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AEGHIEIOMEN ARG EARERRK,
BRA AW IBLALHARKRAERRNTHEE
RS EAIEHENERA(An=70 ££),

BIRT A ALY USRI R ER
AP RAWT R —M 2~5mm, MFI A E 10mm,
E2HMRERR, MERT A EEHALY LEK
WA FEEEEREMEA RTMSR. 7 AR
YoONLEL. METAPRAYAREAMRA. &
WY IONELA . BEBEET A 0% REST 4
20% . EOGLY - RAZE TS NMBKRY A &
SRy, S 99% L k.
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SRERTY. FEVARERAYBHEEREN
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Fig.2 Cu/Pd vs. Pd for samples from the Limahe
nickel deposit(based on Barnes and Lightfoot. ,2005)
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1—Olivine websterite (PGE undepleted) ; 2—olivine websterite
(PGE depleted) ; 3—diseminated sulfide ore; 4—net sulfide ore

and separated sulfides
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HaaMEBXBELR PO ReOs MK
TREZR. AASEOTF:

(D) @R MBREREIHAS, gk
AW AP Carius BT . ZI@MBEBIFE
HZEHRBAD, BT REBHK—50~—80T.,
T HE Carius BEZFRBA S, E S KATN
SHEEBRNA ' Re M Os BABBR A S
Carius FJEH, FMA 4 mL 10 mol/L HCl,4mL 16
mol/L HNO,., 4% /EHBIKEE, ARRES K
IR EHT carius BRATRD . RASBREE
H. REREBTABABEAN . FESHG . B
FEB 230C, R 12h, ERBLHENEFLT,IT
FF Carius B, 40 mL /KB L BEBHARBE
H,

(2) ZiBABER: F 105~110°C# 4 50 min,
A 10 mL KB g & H i OsO,. fIF ICPMS(& 5
FHBRBIPES ) WE Os AIELE. BRER
#HEA 150 mL Teflon SRR B 8.

Q) WM BE®R: WHE-RKABRBEBTHM
B mPGET. mARK MBET. BEEHEKEL
MR BE. fm A 10 mL 5 mol/L NaOH, R4#&im
#OENBEA K. BA SomL BRABLEF.E
O B E R WS A 120 mLTeflon A R4,
A 10 mL PS8, kY Smin. KB Re, #1L5H,F
FKH. M2 mL 5 mol/L NaOH # ¥k B 4+ % I8 3}
L, % 2 min, KEFRMHEPHEE. FEKHME,
HEW M E] 150 mL E A 2mL JK# Teflon HE#FH,
EEREE SOCHMAUERFNE. MABEET.
I e W ER A 30 % AL MM T AR ER
FHR. ARZEAR HNOBRBRE, BB MK
BN 2% ,% ICPMS #iF Re R R HLfH. &
BEBPEREES 1 mg/mL, FRARE FX®E
BEH.

(4) REWE: RAEH TIAQXFRETK
TJA PQ ExCell ICPMS B & R Z . Xt F
Re. 3£ R E% 185,187, FH 190 5W Os; X F Os:
e F BBy 186.187,188.189,190,192; A 185
YW Re,
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Fig.4 Re-Os isochrones and heterogeneity in the initial

Os isotope composition for the Limahe deposit
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O, URGHEER Y. DEMNERAINT A
BERAMBE 6 OENEARES. BT EERTER
AAREYI Os B R AR AP IS E R R ER
BARE XMBEERSERT YLH Lo IEMRN
BUBKHBLABREREORAY B ENBLREE
BEMFEAELMIES. Horan et al(2001) 1R
#E Stillwater HEMBEHE Os RIMNEERH T
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9 Os R BAREABK il 5 fim, AR
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ROE WA 4G Os RAL R AW, B, o LR A A
SRS B & TR

7 BES RRERT AR REIRRAMCEA
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Fig.5 ' 0s/* Qs(i)-1/0s plot; mixing of 3 components
in isotopic composition for the Limahe deposit
A—BBHRAED(Os=15X10"°, ¥ 0s/'#0s(i) =0, 266);B—
B ARG RS RERBEA (Os=1.8X1077, ¥70s/1% 0s
(1=0.132);, C—BRSERSHARKSGRIRLRYYES
(0s=0.26 X107%, 1870s/18 Os(i) =0, 163); 1 —#¥E & (PGE
ESH) 12— MEE(PGE TH):3—BLRY A 4+—FEKRY

