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Fig.1  Geological sketch map of the Jianchaling nickel deposit( modified after Ren,1990)
C, I —Limestone of Lower Carboniferous Lueyang Formation; Z, dn® —Dolomite , limestone , slate of Dengying Formation; Z, dn* —Dolomite of
Dengying Formation; Pt,_, hj —Spilite keratophyre of Hejiayan complex ; Ar; yd —Choris mite , gneiss of Yudongzi Group; ®— Ultrabasic rocks ;¥ —
Granite ; YT —Granite porphyry; § —Diorite ; AbT — Albitophyre ; 1 —Conformity and unconformity ; 2 —Fault, reversed fault and serial number;
3 —Plunging overturned anticline , anticline ; 4 —Syncline ; 5 — Ultrabasic rock ; 6 —Basin; 7 —Range ; 8 —Nickel deposit; 9 —Study area. [ —
North China massif ; II —Qinling orogenic belt ; II[—Yangtze block ; IV — Motianling micro- massif ; SF1 —Shangdan suture zone ; SF, —Miannue
suture zone . Au—Gold deposit ; Ni/ Fe —Nickel deposit/iron deposit; Pn-Zn —Lead and zinc deposit. A, B, C—Sampling locations . Upper right

insert : regional location of the nickel deposit
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Fig .2

Geological sketch map of the Jinchuan nickel and copper deposit and its rock body( modified after Tang Z L et al . ,1995)

1 —Quaternary ;2 —Pt, Baijiazuizi Formaion mig matite ;3 —Iherzolite ;4 — In situ mag matic liquation orebody ;5 —Deep mag matic liquation orebody ;

6 —Lithofacies boundary ; 7 —Normal fault ; 8 —Reverse fault ; 9 —Strike-slip fault ; 10 —Geological boundary ;11 —Orebody serial number ;12 —Lo-

cation of the sample
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x1 FARRKRBEFHMLRETAERA FAHEELE ERESE
Table 1 PGE, Auand Ni contents of altered ultrabasic rocks and ores in the Jianchaling large size cobalt- bearing nickel deposit
wy/10°°
FE5 A Wyl % %] ke v
Os Ir Ru Rh Pt Pd SPGE Au

25228 B A 0.9 2.41 6.39 0.48 26 .54 8.49 44 31 22.77
25462 [ Ye) 1.472 2.33 6.37 0.47 2.55 2.54 14 .26 12.59
25562 e 0.555 2.42 5.56 0.47 3.93 4.77 17 .15 9.48
25629 A 1.216 2.25 5.95 0 .64 38 .69 17.52 65 .05 27 .95
25765 B 3.722 2.8 5.11 0.4 7.54 8.05 23 .90 15 .49 AL
25772 [ Ywe) 1.523 2.66 9.22 0.59 2.42 6.43 2132 72.11
26258 e 1.587 1.03 2.19 0.22 3.04 2.86 9 .34 13.71
26553 e 1.453 3.04 7.42 0.52 19 .67 14.22 44 87 19.59
A2746 B 2.032 2.31 6.71 0.78 27 .42 4.11 41 .33 19 .62

IN-2 WA - 2.4 2.5 4.3 4.0 6.3 2.5 22.0 160

IN3 WS - 2.7 3.2 4.1 5.0 2.2 3.4 20 .6

42 W - 2.2 2.0 6.0 6.0 2.5 1.0 19.7 120

INI % N 4.4 5.0 7.0 6.0 2.7 6.1 31 .2 120

IN-4 R BEA - <1 0.2 <1 <1 0.4 0.5 160 HLES 1996
IN6 KBRS - <1 0.2 <1 <1 0.9 4.5 120

J41 AR S - 6.0 6.6 14.7 7.0 3.1 1.1 38.5 14100

18 L#E 0.195 1.0 1.2 3.0 0.3 <1 1.0 4.2

131 I SUE - 5.9 3.0 6.4 3.0

TE - ORI AR P R 2 e B A 2B S P B B DIR 0 A0SR TCP- MS FEIC I TREEE RSD ML 5 % ~ 6.5 % A AT
ai PPt Pd ST B M S T LT R R 0 522 40 T, RSD 23 3000 15 % W11 % ; Os <Ru JIr (Rh 50 [E A (B s Tolk
SN TR 7 TR 0 43 50 SR FH AR 43 8 AL DG FE T Os WRu) IR HEAOGRE T G A AL BRI 924 T L RSD A0 10 % 5 Au I
ok 27 5 1 M M B A 2 B 5 0 o SR D WAL 2 S 6 TR 3 BT L RSD 2 20 %

