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Abstract The Jinchuan deposit is hosted by the olivine-rich ultramafic rock-body, which is the third-largest being exploited
magmatic sulfide Ni-Cu deposit in the world. After it has been exploited for about fifty years, the problem that seeking new relaying
resources in its deep and border becomes more and more important. The characteristics of ore body, ore and geochemistry of concealed
Cu-rich ore body are researched. Through spatially analyzing and comparing with neighboring II1 main ore body, the mineralization-rule
of concealed Cu-rich ore body is summed up. Meanwhile, it is implied that there may exist a Cu-rich magma between Ni-rich magma
and ore-pulp during liquation-differentiation in deep stage-chambers, which derives from deep mantle high-MgO basalts magma. It is
concluded that the ore body has the feature of both magmatic liquation and late reconstruction action; it has experienced three stages:
first, deep-liquation and pulsatory-injection of the Cu- and PPGE-rich magma; second, concentration of tectonic activation; third, the
later magma hydrothermal alteration. In addition, the data of Pb isotope shows the forming age of 16 Concealed Cu-rich ore body is
about 800Ma, which is earlier than that of massive Ni-rich ore bodies; the Pb and S isotope indicate the magma of I6 Concealed Cu-
rich ore bedy originates predominantly from mantle, however it is interfused by minute crust material. Finally, it is inferred that the
genesis of Cu-Ni sulfide deposit is complex, and the prospect of seeking new deep ore bodies in deep and border of Jinchuan Deposit is
promising, especially seeking Cu-rich ore bodies; the F6 fault may be the emplacing conduit of 16 Concealed magma, and one of the
emplacing conduits of II1 magma.

Key words  Jinchuan; Cu-Ni sulfide deposit; Cu-rich magma; Cu-rich ore body; Conduit of magma; Prospecting
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Geological sketchy plane (a) and sections (b and ¢) of the Jinchuan deposit ( adapted afier Tang, 2002. b is the section of
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Table 1  Division of the Jinchuan ore-type
FAXR RE REB(W%) FAZR(w%)
AEEENRARRY G SN-A2 0.3~1.0 N
HENADRILARY A SN-Al 1.0~3.0 b N}
BEMANRACREEY A (A 3d) S-A =3.0 A
BEASARILERT A SC-A2 <0.30 0.3~1.0
BAEMARRAEET A SC-Al <1.0 >1.0
HEEARRAHRET A (B 3c) SNC-Al >1.0 >1.0
BEEANURLANET A SC-A <3.0 =3.0

3 TaRARERTYRA

a-R AR RIS 0k B ik 4l b-RE 7 BB B AL 90 5 1 HE B
c-MRASRRE T 4, dBERRERT A - RMSRRL
PICE; CERHIRAET B EE% (Po) RBBME. 9%
5 :Po-R B 8k0, PL-RE &Y, Cp- HWY

Fig.3 The photos of ore samples and metallic minerals

a-The ore-bearing lens resulted by stress-action; b-Directional
arrangement of metal sulfides; c-Matrix structure Cu-rich ore; d-
Massive structure Ni-rich ore; e-Paragenic metal sulfides of the same
period; f-Parthotite is melted and altered by late hydrothermal.
Minerals Po-Pyrrhotite, Pl-Pentlandite ,
Cp-chalcopyrite

abbreviation ;

SRR SREEH) PR (B9 i 74 FTE JLAS) A
E R OMEEERNRRBRER(H 3c) ZBARKR,
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22 J6TRANATVERTEESRDPTHSR (W% )
Table 2 Mineral abundances in samples from the I6 Concealed ore body( wt% )

H&S ENEKY RREYT CREAR%Y) W (HRAT) B WSV +BE&T KA At

6B-14 3.88 2.93 11. 06 0.44 7.82 73.87 100
6B-15 5.89 3.48 11.13 1.49 6.54 71.47 100
6B-19 2.95 4.11 13.49 0.41 3.52 75.52 100
6B-16 4.61 3.27 14.71 0.79 10.93 65.69 100
6B-5 13. 46 8.46 11.30 0.30 10. 42 58.06 100
average 6. 16 4.45 12.34 0.69 7.85 68.92 100

Wik . & ) MBI A BHAR PG, BRI FHEH 4357 (JXASB00R) , MM => 10 x10 ¢

%3 6 ITHRRTERRAFEARBAZELESH
Table 3 Grade distribution of Cu and Ni of 16 Concealed ore body on different levels

BREAT K (%) BE(8) (w%) .

