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w2 TltHERIEZLEIR Platreef 2 L TR FFHEE
Table 2 REE contents of rocks from the Platreef
deposit of Bushveld Complex

AARR MR KAEEE  WE KAEFEES KAmEs s
FESGR 5 Pl P2 P3 P4 P5 P6
SREE  35.202  39.528  56.727 50. 992 37.674  24.042
LREE  29.982  33.197  49.176 43. 827 31,361 19.923
HREE 5.22 6. 331 7.551 7.165 6.313 4.119
LREE/HREE  5.744 5,244 6.513 6. 117 4,978 4.837
5 Fu 1.607  1.320 1.212 1.101 1. 332 1. 180
§Ce 0.866  0.876 0. 865 0. 874 0. 884 0. 902
(La/Lu)y  6.224  5.088 7.742 7. 349 5.186 4.792
(La/Sm)y  3.561  3.081 3. 664 3.575 2.714 3.623
(Gd/Yb)s  1.025  1.064 1.229 1108 1.130 0. 880
(La/Yb)s  4.887  4.469 6. 321 5. 233 4,098 3.718

R 24.042%107°~56. 727x107°, JEERARLBR A1 1) 8~19
. LREE/HREE 1H 4 4.837~6.513, W 1 & 42 55 7
+I0E ;La/Sm ) HI KT 1, h 2.714~3.664; FHi
TR EA R, B EERE, EMtotR Y
t, (Gd/Yb)n HRHA>1 i<z, ekt FE# + 0
ROBANE; 6 Bu IRT 1,8 1.101~1.607, £
AU E W R R R AR A B A
a5 WmAE W AETE 5 6 Ce 1H 1Y 22 AL Bl 0.865~
0.902, FEA K B Rl S5

BRBLIG A bR AE AL IS 1 £ 0% (REE) B 4315 5X
( 6) s . XS 5125 5 43 18 1 4% 6 + 70 2 (LREE)
BWHEM T I0E (HREE) M E %, LREE 5 HREE
X5 RVRRAWAHREE | W TR PN
Ho & Lu ﬁﬁﬁﬂf@i@ro

T Fify S BT 42 1] 5 R S s R S A A
T IC R M ER b O HE AT I — SR A R W 4 )1 A
ML MRS | MOME M A0 A SO A A A Y REE B
BN 4243 X10 °~63.9 X107, &% B 8 WS
Y REE N 16.71x10~43.80x10°, i 1+ 7 7 W
i, (La/Yb)y Z2 4L Y5 [F 2 2.8~12.69, 6 Eu N 0.75~
1.03, 6 Ce N 0.93~1.05, &I LREE B4, KZ N
it Bu 58 RHE, 1 Bu 5% LEFE S Eu RHK
AT 3 B A5 SR B840 A i IE Bu 579 AT REJE A
INA BRIV BT REAT SR

B 41 Y REE A 4.13 X10 ©~43.07 X10 ~°,
(La/Yb)y 22 b5 [l 24 2.46~49.21, 6 Eu N 0.55~
1.54, 8 Ce J 0.94~1.51, BRS “HEMOHNE A A FRAE

100.000

10.000

P/ BRBLB A

1.000

La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er  Tm Yb Lu

6 A AH4E IR FE A2 AR Platreef 7 2 BROBEL 5 45 1L
A 0 2R L 2
Fig.6 Chondrite—normalized REE patterns of rocks from
the Platref deposit of Bushveld Complex
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Fig.7 Chondrite—normalized REE patterns of rocks(A)and ores (B) from the Jinchuan Cu—Ni—PGE deposit
Note : 89]—66—Plagioclase lherzolite; 87Y73—Dunite; SJC—1, SJC1-9, SJC—4, SJC—5—lherzolite; 89]2—15, 89]1—-2—Spongy
meteoritic iron; SJC—6, SJC—13, SJC—-2, SN—A1 —Ore
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32 T EEEBREMAEEHMETE

