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Stable isotope characteristics and origin of ore-forming fluids in copper-gold
polymetallic deposits within strike-slip pull-apart basin of Weishan-
Yongping continental collision orogenic belt, Yunnan Province, China
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Abstract

More than 140 middle-small size deposits or mineral occurrences occur in the Weishan-Yongping ore concen-
tration area located in the southern part of the typical Lanping strike-slip and pull-apart basin which has plenty of
mineral resources derived from the collision between Indian plate and Asian plate. The ore-forming fluid system
in Weishan-Yongping ore concentration area can be divided into two subsystems, namely, Zijinshan subsystem
and Gonglang arc subsystem. The ore-forming fluids of Cu, Co deposits in Gonglang arc fluid subsystem have D
values between —83.8%0 and — 69%0, 80 between 4.17%0 and 10.45%0, and 8°C between — 13.6%0 and
3.7%o, suggesting that the ore-forming fluids of Cu, Co deposits were derived mainly from magmatic water and
partly from formation water. The ore-forming fluids of Au, Pb, Zn, Fe deposits in Zijinshan subsystem have 6D
values between — 117.4%0 and — 76%0, 830 between 5.32%0 and 9. 56%0, and 83C between — 10.07%o0 and

—1.5%0. The ore-forming fluids of Sb deposits in Zijinshan ore-forming fluid subsystem have 8D values between
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—95%0 and — 78%o, 880 between 4.5%0 and 32.3%0, and 8"C between —26.4%0 and — 1.9%o. Hence, the
ore-forming fluids in Zijinshan subsystem must have been derived mainly from formation water and partly from
magmatic water. Affected by the collision between Indian plate and Asian plate, ore-forming fluids in Weishan-
Yongping basin migrated considerably from southwest to northeast. At first, the Gonglang arc subsystem with
high temperature and high salinity was formed. With the development of the ore-forming fluids, the Zijinshan
subsystem with lower temperature and salinity was subsequently formed.

Key words: geochemistry, ore-forming fluid system, fluid inclusion, stable isotope, collisional orogenesis,

Weishan-Yongping ore concentration area, Yunnan Province
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Fig.1 Sketch map showing tectonic divisions of Nujiang-Lancangjiang-]Jinshajiang area after Li et al. 1999
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Fig.2 Sketch map showing distribution of mineral resources in Weishan-Yongping ore concentration area

alter Yunnan Institute of Geological Survey 1999
1—Quaternary 2—Paleogene 3—Cretaceous 4—Jurassic 5—Triassic 6—Alkali rock 7—Quartz ivernite 8—Stratigraphic boundary 9—Fault
10—Boundary of fluid system (D—Zhuopan gold ore spot @—Changjie copper-cobalt deposit @—Shuixie copper-cobalt deposit @—DBijiashan an-
timony deposit ®—Xinmin copper deposit ©—Shihuangchang arsenic ore spot (D—Zijinshan gold ore spot ®-—Shiyancun antimony deposit
(©@—Tiankoucun gold ore spot (0—Zacun gold deposit @D—Heilongtan mercury deposit (@—Lianhuashan gold ore spot @®—FErlang copper
deposit @—Yongcui copper-cobalt ore spot. | —Zijinshan subsystem || —Gonglang arc subsystem

(1) . 1999. 1:50
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Fig.3 Sketch map showing distribution of structures in Weishan-Yongping area
after Yunnan Institute of Geological Survey 1999
1—Quaternary 2—Paleogene 3—Cretaceous 4—Jurassic 5—Triassic 6—Alkali rock 7—Quartz ivernite 8—Stratigraphic boundary
9—Fault 10—Anticline 11—Syncline @—Duogu syncline @—Zijinshan duplex anticline @—Longjie syncline @—Guangshanliangzi

reverse anticline &—Wuliangshan duplex anticline
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CO, 310
100% CO,
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313(3(?02 CO,
3D 813 C %0
K-Ar 38.67 Ma 2002
CO, H,
Rb-Sr 46.5 Ma
1991
3
2
2 30
1985 .
1000 lna . =3.42X10°T 2-2.86
1~2 kg 5150
5D 513C 5180 30 30 O’ Neil
1969 -
MAT251 EM 2 1000 In @« ~ =2.8x10°T?
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Table 2  Stable isotopes analyses of ore-forming fluid in Weishan-Yongping area

