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Abstract The Qingkuangshan Ni-Cu-PGE deposit located in the Xiaoguanhe area of Huili County Sichuan Province is one of the
typical Ni-Cu-PGE deposits in the Emeishan Large Igneous Province ( ELIP) . In this paper the Re and Os concentrations and Os
isotopic compositions of the sulfide ores and associated ultramafic rocks in the Qingkuangshan deposit are studied in detail. The
analyses indicate that the sulfide ores and associated ultramafic rocks can be divided into three types on the base of their Os
compositions. Olivine websterites have low yOs values from 15.3 to 40. 3. Massive sulfide ores and disseminated sulfide ores have
similar yOs values that range up to about 260. Net-structured sulfide ores have the highest yOs values up to about 1000. The study
shows that the Qingkuangshan Ni-Cu-PGE deposit is formed by multi-stage magma evolution and that the primary magma was picritic.
By model analyzing the oreforming mechanism can be concluded as follows: (1) primary magma has undergone lower crustal
contamination in a deep magma chamber in the lower crust and that the segregation of a small quantity of sulfide led to the formation
of moderately PGE depleted magma; (2) sulfides in the net-structured sulfide ores originated from a second stage of contamination and
sulfide segregation at an R~ 1000 in the lower crust from the moderately PGE depleted magma; ( 3) the moderately PGE depleted
magma underwent the further contamination ( on average about 6. 7% ) and further sulfide segregation ( R=5000) in the upper crust.
The massive sulfide ores represent a higher degree of concentration while the disseminated sulfide ores represent a lower degree of
concentration. The marked observed variations in Os isotopic compositions indicate that the Qingkuangshan Ni-Cu-PGE deposit was
formed in a magma conduit system and that multiple pulses of magma with variable crustal contamination and sulfide segregation were
involved in the development of the ore-bearing intrusion.

Key words Ni-Cu-PGE deposits; Qingkuangshan; Re-Os isotope; Emeishan Large Igneous Province
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Fig.1 Regional geological map showing the distributions of the Emeishan Large Igneous Province and associated typical magmatic
deposits ( modified after Wang et al.  2005)
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Fig.2 The cross—section of the Qingkuangshan Ni-Cu-PGE deposit ( modified after Yao 1986)
1-Goaf; 2-metamorphic rock series of the Hekou Group; 3-gabbro; 4-peridotite; 5-economical mineral resource of peridotite ; 6-uneconomical mineral
resource of peridotite; 7-diabase; 8fault and its number; 9-geological boundary; 10-transitional geological boundary; 11-drill hole; 12-tunnel
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Fig.3 The photographs of main types of ore and rock of the Qingkuangshan Ni-Cu-PGE deposits

( a) -olivine websterite ( barren) ; ( b) -disseminated sulfide ore; ( ¢) -net-structured sulfide ore; ( d) -massive sulfide ore
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Table 2 Crustal contamination and sulfide segregation of the Qingkuangshan Ni-Cu-PGE deposit
Re( x107%)  Os( x107?) ~Os( t =260Ma) Re/0s
o 1.5 1 5 1.5
@ 0.4 0.05 1250 8
® 0.2 0.1 6500 2
D, y @ 500 30000
( fu =1.8%) 1.48 0.98 17 1.50
( fa =1.8% R, =510) 373.7 494. 1 17 0.76
( Ja =1.8% R, =510) 0. 74 0.01 17 51.15
( fa =1.8% R, =510) 0.74 0.01 17 51.15
a( Jia =2.6%) 0.73 0.02 1018 43.56
( fu2a =2.6% R,, =1050) 247.6 17.03 1018 14. 11
( Os ) 247.9 18.35 1017 13.51
( Ja =1.8% R, =510) 0.74 0.01 17 51.15
b( foap, =6.7%) 0.72 0.02 262 42.58
( Fon =6.7% Ry, =5022) 328.1 72.90 262 4.50
( Os ) 328.1 83.07 262 3.95
0 2008; @  Esser and Turekian 1993; Saal et al. 1998; (3 Ripley et al. 1998; Saal et al. 1998; Sproule et al. 2002 1999;
@  Peach et al. 1990; Hauri and Hart 1997; Lesher and Stone 1996; Lambert et al. 1998
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et al. 2004) Re-Os Os
o 0o
0.0 L . .
.0 1.0 2.0 3. 0 4.0 5.0 Lambert et al. (1998 1999) .Ripley et al.
1/0s (1998)  Sproule et al. ( 1999) Re-Os Os
5 "0s/™0s,4/0s °
1- ( )i2- ;3 ;4 (2008)
Fig.5 '0s/"®0s, 4 /0s plot
-9 -9
1-olivine websterite ( barren) ; 2-disseminated sulfide ore; 3-net— Re.0Os L5 x107.1 x10
structured sulfide ore; 4-massive sulfide ore ( K]ﬁgel et al.
2005) Re-Os ( Ripley et
19 al.  1998; Saal et al. 1998; Sproule et al. 2002 1999)
2,
( Naldrett 2004) . Re-Os
( Foster et al. ) 187 ()
1996; Mathur et al. 1999) « ( Re\0s.yOs 0.4.0.05.,1250)
187 188
Os/™0s(;, 4 /0s (95 1 YOS, _agom 15
Os 14.3% Os N