KR 1 2 3 4 5 6 7 8 9 10 1
1280 AF Cu 503 2.02 300 410 046 015 010  0.10 5@%
6*31F N 1.89 1.16 1.65 3.02 0.30 0.17 0.10 0.10 AikEn

120k Cu 432 3.75 4.49 4.80 3.71 2.94 1.40 0.90 1.02 .05  0.67 HENX
Y647 Ni 2.04 2.38 2.45 2.24 2.43 2.91 3.61 4,28 4.65 1.98 2.33 FikiEm

1160 Cu  3.01 3.15 3.43 4.09 3.86 3.52 1.73 1.07 0.99 0.95 0.8 HE¥H
17 N 3.01 2.22 1.90 1.78 1.27 2.64 0.86 0.64 0.74 0.50 0.66 ¥ ikEm

WAL &I RA AT EAR P L, RASH F ik (IRIS Advantage ER/S) , JIIM B (HXIRAEINZE ) RSD <5% , B MBR K ( detection

and quantification limits) x 10 ~°4%
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Fig.4 Evolution diagram of metallic minerals of Fe-S, Ni-Fe-S and Cu-Fe-S phases (a) and diagram of the evolution of the Co, Ni
and Cu Content in pyrrhotite (b) from various types of Jinchuans ores ( adapted after Tang and Li, 1995)
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24 16 TR ESMIEN KN Au,Ag & PCE &1
Table 4 Contents of Au, Ag and PGE of 16 Concealed ore body and neighboring ore body
AR(x10°°)
KRB BAHR 23780k
Au Ag Pt Pd 0Os Ir Ru
6B-Gl 1220ml6 7R T4k SNC-AL a4k 1.88 23.60 2.10 0.97 0.001 0.0012  0.001
6B-G2 1220mlI6 $7HAIRF-tk SNC-AL HERE 1.38 24. 40 1.90 0.34 0.002 0.0015  0.001
6B-G3 1200ml6 FrEART ¢k SNC-AL o 2.00 21.90 2.69 0.45 0. 001 0.0011 0.001
6B-G4 1185mlI6 47 MRtk SNC-AL HEH 1.63 28.00 0.46 0.30 0.001  0.0012  0.001
6B-G5 1180mI6 17MA{RF & SNC-A1 HEH 2.55 14. 80 1.24 0.28 0.018  0.026 0.008
7B-G1 1190mI7 47 B4R B #k SNC-A HAR 1.61 18.50 0.18 0.20 0.02 0.028 0.016
7B-G2 1170mI7 47 B4R §-$& SNC-Al HER 1.30 19.30 0.58 0.36 0.007  0.011 0. 002
7B-G3 1220ml7 F7 B8R F tk SNC-Al E::}-3 0.34 1.46 0.32 0.002  0.001 0.001
6H-G11 1280ml6 17 iE %5 #k SN-Al -1 1.45 3.50 0.30 0.32 0.04
TH-G22 1235ml7 47 E#% 5 & SN-Al HER 0.17 1.50 0.10 4.00 0.027 0.017
2H-G23 1180mI2 47 IE# ¥k SN-Al Haw 0.16 2.50 0.28 0.59 0.018 <0.01 0.016
7H-G11 1270mI7 47 IE B 5 & SN-A2 me 0.83 0.75 0.25 0.11 0.01
I 1#E5 4k 1200 $1 5 8-10 average 0.18 5.05 1.23 0.35 0.021 0.042
M#E5 1y 0.3 6.1 0.53 0.24 0.025 0.022 0.20
Massive ¥ %5 iy 0.11 2.66 0.059 0.07 0.031 0.020 0.027
Norilsk-1 3.65 0.119 25.103 63.624  0.003  0.008 0.017
Norilsk-2 5.37 0.046  105.96 305.84 0. 006 0.015
CIRKRA 0.140 0.199 0.990  0.560  0.48  0.481 0.712

WAL T EBFSIBENE S TR AR E Rk, MU B = 0. 01wi% ; PGE 4347 R I S W F /& il ICP/MS ( PQ Excell) , 3{
W RSD <5% , M BR % x 10 ~'24& B inductively coupled plasma-mass spectrometry; Au,Ag 437 5 Fi JR 7R e e i 35 ( AA-
100) , JOMEHE < 0.3% , JCRMM0 x 10 ° 48, 6B.7B 3716 MR EF 9 4t d H WILEST &, 45 N+ 9 K ET A,
massive X4 )| ESIEEH, Noril* sk-1,2 P35 Noril’ sk X A
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Spatial distribution of Cu and Ni in I6 Concealed

and neighboring ore body
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Fig. 6 Relative diagram of PGE-Au-Ag against Ir of 16 Concealed and else ore bodies of Jinchuan Deposit

Cormnt) = Cor * 1007(2. 527 * S +0. 3408Cu +0. 4715 * Ni)
K Clioon wy HEMITELE 100% AV FHSE,C, HT
RELEPHESR,S.COo M NI I XETRELEPFHE

B(%).

