009)
( ),
( . 1998) 2 R H R
( 1b),
NW NE , (2
1 5 2. ;3. ;4. ;5. ; 6. 37 ;8 ;9 ; 10. 5 11,
512, 5 13, ;5 14, ;15
2 ( ,2000 )

Fig. 2 Geological sketch map of the Jianchaling Au deposit (modified after Wang et al., 2000)
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Fig.4 Photos showing crosscutting relationship of ore veins of the Jianchaling Au deposit
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Fig.5 Paragenetic sequence of ore and gangue minerals

of the Jianchaling Au deposit
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Table 1 The geological characteristics of samples from the Jianchaling Au deposit
800-53-2 C-0
860-52-7 C-0
J-6 Cc-0
913-32-7 C-0
913-32-6 C-0
913-1 C-0
913-2 C-0
960-38-1 C-0
860-51-5 C-0
860-51-6 C-0
hjy-8 S
J3 S
J3 S
hjy-1 S
hjy-12 S
hjy-10 , S
hjy-20 S
hjy-14 S
H-4 S
780-50-3 S
800-52-1 S
3"*0 14.0%0~17.3%o , 13 10.0%0 10.0%o~
( 16.2%0) 18.9%0~23.4%0  ( 18.0%o), 14.3% ;2 ( )
5"%0w 7.5%0~21.1%o( 3*s 8.6%  6.1%o, 1
13.3%o); 3'%0 16.6%o
16.5%0~19.0%o( 17.5%0)  13.8%0~16.4%( . .
14.9%o), 50y 4 W ®
9.2%0~14.6%o( 11.9%o); 4.1
3"%0 16.3%0  11.9%o~14.9%( 13.7%0),  4.1.1 H-O
5" 0w 3.9%0  2.5%0~7.7%o( H-O
6.5%0) 8D —85%0~ (Hoefs, 1997; Pirajno, 2009),
—70%o( , 2004); oD (Hagemann and Cassidy,
—81%o( , 1998) 8"°C 2000; Kerrich et al., 2000),
—4.4%0~0.6%o( —1.1%o), -
8"Ccon —2.4%0~2.6%o( 0.6%o0); ( , 1994; ,2007); @
35C  —2.9%0~—0.4%(  —1.4%o), ( , 2004); ®
8" Ccon —1.9%0~0.4%o( —0.4%o); ( , 2002; , 2008;
33C  —4.4%0~2.2%(  —0.8%o), , 2009) i H-0
§"Ccon =5.0%0~1.6%0(  —1.4%o)
33 S 2 6 ,
S 3" 0w 7.5%0~21.1%o(
3 8 310 ), 10%o, 8D
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Table2 C H O isotope compositions of the ores and rocks from the Jianchaling Au deposit(%o)
3% 3"%0w Dw  3"C 3"Ccon T( )’
MS-57 17.3 10.7 (8.3~12.1) =72 310 (250~355) ,2004
MS-79 17.0 10.5 (8.1~11.8) -85 310 (250~355) ,2004
MS-52 16.6 10.1 (7.6~11.4) =79 310 (250~355) ,2004
MS-77 14.0 75(5.1~88) =70 310 (250~355) ,2004
800-53-2 234  21.1(19.2~22.2) -0.3 1.7(-0.7~2.2) 310 (250~355)
J6 18.9  16.8 (14.9~17.9) 0.6 2.6 (1.6~ 3.1) 310 (250~355)
860-52-7 191 17.7 (14.7~17.7) 4.4 —2.4(-3.4~-1.9) 310 (250~355)
18.0  13.3(11.1~14.6) -77 -14 0.6 (-0.3~1.1)
913-32-6 17.0  12.6 (10.6~14.6) -2.9  -1.9(-3.0~-0.9) 240 (200~300)
913-32-7 16,5 12.1(10.1~14.1) -1.7  -0.7(-1.8~0.3) 240 (200~300)

P633-61-11 19 14.6 (12.6~16.6) -0.6  0.4(-0.7~1.4) 240 (200~300) , 1998
J163 16.4 11.7 (9.8~13.8) -1.6  —0.8(~1.8~0.3) 240 (200~300) , 1998
J170 13.8 9.2 (7.3~11.4) 0.4  0.4(-0.6~1.5) 240 (200~300) , 1998
J180 14.6 9.9 (8.0~12.1) -1.2 0.4 (-1.4~0.7) 240 (200~300) , 1998
Ji4 175 13.1 (11.1~15.1) -1.1  =0.1(-1.2~0.9) 240 (200~300) , 1998