3  Os

17.3% (y0s =17.9) .36.9% ( yOs =40. 3)



2662

1100 “
L A
=5022
Sap Zb\/ﬂ ¥ M2p
R z
900 "
700 - s
w
1 L®
o =l
e 500 -
300
100
-100 ' i s
0.01 0.1 1 10 100
Re/Os
6 Re/Os=0s
1- ( )2~ 13- T4
15— ( 2);6- V1= - @-
( ) @- ( )i @-
( ) @-
O ) ©-
L @- M=
Haa fan- > s Ry Ry, Ry-
M, - s My, My, -
Fig. 6 Re/Os ratio vs. yOs for multi-stages of crustal

contamination and sulfide segregation

1-olivine websterite ( barren) ; 2-disseminated sulfide ore; 3-net—
structured sulfide ore; 4-massive sulfide ore; 5-primary magma( same
as Table 2) ; 6-depletion magma; 7-sulfide melt. (D-contamination
in the lower crust( 1" contamination) ; @-sulfides segregation of the
contaminated magma( 1% sulfide segregation) ; (3-formation of PGE
moderate depleted magma due to the 1* sulfide segregation; @-2"
contamination in the lower crust; (52" sulfide segregation after the
2™ contamination in the lower crust; ©-2" contamination in upper
crust; @D2" sulfide segregation after the 2™ contamination in the
upper crust. f raction of lower crust contamination; f,, f,,—
fraction of the 2™ contamination in the lower and upper crust
R,, R,,Hraction of segregated sulfide; M,PGE

respectively; R,

moderate depleted magma; M,, M, Hformation of magma due to crust

contamination
Os 80. 6%
(y0s=219) . YOS, Z260ma) 6500
( Re~Os 0.2.0.1)
N 25% ~70% ( yOs =219
~1152) .
Ni-Cu-PGE
( 6):
187 () ( 1.8%) v0s

Acta Petrologica Sinica 2011 27(9)
17 (R=510; R
/ Campbell and Naldrett
1979) PGE
2 o
- PGE
( 2.6%) ~Os 1018
( R=1000) Os
: PGE
%705 ( 6.7%)
v0s 262 ( R=5000)
Re.0Os 328.1x107°.72.90 x
107° 'yOs(_zﬁ()Ma) Re.Os
3.3
Ni-CuPGE N Os
Os
Os
- Os
Re-Os
(1)
( 1.8%) Cu.Ni  PGE
1 (2)
Os (YOS, -260ma) 1000)
( R =1000) :
(3) (
6.7%) Os
( 'YOS(z:zsoMa) 260 ) (R=
5000)
1 (4)
4
(1) Re. 0s
Re.Os
1.5x107°.1 x107°;
(2) Os



Ni-Cu-PGE

; Ni-Cu-PGE

Ni-Cu-PGE

References

Amdt NT Czamanske G Walker R] Chauvel C and Fedorenko V.
2003. Geochemistry and origin of the intrusive hosts of the Noril sk—
Talnakh Cu-Ni-PGE sulfide deposits. Economic Geology 98( 3) :
495 -515

Bohlke JK de Laeter JR De Bievre P Hidaka H Peiser HS Rosman
KJR and Taylor PDP. 2005. Isotopic compositions of the elements
2001. Journal of Physical and Chemical Reference Data 34( 1) : 57
-67

Brenan JM. 2008. Re-Os fractionation by sulfide melt-silicate melt
partitioning: A new spin. Chemical Geology 248: 140 - 165

Campbell TH and Naldrett AJ. 1979. The influence of silicate: Sulfide
ratios on the geochemistry of magmatic sulfides. Economic Geology
74(6) : 1503 - 1506

Du AD He HL Yin NW Zou XQ Sun YL Sun DZ Chen SZ and Qu
WJ. 1994. A study on the rhenium-osmium geochronometry of
molybdenites. Acta Geologica Sinica 68 (4): 339 - 347 ( in
Chinese with English abstract)