16 BA{RF kA Ir 5 Os Ru IEAEX, 5 Pt.Pd Au,Ag

% 6), 3 IPCE($KIHIBITTR, ¥ Os Ir,Rh 71 Ru)
HESEMRET N+EY A, R TRREETF 4, ZERTS
HPHAR BT A PPCE(HXMAKETK,. W PR
Pd) Au.Ag 55 T#EF FARE, B SRS T A0 45 M A A1
REE, BTRREET A, KPS Pd.Au Ag EAXEE
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B, B BT EBRT KT Au Ag.Pt.Co BT S
Cu Ni TR XD, Cu 55 Au Ag PGE HIEHR R (1
>r>0.90,r RHEXERE),M Ni 5 Co HRBR (r=
0.882) (EMfi i, 1999)

IPGE Bt 16 BRF A A E AR EERT My E
THhRER HERETEPRARBREEY (k4% PPGE
YERLEE 16 R DR B B 3 B3R /5 91345 F , PPGE I
Au Ag ISR, Yang et al. (2006) A% : & )18 KK+ PGE
HA=MER (R TEENE PGE i B T A Mt 25 4 i
PGE M A LEBUE . WA B V)T # 4 PGE)
72 16 RRFtkrp, 774 B R BIX =Fh PGE 4$IEH™ A, X M
ME RS, HEGSH T HXBRY R AR N AT
W BCESER,

16 fTRRF M FEH Au, Ag M1 PGE § &% Au 1.9 x
107° Ag19.2 x107* Pt1.7 x107° P4 0.9 x 107 0s0.005
x107° Ir 0.01 x10™* \Ru 0.004 x 10~ , S#4EMBH KT
A NBEFTERNEYT L .2) | BREET VG 35 /R R
#4154 (Barnes and Maier,1999) X L 2, 16 R F &
B A6 PGE Au Ag BT 45 A E§ ARSI
HNEYTAZE, XBRRBT 6 BRTEREENBEH B
K. 516 BBRT A AR IPGE AR FHM /R RH
By A2 M E%, 5 PPGE HE FHH AN RN BRS
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ERHEBEARET M/ I EANEERIAREETT HE
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8 Ni/Cu 5 Pd/Ir #55  ( #§ Bames and Lightfoot,
2005)

16 concealed 3y 16 Ba{R B 4k ; Il#-net g M# L F XX H A ; massive
HERSET A

Fig. 8 Ratio plois of Ni/Cu vs. Pd/Ir ( modified after Barnes
and Lightfoot, 2005)

(KRB HEHE MBELSXBESER? XRBERURE
#it,

—BEXREAXNERBLYT KPT HH(PL+
Pd)/(Os+Ir+Ru) tLfA 5.7 ~55.6,P/(Pt + Pd) HAH#A
51 0.2(Chai and Naldrett, 1992b), fij 16 BB R K #9 (Pt +
Pd)/(Os +Ir+Ru) L {H % 47.8,Pv/ (Pt + Pd) LI X 0.76,
BRIEVELT LREKNEE, 585 Nv/Cu 5 Pd/Tr f5%
H(ES) , RBRE M+ T RNET AN TREL LS
AKX, MEZFERE 16 @R EKAMIRETTRELE X
K%, RHER,TRRENG AL T RIEBNKEHAB
AR FE A, DR R AR 4% S B T R B9 40 1 AN HE o B IR R 16 B
TREEEERARIE, X5 Su et ol (2008) 51 & )15 K H A
FARREBHNELRE RN, RARBBETAETER
MR AT HEEER W,

R4 Fleet et al. (1993,1999) BT FTRLSR , SR ST R AT
Ni.Cu B FAREEREPHEABRESRILY P, K P,
Pd Hi%§ F Os.Ir Ru EREHAY PHEREHFR (LR
FEHEF PAd>Rh>Pt>Ru>O0s > In) ; ZEHBMA KM T, Os.
Ir.Ru .Rh {R5E# A B EAL Y B MK, i P Pd {ESE LR B8 T2
R Y5k (Barnes and Maier, 1999), 51 F PGE & ¢
RO RARBORNE, £ 16 BRI ot #1604
HYURGT (BRPBREHER) , FRHERERE PP A
WETETH PCE; BN LEMHRBER, RRA# -5 E
% PPGE \Au fl Ag, BB TR & BEIT G HIAB A MBT k
(Song et al. , 2006) ,
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x5 6ITRATETETHERENER

Table 5 Crystallization temperature of ore mineral inclusions in
the 16 Concealed

B T HEHRERERS WEFTY WRNEECC)
7B-1 1220 K 7 47KaR SNC-Al ¥4 375 ~ 325
7B-2 1220 K- 7 F7RR MR SNC-A1  HiEF 345 ~515
6B-1 1220 K 6 78R SNC-A1l  ¥HF 340 ~ 520
6B2 1220 /K F 6 FTRAR SNC-A1 B EHKF 350
6B-3 1220 /K 6 18R SNC-A1  H$HF 350

MRAL EAY EHARME, £ AT DARENER AN
B(TI270-30 ZL b e BEH) , HE B E D <
+2cm ™' (2000 ~400cm ™' ) , Fit WG HF £0.2% T

6 16 TR RE AR IL A EIER

6.1 SRR

mF 6 FTRRT EKAT WA RT, TLURRY A
PR SHAEERTR(AITRHF I4E5&NE
HERRT K, A SCHABIE 16 BRRB R D149 KR Z N
EHTER) #TARESBHER SRR, FTUEL, RRY
KSEXY &P SHEBS EERA CO,, HERY &S N,
B AR S EE R M (Ca'* #1 H,0, 7 1432m
K16 P ET R BEES P K* Na* BE, XATHEH
FHTREFRFB (BEHS,1997),

