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Study of ore-forming theoretical innovation and prospecting breakthrough of magmatic

copper—nickel-cobalt sulfide deposits in China

Abstract: Chinese magmatic copper—nickel —cobalt sulfide deposit is the main source of strategic key metal resources,
such as nickel, cobalt and platinum group elements in China, and it is an important deposit type with a future value that
needs special attention. This type of deposit comes from the mafic and ultramafic magma formed by the upper mantle,
especially the asthenosphere, and the immiscible (liquation) action between sulfide liquid —silicate melt is the main
mineralization mechanism. They are mainly formed in two geological settings: the continental rift and the extended
environment in the orogenic zone. China is a major producer of magmatic copper—nickel —cobalt sulfide deposits, but
compared with the world it is relatively unique. Most magmatic copper—nickel—cobalt sulfide deposits in the world are
formed in the ancient craton, and are the result of the mantle plume geodynamics. Archeozoic—early Proterozoic komatiite
nickel —cobalt sulfide deposits is a distinct metallogenic characteristics. Ancient komatiite-related nickel —cobalt sulfide
deposits have been rarely discovered in China, and their mineralization age is relatively late, mainly in the Neoproterozoic,
Early and Late Paleozoic. The Neoproterozoic is represented by the Jinchuan super-large deposit with nickel metal reserves
ranked the third in the world, and the Early Paleozoic by the Xiarihamu super-large deposit discovered in the prospecting
breakthrough of recent years. The Xiarithamu deposit is also the only super-large magmatic copper—nickel—cobalt sulfide
deposit found in the Tethys orogenic belt in the world. Mineralization theory of “big magma—deep immiscibility—injection”
and “forming big ore deposits in small intrusive rocks” proposed by Chinese scholars based on China’s prospecting practice
has been widely accepted and applied by field geological exploration workers, and has made important prospecting
breakthrough discoveries. At the same time, it has been recognized by foreign peers, which changed the traditional
metallogenic understanding of magma copper —nickel —cobalt sulfide deposits. The extensive distribution of magmatic
copper—nickel—cobalt sulfide deposits in orogenic belts is an important feature of such deposits in China. According to the
different evolution of orogenic zones and metallogenic history, it can be divided into two important types: Tethys type and
Central Asian type. The Tethys type is represented by the Xiarihamu ore deposit, and it is the product of the Tethys
structural transformation, which the Paleo-Tethys cracking after the Proto-Tethys orogeny; the Central Asian type is
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represented by a large number of the early Permian of the Late Palacozoic magmatic copper—nickel—cobalt sulfide deposits
distributed in the Eastern Tianshan—Beishan and Altai zones of the Central Asian Orogenic belt, which is the result of the
dual geodynamics mechanism of plate tectonics and mantle plume. China's magmatic copper—nickel—cobalt sulfide deposit
has huge prospecting potential, and the Jinchuan deposit as a result of nappe structure from deep horizontal “sill” thrusted
to the surface of the inclined “dyke”, it still has significant prospecting potential in its deep and marginal locations, in
which important new ore bodies have been found at both ends of the ore-bearing rock body; more than 10 new ore deposits
(points) have been found in East Kunlun and its adjacent areas, where the Xiarihamu deposit is located. In the region, the
southeastern margin of Tarim Landmass, the northern margin of Tarim Landmass, the western margin of Yangtze
Landmass and the northeast margin of North China Landmass are the exploration prospect areas to strengthen prospecting,
while the northern margins of Yangzi Landmass and North China land block are the new prospecting areas for urgent
investigation.