164  11.9 (9.9~ 14.0) -14  —0.4 (-1.5~0.6)
913-1 13.8 6.6 (3.8~8.2) 1.6 1.1 (-0.5~2.0) 190 (150~220)
913-2 11.9 4.7 (-1.5~2.9) 2.2 1.6 (0.1~2.5) 190 (150~220)
960-38-1 13.1 2.5 (1.9~6.3) 0.6 0 (-1.5~-0.9) 190 (150~220)
860-51-5 14.8 5.9 (3.1~7.5) 44 =5.0(-6.5~—4.1) 190 (150~220)
860-51-6 14.9 7.7 (4.9~9.3) 4.1  —4.7(-6.2~-3.8) 190 (150~220)
13.7 6.5 (3.7~8.1) -0.8 —1.4 (-3.0~0.5)
MS-69 16.3 3.8(0.8~5.8)  —81 190 (150~220) , 1998
P404-44B-2 22.9 0.0 , 1998
P404-43B 18.0 0.1 , 1998

P406-Y-43w 16.9 0.7 , 1998
J142 22.5 23 , 1998
J171 23.1 23 , 1998
J25 223 -0.4 , 1998

21.0 0.8
J167 15.0 -3.8 , 1998
J42-1 143 -2.7 , 1998
J59 16.3 -3 , 1998
Y-Mg 13.8 -3.2 , 1998
Y-Mg 13.8 -3.2 , 1998
G-Mg 13.4 2.2 , 1998
14.5 -3.0
7 ( X ); : :1000lne.  — =80 -8""0 =3.38 x10%/7°—
3.40 (Clayton et al., 1972); / : 1000Ina( )=8"%0 3850  =4.01x10%T°-4.66x10°/T+1.71, 1000Ina( - )=

5'%0

1991)

-5'"%0 =4.06x10%/T°-4.65x10°/T+1.71(Zheng, 1999);
11.346x10%/T+3.132(Sheppard and Schwarcz, 1970), 1000Ina(8"*C

/

—5"3Cco2)= —0.388x10°/T°

CO,: 1000Ina(8"*C

—8"3C02)=—0.388x10%/T°+5.538x10%/T*—

5.538x10%/7°-11.346x10%/T 2.962(Chacko et al.,
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Table 3  Sulfur isotope compositions of ores and wall rocks from the Jianchaling Au deposit

/ 8**Sv.com(%o) / 8**Sv.com(%o)

hijy-1( ) 11.3 ( ) 16.4
hjy-12( ) 10.0 ( ) 5.4
hjy-10( ) 10.8 ( ) 10.6
J3( ) 8.2 ( ) 12.5
I3( ) 8.7 He-Py1( ) 12.0
hijy-20( ) 13.2 L-Py-Mt( ) 10.5
hjy-14( ) 14.3 a 93
hjy-8( ) 143 : 113
H-4( ) 16.6 : 13.2
800-52-1( ) 6.1 : 10.9
780-50-3( ) 8.6 : 11.1
965-Y-45-46 * 8.5 : 9.5
PD503-Y-Pyl-2 * 15.4 : 11.7
PD404-cm43-Py * 13.9 : 10.5
PD406-cm45N-Py * 14.2 : 12.3
PD404-cm45S-Py * 18.5 : 14.1
PD503-Ym-Py3* 173 : 12.1
PD404-cm43B-Pyl* 12.8 : 11.7
965-47E-Ym* () 10.9 : 11.7
PD383-cm58-H1 () 10.5 : 11.4
PD633-cm43B-Pyl * 12.6 : 10
G-E-1° 17.0 : 10.9
PD383-Y-Pyl * 12.6 : 6.1
PD633-Ym-59° 12.0 : 12.9
97-ZHE-H1 *® 11.2 : 7.8