13 0
813C]>DH %0 818()”)3 %0 818()5\/]()\;\] %0 BDSM()W %0 8180 _SMOW %0 3 (/C()Z—PT)B Yoo

ZCPD12-26-2 -4 —11.1 18.55 -76 5.33 —2.43
W440-9~ —117.4 9.56

W440-10" —85.8 8.35

ZJ1-2 17 - 86 5.45 -1.5
DFI1-3 -10.6 -10.7 19.8 —88 8.71 —10.07
MAG6-2 -8.6 -12.9 17.6 -92 5.32 -7.5
LJ3 18.7 -95 5.75 -1.9
LJ5-1 -93 21.2 —26.4
SY1-3 -92 21.8 -20.5
SYl6-1 -93 4.5 -21
BJ7-1 -78 32.3

BJ9 -8l 25.2 -2.7
XMS-2 17.4 -78 9.99 3.7
YC2-6 18 - 69 10.45 -1.3
YC2-4 17.3 =71 9.82 -3.9
SX5 =73 -13.6
SC47 18.43 -83.8 8.79

SC-25" 14.9 -78.8 5.26

S1° 8.43 —74.4 4.17

* 1991 x 1994
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Fig.4 8D versus 8'%0 diagram for Zijinshan ore-forming
fluid subsystem based on map by Lu 1997 4
@—Ore-forming fluid of the Zacun gold deposit A—Ore-forming
fluid of the Dafoshan lead-zinc ore spot &—Ore-forming fluid of the
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deposit +—Ore-forming fluid of the Shiyancun Luojiucun antimo- 813(:
ny deposit X —Ore-forming fluid of the Bijiashan antimony deposit 813 C 813 Ccoz >



25 1 - 67
8" Ceo
0 >
- 26 4%0 - = 1 . 9%0
20 |- B —17.45% ~20%  CO,
-40 = — R ARk
813 CC(,L - 2. 7%0 COZ
s -60 | :
g +
° g0 g, Co, ~7.5%  CO,
100 33Ce,  —10.07%  CO,
-120 —
-140 | | | | | | S3C-80 6
20 -0 0 10 20 30 40 - CO,
30/ %o )
5 3D-3%0 )
6 co,
1997
o— A—
+_
Fig.5 8D versus 8'%0 diagram for Gonglang arc 813CC() 3 7% CO,
ore-forming fluid subsystem based on map by Lu 1997 : N
@—Ore-forming fluid of the Xinmin copper deposit &—Ore- 813 C(j()z — 1. 3% ~
forming flui.d of thf: Yongchui (?or'Jperfcobalt ore spot +— ~3.9% —2 6% COZ
Ore-forming fluid of the Shuixie copper-cobalt deposit
10 4
BISC . >813C‘ CH 12C 813C _ 40000 5| KRB o REH LBBRIEH
O CH, 4 s A e
CH4 HQO CcO H, \E 10 F “IES NN
CO, 00 G -15 B BERER « | 5
S| N
CH, CO, “ z‘; o HHBEEAA = %
- X
CH, CO 3B C -30 - n
130 13 R sl 1I0 1l5 zlo 25 3lo
6" Ceo, 6" Co, 50, suion/ %0
33 C CO,
6 - 313C-3%0
1997
Rollinson 1993 3C = 8%~ — 3% 0— - i
= 6%o0 B3¢ - A—
SBC = 20%0~ — 30%o ~26+ 7% = o=
RN LY 0

Rollinson 1993

CO,

813CC02 — 2. 43%0
813C(;02 -1.5%  CO,

Fig.6 Carbon-oxygen isotope diagram for fluid inclusions
in Weshan-Yongping copper-gold-polymetallicore
concentration area based on map by Liu et al. 1997