RABALRE 6 ITRAVET ANERYT BRE
THBEESTOBRERE(RS) , RAHKLY E B340
~400CIREM B AL RN BRI M S25CRIFHRE
M ARAFRANEES REE, 5502 515 ~ 525C #1340 ~
375C, i 16 ITRRT R AT WA BIE—RE N 1120
~1150C , AR AR AE RS T Y10 8 (k1 — R AR,
% 850 ~865C ,

XEHRGREBA, 16 FTRAT HR RN HRIER
VEFTE LAY, (RLARD™ ST K L 4B IE B 9 (kg , L UA IRE A
1120~ 1150C, & BAWE ST R E L EE 340 ~
375C , MO M S25SCRRIF RS Mo

6.2 PhEEIERHD

KT AR BRI, B o 3R, FR B P RAE
WrEx %8 Pb-Pb R B 77 i (MR i 1L AR IR AT 8 1
BRFESARANBRELRMBLMESR), €8
fE BB, &5 H 2mol # HCL, 6mol #) HCI, 2mol #)
HNO, BIRM¥E S HIHE, 5554 ELEMENT2 B 23 e BB &
ST A (HRICP-MS) , 2 R & N 0.05% ~
0.19%RSD, R HHBR K x10° ~ x 10" &, HBEHKERA
Anderson(2002) 77 &k, SR8 118 A Tsoplot ( ver2. 49) 5 1,
(95% BAEKY) o &SI O E IR E 55 R AT E B

1% ~5% . AT ELFERMBREANHKERE B
FIBPRE R E R B i OB E R % R i i R
EHAEMERRE(BEKEIS%).

Doe and Stacey(1974)iA g — M8 {8 Pb 3 B T 5%
B S, SRR  (HAET ~7. 8 B 0 H>9. T
H5)#% % JyiB 4 ¥ ( Russell and Farquhar, 1960 ; Albarede and
Juteau,1984) , Bk % (2005) N A TR R RN A p =4
~5,Th/U el >4.5; b RERER w=15,TvU K~
3.8, BLIXT 16 BRH PRy Pb RIGRWE (K 6) , RAEAR
BIRH o (8T 8.63 ~8.77, Th/U HAH A F 3.89 ~4.04
ZIE, B P RERM Y ENERBER B EE
Sk BRI (VAN R B R, A 9(a,b,
c) AT A, 16 BRR Tt & Pb {H 576 T & 3K Pb 38 Pb W
fehZR Z (6], E SR 308 Pb Ik, 540,16 BRF &
EHHRREET (F 9a) G HRBMBARRY B B
Ry (F 9b) BB M E R i FREFHKARRMER, K
PEERFTERESMEXMERRNRTFRREET K (E
9a) JERAMMBBCE T R (T4, B 9b,c) EHEMN, X th &Y
HUMETARE IO RRT & LABRASE, A HBEREAEE
o AU 16 B R B4R 4% & 9™ Pb/™ Pb-" Pb/™ Pb I Xt
B (A 9d) , 5 M# 5 kAR

REFRTHIEBR (K 6),16 BRT PR & IE &
FEHHIEST5 ~8.81 {25, F19K7.92 £0.27 {LFE (R E
¥ MSWD 3 21.2), BFEiL 16 BRI KM LR
(4.52 {248 ) B 1K (4.52 ~4.91 24F) , REH Th/U Ml
FEHED, A MSWD BN K. X RE T R BN &
GREEHWA, ALBESE P BR, DX ERTE T B
iEo RIFPXINT,16 BRT ERMABET KENE R HZET
BB REZ W,

£ 7] & 11 Holmes-Houtermans 2> 3. 8¢ Pb-Pb Isochrone 4
AR ALT, 1987) 18116 BRRT 4k EBELT 8
24 A (5 U-Th-Pb B L $2, Pb-Pb Wi 4E45 £ ££ 0.5 ~ 1Ga
TEE, iR 20 - 250Ma, Doe and Stacey,1974) , %l 4 3048
W LS N R ERERE(RT).