1 1000

—0—25228 E
E —0— 25462 ——JN-2
[ —A— 25562 —— J-42
[ X = 25629 100§
—%— 25765 f—a JN-1
K g1 —0—25772 K ot —& 541
= E —+—26258 =
& —=—26553 /] &
[ e A2746 XX} 1E
® A &
Q 3= L
=001} 0.1
omé
0 ool Pd Av 000'05 Ir RuRhPt Pd Au

Ir RuRhPt Pd Ap
30 HUZRUSH™ AR A (o) AR E ()
B TG 38 B e BRORE 5 A A AL E 73458 2
(P RE S P B R B R R [ 3 1 BB B A
$% Barnes et al . ,1988)
Fig.3 Chondrite- normalized PGE and Au patterns of
Ni ores (right) and altered ultrabasic rocks (left)

in the Jianchaling ore district
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T JUR S BA MM S Py Pd HUAE (TR L
Ebfl , FIAD) 7€ 0.38 ~ 6.67 Z [MA84k ¥ 1 95,
KFERKIB A Pt/ Pd BUAE , Pd/ I EEAEAE 1 .09 ~

779 Z A4k P 3 21 JRRTERRIBATH) P/
Ir LA J&8 Pt \Pd In] FEIRIEC 2 . BR4E4 H A
Hpe# M i S AR LR IR 54 .
FRAECE L SIS RS 1 Py pd EUAEAE 074 ~
2.52 20484k P34 1 .92 Pd/ Ir LEAHAE 0.50 ~
1,062 072210 P340 0 .85 58 A [ N AR K UM
MR T T R S i AR R B 2 2 ) ) i P
KR . I PGE 43 M ML ph AR 1EH 34>
5 IR 25 X 43 5 ( Barnes et al . ,1985) , 1M Pl AR A HI X
Pd 41T 70 2 10 23 S s e K DRI R 1 e 1ot
Al Re S Ja W AR A O .

54 )V RO RV AR AL 0 IR THT XK 6 £
FA WAFES R E AR TR 2 ik
FAEEL TR 2 T, i RWE 2. 7 HM
PGE BRRL I A1 AR EAL 23 A B8 T pe- pd L4028,
I ZE B ik B 4) 3 Pe Pd B AT Pe I
g P/ Pd ELAEAE 0.71 ~ 5 .81 2[4 4k T
1 .74 R B sk T BORE A 1 e/ pd EUAE 5
EWXAEN A Pt SR Pd FEA K M
— BRI 2000) ;Pd/Ir EEAHAE 1 .99 ~ 18 .82
Z ARk SF¥ A6 54 8 KT BRI A I Pd/ ekt
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F2 ENBRERUBEVARER FAFHKRLTE ERFESE (w/10°°)
Table2 PGE, Auand Ni contents of rocks and ores from the Jinchuan superlarge cobalt- bearing nickel deposit

s AR A RN el RARBET 1 RO I
SIG2  SIG3 Tl T2 T3 SIC13 T4 T5 T6 SIGC1  SIG4  SIGS TJ1
Os 37 40 18 28.9 29 124 45 150 13.5 2.0 0.6 0.7 1.5
Ir 33 35 17 34.6 23 78 17 16.2  15.1 1.7 0.5 0.6 0.8
Ru 24 29 16 30 40 138 29 16 14.5 4 2 2 0.6
Rh 18 19 8 12.6 11 32 6 6.7 5.9 0.9 0.2 0.2 0.3
Pt 110 610 640 300 140 133 30 180 120 6 6 4 17
Pd 156 105 320 200 140 155 130 100 70 21 1.3 1.8 12
Au 140 8.4 380 130 280 11.2 800 60 30 36.5 5.2 9.2 30
Ni* 1.95 130 221  2.05 288 5.67 715 0.56 0.42  0.30 0.0728 0.0904