: 6.3 : 10.6

: 153 : 9.1

Sm-P( ) 11.0 : 10.0
N124( ) 14.6 : 12.5
L-Py( ) 12.9 : 10.7
: 11.8 : 12.3

: 12.8 : 11.4

: 17.5 : 10.9

: 11.6 : 11.4

: 13.7 : 11.8

: 9.0 : 11.1

: 15.2 : 8.2

: 15.2 : 10.5

: 15.2 : 11.6

: 8.3 : 10.2

: 10.6 : 10.3

: 9.5 : 12.1

. 9.9 b 9.9

( ) 15 b 11.4

( ) 18.5 b 1.5

( ) 18.6 b 13.3

( ) 16.5 b 12.3

( ) 103 b 10.0

:a. , 1998; b. ,2010;
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s, ( 9a),
6.3%0~18.5%o S . 2Pb/A*Pb-2"Pb/*"Pb (
( , 1986; . 9b) ,
2006), , 200pp/20Pph
, 207pp/2%Ph 2%pPb/**Pb 17.257~17.931 15.530
( ), ~15.579 37.927~37.493, 17.684 15.554
S (Gavrielli et al., 1995), 37.158; ( )
%S s 206pp204pp,  207pp,204py,  Wsppy204py, 18.365
(Sangster, 1992) S ~18.931 15.560~15.601 38.172~38.783,
( 3 8, s 18.648 15.581 38.478;
S ; 200pp/2%ppy  207pp/2%pp  2%ph/2%*Ph 16.705~
/ S , 19.696  15.370~15.785  36.081~39.986,
( t17.5%0,  3) 18.460 15.597 38.191; (
, S ) 206Pb/204Pb 207Pb/204Pb 208Pb/204Pb
g 17.863~18.432 15.481~15.663 38.204~39.161,
’ 18.148 15.572 38.683; (
( ) S ) 206pp204pp  207pp204pp,
’ ( » 208pp2py 16.308~18.763 15.383~15.928
2006) . 35.328-39.157, 17.720 15.596 38.052
’ , Pb
422 Pb -
’ ( , 2009),
(Jiang et al., 1999; Voicu et al., ’
2000; Kempe et al., 2001; Yang and Zhou, 2001; Chen ’
et al., 2004, 2009; Barker et al., 2009; Pirajno, 2009; Pb ) Pb
Zhang et al., 2009; Ni et al., 2012) , Pb
Pb , Pb
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Fig.9 Plumbotectonic model for the Jianchaling Au deposit (after Zartman and Doe, 1981)
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Table 4 Lead isotope compositions of ore sulfides and wallrocks from the Jianchaling deposit and Bikou Group

206p}, 204py, 207pp2%4pp 208p}, 204py
17.931 15.579 37.493 , 1998
17.863 15.553 37.055 , 1998
17.257 15.530 36.927 , 1998
17.684 15.554 37.158
18.469 15.602 37.427 , 1998
18.405 15.592 37.888 , 1998
18.020 15.539 37.598 , 1998
19.387 15.694 38.150 , 1998
18.914 15.617 37.834 , 1998
18.702 15.625 38.758 , 1998
18.289 15.582 38.257 , 1998
18.496 15.658 38.662 , 1998
18.471 15.582 38.647 , 1998
18.410 15.578 37.823 , 1998
18.235 15.567 38.005 , 1998
18.308 15.720 38.679 , 1998
18.873 15.593 38.324 , 1998
19.696 15.659 39.977 , 1998
16.705 15.379 36.950 , 1998
16.786 15.370 38.381 , 1998
19.241 15.661 39.986 , 1998
18.552 15.587 36.081 , 1998
18.407 15.614 38.388 , 1998
18.780 15.695 38.356 , 1998
18.252 15.630 38.008 , 1998
18.840 15.577 38.734 , 1998
17.789 15.536 37.732 , 1998
17.952 15.520 36.029 , 1998
18.599 15.521 38.591 , 1998
19.193 15.785 38.604 , 1998
18.260 15.597 38.150 , 1998
18.553 15.657 38.920 , 1998
18.390 15.632 38.118 , 1998
18.633 15.616 38.489 , 1998
18.833 15.570 38.032 , 1998
18.281 15.536 38.533 ,2002
18.460 15.597 38.191
18.432 15.663 38.204 , 1998
17.863 15.481 39.161 , 1998
18.148 15.572 38.683
21.881 15.805 40.359 , 1998
20.922 15.771 39.265 , 1998
21.637 15.765 38.338 , 1998
21.480 15.780 39.321
18.365 15.601 38.172 , 1998
18.931 15.560 38.783 , 2002
18.648 15.581 38.478
17.661 15.491 37.621 ,2012
16.308 15.383 35.328 ,2012
17.076 15.447 36.951 ,2012
17.677 15.486 37.866 ,2012
17.644 15.471 38.128 , 1991
18.126 15.552 38.394 , 1991
18.016 15.553 38.064 , 1991
18.763 15.928 40.069 , 2007
18.017 15.833 39.157 , 2007
17.910 15.814 38.945 , 2007