AT AT 2 IR FE A2 AR Platreef §7)2 6 14 FE fhad
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DI R A o E ik K] (] 8) R | Platreef HA 0 1
FARIZICE Rb Th,Sr . Zr, Hf Sc.V L K40
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s T a¥ BB T, Cu R N BIRS, B
HH R TR R A T R T R A A RRAE . SRR A
SR L R L, A R Ni L Co .Cu A — 5
(s AR E Cr B 3 5 Bl B AR AP Cr 9T
PR HI S IE AR WA R DB & Cr A
HT T 4 1 2 A 2 7 i 5 50 ) K i A s P 5%
I b S A4 R R R R AR SR A, e R T
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Fig.8 Mantle—normalized immiscible trace elements (A) and transition metals (B) spider diagrams of

rocks from the Platref deposit of Bushveld Complex
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#3 /I RFREBEE T ATEERETREE/N0°

Table 3 Transition metal contents of various rock types in the Jinchuan ore district

FEdhdn s AW AR Sc Ti Y Cr Mn Fe Co Ni Cu Zn
SIC-1 CERINE S 2336 394857 161.58 4137 131690 11231889  250.05  5266.77  3574.14 11595
SIC-4 TRERMIME S 1457 2880 91.12 4067 131690 9956333 13132 77535 65.65 125.67

P2 HRHAFE 727 71 3060 2215 62300 412 3780 91 218
SIC-6 SN 860 150857 6777 5475 929.58  15928.11 54443 1583151 1487939 176.75
JR bR ihE 17 1300 77 3140 1010 60800 105 2110 28 50

TE : SJC—HUHs i A F i 4200, J5 4R M s 418 Jagoutz,et al(1979) .,

R4 ENTKE T AEFHETELE/10°

Table 4 Immiscible trace element contents of various rock types in the Jinchuan deposit

FE b G 5 II-W-16 I-w-7 II-W-10 SIC-1 SIC -4 SIC-6
R hhE
padid 1z OLPx OLPx 1z 1z Ore

Cs/10° 2.06 1.96 1.77 0.66 0.94 0.61 0.023
Rb 25 20.6 203 537 8.41 3.64 0.635
Th 0.33 0.75 0.78 0.914 0.598 0.337 0.084
0.04 0.17 0.2 0.188 0.119 0.077 0.021
K 4231.91 4148.94 4065.96 1161.7 1493.62 580.85 240
2.7 4.4 4.6 327 1.99 1.52 0.713
La 2.15 372 3.94 6.228 2,615 2.194 0.708
Ce 5.57 12.84 12.58 14.036 6.459 4.602 1.883
Sr 56.4 90.7 92.4 147.48 57.99 28.58 21.1
Nd 3.36 5.86 7.28 9.626 4.91 3.103 1336

P 130.99 261.97 261.97 305.63 21831 261.97
Hf 0.4 1.43 1.27 3.055 1.609 0.945 0.309
Zr 19.1 483 473 69.07 40.31 2833 11.2
Sm 0.68 1.68 1.67 2344 1.262 0.748 0.444
Ti 1260 3120 3120 3948.57 2880 1508.57 1280
Tb 0.16 0.28 0.24 0.408 0.226 0.145 0.108
Y 4.7 10.5 103 13.55 7.91 536 4.55

Yb 0.41 0.79 0.86 1.297 0.729 0.508

Lu 0.08 0.12 0.14 0.197 0.11 0.076

T SJC—HUl th [ ERGEEPT 1T —W AU 48 Chai Gang,et al(1992) ; J5UH Ml 45 McDonough et al(1992);

Lz— _WEHOE S OLPx— S #5 43 %

HOAH L, SR W] ) AR

1 4 AR 25 07 A AN HE 25 00 38 1 R4 i i
HEAL IR P () 10y TR, R MO e R A X
TG M S35 B o 5 B se, HR A R iR —
AT M Nb 755 0 B nl BB 48 /R T H7e 4
MRS, #40 La/ Nb {HH 0.22~1.42, Zr/Nb {6 K
2.43~10.98 , ¥1/NF JE4H o 1Y) Ze/Nb 1 (Zr/Nb =