VEx B R % FE S TE SR sTC MIRE S Ee R 5] 0 5 s 50 R 0 SR B TCP- MS VA W S8 K, RSD <10 % ; HE R I FFAE 1989 8 & BE
1991 , F o [ M SRR 27 158 DG 2 b S P 0 9 9 45 B AR, o T ¥ R RS TE AN R

tOg
]
e @ 0.1
B =
& &
# #® o0l
2 a
t& 01 e
0.001k
001 0 0001

Os Ir RuRh Pt Pd Au Oslr RuRhPt Pd Au

B4 GRG0 MBENECA) M\ #
o BRORL A B AL 0 B CAE AT A T
E ) ;f**ﬁgﬁﬁfﬁﬁ Barnes et al ., 1988)

Fig.4 Chondrite- normalized PGE and Au patterns of
Ni ores (left) and ultrabasic rocks ( right) in

the Jianchaling ore district

i, ZHERO 5 1) P Pd EEAEA 0.29 ~ 4 .62 T3
J32.38;Pd/Ir LEAE N 3 .53 ~12.00,°F 350 7 .08 .
W A 8% 6 % B\ B8 SPGE fE 239.0 x 1077 ~
1019.0x 10" 2 Z A4k ~F35°h 538 .8 x 1077, - #%
B E ) SPGE9.3x10°°~30.2x10"° T4
16.7x10° 38/ A KFIE .

P T A 5T ( Naldrett et al ., 1986) ,Pt/( Pt +
Pd) ELAEAI( Pt + Pd)/( Os + Ir + Ru) HGAE 2 BEE 320>
SFEEE IR AL . Pt/ (Pt + Pd) HEAEAE BT IG T IR A
0.27~0.87(FK 1) , &)W IR N 0.19~0.85(K 2),

KRB TR A RKBRE K (0.1 ~0.3) .

Sudbury SR (0 .49) F5 i i % ECE A OB
JK(0.2) . (Pt+Pd)/( Os+Ir+ Ru) tLIE7E S Xl
A RIS A R A A 1 AR AT
5.7 ~55.6 AL SR LA A SIS K AL

PR IA 4141 .3 ~ 3 .5( Naldrett et al ., 1981) ,HIAY
WA R LEARL (1 . 71) 78 B0 Bl Y 50 < )1 A R )
AN 1 .54 ~11 .88 FIME 5 .29 (T LG,
1995 XZEM G450 7 54y m T SR SA A
KHVR R ( <3.5) MK T Sudbury BHIK(10 ~
25) A5 X R A R IR(10) 38k LR
572 E A RIVERDTIK

XK | BRI BT IR IR A1 0 28 8 B LI
Pt fl Pd FEH)/NTF 0.01 x107°,0s JIr .Ru.Rh 7
AKX 5 05K T e S0 A BN A 21 1 1)
BRI S A TP () 3 3 R R A R L R MW
S5 1998) AT BE OB BEVE S AR TR BT IR AR I T 2=
B W A AR RUHE S < )1 IR R AR 50 38 R B R
w JUHE SR peopd. I B E A WA PGE
BORL 5 A A HEAL FE 23 B A B AN R BRI A
AT Ru 050 5 A B AT Rh [0 E 0 R T 25 K
AN O S CE AT R AREAE < 1T R R 23 it
ARl A WA RS Peopd M EIE X R T A
KEZRIZN I3 5 B B AR AE . & A X R
FERERAT A 1) 5 A RV AR R 44 PGE IR fk
FrE e e o e I BB R T Ni- Co
As- Os- T Ru- Rh ZH &1 Cu- Pt- Pd-Sb- Te- Bi- Au- Ag 21
. BFEER W] Pt .Pd 5 cu ZPIAOE I Os JIr \Ru .
Rh 5 Ni %YM, H Ni .cu Ml PGE 5 Cr,0, H—
SET AR R . & VA IR IR A 20 () B0 A cw/
Ni FUAEA 0 .75 BRA4A (%) 20041 Cu/ Ni EUAE 0 .68
(M 1989 (A WAE 1998) %A IR I BT AN B
REH A weg > wpe, wp/ wpg = 0.5, X & £
Os JIr \Ru .Rh, w( Pt + Pd)/ w( Os + Ir+ Ru+ Rh) =
2 BRI LN LA A [F) B R 2R R A3 0 wp, >
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B