Esser BK and Turekian KK. 1993. The osmium isotopic composition of
the continental crust. Geochimica et Cosmochimica Acta 57( 13):
3093 -3104

Fleet ME  Crocket JH Liu M and Stone WE. 1999. Laboratory
partitioning of platinum group elements ( PGE) and gold with
application of magmatic sulfidePGE deposits. Lithos 47: 127 —142

Foster JG  Lambert DD Frick LR and Maas R. 1996. Re-Os isotopic
evidence for genesis of Archaean nickel ores from uncontaminated
komatiites. Nature 382: 703 —706

Guan JX and Song XY. 2010. Platinum-group elements as ore potentiality
tracers of a few small mafic-ultramafic intrusions in Panxi area
Sichuan Province. Mineral Deposits 29(2) : 207 —217 ( in Chinese
with English abstract)

Han CM  Xiao W] Zhao GC Qu W] Mao QG and Du AD. 2006. Re-—
Os isotopic analysis of the Kalatongke Cu-Ni sulfide deposit
northern Xinjiang NW China and its geological implication. Acta
Petrologica Sinica 22( 1): 163 — 170 ( in Chinese with English
abstract)

Hauri EH and Hart SR. 1997. Rhenium abundances and systematics in
oceanic basalts. Chemical Geology 139: 185 -205

Hu KB Yao SZ Qu W] Du AD and Ao SJ. 2008. Re-Os isotopic
analysis of the Hulu Cu-Ni sulfide deposit magmatic ore system Esat
Tianshan Xinjiang NW China. Acta Petrologica Sinica 24( 10) :
2359 -2370 ( in Chinese with English abstract)

Jiang SY Yang JH Zhao KD and Yu JM. 2000. Re-Os isotope tracer
and dating methods in ore deposits research. Journal of Nanjing
University ( Natural Sciences) 36(6): 669 —677 ( in Chinese with
English abstract)

Kliigel A Hansteen TH and Galipp K. 2005. Magma storage and
underplating beneath Cumbre Vieja volcano La Palma ( Canary
Islands) . Earth and Planetary Science Letters 236: 211 -226

Lambert DD Foster JG Frick LR Ripley EM and Zientek ML. 1998.

Re-Os 2663

Geodynamics of magmatic Cu-Ni-PGE sulfide deposits: New insights
from the Re-Os isotope system. Economic Geology 93(2): 121
-136

Lambert DD Foster JG Frick LR Li C and Naldrett AJ. 1999. Re-Os
isotopic systematics of the Voisey’ s bay Ni-Cu-Co magmatic ore
system Labrador Canada. Lithos 47: 69 - 88

Lambert DD Frick LR Foster JG Li CS and Naldrett AJ. 2000. Re-Os
isotope systematic of the Voisey’ s Bay Ni-Cu-Co magmatic sulfide
system Labrador Canada: II. Implications for parental magma
chemistry oregenesis and metal redistribution. Economic Geology
95(4): 867 —888

Lesher CM and Stone WE. 1996. Exploration geochemistry of komatiites.
In: Wyman DA (ed.).
Rocks: Applications for Massive Sulfide Exploration. Geological
Association of Canada Short Course Notes 12: 153 —204

Li YC Zhao GC Qu W] Pan CZ Mao QG and Du AD. 2006. Re-Os
isotopic dating of the Xiangshan deposit East Tianshan NW China.

22(1): 245 - 251 ( in Chinese with

Trance Element Geochemistry of Volcanic

Acta Petrologica Sinica
English abstract)

Maier WD Marsh JS Barnes SJ and Dodd DC. 2002. The distribution of
platinum group elements in the Insizwa Lobe Mount Ayliff complex
South Africa: Implications for Ni-Cu-PGE sulfide exploration in the
Karoo igneous province. Economic Geology 97(6) : 1293 - 1306

Mao JW and Du AD. 2001. 982Ma Re-Os isotopic age of Cu-Ni sulphide
deposit and its geological implication from Baotan area Guangxi
Province China. Science in China ( Series D) 31(12) : 992 —998
(in Chinese)

Mao JW Yang JM Qu W] Du AD Wang ZL and Han CM. 2002. Re-
Os dating of Cu-Ni sulfide ores from Huangshandong deposit in
Xinjiang and its geodynamic significance. Mineral Deposits 21(4) :
323 -330 ( in Chinese with English abstract)