18), KZV&7E EMI B & E ML S H N (La/Nb =
0.78~1.32, Zr/Nb=3.5~13.1)P" A fig 4§ 7~ H 5 X
EMI 2 5 45 M |

b R RO 5 R 2 B k- Bk R
YR A ST Mg 1 R AN 4 o DA R B T i AR
B8R A F S R, {H H AT 5T & 30K 2 505
P PLBE L RCE AT T R RCA AR T AR A
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Fig.9 Mantle—normalized transition metals spider diagrams

for rocks from the Jinchuan deposit
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HEATCE Cs Rb U . Th Nb Al LREE, JfHEA
EM e Nd fH, RUMBATRE TR HXEITER
MOVR X, T o5 — 7 i, BT X A R 2 b X
FNE 4 Fe M Ti LU KGSRAMZBEA LR, BN
IR I b AR VR T B AR M X Compbell PR 45
Hu A 5 2R 5 B L R A PR K s 1 ek Ak
2 SR DTRUE e A R R 1) X aA S R R AN
MZILE ,JC Nb  Ta Ti 4 M P H LA (N-
MORB) W75 #i i AN A 250 &R, I8 MU (Arc
Picrite) HARWE EHmAMAITLER (17 Nb.Ta,
Ti, 24 1 R 5 A2 20K i 5 1 B R b7 VR Y B
AL AR S A AR AU Nb T Ti W3 i T 3 43
T E .

DA AN [) 2R X ol i G 3 MR Ak A R AE A IA
P, B 4 22 B ik O K B S VR T b R A
KAz b Z B e iR g A B R A gy
PN & SRR A (R IR SR L ME B e Nd
(O fH), & HE MR ELo 5B e R P KA
Nb Ta 58 /s s H 25 5K 2 21 e iR YL s | 74
5T A ALY Nb Ta 75 #5119 f B o0 K Hb BR 1k
SRR R AR A AR R BRI R R T
DL W1 ) Kaapvaal Wi it Z A 104 VAR5 40
FREEA ST BBk B EMI AL B A g R X AR
7] 58 57 B b 72 W) TR e | (LA JR 3 Ak 5 2008 i
U 4 R SR
33 HiEEEBTE

K Platreef LA DI 6 0 A FE AR T
FR 45 R e N Cu & & k] T 3% 5, [A i
Platreef &L A O 0 2 B 1040 A AH G T BRoRE B A

CsRb Th U K Nb La Ce Sr Nd Hf Zr Sm Ti Th Y

B 10 &)W R AT A 50 M s b o 1k
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Fig.10 Mantle—normalized immiscible trace elements

spider diagrams of rocks from the Jinchuan deposit
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PGE # 2L F BRI A (3509.00x107) , {H 7 F i 4R
Hig ; > IPGE M 6.24x10°~101.80x107, F-J 34.84x
107, AR FERKL B A D IPGE fH  (1744.0%107); >
PPGE M 193.13x107 ~ 4858.0x107,*F-¥*] 1893.94x107,
5 BRORLBR A7 BB (1765%10°)AH24 , Sheba’s Ridge
Platreef " 2 BVAF I N E PPGEs % IPGEs, I H B
BLLE Pd.Pe NEFIE . Platreef )2 5 15 4 /R .7
FUR BRI B3 BEESA L #EEREIR, Ll p4 kE
T AR AT Platreef TPIE)Z{Z PGE & & i , Platreef
W2 IR (AR A7 R il D 3t e s v A 1) 1R 4 T T
BN N B Ir, 2 RS i 43 520 A 1 )
Pd BB, R iE FE R IERER  BHEE N Pd B Cu &
SR, JF H DL pd A R R X SR
TA TR —E

WA A2 IR {2 AR Merensky Reef i JZ UG2
FEERA T Platreef I A6 Mg b 1 Ak 1Y) 43 J TiC 43 B 0k
FEIE (] 12) W RE S B Platreef BRI I 8 & 4E Pe,
Pd.Au, Ifi IPGEs ¥ UG2 fik ,PPGEs 7% ft g i Lt
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x5 Tft4ERIEZEIK Platreef # EHE TR 2 2 (ng/g) RFFHEE
Table 5 PGE contents of rocks from the Platreef deposit of Bushveld Complex