Wpq » Wp/ Wpg =2 ~4,0s .Ir .Ru.Rh [} & &AL
%, w( Pt + Pd)/ w( Os + Ir+ Ru+ Rh) 4 5 ~300,4>
DA A 1 (T £ k) Os: Irt Rul Rho=1:
87:0.86: 0.40( FHMWEE 1998) . 54 I KW &
AN RIS R R 1) Pt S KT Pd.Ru 7%
H,PdRu SR KT 0s 3R Ir BE Rh M5 (A0
& 1996) IX ] Re 5 FEA AR AR A G .
TEAC- RERR SRR R P B JC 2 10 B 20 T &
B4 103 ~105( Naldrett et al . ,1986) , 50 A7 (K4
L E R E TR A A R A
TG #E S ALY R ZUAR 2 A KA B T A s T
ZWEES WA DA G . 3R 3 Tl A
IF) 8 DAL PR B k- B R 1K Py T LA I AN TRD . B
HiDE s R FE Rk /N K P/ 1 EUAE WIS K .
AR IS i 9785 358 43 1) Bl JK O 107 L Al AONS 4 1) P/ T
FEARL /N T 504ty bt i R oRE B3 A7 P AR T M2 o
FEVE R AR 35 10 Pa/ 1 LOAE & T I8 4G 1
AR . LR e il 2R ) & A B & U
oy gt = B - B P/ e EUAEAR K .
BRI 15 & )1 R AR EE BT 5 1 pd/ 1 T34 LR AH
(3.21 R HWPEETEHE (6 .54,%2) X521

W2 AR5 B AR S IR A R S5 I ) B T % B S 7R 2
PR — A HORE TG AT 4K | 1T ER b A5 A S8 A0 1 1)
PR LRGN .

Pd 7R BRER U K 45 b B s AR R S
Au T ( Aw/ Pd{E R —F 40 ABAE G RS R o
ER R S 1 AR AR & AR S 4
e AR . BRI A1 A/ Pd EEAEAE 1 .38 ~
11 .21 Y WAL R WA JE BIHGE  DTik . &)1 =
MERIORE 2 1) Au/ Pd ELAE R 3 .34, B A K Aw/ Pd EE
A1 .34 LT AR S 1R .

HIZRIGRESCA ) cu/ Pd ELAEA 1 190 R TR A
b = 22 1) cu/ Pd EUAE( 6 500) Ui A AT AEAE &
Pd ALY a e B VR AL 59 DR B e 3
P T AR 5 Ja IR N AR B A7 (0 4 5 4 )1 —
MRS () cu/ Pd LLAETE 85 714 .29 ~ 116 923 .08 2
B P00 106 064 .31 A&~ cu/ pd LUAE A
50 000( EHGEE ,2002) , 76 KT S AR Mg 5 22 1) cu/
Pd LA UL A ok DRI AL 40 B 20177 2K 25 Pd (1)
I ITEE i ( Maier et al . ,1996) 5 /A7 AE SR ZN ) 7
IS EAE R BUE PR S8 N A — & AT

st .