A REEATLY

A—Sulfide melt; B-——barren peridotite accumulated from
primary magma; C—barren peridotite accumulated from
daughter magma after comtamination and sulfide segregation;
1-—olivine websterite (PGE undepleted ) ; 2—olivine websterite
(PGE depleted) ; 3—diseminated sulfide ore; 4—net sulfide ore

and separated sulfides
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AR YNARILAEAAGR L. VA FRAY S &’
—RBET AN R ERBFHBESSF LT AN
TR . B AERR, ) DEARYTRAYERT
BRRKEH R=2000 ZANRAYHEETHE R
 REREH R=200 EEMMAMBEEER. EX4H
FERERERBERRASBTA RMAER
LR E R BB A& IR EMF KR
BTHARRILHT K.
3.4 HMERRE

WRBREARRAEYRTHXBEEZ—
(Naldrett, 2004), I EHBRTRIEDEAERH
FIiE 5 R E™ Os £ B, Vo, (2= 260Ma) = 100 ~
120, g3 T 4E 17 38 KU A4 3tb 08 % 42 P & B 5T AR ™ Os
FEMBE, WBA RE Os EEMWEH Os FAL
KARRBTHTRBEHER.

BREM R ERA RO R ET A ReOs
B R AR, RPAER AT IE 9 FiR, )la
HESBRBAUSHELERWE 3 FHF. %ED
BEILKKRAEERE—-RIBEERNE R LS
B Wk Os HIR Vo, (1=260Ma) =20~30, J 4R
¥ ARSOFELENE Os AR Yo. (¢=260Ma) 7 30 /£
AREE ST RAER AT S ZWIE B AR R, 1
BRETRRBRER E—-—RKERER Yo =
260Ma)i5B) 30 £ A, FN REE KB DBE,
HAESHENBRARERXRERZRYE, Yo t=
260Ma)iABj 110 £ 4.

A DRGSR SRR R R R R

BREZHUMBRE, BEHWNTBRESRRIEREN
BF 3¢ (Klugeletal. ,2005) & % 3 #1 55 B Re-Os

AL R 4 R BT (B % Saal et al. , 1998, Ripley,et
al. ,1999; Sproule et al. , 1999, 2002), #| & 4 #
FLRES - RIBRERE AL TH5E, HBREWN
Re.Os . Yo, (t=260Ma) 43 5| % 0. 2X107°,0. 1 X
107° 6500, B —RIB R /EHZE LT F . KBRS
#) Re.Os. Yo, (t=260Ma) 43 5| % 0. 4X107°,0. 05
X107°,1250,

ERE AT E BB REY Os EFEMIR
BeURCT s 7e) 1B 34 i) — > 3 gy R« 2 51 DA 384K e 5
BEY0s £EFH L #7T RS NEEE(Re,
Os. Y0 53514 0. 4,0.05.1250) , EE RA B Os
FTEAOFEHRERBLER Yo t=260Ma)i5 B 30 &£
ARER,MERBEFTER L IOV, BRARFHK
e, El, B - RBRMBEREN ZELEERK
BMEREYOs £F, AAFERKRBRE KA
BB —1TEERE, L Y. (2= 260Ma) 5
6500 RITE B K (Re.Os 43 5% 0. 2.0. DX A HH
Os BBMEHRAER —KEBREWE Yo, (¢=260Ma)
R0 EAHNER NBERBELTERD 25%
EAHME D XHFRHHMTRABENBE MR E
REZRMBBARBY. B, UEABEERHR
BY0s FEMBRENFEHRERBREEEHE
BHBETRTHER BRZHBRABELRA
OWREY REESHENER.