Mathur R Ruiz J and Tornos F. 1999. Age and sources of the ore at
Tharsis and Rio Tinto Iberian pyrite belt from Re-Os isotopes.
Mineralium Deposita 34(8) : 790 - 793

Naldrett AJ. 1999. World-elass Ni-Cu-PGE deposits: Key factors in their
genesis. Mineralium Deposita 34: 227 -240

Naldrett AJ. 2004. Magmatic Sulfide Deposits: Geology Geochemistry
and Exploration. Berlin: Springer 727

Peach CL. Mathez EA and Keays RR. 1990. Sulfide melt-silicate melt
distribution coefficients for noble metals and other chalcophile
elements deduced from MORB: Implications for partial melting.
Geochimica et Cosmochimica Acta 54( 12) : 3379 —3389

Qu WJ and Du AD. 2005. A method for Re-Os dating of copper-nickel
sulfide ores and examples of its application. Acta Geoscientica
Sincia 26( Suppl. ) : 140 — 142 ( in Chinese with English abstract)

Qu W] Du AD and Li C. 2009. High—-precise determination of osmium
isotopic ratio in the Jinchuan copper-nickel sulfide ore samples.
Rock and Mineral Analysis 28(3): 219 —222 ( in Chinese with
English abstract)

Righter K Campbell A] Humayun M and Hervig RL. 2004. Partitioning
of Ru Rh Pd Re Ir and Au between Cr-bearing spinel olivine
pyroxene and silicate melts. Geochimica et Cosmochimica Acta 68
(4): 867 -880

Ripley EM  Lambert DD and Frick LR. 1998. Re-Os Sm-Nd and Pb
isotopic constraints on mantle and crustal contributions to magmatic
sulfide mineralization in the Duluth complex. Geochimica et
Cosmochimica Acta 62( 19 —20) : 3349 -3365

Ripley EM  Park YR Lambert DD and Frick LR. 2001. Re-Os isotopic
variations in carbonaceous pelites hosting the Duluth Complex:
Implications for metamorphic and metasomatic processes associated
with mafic magma chambers. Geochimica et Cosmochimica Acta 65
(17): 2965 -2978

Saal AE  Rudnick RL Ravizza GE and Hart SR. 1998. Re-Os isotope
evidence for the composition formation and age of the lower
continental crust. Nature 393: 58 —61

Shi GY Sun XM Wang SW Xiong DX Qu W] and Du AD. 2006. Re-—
Os isotopic dating and its geological implication of Baimazhai Cu-Ni
sulphide deposit Yunnan Province China. Acta Petrologica Sinica
22(10) : 2451 -2456 ( in Chinese with English abstract)

Shirey SB and Walker RJ. 1995. Carius tube digestion for low-blank
rhenium-osmium analysis. Analytical Chemistry 67 ( 13): 2136



2664

-2141

Song XY Zhang CJ] Hu RZ Zhong H Zhou MF Ma RZ and Li YG.
2005. Genetic links of magmatic deposits in the Emeishan Large
igneous Province with dynamics of mantle plume. Journal of
Mineralogy and Petrology 25(4) : 35 —44 ( in Chinese with English
abstract)

Song XY Zhou MF Keays RR Cao ZM Sun M and Qi L. 2006.
Geochemistry of the Emeishan flood basalts at Yangliuping Sichuan
SW China: Implications for sulfide segregation. Contributions to
Mineralogy and Petrology 152: 53 —-74

Song XY Zhou MF Tao Y and Xiao JF. 2008. Controls on the metal
compositions of magmatic sulfide deposits in the Emeishan large
igneous province SW China. Chemical Geology 253: 38 —49

Song XY Hu RZ and Chen LM. 2009. Geochemical natures of copper
nickel and PGE and their significance for the study of origin and
evolution of mantle-derived magmas and magmatic sulfide deposits.
Earth Science Frontiers 16 (4): 287 - 305 ( in Chinese with
English abstract)

Sproule RA Lambert DD and Hoatson DM. 1999. Re-Os isotopic
constraints on the genesis of the Sally Malay Ni-Cu-Co deposit East
Kimberley Western Australia. Lithos 47: 89 — 106

Sproule RA  Lambert DD and Hoatson DM. 2002. Decoupling of the Sm—
Nd and Re-Os isotopic systems in sulphide-saturated magmas in the
Halls Creek Orogen Western Australia. Journal of Petrology 43
(2): 375 -402

Sun XM Wang SW  Sun WD Shi GY Sun YL Xiong DX Qu W] and
Du AD. 2008. PGE geochemistry and Re-Os dating of massive
sulfide ores from the Baimazhai Cu-Ni deposit
China. Lithos 105: 12 -24