[J—Ore-forming fluid of the Xinmin copper deposit €—Ore-form-
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83 Co, 3
~13.6%  CO,
d3C-81%0 6
B} CO, la H,O
B} la lec 130~
280C w NaCl,  0.1% —18%
CO, H,0 CO, Cl- F
SOF~ Na' K' Ca?" NaCl-
CO, H,O-CO, Au-As-Sb-Cu-Ni-U
3
SW NE
3
3 J—
Table 3 Comparison of characteristics between Zijinshan and Gonglang arc ore-forming fluid subsystems
la H,O [la la H,O Il a CcO,
lc b Il
t, C 130~280 190~340
w NaCly, % 0.1~18 22~26 30~35
Cl" F SOf Na" K" Ca* Cl" SOf Ca?* Na' K'
F Cl 0.0006~0.33 0.0001~0.24
Cl™ SO~ 0.4~424 0.54~26.88
Na® K* 1.2~44.3 4.24~17.45
H,0O CO, CH; CO N, GHy O, S Ar HO O, CH; CON, GHy O, H,S Ar
CO, H,O 0.01~0.29 0.03~0.14
CH;+CO CO, 0.004~0.49 0.008~0.041
NaCl-H,0-CO, NaCl-H,O-CO,
SREE 10 2 219~3581 211~9134
ACe 0.26~0.93 0.07~0.92
AEu 0.74~1.37 0.4~214
La Yb y 3.2~44.45 3.28~126
Au-As-Sb-Cu-Ni-U Cu-Co-As-Ni-Ag
Sh 107° 0.31~2674 4.15~25.77
Co 1077 0.07~8.01 0.48~123
Cu 10 1.31~116 64~447
As 1077 33.3~405 216~779
Co Ni <0.1 >0.5
oD %o —117.4~-78 —-83.8~ 71
380 %o 4.15~32.3 4.17~9.99
3BC %o -26.4—-1.5 -3.9-4.4
pH 5.29~7.09 6.67~7.93
E, V -0.11~2.84 —-0.83~0.12
MPa 30~130 100~225
T 228~255 317346
km 1.05~6.67 3.51~7.89

3D 80 8BC
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th J3[7

Tym Jh

T3 w
NE

Tym

6.7~7.9 E,
100~225 MPa
3.51~7.89 km

-0.83~0.11V
317 ~346TC
Cu-Co-As-Ni-Ag

Cu Co

T37}’l th

Tss
Jah Jiy Tss
Ty wl
pH 5.3~7.1 E, ~0. 11~

2.84V 30~ 130 MPa 228

~255C
As-Sb-Cu-Ni-U

1.05~6.67 km Au-

Au Sb Hg As Pb Zn

References

Bureau of Geology and Mineral Resources of Yunnan Province. 1990.
Regional geology of Yunnan Province M . Beijing Geol. Pub.
House in Chinese .

Chen Y C. 1999. Mineral resources prospect evaluation of the major
metallogenic belts in China M . Beijing Geol. Pub. House in
Chinese .

Dong F L. 2002. Study on metallogenic condition and potentiality of
copper-gold-polymetallic deposits in Weishan-Yongping mineraliza-
tion district Yunnan D . Beijing China University of Geosciences

in Chinese with English abstract .

Dong FL Mo XX HouZ Q Wang Y Bi XM and Zhou S. 2005.
Ar ¥Ar ages of Himalayan alkaline rocks in Lanping basin  Yun-
nan Province and their geological implications ] . Acta Petrologica
et Mineralogica 24 2 103~109 in Chinese with English ab-
stract .

Friedman I and O’ Neil ] R. 1977. Data of geochemistry sixth edition
M . Washington U.S. Geological Survey Professional Paper.
Hoefs J. 1997. Stable isotope geochemistry 4th ed M .

Springer Verlag. 65~185.

LiF Huang D Y and Fu W M. 1994. Geological characteristics of

Berlin

Shuixie copper deposit and its origin in Yongping J . Yunnan Geol-
ogy 12 4 341~349 in Chinese with English abstract .