iR Pl P2 P3 P4 P5 P6 1* 2% 3%
KA KA KA1

HATHA e e e BRI A2 8 JEGh Mg
Ni 1097000 2498000 784000 11020000 3236000 6204000 2110000
Cu 778000 1467000 689000 4577000 1608000 2566000 28000
Os 0.81 1.50 0.73 10.7 3.98 5.49 514 700 33
Ir 1.14 3.17 0.49 18.6 5.72 10.8 540 500 3.6
Ru 4.29 10.7 3.72 725 20.2 345 690 1000 43
Rh 7.40 25.1 5.13 130 35.1 66.8 200 7.0%
Pt 86.1 289 15.0 498 250 681 1020 1500 4
Pd 284 978 173 4230 1220 2390 545 1200 1
Cu/(Ni+Cu) 0.41 0.37 0.47 0.29 0.33 0.29 0.01
IPGEs 6.24 15.37 4.94 101.80 29.90 50.79 1744.00  2200.00 11.20
PPGEs 37750  1292.10 193.13 4858.00  1505.10 3137.80 1765.00  2700.00 5.00
S PGE 383.74  1307.47 198.07 4959.80  1535.00 3188.59 3509.00  4900.00 16.20
PPGEs/IPGEs 60.50 84.07 39.10 47.72 50.34 61.78 1.01 1.23 0.45
Pt/(Pt+Pd) 0.23 0.23 0.08 0.11 0.17 0.22 0.65 0.56 0.80
(Pt+Pd)/(Os+1Ir+Ru) 5931 82.43 38.06 46.44 49.16 60.46 0.90 1.23 0.45
Pt/Pd 0.30 0.30 0.09 0.12 0.20 0.28 1.87 1.25 4.00
Pt/Ir 75.53 91.17 30.61 26.77 3.7 63.06 1.89 3.00 1.11
Cu/Pd 2739.44  1500.00 3982.66 1082.03  1318.03 1073.64 0.00 0.00  28000.00

7.1 # —Naldrett %5 (1980) ;2 # —Cochetie % (1989) ;3 = —Brugmann (1987) ;7.0 = —Jagoutz %(1979)

10000
1 F 1000 |
l§ 01 § g 100 |
& E &
E[E 001 ¢ E:u: 10 3
0.001 U -
A 0.1
0.0001 T : v T - . ‘

N Os k Rs Rh Pt Pd
Os Ir Ru Rh Pt Pd b v W

Bl11 A A dE R A8 5 1A Placreef #7471 BROBLRAT (A ) FIRLUIR MU0 (B ) b AL J5 47 8T8 3R e 702 X
Fig.11 Chondrite—normalized (A) and mantle—normalized (B) PGE spider diagrams for Platreef rocks
from Sheba’s Ridge Project of Bushveld Complex
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MR TUAS 0T REA 42 8 o0 25 Hh R Ak 2 REAE X
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Merensky Reef HJ 1 % o0 & & # 8 (ZPGE N
198.07X107~4959.80x10™°), 54 JIIHIET 1 F 2 |
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& )R B ; Platreef B )2 UL P A1 Pd & 55
RHFEAE JEHSE Pd i, 7 Os. Ir \Ru . Rh; &)1
BB R E 4R pe Pd SFHACE L H Py/Pd H
(0.71~5.81) — M KT Platreef(Pt/Pd=0.09~0.30), —
H TIPGE M Pd/Ir HWI A, Platreef #7 )2 5 42
JIAR R0 A BRORL IS A1 bR 1R 1Y PGE TiE 23 B X4l
BEK S Platreef B A7 BB A1 bR vE Ak B 51 % T
RN Os Ir Ru %) Rh Pt Pd [n] 2 BEMT, B
A Pd 1Y B Pe R S IETIREY A A BT
A1 ERORL A AR AR S A ARG T R L4 TR Os 3
Rh, KEFEIH M Rh 3 e Pd Au #3038 5 A HAF
Pt WS4 Platreef 7 1 iU 4f Mo A5 4L PGE BL 70
B IR IPGEs FHX V2%, SR 42 (i A e 43 h £k

* 6 TJIIBXE Cu-Ni-PGE WL KER W APHELERESE/10°
Table 6 PGE and Au contents of rocks and ores from the Jinchuan superlarge
Cu-Ni-PGE sulfide deposit

RGBS ER A YORE A RIWRE A R R BRI 2 peil ]