BREEAUA AN, FREREFTT BT
ZEEBHBREYOs FEMBRBIRL. Y0, =
260Ma)ik®) 30 Eh I RAEMCYIBEIER, Kk -
EsHRAXERAIBPERZHBERY,
Yo (:=260Ma)iBB110E K, F REZKHILYH

%23 A8 Re-Os FUKAR :FHMEMRRRAERLDERILS
Table 3 Re-Os isotopic composition: model for 2 stages of crustal contamination and sulfide segregation

Re(X1079) [Os(X107%) | 7Y0,(t=260Ma) Re/Os

FRHBERT
TH7x®
LFzE®
IBEWM BRI D w2 50®

b o

1.5 1 5 1.5
0.2 0.1 6500 2
0.4 0. 05 1250 8
500 30000

HE-KBR(THE, =%
— I AL Y (R, =20000,fc; =7%)
SFLRAEHRBEAR
— W B RAL Y (R, = 2000, fc; =7%)
—RIGE W IE T HH K (R =2000,fc; =7%)
FHREXEZKBR (LT, fc;=7.6%)

' E L

S G Y REEEB

S 28— WIR MR AL W (R; =2000,R; =300, fc,=7%,fc;=7.6%) 202
SHRER _RERALY (R, =2000,R; =200,fc; =7% ,fc2 =7.6%) 154 11.5 110 13.5

1. 41 0.93 29 1.51
687 11202 29 0.06
250 6000 22 0.04
564 1751 29 0.32
1.13 0,058 29 19.3
1. 07 0. 057 110 18.7
17 110 11.8

200 15 110 13.3

#:D.QFF 2:O8F Ripley, et al(1999); Saal et al(1998), Sproule et al(2002, 1999) ; @5 # Esser and Turekian (1993), Saal et al(1998),
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Fig. 9 7o, (t=260Ma)vs. Re/Os ratio for 2 stages
of crustal contamination and sulfide segregation

O #EARERERM O THRRBR (B-KRE);
QO—RYEE(E -KEE ;O BETHERE KB
O SHAXREHRBRE KRB M, —RHEHEEK;
Mi—BBESHRERE-REE,S - HERLY(E-KH
B S — B mA G TWE ) LC— T, UC— L #&,
for—FHIFTR S b B feo— BT M G LB 1— B 5 (PGE
E5H) 22— BB (PGE TH) :3— M kR 9 A R E LA sk
YWi4—&FWRERT A (F Tao et al. ,2007)

@ —-crystal accumulation; @— 1% contamination in lower crust;
®-—sulfides segregation of the contaminated magma( 1% sulfide
segregation) ; @ —formation of depleted magma due to the 1%
sulfide segregation; §—2" contamination in upper crust; M,—
primary magma; M;— depleted magma; S;—1% segregated
sulfide; S, —2" segregated sulfide; LC—lower crust; UC—upper
crust;fc; —fraction of lower crust contamination; fc,— fraction
of upper crust contamination; 1—olivine websterite ( PGE
undepleted) ; 2—olivine websterite { PGE depleted ); 3-—net
sulfide ore and separated sulfides;4-—disseminated sulfide ore of

the Jinbaoshan deposit from Tao et al(2007)

BOERABFET MBS, 5 GHAY Re/Os
HEMRSERTRESHEAYNE RO RE X
(Barnes and Lightfood, 2005), W IKiE 3 AT BE 4> 2
REHE L TR AR RERERKAE TWER.
3.5 R HHEITiE
NBFERY Y A RBNHERETEL 2 F
MEMeRE. HHERKN HFEAREERENE,. A&
BAUSBEEAT 0.48 A /M CEEMRIE S HFEH 5T
B, 1970 R M RGEE K FEP &4 B & &R
BIEM R R E K TRt A B, H UM E B K
Ni=300X 10 *fENFTREM IR IR E R, ST E WM £

BRERAFREBFYFERERTIEREMSEESBER 16
&Ll k.