LiXZ LuW]J] WangYZ ZhuQW DuDX ShenGF LiuC]
Que MY Yang SH LiDM and Feng Q L. . 1999. The tectonic
evolution and metallogenesis in the Tethys of the Nujiang-Lan-
cangjiang-Jinshajiang area southwestern China M . Beijing Geol.
Pub. House in Chinese with English abstract .

Lin G Fan W M and Yin HH. 1991. Primary study on the longitudinal
axial fracture zone in the Lanping-Simao basin of Diwa type western
Yunnan Province China J . Geotectonica et Metallogenia 15 1
15~21

LiuJ] M and Liu J J. 1997. Basin fluid genetic model of sediment-hosted

in Chinese with English abstract .

micro-disseminated gold deposits in the gold-triangle area between
Guizhou Guangxi and Yunnan ] . Acta Mineralogical Sinica 17
4 448~456 in Chinese with English abstract .

LuHZ. 1997. The ore forming fluids M . Beijing Beijing Sci. and
Tech. Pub. House in Chinese with English abstract .

MoXX LuFX ShenSY ZhuQW HouZQ Yang KH Deng ]



70

2006

F LuXP HeCX LinPY ZhangBM TaiDQ Chen M H

HuXS YeS XueYX Tan] Wei QR and Fan L . 1993. San-

jiang Tethyan volcanism and related mineralization M . Beijing
Geol. Pub. House in Chinese with English abstract .

O’ Neil ] R and Mayeda T K. 1969. Oxygen isotope fractionation in di-
valent metal carbonates J . J. Chem. Phys. 51 5547~5558.

Rollinson HR. 1993. Using geochemical data evaluation presentation
interpretation M . New York John Wiley & Sons.

Shangguan Z G and Zhang Z L. 1991. The stable isotopic research on
spring in experiment area western Yunnan A . In Research on
modern crust movement 5 C . Beijing Seismological Press. 87
~95 in Chinese .

Wang B L and Li W C. 2001. Preliminary study of Weixi-Jinghong rift
belt J . Yunnan Geology 20 1 39~45 in Chinese with English
abstract .

Wang Y. 2002. Study on the characteristics of metallogenic fluids and
fluid-geological mapping in the Weishan-Yongping copper-gold-poly-
metallic mineralization district Yunnan D . Tutor Mo X X. Bei-
jing China University of Geosciences in Chinese with English ab-
stract .

Wang Y MoX X Dong FL BiXM YuXH Yang W G and Zeng
P S. 2003. Fluid-geological mapping in Weishan-Yongping mineral-
ization district Yunnan ] . Geology in China 30 1 73~83 in
Chinese with English abstract .

Xu QD and Mo X X. 2000. Characteristics and state of regional fluids in
middle portion of Sanjiang region during the Neo-Tethyan stage J .
Acta Petrologica Sinica 16 4  639~648 in Chinese with English
abstract .

Yang J W Li Y Band Yu L W. 1991. Geological characteristics of Za-
cun gold deposit J . Yunnan Geology 10 1 71~104 in Chinese
with English abstract .

Zhang L. G. 1985. The application of the stable isotope to geology M .
Xi'an Shaanxi Sci. & Tech. Pub. House in Chinese with English
abstract .

Zhang T S and He L T. 2000. Regional gold mineralization controlled by
the Lanping-Simao depression middle axis fault J . Geotectonica et

63 ~ 66

Metallogenia 24 Supp. in Chinese with English ab-

stract .

. 1999. M .

. 2002. -

D .
0Ar FAL
24 2 103~109.
. 1994.
] 12 4 341~349.
. 1999.
M .
. 1991.
]
. 1997.
] 17 4 448~456.
. 1997. M .
. 1993.
M .
. 1991.
A 5
~95.
. 2001. -
20 1 39~4s.
2002. =
D .
301 73~83.
. 2000.
] 16 4 639~0648.
. 1991.
10 1 71~104.
. 1990.
. 1985.
. 2000. - “
J. 24

@)

. 87

. 2005.
]
151 15-21.
J.
. 2003.
]
]
M .
63~066.