Keywords: magmatic copper —nickel —cobalt sulfide deposit; deep immiscibility; forming large ore deposits in small
intrusive rocks; mineralization types; mineral prospecting potential
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& [H V9 B Y Stilwater B IR . 74 IR 1Y Kabald & FK 10
K Thompson # R4, e A B AR i K
1Y 5 9 A B AL W) 0 R —— I 2 K A9 Sudbury 67
IR, SN, B Boo AR B S B0
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Liu et al, 2017) o H F 3 Ll 4 v T8 Bl 0% A 22 i Ak
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Table 1 Schedule of mineralization characteristics and types of magmatic Ni-Cu—Co sulfide deposits in China

MR SR FEELI W TE KA WAy VAR SRR IR
eIl RO L Al Ni, Cu. Co. PGE # K%  SHRIMP#:{7U-Pb, 827 = 8 Ma Li et al., 2005b
2 MR s | s Ni, Cu /N #:41U-Pb, 760 + 6 Ma Zhang et al., 2011
- Ky AHERCE | AHEACA . ERIESE NiL Cu, Co, PGE /MY SHRIMP#; £1U-Pb, 828 + 7 Ma B SRS, 2001
¥ ﬂ%% JAjE TS MO Ni. Cu, PGE  KH BEFTU-Pb, 641.5+ 3.7 Ma I, 2010
ST e SRR ASEKFK S NLCuPGE  ME §EAU-Pb. 2715+ 16 Ma M, 2016
. WMT K NLCu o M ek
H UINIEEN HER ML . S Ni. Cu, Co., PGE /Ml SHRIMP##£/U-Pb, 134 + 7 Ma FEAEMESE, 2005
& paREhC ARG A G-I KA Ni. Cu JNTRY SHRIMP# £1U-Pb, 263 +3 Ma Zhou et al., 2008
Kk o WO OB B S MK NiL Cu. Co. PGE /N SHRIMP#: /{U-Pb, 258.5+ 3.5 Ma  Wang, 2006

P o= ALY TR PRI | WIS

PGE, Ni, Cu, Co K

SHRIMP#;#1U-Pb, 260.6 +3.5Ma  Tao et al., 2015

THIEE TR A A PGE.Ni, Cu K% W 47

e HHIBA TR RS A Ni, Cu,Co  #AH  #fAU-Pb,411.6+24Ma Lietal, 2015
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g FRURR AN S A A Ni. Cu. Co. PGE K7l SHRIMP#;£1U-Pb, 300.5+32 Ma =& M4, 2010
* — SN NG Ni, Cu S TIMS#54{U-Pb, 274 + 4 Ma ZE LR, 2007
e . AR INCE . MRS | Ni, Cu IR SHRIMP#5{1U-Pb, 434.4+ 62 Ma  3KAEATAE, 2007

il AR RHCAINHIBES | A Ni. Cu pil SHRIMP#5£1U-Pb, 3564+ 0.6 Ma  Xie et al., 2012

w /R L AR Ni, Cu, Co., PGE /Ml E54TU-Pb, 272.7 £2.9 Ma SR, 2015

WP v TR IR

LIRRIERL  RUSREGR . MR O
A WA A O

Ni, Cu, PGE K%
Ni, Cu, Co KM

Ni. Cu, Co. PGE /Nl

SHRIMP#; £7U-Pb, 287 + 5 Ma W AR, 2004
HBSr IS, 2013

SHRIMP#: £1U-Pb, 37.79 + 0.76 Ma 2514, 2010

SHRIMP#; 1 U-Pb, 239.6 + 2.6 Ma

=1 o AT A b Bl AR AR | i AR N R
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W IR (ZE3CIH, 1996) , B T8 IR FLAL /N, HE 512 Bk
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T 2715 + 16 Ma By £ 45, 1iE SE 8 K AR B W .
U JE M S R A A P A — A A Y
KK (Xu et al,, 2001), BLAERF ST EIESE /1 5
WA ZE 4w LIPS R, 0 R KK
48 FF 0 77 ) (Wang, 2006; Zhou et al., 2008), {H
v IR AR R AL W RN I T R LT BB AN K, LA
SR AY Ry AR 3 1 A R B R Ak 1 DR 2 0 JiE R ok
BB B R R

T LA R R R R R LR 4, ]
il 2 — BB A= Bili e 1) 24 B R PR 5% (22 SCTH, 19965 1
J¥ A, 2010), AT E— 253 23 Hb 0 1L R R 4 S
T LA PR T S RO LA R R A