44 sjc2 SjCc3 0TI T2 T3 SJC-13 T4 15 ™6  SJC-1 SJC4 SJC-5 TJ1 1% 2% e
0s 37 40 18 29 29 124 45 150 135 2 0.6 0.7 1.5 514 700 3.3
Ir 33 35 17 34.6 23 78 17 16.2  15.1 1.7 0.5 0.6 0. 8 510 500 3.6
Ru 24 29 16 30 40 138 29 16 14. 5 1 2 2 0. 6 690 1000 4.3
Rh 18 19 8 126 11 32 6 6.7 5 9 0.9 0.2 0.2 0. 3 200 7. 0%
Pt 110 610 640 300 140 133 30 180 120 6 6 4 17 1020 1500 4
Pd 156 105 320 200 140 155 130 100 70 21 1.3 18 12 545 1200 1
Au 140 8. 4 380 130 280 1.2 800 60 30 36.5 5.2 9.2 30

7 .1 % —Naldrett %5 (1980) ;2 # —Cochetie % (1989)
(2002,2005) ; HA G4 51 HE(1989) Flds & 1 (1991)

;3 % —Brugmann % (1987) ;7.0 * —Jagoutz 55 (1979) ; SJC—4UH th A - 5 4E
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Fig.13 Chondrite—normalized (A) and mantle—normalized (B) PGE spider diagrams for

rocks and ores from the Jinchuan Cu—Ni—PGE deposit
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A comparison of trace element geochemical characteristics between the
Platreef deposit of Bushveld Complex and the Jinchuan Cu-Ni-PGE sulfide
deposit and its significance

GAO Hui"?, WANG An—jian', CAO Dian—hua', LI Rui—ping', WANG Yong—lei'
(1. Institute of Mineral Resources, Chinese Academy of Geological Sciences, Beijing 100037, China;
2. Jinchuan Group Co. Ltd, Jinchang 737100, Gansu, China)

Abstract : Major and trace element geochemistry of rocks and ores from the Platreef deposit of the Bushveld Complex was systemically
studied in this paper by using new ICP—MS analytic method for the purpose of making a comparison with geochemistry of the
Jinchuan Cu—Ni—PGE sulfide deposit and probing into the genesis of this type of deposits so as to guide their prospecting work. It is
concluded that ¥ REE values of the Platreef rocks are close to values of lherzolite from the Jinchuan Cu—Ni—PGE sulfide deposit,
with very similar REE patterns. Chondrite —normalized REE patterns of the ore —bearing rocks from both deposits assuming right—
inclined fractionation, with enrichment of LREE and smoothness of HREE; nevertheless, Platreef rocks have a positive Eu anomaly,
whereas Eu negative anomalies are evident for most lherzolite and ores from the Jinchuan deposit. This might be a reflection of
insignificantly varying plagioclase/orthopyroxene ratios during the crystallisation of the rocks. it is evident that, relative to the Jinchuan
deposit, the Platreef deposit has higher contents of strongly fractionated incompatible elements but shows a trough—shaped profile with
pronounced depletion of Nb and Ta,suggesting a model of crustal contamination during mantle plume magma emplacement, evolution
and ore formation that resulted in the geochemical features of trace elements similar to arc picrite. Jinchuan ore —bearing magma is
enriched in Fe, Ti and highly incompatible lithophile elements, exhibiting geochemical features of Ferropicrites trace elements; and
hence it is thought to have been derived from conrrespondingly enriched mantle ( EMI) sources even if there probably also existed
some crustal substance contamination during the rock —forming and ore —forming process. The primitive mantle —normalized PGE
patterns of platreef rocks are arch—shaped with the enrichment of Pt, Pd and Ru relative to Os, Ir and Rh, and incompatible elements
Cs, Rb, Th, U and LREE as well as chalcophile elements Cu and Ni, suggesting that the residual mantle peridotite from which the
Bushveld Complex derived has undergone infiltration and contamination —mantle metasomatism by external mineral —enriched fluids
containing highly incompatible elements, which may be responsible for the fractionation of PGE from mantale—derived magma.

Key words: trace elements; geochemistry; magmatic Cu—Ni—PGE sulfide deposit; Bushveld Complex; Jinchuan
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