Tao Y Li CS Hu RZ Ripley EM Du AD and Zhong H. 2007.
Petrogenesis of the Pt-Pd mineralized Jinbaoshan ultramaficintrusion
in the Permian Emeishan Large Igneous Province SW China.
Contributions to Mineralogy and Petrology 153: 321 -337

Tao Y Hu RZ Qi L and Luo TY. 2007. Geochemical characteristics
and metallogenesis of the Limahe mafic-ultramafic intrusion

23 (11): 2785 — 2800 ( in

Yunnan Province

Sichuan. Acta Petrologica Sinica
Chinese with English abstract)

Tao Y HuRZ Qu WJ and Du AD. 2008. Re-Os isotope study of sulfide
and olivine pyroxenite in the Limahe nickle deposit Sichuan
province. Acta Geologica Sinica 82(9) : 1292 — 1304 ( in Chinese
with English abstract)

Tao Y LiC HuRZ Ripley EM Qi L Qu WJ and Du AD. 2010. Re-
Os isotopic constraints on the genesis of the Limahe Ni-Cu deposit in
the Emeishan large igneous province SW China. Lithos 119: 137
- 146

Walker R]  Morgan JW Horan MF Czamanske GK Krogstad EJ
Fedorenko VA and Kunilov VE. 1994. Re-Os isotopic evidence for
an enriched-mantle source for the Noril “sk-type ore-bearing
intrusions  Siberia. Geochimica et Cosmochimica Acta 58( 19):
4179 -4197

Wang CY Zhou MF and Zhao DG. 2005. Mineral chemistry of chromite
from the Permian Jinbaoshan Pt-Pd-sulphide-bearing ultramafic
intrusion in SW China with petrogenetic implications. Lithos 83: 47
-66

Wang RT He Y Wang DS and Liu MW. 2003. Re-Os isotope age and
its application to the Jianchaling nickel-copper sulfide deposit
Lueyang Shaanxi Province. Geological Review 49(2): 205 -211
(in Chinese with English abstract)

Wieser ME. 2006. Atomic weights of the elements 2005 ( IUPAC
Technical Report) . Pure and Applied Chemistry 78 ( 11): 2051
-2066

Xu YG Chung SL John BM and Wu GY. 2001. Petrologic and
geochemical constraints on the petrogenesis of Permian-Triassic
Emeishan flood basalts in southwestern China. Lithos 58: 145
- 168

Yao JD. 1986. On the Genesis of Cuo Pt) Ni Sulfide Deposits in
Xichang Region. Chongging: Chongqing Publishing House 34 -37
(iin Chinese)

Zhang ZC Zhi XC Chen L. Saunders AD and Reichow MK. 2008. Re-
Os isotopic compositions of picrites from the Emeishan flood basalt
province China. Earth and Planetary Science Letters 276: 30 —39

Acta Petrologica Sinica 2011 27(9)

Zhang ZH Chai FM' Du AD Zhang ZC Yan SH Yang JM Qu W]
and Wang ZL. 2005. Re-Os dating and ore-forming material tracing
of the Karatungk Cu-Ni sulfide deposit in northern Xinjiang. Acta
Petrologica et Mineralogica 24(4): 323 — 330 ( in Chinese with
English abstract)

Zhou MF  Malpas J Song XY Robinson PT Sun M Kennedy AK
Lesher CM and Keays RR. 2002. A temporal link between the
Emeishan large igneous province ( SW China) and the end-
Guadalupian mass extinction. Earth and Planetary Science Letters

196: 113 - 122

. 1994. -
68(4): 339 -347
. 2010. -
29(2): 207 -217
. 2006.
Re-Os
22(1): 163 -170
. 2008.
Re-Os
24(10) : 2359 -2370
. 2000. Re-Os
( ) 36(6): 669 -677
. 2006.
Re-Os 22(1): 245
-251
. 2001. 982Ma Re-Os
(D ) 31(12): 992
-998
. 2002.
Re-Os
21(4): 323 -330
. 2005. Re-Os
26( ) 140 - 142
. 2009.
28(3): 219 -222
. 2006.
Re-Os
22(10) : 2451 -2456
. 2005.
25(4): 35-44
.2009. . .

~

16(4) : 287 -305

. 2007. -
23(11): 2785
~2800
. 2008. Re-Os
82(9) : 1292 — 1304
. 2003.
Re-Os . 49(2) 1 205 -211
. 1986. () :
34-37
. 2005. Re-Os

24(4) 1 323 -330