6.3 SEHXHAR

SRAKT KERLARA L HE R, Ohmoto(1972)
RIS ERMERMETORBIR BN, 7919 S R B4
B CpH f,, JORB PR AR TI8IE) M 6% Sy (Bl P
2 S PRI RH ) # R ¥

84S, =f(8*855.1 fo, ,pH,1)

REE R, B AM S ZHME, M AENS
B W 6" Shoff 1 B (Coleman , 1977 ; Smith ,2000) ,

MFAKPE S Bl (R 8), REWEA (R
7B, 1984 A BE%, 1997 RAEKS, 1997) 4 &NF K
M#EFERMEREET PHREOROMIRE R (%9),
WETA 8 SBot IHATIC S, % S MU E S R BLY I IE
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26 16 RIRTEKSHMIET 4 Pb BRI
Table 6 Pb Isotope analyses from the I6 Concealed and the neighboring ore body
Bfvs :41
EEER
[=]
BES RBAK BEBE 2 py 4y P A T T S
6BS 1220 kW6 2 16. 852 +0. 011 15.360£0.012  37.071 +0.038 812 0.671 8.66 3.9
685 1TRRRTHK ey 1692420021 15.385£0.029  37.175 +0.087 78  0.688 870  4.00
6B-11 44 17. 050 +0. 002 15. 372 £0. 001 37.116 £0. 002 675 0.656 8.65  3.89
6B-11 MEEF 17.031£0.014 15.401 £0.013  37.168 £0.035 723 0.661  8.71 3.93
6B-13 1280 k%6 LA 16. 852 £0. 030 15.414 £0.036  37.143 0. 100 872 0.679 877  4.04
6B-14 TR  on 16. 747 £0. 089 15. 350 0. 009 36. 790 £0. 021 881 0.680  8.66 4.00
6B-16 o 16. 813 £0.016 15.358 £0.016  37.076 +0.052 841 0.675 8.67  4.02
6B-22 o 16. 919 £0. 002 15.349£0.002  37.032 £0. 005 749 0.664 863 3.9
6B-18 ;g%g‘; S 17. 420 £0. 004 15.423 +0. 003 38.074 +0. 008 452 0.632 870 414
7H-20 o8 17. 476 £0.012 15.482 +0.014  37.673 £0.045 480 0.635 8.8  3.92
7H-20 130#71;5{;36{7 BWE®Y  17.5090.039 15.512£0.038  37.705 0. 104 491 0.636 8.8  3.92
TH-20 KOy WM 17.349:0.032 15. 378 £0. 031 37.343 +0. 067 452 0.632 8.6 3.8
WL AL AL R P.L
27 £)IBEEE(T)&KEURMEST
Table 7 Statistical result of isotope dating of Jinchuan ultrabasic rock (or ore)
[ 2] ¥ & ST iR M B %3 (Ma) AREH E-3: 3
VG, x10°% ~ _ BRI MM,
1 S8+ ByY Sm-Nd ICPMS (lo-2  150831(20) MR =0.999 1995
10°° ~
2 SMME Ry A Re-Os PQ ExCell ICP-MS "x 1o-12 11043 £28(2¢) M?“iiﬁﬁ
— -6
3 ﬁ;ﬁ@ﬁ%ﬁi Sm-Nd  MA T261 ICP-MS ":‘l’o S 9031Q20) MSWD=34 WX ,2004
BAE R %1076 ~ 2 8/%Sr 120 =
4 ekt Rb-Sr  MA T-261 ICP-MS 10~ 819 0171287 5 11
5 TR zircon U-Pb  Shrimp I lon probe %1076 827 £8(20) MSWD =4.3 RIS, 2004
-9
6 TR zircon U-Pb LA-ICP-MS "xlloo_,, 807 £37(2¢) MSWD=0.63 M %,2007
7 TS zircon U-Pb  Shrimp II Ion probe x10-¢ 837
-9 & ¥ 9% , 2005
8 SH+RMEMY  ReO  PQECIICPMS 10T 99:140(20)  MSWD=33
-9
9 ":?0 o '1408£140(20)  MSWD=6.4
BWARKYE Re-Os ICP-MS, N-TIMS R Keays et al. ,2004
10 "xl:’o_,{ '807166(20)  MSWD=1.3
-9 -
11 BBRRY A Re-Os ICP-MS "XI:)O - 852 +25(20) MSWD=1.7
5 Yang et al. , 2005
12 BARETE POs  ICP-MS, N-TIMS "xlfo .S 870£38(20)  MSWD=14
-9 -
13 &BE’RE‘E Re-Os MA T-262 xxl:)O 12 1126 196(20') MSWD =2.2
ICP-MS, a B L 2007
14 BEHRRTE Re-Os N-TIMS, "x‘fo e 840:79(2¢) MSWD =0. 66

'REER TR EER
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®38 16 ITRIRE M M+ F MUY S B KSHF
Table 8 Sulfur isotope analyses of sulfides from the 16 Concealed and the II1#

re e 9 85% (%) REGR B &R

1 C 3.6

. [ -TO0402 P" o 1301 m ¥ 16 475 94t BA ERA O AT

(1] -,
3 Cp -1.1
I-TO0423 1301m K 16 781k 643t B8 1 By

4 Po -4.0
5 I -TO0436 Po -0.9 H1#,1118m /K2 245 Bk h R MR R
6* n-o-1 Po -3.0 D1#, 1118m 7K 38# brid 3 PR A S K
7° 1-07 Po -3.2 M14, 1118m 7K 2243 B BY A EET &Y