TRALP T R0 50 A5, B PSR, AT R B S E RS
BB A IR = A A X P B LA s G R H A P
WA AR Kb i BT R 22w o L, RN 5
FLR R B Rk R 48 T AR ) 85 A 6
P, EZ DL ~280 Ma 1 A B AR Ry i 7B R AE (B 5
SCAE, 2002) 5 S N 5E T — Y A AT IR B AR
B, B AL 1 YR 400 AR AR A Y A B
AR 5 A H AT AR R 25 S, RN e = & 4y
SRRSO RNV IR IR AR AR T 37.79 £ 0.76 Ma
B BCHE (26 ME4E, 2010) o AR B4R, o 3 1A
M7 . T 0 A R R A AL ) T R K 2 5,
VGBI 2 53 AR A K O A A A e, e
A TR X 40 s il #A h A ST 4 R A B AR
FH 2288 v I 38 L AR a3 U 3 7 0 BT e Y5
DX Bl 2 0T B UL I, X R B T A R R =2 T
HEER . MR R R T8 85 529 i
Xt i R DX ) A A, T Y A B ) R v )
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A BB A T 0 B RAR R, DR R R T AR TR
BT B AR X AT 5 A 22 S R S B RO el 1 R Y
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FEPEIT I Ll i ) 5 AR R AL T R Y
VIR AR B E B H I R R BT IR (Y & BT B H
R EAAN . AR ERY, B HIG AT R (g2 5
FEPR TP A 3 LU S, ol R B B0 A R AR Bl e Bl B
KB P, TR B A T 1 Y 5 A T X T P b
Yy 5T Y 2 5 A B TR (Liu et al., 2018; 2% 3C K 4%,
2021, 2022) . 7 EERF I R, i A
PG R LB AL A B s R H R G LT R, 43 i AR
377 434.4 + 6.2 Ma Fl1 356.4 + 0.6 Ma fi4 I 4F 542 (7K
VEM7 4, 2007; Xie et al., 2012), 5 HoAth o 0 38 1L 45 h
LS 0 IR R A A ) T R B BN [], iX
Al REA R BT S R R T — A, B B
B AL g Rr o o RURR SR I R A, A N AT i
TR, R T 2 B, R T R A P I 1 L X
KA R SRR . RIS IS BT R 2 b B A SRR
P B IR v — ) BT SRR A BT IR, T BT 22 04 i L
A S T b B, R R TR B A AR Sy i
SUE . WA MBRE RS AN, WAE2ERNE W
T PO 4 B AE F R, (BB SEAF 7E LB L B & )8 i ik
Ve SR S A IR BT R R AR, B 4R
5B AL Re—Os 5 I ZEAF 1% 2 878 + 27 Ma( I Fiy
FE A, 2003), A )RR BE R 3R I R BE B AR A Y AR
A ORI FE R 20 b g T R NI (W R o 4
2006) , {H AR AT BB J2 J5 R 45 307 7 5 ol 2 Bl o Bk BR M
s R R ALY E A, R IR e s
T, (B A 2 — 2D BT

2 wHEEXEARSERMAMT KR E

2.1 KRER-RIBE-BANET “INEER KT

IR B B AL T R A R A AR AT L 1R
AR A G K2 B AL P R 5 R R e AR AN TR
7 CF 29 1 ™ 9 0 B ok 2 A (Craig, 1979) , H
e 5 A AR AT B AN TR O 25) /R A 98 01 AN IR
A IR Z AT B A LR ST 4 )1 R AL R
S BRI NEAR SR SE ], Witk 2 1) 4 JE Ak
Yy B T R T RE AT R R B 2 R
D SL R SCIN (1995) R G0 85 T 4 )1 R R BAR

