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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 ore-forming 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.
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Regional geological map showing the distributions of the Emeishan Large Igneous Province and associated typical magmatic
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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 ;8-fault 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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Re-Os isotopic composition of the host rocks and ore samples from the Qingkuangshan Ni-Cu-PGE deposit
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Fig.4 Re/Os ratio vs. common Os diagram for the Qingkuangshan Ni-Cu-PGE deposit ( after Lambert e al. , 1999)

1-olivine websterite(barren) ; 2-disseminated sulfide ore; 3-net-structured sulfide ore; 4-massive sulfide ore; 5-olivine websterite from Limahe nickel

deposit ; 6-wehrlite from Jinbaoshan Pt-Pd deposit; 7-Emeishan picrite ; 8-Emeishan basalt. Disseminated sulfide ore of the Jinbaoshan deposit and olivine

websterite of Limahe deposit from Tao et al. , 2007, 2010, respectively; Baimazhai data from Sun et al. , 2008 ; Emeishan data from Zhang et al. , 2008
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Table 2 Crustal contamination and sulfide segregation of the Qingkuangshan Ni-Cu-PGE deposit
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JEIR A — VARG (R £, =1.8%) 1.48 0.98 17 1.50
— YA BB (T H5E S, =1.8% ,R, =510) 373.7 494.1 17 0.76
—RIEB R E T RAER (Tt S, =1.8% R, =510) 0.74 0.01 17 51.15
T AESE b R —
— YR A AE BT A (T 5T f, =1.8% ,R, =510) 0.74 0.01 17 51.15
&S PUE I ARG a( FHLIE fi0, =2. 6% ) 0.73 0.02 1018 43.56
& B VA BB BRAL Y (T HBSE £, =2. 6% ,R,, =1050) 247.6 17.03 1018 14. 11
T B (B & Os YItA{E) 247.9 18.35 1017 13.51
EEuE=r AL iR uy -
— KB EEE T AR (T 5T S, =1.8% ,R, =510) 0. 74 0.01 17 51.15
P TR ZRIR Y b( FH5E f0), =6.7%) 0.72 0.02 262 42.58
T RE T A IR B ALY ( BHLSE £y, =6. 7% Ry, =5022) 328.1 72.90 262 4.50
FHO LG AR CELIL Os ) iR 1H) 328.1 83.07 262 3.95

D% B4 2008 ; @4 Esser and Turekian, 1993 ;Saal et al. , 1998 ; @i 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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3.2 HWERERBMAMBESH

W R Y A KR T R 1 AR Z —
(Naldrett, 2004 ) , Re-Os [Alfii K& R 2GR T KK 1T 7
Hp b A ) S5 TR e 1) B R RN A S0 48 75 7R (Foster et al.
1996 ; Mathur et al. , 1999)

HRAE 0s/™0s ) -1/0s B (1 5)  IF4s 4% 1 i,
AR BET G RIER Os R RA A — 2R, &
BEX 43t 3 Fi Os [R5 28 4L A 9 A 2580 R S Ak 0 1

RHORE S ELRATR yOs (, Zasoma) » ZEALTE LI 15. 3 5] 40. 33
ARFNEGLRBRAI T AT HIT , yOs (, Zooma) TELTE 260 7247, 4
BREIR A A HA i i BT Os ﬁ{cf%%zﬁﬁiy’\’os(t:zeoymfﬁ
1E 1000 244,

T Re Os 75 B (1 1 Bk b S M 00 26 B AL 0 95 1R 5 R 1R
A KA 20 0 R B 25 — N ECR L |, D, ™Y =500
D, "™ = 30000 ( Fleet et al. , 1999 ; Brenan, 2008 ; Righter
et al. , 2004) , Kk, B A5 A1 Re-Os i & Os [Al {7 2 4H
TR GG R BB 1 S W B 25 2R Ak R P R AL 9
B NIRGAE B, Lambert et al. (1998, 1999) (Ripley et al.
(1998) & Sproule et al. (1999) iz fH Re-Os & & K Os [Afii &
AR U 19 i B A K AL 0 IR /Y B o R P BR 4%
(2008 ) th F] I ZAR X 7 DR B0 R AR A T A
PR i

X IR B I i AR A AR 2 AT DA AT S
BRI AL Re (Os S 5200018 1.5 x 1077 (1 x 10 77 Ry KL i,
TR YL TR AR T IR 5 0 Th R G i ST (Kliigel et al.
2005) KA I T Re-Os [ 17 2 41 AL 75 (2% Ripley et
al. , 1998 ;Saal et al. , 1998 ; Sproule et al. , 2002, 1999) , &
A HAR YL UE O — A B S 1 M SE AT s B, Bk
PESHIE2,

AT R, — PR G IE B AN BRI W 7 L e TS
LR AL o AR ™ Os SFRE I L M5
IRYLIR (Re 0s yOs 4351 24 0. 4.0. 05 ,1250) , 2 315 il i iy v
ARG I yOs (, ogomay IB BN 15 ZEAT WA 3K, JUNTR e i o 75 22
14. 3% i S S S M Os R 28 20 A TR LR B2 43
WFEE17.3% (y0s =17.9) .36.9% (y0s =40.3) ,JE R A
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contamination and sulfide segregation

Re/Os ratio vs. yOs for multi-stages of crustal

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; @D-2" sulfide segregation after the 2™ contamination in the
upper crust. f -fraction of lower crust contamination; f.,,, f,-
fraction of the 2™ contamination in the lower and upper crust
respectively; R, , R,, , Ry, -fraction of segregated sulfide; M,-PGE
moderate depleted magma; M,, ,M,, -formation of magma due to crust

contamination
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RENT 24 IR A — R A B AEH (R=510;R
ik R R 9 2K/ WAk W 4 HK Y B {EL, Campbell and Naldrett,
1979) ,JE i PGE i@ J¥ =5 W4 5, BE 46 38 15 5 B 1 ™ B:
AN G AN R G AT AR

IR Y KA B XA 2 ROl AR

i —  PGE 3 = $l - AR i Ak B P B 2 8 b
FEIRYL (L 2.6% ) ,v0s 355 1018 £ 45, It K 4 ki)
JEES (R=1000) , JE i B A5 R w5 i G 1 Os [ 37 3 20 B 1) 1
BRI A TR

IR PGE 36 = A K BB DR 3 1ok, 2 541K
WO REIA™ Os 25 (972 BT TR (L0 6. 7% ) {115
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