WLy op R E BT BEIRBTST AT, S R R 447 R A CDT E Brim o, S Pk E A A7 X L (B B 8 X ( MAT 251EM) , 53 $7 8 E «
£0.2%0, * 9 II#EF thitdh, RN 16 BRY &5

29 SIMMRULDT KRRARYVT B WHRE KA
Table 9 S isotope composition of different ore-types from the Jinchuan Cu-Ni sulfide Deposit

e B&E REMN R P aER Y 8%5(%0)
1 CBZHS-7 I1-50 £ ZK71 REEBHIR Po +2.16
2 CBZHS4 -12 4, ZK22 WAR Pn +2.08
3 CBZHS-5-1 I-12 % ZK22 AR Pn 0.32
4 CBZHS-5-2 I1-12 % ZK22 BWAR Py +2.53
5 CBZHS6 [-12 £ ZK22 WaIR Pn +2.4
6 CNZHS-8 11 -50 £ ZK71 WaR Py +1.04
7 CBZHS-10-1 I1847K3%6 ERABRT G Pn +2.53
8 CBZHS-10-2 I8 £ ZK36 ARG Cp +2.44
9 CBZHS-11-1 I-14 £ ZH51 TRARY G Cp +2.71
10 CBZHS-11-2 I -14 & ZH51 ARG Po +3.07
11 CBZHS-14 136 &3 R Pn +1.67
12 CBZHS-15 11 46 £ ZH98 E 3N Po +1.85
13 CBZHS-16 B Po +2.3
14 N063-Po 11-37 £ 1250 /&3¢ REEAR Po +0.05
15 N169-Po I -38 £& 1250 /K F WHRR Po +0.33
16 NO60-Po I-35 % 1250 X Bk Po +0.19
18 N060-Pn 1143 £% 1250 K Bk Pn -1. 06
19 BEHIRERT " Cp +0.21
20 HERREET A Po -0.3
21 BmEREET A Po -0.75
2 BWRRGET " Po +0.68
23 BESREET A Cp +0.29
24 BESREET R Cp -0.73
25 sEEY A Cp +1.53
26 sMMEET A’ Po -0.06
27 AEM LSBT Po +0.48
28 RIS TSR Po +0.39
29 SEMCEEY A Po +0.2
30 Y REREYTE" Po -0.21
31 MR L Pn -0.36
32 KRBT E" Pn +0.45

T :CBZHS # 5L IE 0 B BA (1984) N B IBH A B (1997) , 4 » MR RIBRA W (1997)
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B9 16 fTRRT A SHREEF™ Pb/ ™ Pb-""Pb/ ™ Pb £ 45 (a) .16 FTRRT A SABMBEURY KT BERY
" Pb/* Pb-" Pb/™ Pb 45 E (b) .§" A" Pb/™ Pb-*Pb/*™ Pb 4E i 434 B (¢ ) HIH A ™ Pb/™ Pb-Pb/*Pb #1 £ /E (d)

P U- b 3158 Pb JALARER ; 1-5530 P JRALANEE . M-3a08 Pb SRALAREE ;OV-K¥EE KL Pb JALMLR ; 3-16 BAEREPhAE S ; O- 16 Rk o™tk
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Fig. 9 %7 ph/ ™ Ph-% Ph/™ Ph coordinate diagram of 16 Concealed ore body and ultrahigh grade massive ore body (a), M phy
2 Pb-*Ph/*™ Pb coordinate diagram of 16 Concealed ore body and rich-ore, poor-ore and disseminated structures ore of

hydrothermal reconstruction ore body (b) , grouping diagram of ore *” Pb/™ Pb-"* Pb/*®Pb age (c) and correlation diagram of ore

' Ph/* Pb-" Pb/™Pb (d)

(FE10), &8 RELY FE 67 ST BN HEE - 4. 0%0
~ +4. 0% [8], FHTE - 1. 0%0 ~ + 1. 0%e( H2iT H108 5™ S%o
{H) #1 +2.0%0 ~ +3. 0%o i} B N 81, 20 75 82 £ 1 ( Ripley
et al. ,2005), HIHEREWAL T RMFELERUDTEN
BEREKT (Po) RELKF (Pn) IEWT (Cp) , ENRERR
BETEREK,S B HERR /D, P FAEERET &
WIREEBR, 5 1190°C (FH L MZEX,1995) : th FEH

A EFR R B RS S BN, 6" ShEE K,
BB A, BSRUEXVSNT KPP ERAIY L E
X H T 08 (AR , {B7EABOY o] B8 A SR B (52 IR AR)
A,

16 FTRMRE R 67 SRl A 8T, o A WAL I
8" S%ofH 5} H1 K 4. 0%0(Po) 1 +3. 6%0( Cp) , X T R BRI} 16
RRT Ra K hERXBRAE B R, e ER A S
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Fig. 10 Stacked histogram of §*S(%o) values from the various Jinchuans minerals