TR EAE Y R B 3K AR T BT A R Y JEL AR
N, Zad 3 20 RFE IR AWFIE, C7F B WA= A&
T J7 32 1) % W (Lightfoot and Naldrett, 1999; Li and
Ripley, 2011), Jf 75 $ 4" 52 B v A W 8 59 i (2= 5C
UK, 2006b, 2015; =4 #E 45, 2010; 2= {4 %5, 2012; 2=
SCHAE, 2012a, 2012b, 2019a) . 7 [ A 3K 4 B G AR
P IR “URER M B Bt AR T3 /N A AR K
W7 RN IR, S DA S B o AR I 4 1
K BLH R 38 A BF 50 5 78 R 0 A 3 2R A0 5 52 2k v A
B AW 58 35 1 AR L B4 A B A R AR

MBI Z 00, INa N &0 A R B 5k b db &
F R KW 2 92 1h &, 45 10 4 1] 3 e B K T
WIEWT A Fy W2 B2 s i AR CH R b ™ Jg 28
75 M BT A, 1984) o H 28 b BT 45 YR K ML H RG  OR
(MT) &3, &)1 & 0 55 U BT 76 09 e e Ll Bl e sd 2
BEdL, JEUTE F) X IR KW 2476 29 10 km 3 B2 #E 2
FRAMER, &GV AR ERERMT 2D
10 km M5 VR AL . F) Wi RIFAE B 5 f i, A IR
IR 205 s A, K2y AR LUk A r e
i PRI ) 365 7 A4 A 306 o 5 U0 2 1, BT 2R AR AR R
2 A5 Bl 1 K M TR (3 v ST RN 2R SCTK 19955 2F
SCIH, 1995, 1996) o H 2 57 ER 24 10 km DATR 1Y
SN E 0 R e R AT T 2 R T R R T
b2, I VR IR S AT AR B9 A IR MR 2R
SRS SE BT T ER (22 SCIH, 1995, 1996) .
[ N Y| g I =g N R 1 B i T o S a I
BT 1 e 20 3R P () 25 (R A3 A AL B FUE A, &)1 B
LA A K e KO (B 2), X AT A K4k
G N PR T 30 08T 0 AR BT AR B 4 T — b 4
B2 (22 30N, 2020) 6

BEARHE 2403 T vk R AT IR A B A# BRI A
BTN AE AL T B R, Fon i e
46 40 (831~827Ma), 1 B & 2 Hb & 4% (19 7E 1,
Rodina # KBl F& 46 24, 4 )1 & 0 4 4K I 4 4 T B
EAVA 115 N =0 N B NI 77 ol B2 S iR Y g oA
A Hb g A b FF 89 {7 B (Zhang et al., 2011; Pirajno,
2013), 4 )1l & 7 H8 BE 2k B2 % 41 Th/Yb—Nb/Yb Kl fi#
R, i F E-MORB 5 OIB Z 8] (K] 3), 5k J&§ K
KOBCE A S S AR S, SR A IR
JEAT M A A K S 5 P REAE, T O 1) b e il 4R
R B AR b o R I SZ b e ) TR
YU 4% 25 (Tang et al., 2013) .



ZEICN . Hp [ SRR R B AL 4 PR T R T A £ 8T R Al 801

PR i T
(T AR A B B A

KA 25
A iy
I e e W BB
BRBUE I D BBUEHRK D

T R
W, AL

Hbps

SR TEv

M2 2NBAELEEAECHERMYT REBEE-FANRT R wEXE (FZE XMW, 1996, 2007 5 )

Fig.2 Deep immiscibility—injection mineralization and displacement mode diagram of the Jinchuan super-large magma copper-nickel-cobalt

sulfide deposit(modified from Li, 1996, 2007 )
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Fig.3 Nb/Yb-Th/Yb diagram of the Jinchuan ore-bearing ultramafic
intrusions (modified from Tang et al., 2013)
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Fig. 4 Schematic diagram of the stereoscopic morphology and main cross sections of the Jinchuan ore-bearing ultramafic rock body(modified

from Li, 1996)
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Fig. 7 Schematic diagram of the rift formation-magma-metallogenic event of Paleo-Tethys in East Kunlun (modified from Li et al., 2021)
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Fig. 8