XFAREEERAYT KB BT R, B,
B EERT OGRS ZXE. BPLF
(1995) X & /I FT REPFFREH T “/NEEKR
KTVHBE,FELT “BHAE-FA R &K
KM ERXMENRTWARE S RALERT &
FEUTEFESEEX AR —RBEXKEHE
BEVRB . EEXBEBEPHRERY (Li et al.,
2004; De Waal et al. ,2004),

BAEMBRHARTAN T GART UG T KA
AT R (PEF . 1986). Re-Os RHEFf R4E
BFRAE A T XF BB ML 3 B 5 BE A 1) A 3R Ak 2 4K
BHAD TR EXELLIEERANLNHA,
H G EEYIEE Os A RHABRAH— gk I 2 H
N [R1 A0 4 (657 26 200 1 4 A 00 438 A R e BR 0 2 KR
AR EERMBERBERENRILYELS
BRERBERBEHAERIERS); 7 Re/Os HH LAk
M AREEBER THERESA . SEEABENE
SRR, R EZREE . Hi, RITAAR
SHRTREREXFEANER, EKEEW
U ERREXFRR ARBEPRERER
BHERBEE B L - RERE(KEREIE
FREE R

v g

W WGHRT &y ARG REARAE— K
JE R 2 Hh 10 96 (5] 2 3R 2 LA () B 1 490 0 4 A ek PR
HEEAR BB G ERL .

(2) NSWRT ReOs R RHARKWIB B
AR B ERBEE 00HY 0 REMRLY
Os [ RBIIREZE B/ 7T LI RA B FIRE X
MR LR b, SRRY MR £ %
BTER4EH% 265+ 35 Ma, 54A SHRIMP 4§} 263+ 3
Ma f 3. RO 8O E KB J ARG AR & 8 31 46 R £
RUEMEFBR, KRMENLFR KT R FRR.

() NHOMBEY KB ERY , B Pk
N AR Y R EESEKET R=2000 24 K5
B E KT AaKHEE R=200 A BB LY
BRI, 5 BN R, T B R BE T TR
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Re-Os Isotope Study of Sulfide and Olivine Pyroxenite in the
Limahe Nickle Deposit, Sichuan Province

TAO Yan”, HU Ruizhong”, QU Wenjun? , DU Andao?®
1) State Key Laboratory of Ore Deposit Geochemistry s Institute of Geochemistry, Chinese Academy of Sciences, Guiyang,
550002; 2) Chinese Academy of Geological Sciences, National Research Center for Geo Analysis, Beijing, 100037

Abstract

The Limahe nickel deposit is one of the important PGE-poor Ni-Cu deposit in the Emeishan Large
Igneous Province, This paper mainly analyzes Re-Os isotopic composition of various ore and rocks from the
Limahe nickel deposit, discusses source magma, genesis of suphide, ore-forming mechanism and Re-Os
isochron. The results show that different rock and rock types of the Limahe deposit are of different initial
Os isotopic compositions. The differences of initial Os isotopic composition between sulfide-rich veinlet
ores and their ssextracted sulfide are small and their isochron of 265+ 35 Ma is agreement to the zircon
SHRIMP age of 26313 Ma from the rock. Initial radiogenic Os concentrations between sulfide-poor ore
and rock are distinctly different, and its isochron age is larger than metallogenic age. The analysis shows
that heterogeneity of initial Os isotopic composition in the ore samples is attributed to the mixture of
sulfide melt containing high radiogenic 187 Os and silicate melt containing low radiogeneic *Os at a
different proportion. Mixed modeling suggests that the ore samples containing more than 30 % of sulfide
have similar initial **” Os/'*® Os ratios, whilst the samples containing less than 30 % of sulfide have big
difference in the initial ¥ Os/*® Os depending on the contents of sulfide, providing a possible explanation
for several sets of Re-Os isochron ages of the magmatic sulfide deposits. Radigenetic ore-forming rock
samples with least abundance of ¥’ Os has a Y, (t=260Ma) value of 5 and Cu/Pd ratio of 7000, indicating
that they were the products of original magmatic crystallization without any crustal contamination and
sulfide exsolution. It was estimated that the Os content in primary magma is about 1X107°%, suggesting a
picritic magma in origin. Re/Os ratio of sulfide in the ores is higher than those of any ore-hosted
peridotite, with Yo, (t=260Ma) up to 110. Comprehensive study reveals that the Limahe deposit originated
from a daughter magma which exsolved from deep magma. Model analysis indicates that sulfide in the
deposit originated from two exsolution of primary magma, correspondingly, ore-forming magma had also

experienced two contaminations in the lower and upper crusts in proportion of about 7%.

Key words: Re-Os isotope; isochron; magmatic sulfide deposit; Emeishan Large Igneous Province;

Limahe nickel deposit
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