EHSHHS) B, ERHRET , MRAKT+HL S &
ZENRYL, 8 SRAHMEAR ; £ /5 BAE X KR T, SRR MK
BMER, BT IS 8 SREMFHF . 16 BRF P
RFEH 6% S%Boll 5 &)1 RIG T4 6 ShofBiAl — B Hlk
16 BR KPR L ER R IR T 08 A R, 1 7T A i it
REHMA, X—FERESHBLTRIFRFREYE (B
FFHES,1991)

7 16 TTRIRT-Tha R B et

AXRE)IRCHRY KB EX R BT ARWRBE,
& £ # ( Naldrett, 1997, 1999 ; Zhou et al. ,2002;Li et al. ,
2004 ;de Waal et al. , 2004; ZEFR4%,2004; Yang et al. ,
2006 ;Song et al. , 2006 ; Lehmann et al. ,2007) ,{H HRIH M
FIEZOR GO BRT BEX (FP L FZECM, 1995;
GBS HHAZ R, 1999; Tang et al. ,2002) : F 3R F 3 08 48
WERRBEXRASR EEFN RSB TERER
BEBH LM TSR ST ER . B EXMT RN R
W, ERERAEN HERES T, EfEE LRRAR
HRY .

ERAKEREE-LBIRR-IEELR, HHE

R FRAAEALF S BERIE MR- R — o i, £/
BEREFEFTEE R AR H A (Bamnes and Maier, 1999;
Barnes and Tang, 1999) , #if i Ni-Fe-S 1 Cu-Fe-S { &3¢
3 (Kullerud et al. ,1969 ; &8 LI FN3KA<{~,1987) , 7 600°C L)
L AR BBEATLLANT AP LI Ni #2% K Cu; Y
BETHR0CLUT, Bk mm=E 1A M) R
&y RERFT (B RAGTAHS, XRA ST R
SEHERERE, 2RE - THEREIEFENIR. 4
R—MEM ALY M SRRV AIR(FEL R
YR LIUT AR - REKY -HEHT )., HRIE 6
REGET AR CEY XEARR I FE &, BRI LAH#
W, EEREXNT KPEEF —HEHER, HROPK
Wl FXBAE R ZIE,

R AR RO RBEF, BATAT LIS .16 1FRRF
HREREN-RATADT K, ZYEREREENHER
BEMATL2BEEGERTRAN, BT & L4208 R R
ETRUREYTE(A 1a), WA BMYRILE &G+ 5
FHTFHERERBEP U BRERAM Te ZXRME L HOE
WEREE, RABERT B4 (PCE) ik, th (#1884 5
AEBHREY ARER &R, Co AN B HREKE,
RN FREERNBRRBBEIRMRTEL S £ LB
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B 20§ KRERFURBRABER (a, BFHHL,2006) 7116 BARF EBARA(1220m FEH) (b)
Fig. 11 The mode of magma evolution and emplacement of Jinchuan Deposit (a, Modified after Tang et al. , 2006) and the

emplacement evolution of 16 Concealed (b)

B9, PCE MRS B3R % S ¥£(0s R—Ru 47— Rh
—Irfk—Pt fi—-Pd @8, L EERUEKKHEE) AT FH
PGE E#, H+ Os.Ir.Ru Rh BRI, SREBR & RE
BRI T P PA(BE4E AuAg) MBS B 4RD B AR B AT
HOERAY S RAY RESY BB T EREF L (E
3e),

MTFENT KTt HRETE %, X520 2 M
E(HPUEME Tk, 1999; % 47,2000, B4 ,2003),
- AR LT, B BRI R EE NS E
EmT AREESEFHBBMET X, EWEKHT,
YIRIE L, E RS B BT TRARRIG , B 1405t , B A SR AR M
B (BMEMEB & %,2002; B §%,2003), HXBEksR
LA R T A AR T M A R T, REEA
REMBEI BB ATEK LR,

HWEBETHR I TRRERAT KN BEKRTEZ—. H
BN SRR R 5Kk ¥ R h SR LA TR EE R A7 3 60w e s A (1
11b) , AT LA tH H B AU AR IR o) At AL 7R 1 64 99 4 5k o by
REH, THEXREEF, BIHETRITT EXARE
RERASIT A ENEH, EXHERT &R
2B R G NE, B (PCE) R BA R ABRIGH,
BNAECERMEXARY KL HRRBRERAT &,

EFERRAE, BT F, lR%EES, TR TRMKE
B LB, SEENTREXNEEARRLYT KR
RS iR BB — [ FE R RS k. ERER R
PR B EREE, B F R E R R
YIRS ER I3 T &4 ( B 55,2003 ) , 6 5F F i
BB EE, MERT APESHE2 ~3m BORERRAUT
B, B i Cu( R BE 3% ) (Au, Ag BIBRILY#1 PGE B9
X

55, E 6 TRRY & BT aXA HERKR
NSBTVHEREHEBRERAEL AT IR
WA SR BREG GERA ERERBAEAER TRA
KRENT A, {EHT T HAT T O RRIEA, ILEHAR
R, FAERRLY T kEWETHERERT ELUS,
BRI ARBGEEE, FHT Cu Pt.Pd Au Ag.Te LK
H—SER, RN REEERERNERT A (RERE
W) AT REEMER (REIR, 1975, R A,
1984 ; Rowell et al. ,1986; Ripley et al. ,2005) ,

8 S et R R B KB R
WLEESER B M AN o, BT A0 PTG 0G50
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miE A EERESNT KT (SNIEALT,
1997) AP LR (B 2) kR Fio, R UUET (KR
5 SEWTRE A5 T F, 0124 R K IERH Mg
P EWR, B 16 BT K F, KR T &, mELUR
(SW) , R F, iRt M RAMBEZ—.