Distribution of ore-bearing mafic-ultramafic intrusions in the Eastern Tianshan-Beishan region(Xiao et al., 2004; Su et al., 2011)
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Fig. 9 Nb/Yb-Th/Yb diagram and Nb/Yb-TiO,/Yb diagram of ore-
bearing mafic-ultramafic intrusions in the Eastern Tianshan—Beishan

region(Base map after Pearce, 2008; data modified from You, 2022)
(a) Nb/Yb-Th/Yb diagram; (b) Nb/Yb-TiO,/Yb diagram
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Fig. 10 Comparison of the Sr—Nd isotope of the ore-bearing mafic-
ultramafic intrusions from the Eastern Tianshan —Beishan region

(modified from Zhou et al., 2008; You, 2022)
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TR AL BB IR (1 °F- 2466 & 057 4 0.03 %, BE BRI A 3K
PR W] K 0.06 %, 8 BE 2R 0T 5 07 DR 19 4 it 10 ] B /3
— L& (Lightfoot et al., 1993, 1997; Barnes and Lightfoot,
2005; Mudd and Jowitt, 2014; Slack et al., 2017) ., R4
H A s i B4R, A AR B AL T IR A
2y 23%, HA R UUBUS 50 RV 55 5 (60% ) | 21 4 7l
BRLEG (15%) R K 28 45 9 IR (2% ) 42 4L (Slack et
al., 2017), {F5 5 B B4 A0 0 1 DR B3 8 6 Ak
B R UURUA 288 B | 21 A R0 ARG K B 46 8 R 1
B R P TR R, T LRSS R AL A, B 3 B
FEFAEM A NIR (4) R EIME, f T B AR
RE , R MELRIE B FE 22 Bt 45 (Williams-Jones and
Vasyukova, 2022) . [ I, 5 2% i B2 48 AL 0 0 R AT
S LA 0 EE R U . R AN AR LR R B
LGB BB &, BER DM ILR, BERET
1735 4F ¢ i B AL % A% SR 4% < 9 22 HF (Georg
Brandt) M i —82 5t £k 41 0 A0 v i B 43 3 ok Y
BhiE B AR LB ALY . R R A A OE XA TE
AR SN o O SR IR S O T T O
(Cu(Co,Ni),S,). &l # 8 Bk ™ ((Co,Ni,Fe)ySg). 77 Hii %l
" (CoS,). LA H (CoNi,S,). BAGH" (Co*' Co™,S,).
WEEL B (CoAsS). Zm B 44 4 ((Co,_Fe,)AsS). J5 4
W (CoAss) A5 i 45 ™ ((Co,Ni,Fe)As,) & & UL 45 7
Yy, R Y T E KA (HCo0,), W (4:) Mt
FUE 250 BB 7 3 2 LUK A B 207 .

5 E b 12 H Y S 3 & 2 1.02x107*(Palme and
O’Neill, 2014), 7E ffi 7¢ 1 H A 2.7x107, T #i 52 Ky
3.8x10°5, 721X 2 1.7%10 5 Rudnick and Gao, 2014),
TEFE 249} 4.4x107°( White and Klein, 2014) , 3 i 48
BB A DR 1Y) E AR AL S B 0 A
O3 B4 VR R RO R O ) B . i A
H R R R, VR 2 RO B — 2, B R Y
S 5 0 5%, R, A e AR 40 4 il
G P B Ak I R R B Ak T OB S5 2 03 ) A SR A T fig
AR AN AR R A 0 ) M R e R
W IREE 5 LUE R A SRR X . X2 i T
B4R (0.75A) A F 8 (0.72A) F1 4k (0.78A) Z ],
ot 1) S FRONE A MR S ERBET b, R A T
T A8 A TR T 2 R I 45 PR T e 1 L
TERME AT . A7 W A R B R A7 T 1 43 TRE R BRI
J& 37, 13 F1 9(Bédard, 2005, 2007, 2014), 43 Fit. £ %X