*3 HRTEHLESH
Table 3 Characteristic parameters of platinum group elements

X R WA IR Wp! Wpq Wpy/ Wy, w( Pt + Pd)/ w( Os + Ir + Ru)

RIZRUS

IS B A 4.03 3.23

W TR 0.79 2.69

R VR A 2.21 7.79

% N B A 1.00 1.09

WA B 3.13 3.52

B B A 0.82 1.97

W41 (16 1F) ( EAHSE 1996) 1.17 2.56 1.71

WS 1.92 0.85 0.62
el

4R IR AT A 2.20 7.68 6.43

3N Y 0.55 4.82 1.31

YR A 1.80 6.17 1.54

JBRUIREA A 1.71 14 11 .88

MR (VA R LA 1995) 1.42 15 10
Aifl- 4 /R 7% MR JZH 47 ( Barnes et al ., 1985) 2.44 20 .67 9.29
RGBS A T IR GR T ( Barnes et al ., 1987) 10.5 9.8 3.3
R SR U 347 280 Al MRS 4 ( Barmes et al ., 1985) 4.05 0.49 0.68
WAL B BE X i ( Barnes et al ., 1985) 0.38 77.08 13.01
J5i4 b HIE( Ringwood , 1991) 1.36 1.52 1.08
JE 451 ( Mc Donough et al . , 1995) 1.82 1.22 0.93
CI BRKLFR A1( McDonough et al ., 1995) 1.84 1.21 0.94

 RPHIFARIE R 1 3K 2 T (1996) Kz 45 (1995) BRI .
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Fig.5 The Ni/ Cu- Pd/Ir diagram of Jianchaling and
Jinchuan sulfide nickel deposits
( Cross pattern signifies Jianchaling ore .Solid and hollow circles indi-

cate Jinchuan ore .Data in the hollow circle from Chai et al.,1992)
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Fig .6  Differentiation trends of PGE in crystal

fractionation and partial melting

1 —Ore- bearing serpentinite in Jianchaling ;2 —Talc magnesite rock ;

3 —Tre molite rock ;4 — Altered dolomite ;5 —Scattered nickel ores in
Jinchuan ;6 —Lherzolite ;7 — Mantle peridotite ;8 —Dunite ; Pt *

means Pt anomaly ;7 , 8 after Garuti et al., 1997
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Abstract

The PGE geoche mistry of rocks and ores from the Jianchaling and the Jinchuan nickel sulfide deposits was
syste mically studied in this paper by new ICP- MS analytic method for the purpose of probing further into the
genesis of this type of deposits and guiding their prospecting work . It is concluded that the Cu/ Pd ratio of ser
pentinite from Jianchaling rock body is lower than that of the original mantle magma, indicating that the liqua-
tion process of magma is rather weak , and that the mean Cu/ Pd ratio of Jinchuan intrusion is much higher than
that of the original mantle magma, suggesting that the liquation process of magma is strong . The average Pd/Ir
radio of ores from the Jianchaling nickel deposit is relatively low , implying the domination of mag matic type ores
and magmatic metallogenic processes . In contrast, the ratio of the Jinchuan nickel deposit is high, e mbodying
the characteristics of PGE mineralization and the derivation of ore-forming substance mainly from the mantle
source . The platinum group ele ment characteristic parameters Pt/ ( Pt + Pd) , (Pt + Pd)/( Ru+1Ir+ Os) , Pd/Ir,
and Cu/( Ni+ Cu) of the former deposit show transitional features , which are related to the transitional tectonic
environment , special magma property, and complex ore-forming process. The characteristic parameters of the
latter are similar to those of the copper nickel deposits related to basic magma. Nevertheless, it is not the ultra-
mafic magma, but the mafic magma, that results in the formation of the superlarge sulfide copper- nickel deposits
enriched in Cu and PGE. There existed crustal substance contamination during the formation of the Jianchaling
ore deposit, and the PGE content of Jianchaling ores and rocks is comparatively low , which might be related to
weak mag matic liquation process and PGE mineralization. There also existed some crustal substance contamina-
tion during the rock-forming and ore-forming process of the Jinchuan deposit , but its PGE content is high , sug-
gesting the mineralization was dominated by deep magmatic liquation .
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