B a, AT ARAR, ERBERF P, ER BT E
¥ ERER FRERATROZRN LA TR,
BEBRUHAEY (RHBF L) A, B THARPRAA
R B BT RO, RBA T )T KEREMRD
BRI RUMRT A RATRY EK, R THE
HE,mTEHNEEs Y ERES)IFIKEMLERA,
HABAREERAR. A TEEARNDAARATR
b, KA B K —MBRAEERE A (RRT &) &
RERA;TRES TFARRARAINEHT &, LD
W4 EFHRMUBRR A, RS T B AT B 244 111450 24
EFRZRORREET K, RFAREH, BREFRER
BRBIHFTEHRIRBR,

ByBpet, & AFT KR RER (B 0°ER),
BT ERE RN, FRAT KA EE(BRULTET
iGif N 60° ~80°) , B EF KET EHEAFRX
B, REE D AR R, ARG ER, X5 F1 H2 (R
KWFB) PR —3, REN F1 R85 KO BT Wk,

—fxt FR— SR EME, i —PKE RN ROLEE,
BHURE—PIROFLEE, RIET XBHREN PULE
YO B AT E b BT UR X, & )7 R S8
EELH 34, R EFRARA a5 E AR TR A
F— BT SR, L RAERE M A ST T 245
EERA—NERE.

RNWA X RN BRI 24 X7 hERRRRAL
(HEERRG ;5 48 M2 EH AL, F PGE HE—
SRS e P HBARE B AR R IR — 8 (TR
X F, R BARK,E5 244 45 HE K RAAKE R
B RAsER RAR S ZAMRALF, BRI ALY
WA ABALEN 4 EF RARB =R, LR AEE
AR F, Fio, 7 Fig 72, RA#ET R AR S M# 7K
HRBOEREE BZE, RRERT AR SREEY
P RARR B

LSNP RGUEPERE, & AHE, EER 3.08
~15.08 {Z4E, Hrh EEEH T 8 ~ 10 {24501 14 ~ 15 {25,
EEARXEARERMREY, —HE, AREL AEY
FEHENFRARRXAERRAYRER: 5 —E, 7 KR
B R ARAT R, RF R ERE T RARENT
RET AT RAGRTE . FIHRIZA R R B R M BR
PUX IR, HIBIEE AR ARMAES R, 0 LU R
B &) £5 KT RS 8 ~ 10 {24 (IR#E LT 10
ARG , T 244 ML RLT 8 ~ 10 {245 ) ;16 SRRT A&
¥ BT 8 LELER; EREET R AERRANFE Y 8

2R TR M E MR AR, B BE (INER
&) AR R IMART YR ER.
M RAER, BE R TR AL E,

9 HHiRERiX

HTEEMEFT AP N KAHLH, XM F Cu AR
WA EBER, MEH ESR Cu Ni 7 &R, 16
FEABRY KT LRI EEFET &, MERENSET
KRB ERGET &, XFHSET CRRRFMRAR
B, E B — S R T &) RAE R K R B P
B RERNSREE fb AR SEET HP I RE
RIBRALSASR (A4 7 R SURIE R MO & TR E

(DHRERBR, BT HRERREXRRARK, ER
WK BRNBCEK RN S, RRAKNT RZEF
ERFEEE, H LEMEEA T ZEZE,

(2)Pb Ffr R MR, 16 FTRRT KR T 8 LFE
H ETERBET ;S RARENRY, 16 BRT EEX
H T8, BERUABRPARSBOFTYREA.

(3) B AHTBIS 16 [T EFBRT KT BRRIE 5 4
FEAIE B AR HBR AL R PE FOR (e 25 (A S A LR 1 e
16 F7 B IR B (AR 4 HB BEAE R ROAR, SUH R I 1
HASIE , B RS T =B B B & Cu . PGE AR HHA
B-BEh B M ISR RS R R

(4) BHRMBHE S, BT RS IR RR N
Fint, B R B R B ek, LT B R
ARIRFRT AR RBERT AHREX. F WRTE
R 16 BRT AR MEBAIEE, BTRES MeEF KA
e RAEEZ—.

B AXEREIERS,BIFEWRT ERHEL
AN EREHROES, &) EAAFRKEZ R T X
XBIAE AR T HE S CRER L RER, £4 K
fERTRREFRASE BT HOBR, EHR—HERE
RY;::7
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