PRAE TR ) B A A R R M A, B M
A B BRI A T, BRAl Y 4 B A AR R
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Yo R h Al E 5 B E A, EEAREE AR E ALY
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(Mavrogenes and O’ Neill, 1999), Tfij i 18 #9 8% & & 74
2x107*( Palme and O Neill, 2014), RJI{ii 3 i1 4= 35 4 i
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(fO,), E LRI KB BL . I h fO, € R 1E
VS fif B DA STRI ST ST B AR, R L Y A A EE A )
H # (Carroll and Rutherford, 1988; Jugo et al., 2005),
AT ST B B A 0 TR v B 1 e 4R

i A 0 WA — i TR J A 114 i 0 TiE R 0 5 B TR
A fS,. fO, Fll FeOy B F FEA O, MR FIHEAR
5596 B #H 56 (Li and Audétat, 2015), i H. 5 i iR 35 4
R H 46 &b 0 35 B RN AE R R /8 1k W BT R LG OC
SR

Y = (X;"D(1+R)) /(R+D) D)
By
v = X" (D-((D-1)eV/P)) 2

Kb, YR IC R §TE B AW WA o e s
XUR IO R i AE RETR RO T P B B 4, D 2 i fk
W RE — e TR R R 1 43 TE R B RN SR RE TR b/
WAL ¥ (9 B i L (H (Naldrett, 2004) . R Fl N5 7R &
$0 AL A R AN Y R B, /M R BT AR R A
TR0, B DU B T A A BR A A e R, K1) h
192 80 R B F Al 50 5 P 0K & 6 Ak 9 AR 5 PR
R30S B 0, 32X (2) FR i B 8 N B T A B
TR 72 B A0 0 W AH 5 7 22 AS DB 1) 38T At O 1 3K
WP S . EBHAERR, XRFAKRETFHET
1A, Cofy 3 J& {H & 87x10° X4 RIA F & & F
100 1 1000 B, Co = B I T+ 5] 1799x10°° il 2804x
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R ZHRRERRMNAFHES CoWEEE
Table 2 The Co concentration and calculated R and N factors for

basaltic magmas

X D! RIN Y:*(Co, x10™°)
44 68 1 87/87
44 68 10 422/447
44 68 50 1293/1579
44 68 100 1799/2315
44 68 1000 2804/2992
44 68 10000 2972/2992

(Williams-Jones and Vasyukova, 2022)

ORI HE R, DA B A5 DL s . B, B SR —
B A 5 B Ak 4 TAH —RE R R 0 R 1) R IR I AE
A LLE S, BT A F B E AL, AR AT
EmKE T AN SIENZXEZ, KRIl-
b s O B AL W 0 R 5 A N R A TG B A |
SRR, L B R — A4 Rl R AR T
SN E R ZREEEEIEN R e &
BT 2% WM A 45 5, P e iE ARONS A, i 4
WAL AR Pl 5 45 AN SRR, 4 AT DLTE B
AW ARV 2 i B b A5 B — 20w A, B R AR
[V 1A (MSS) 14 43 5 45 A A ) B 22 1) 1R B 7 5%
A% AR H T ARG A R AR 22 8] ) 4 43 B LT A AR
A2 PN E 4E (Li and Audétat, 2015) .