17.720 15.596 38.052
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Pb

( / ) 206Pb/204Pb 207Pb/204Pb
208pty/204pp 20.922~21.881 15.765~15.805
38.338~40.359, 21.480 15.780 39.321,

Pb , Pb
(*°°Pb/***Pb);=17.996~18.468, (**’Pb/***Pb);=15.485~
15.677, (C**Pb/***Pb);=37.957~38.587( , 2005;

Zhu et al., 2011), )
U Th
(Zartman and Doe, 1981), s

) Pb
4.3

(Kerrich et al., 2005; Groves and Bierlein,

2007) , VMS/SEDEX

B >

(Franklin et al., 2005; Leach et al., 2005);

(Sillitoe, 1972; Richards, 2003) (
, 2009);
(Groves et al., 1998; ,2006)
( , 1988;

, 1992; , 2001; Mao et al.,
2008; Zhu et al., 2011), ,
(Chen et al., 2009;
, 2010; Jiang et al., 2010; Xu et al., 2010; Li et al.,
2011; Nietal., 2012) ,

240 Ma, 240~220 Ma
(Ernst et al., 2007, )

( ,2011)

~200 Ma( Ar-Ar, ),

(195 Ma;

)

)
6180W
—81%o, 80w

E

—2.4%0~2.6%o

(3) S-Pb
Bist:
, (
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C, H, O, S, Pb Isotopic Geochemistry of the Jianchaling Gold Deposit,
Shaanxi Province

YUE Suwei"?, LIN Zhenwen" ?, DENG Xiaohua®*, LI Furang®, HE Huaixin® and FENG Anguo®

(1. CAS Key Laboratory of Mineralogy and Metallogeny, Guangzhou Institute of Geochemistry, Chinese Academy
of Sciences, Guangzhou 510640, Guangdong, China; 2. University of Chinese Academy of Sciences, Beijing
100049, China; 3. MOE Key Laboratory of Orogen and Crust Evolution, Peking University, Beijing 100871, China,
4. Beijing Institute of Geology for Mineral Resources, Beijing 100012, China,; 5. North-Western Non-ferrous
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Abstract: The Jianchaling gold deposit in Shaanxi province, China, is located to the south of the Mianlue suture zone.
The ore bodies were controlled by fault F1-45 and the secondary faults. The hydrothermal ore-forming processes can be
divided into three stages according to the mineral assemblages and the crosscutting relationships of the veinlets as
follows: (I) quartz-pyrite-dolomite vein with poor sulfides which was strongly deformed in a compressional or
transcompressional setting; (II) quartz-polymetallic sulfides vein, characterized by large amount of fuchsite; and (III)
dolomite-calcite-quartz-orpiment-realgar veinlets. The 8'*Oy and 8D values of early stage fluids range from 7.5%o to
21.1%o, with an average of 13.3%o, and from —85%o to —70%o, with an average of —77%o, respectively; while the 5'*Oy of
late stage fluids range from 2.5%o to 7.7%o, with an average of 6.5%o, and the average value of 6D is —81%.. This H-O
isotopic signature suggests a shift from metamorphic water towards meteoric water. 8"°Cco, values of the ore-forming
fluid range from —2.4%o to 2.6%o in stage I, from —1.9%o to 0.4%o in stage II, and from —5.0%o to 1.6%o in stage III,
respectively, indicating that the ore-forming fluids were derived from metamorphic devolatilisation of carbonate strata.
The &**S values of the Jianchaling ores (10.0%o~14.3%0) suggest that the sulfur was mainly sourced from evaporation
strata. The Pb isotope ratios of the ores have less radiogenic Pb isotope than the host rocks, and suggest that the
ore-forming fluids, which interacted with the wallrocks to form ores, must have been sourced from a depleted mantle or
a depleted subducting oceanic slab. In combination with the H, O, C, S and Pb geochemical signatures of the mineral
systems, we argue that the initial ore-forming fluid is mainly metamorphic extracted from the dehydration of the wall
rocks, and the ore-forming materials might have derived mainly from the wall rocks with mantle input.

Keywords: isotopic geochemistry; ore forming fluid; ore forming material; Jianchaling gold deposit; Mianlueyang