B J0 AR A8 b 3K AL 2 AT SR AT R 4 Ry I R
(Ru. Rh. Os, Ir) fil Pt 1% (Pt, Pd), B AR 45 5 2K 1
FH 3k A8 rp o oT 2 3 AR RRAE 4 i IPGE(Os., Ir A1 Ru) 1
PPGE(Rh, Pt fil Pd) % 2% (Barnes et al., 2015) . &3
B AR A BRAL W10 IR 2 PGE 1 2k IR, 3k 4 90%
1) PGE %t 5 25 58 7E & JK B Ak W) 7 K vh CR 6 48,
2019), B EZE P AE DI =R ER e A
(1) 68 K 1 PGE 7 R R 25 S 4 B 8 AL 0 0 IR 22
B A4 9 & 8 JE 149 Bushveld( PGE 42 J& & 65473 t) .
U 4 6 B9 Great Dyke( 13946 t) | % % 37 i Noril” sk-
Talnakh( 12438 t) . 3 [E 1 Stilwater(2621t) . il & K
i) Sudbury( 1933 t) . "1 [E () PGE & R & i /0 | fh 47
%, B 508 KK RS A A R &5 B ineE
VL PGE N £ WA KB AL K AN, A E N4
TCRAAE T H MR mA o Ko (HAE R
A TCE, ALY A I AR B AL ) R 3R s 22 BIAR
NN RN i NEU S T R T A
PR——4 IR H W R, 220 55y W3 15 & AR X

& 4 PGE, k329 200 t % i & ; J5 #& PGE BH 12 77 fit,
BEAR P WA LR Tl A AR E . Kk, sz
P8 K B IR PGE HE1iE () % LU A 5%, 4% A B T4 7
T [R5 A R A R AL T K PGE 1 & AR AL

PGE 7E #ER i 40 A1, DA% P e i, Rk T b
5, PR 1 g, w5 b B AR (R 3) . AT LAY
i BB AL B R T Y PGE TR T i

*3 WIkAFEREEFHPGEFE (107)
Table 3 ThePGE concentrationindifferentlayersoftheearth (107 )

(A Pt Pd Os Ir Ru Rh YPGE
itz 13 55 8 2.6 16 3 48.1
T ibig 02 012 0.05 0.05 0.1 0.02 0.54

RS 0.2 0.09  0.05 0.05 0.1 0.02 0.51

Hi5e 0.045 0.01 0.001 0.001 0.001  0.001 0.059

(#i22J¥, 1976; Mcdonough and Sun, 1995{&1 )

S 9T R W, PGE i [n] T 3 A4k . B Ak
Y, 7E B ALY b IPGE 01 1] T 2 A 585 1k 9 [ %
& (MSS), PPGE fifl [} F i#F A 5% X 6 AL W W AH . 76
HARAPEAEUARSRE . @B EY. Fa&REE
e . B Ak Py FBR B AL L 2 B JR] G (B AR
HYWMIE (., K, &ty (54, W
Pt-Pd. Os—Ir-Ru—Pt, Pt-Fe—Cu, Pt-Ni %), ¥4
J& B 1L ¥ (4 PdBi, PdBiTe, PdTe, % ) . B fk 4 (40
RuS,) A AL 9 (401 PtAs,. IrAsS %) JE4A ot £ &
BLE Y2 . PGE 55 Co —kE, M HLME T 7% HE A
b 5 3 58 Ao b R A3 e R B BE Bk A K AR
AHBFE o 53 A0S g 4 25 4% 2k h PGE 11 & 48, 1T
RE 55 ¥ T A RN oI T IR A DG, SCEAS TR
b 5 43 05 RO B B BT S O SR 15 PGE Y 4R
A RE A P A0 AL« BTk 0 VR e TR R 0 A 1 0
VR AU S S 0 BORAE T o 38 43 0 il R B
YE FHATE 9K J2 38 B 3K 40 28 4 B Ak %) 7 JK PGE BE &5
B B OG5, IR R B PAORVE TS AT RE i AR
& 4 m # (Mountain and Wood, 1988; 2= LM,
1996; Maier and Groves, 2011)

4 )1 K 1Y PGE %% J5 fiff & 5 45 4 E 19 32 60%,
P R RS, R ROE SR AR R AR, A% T
RO mBRARES, Mk Y EZA0M0 .
WL BT, BT, 7 R RHE AN AE B
— A& 202D X & AR T A IX . T XAV G X =
ANEGFLRFE VEAT PGE AT 5E BoR, &) &0 A 1k
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Fig. 11 Partitioning of PGE between Jinchuan and Xiarihamu magmatic Ni-Cu—Co sulfide deposits(modified from Han, 2021)
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