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Abstract

Ni-Cu-PGE sulfide deposits related to basic-ultrabasic intrusions are the most important type of Ni-Cu-PGE
deposits. The traditional view is that Ni-Cu-PGE sulfide deposits are formed by the evolution of magmatic differ-
entiation and segregation of sulfide, having an unclosed relationship with the nature of surrounding rocks. In fact,
most of the basic-ultrabasic magmas are sulfide unsaturated, and it is difficult to gather a large number of sulfides
during the evolution of magma itself, forming a large-scale high-grade Ni-Cu-PGE sulfide deposit with great eco-
nomic value. Therefore, the addition of crust derived sulfur is the key to the formation of Ni-Cu-PGE sulfide de-

posit. Gypsum layers are an evaporating sedimentary formation, widely distributed in nature. They are rich in sul-
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fate (SOi_) and CI, COi_, Na’, K', etc. However, the role of gypsum layers in the formation of Ni-Cu-PGE sul-
fide deposits has been ignored for a long time, which constrains the development of the metallogenic theory of Ni-
Cu-PGE sulfide deposits. In this paper, the world's largest Ni-Cu-PGE sulfide deposit, Norilsk region in Russia, is
studied as an example, introducing the spatial relationship between the gypsum layer and the distribution of the
deposit, the distribution of sulfate minerals such as gypsum in the deposit and altered wall rocks, and the charac-
teristics and variations of the ore-forming elements and sulfur isotope composition. The role of the gypsum layer
in the mineralization has been explained with its ore controlling mechanism. The addition of gypsum layers
(SOi ') can greatly improve the oxygen fugacity of the ore-forming system and oxidize Fe*" into Fe’" to form iron
oxide. While the SOi " is reduced to provide reduced sulfur S* into the ore-forming system, which makes the ba-
sic-ultrabasic ore-forming magma be changed from sulfide unsaturated to supersaturated. The small droplets of
sulfide were formed and accumulated in the magma chamber, finally form magmatic liquation Ni-Cu-PGE sulfide
deposit. In addition, sulfide-rich formations are also important sulfur source beds for the formation of Ni-Cu-PGE
sulfide deposits.

Key words: geology, gypsum layer, oxidation barrier, sulfur source bed, sulfur isotope, Ni-Cu-PGE deposit
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Fig. 1 Location and simplified geologic map of the Noril’ sk-Talnakh district, showing major structural features and subsurface out-
lines of the Noril sk-type(a), ore bearing intrusions (black), Sketch maps showing subsurface outlines of the main bodies of the ore-

bearing and poorly mineralized, Noril’ sk-type intrusions of the Talnakh (b) and Noril sk (c) ore junctions (after Arndt et al., 2003)
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Fig. 2 Generalized stratigraphic column for Silurian to Permian Formations and the positions of intrusions for the Talnakh ore
junction (modified after Czamanske et al., 1995; Arndt et al., 2003)

Vertical bars show the approximate ranges in stratigraphic position of the base of each intrusion. For each orebearingintrusion, the lower part of the

bar (patterned) represents the main body and the upper part (unpatterned) the frontal parts of the intrusion. Stratigraphic positions are not shown for

the flanks and bordering apophyses of these intrusions. In places, the Noril’ sk I intrusion cuts as many as six of the lowermost volcanic suites
Kha—XKharaelakh; L Nor—Lower Noril’sk; L Tal—Lower Talnakh; Nor—Noril’ sk I; Tal—Talnakh
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Fig. 3 Cross section of the Kharaelakh ore-bearing intrusion from the Talnakh region (position of section see Fig. b)
(after Li et al., 2009c¢)
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Fig.4 Anhydrite and sulfide minerals in sample KH-1and its sulfur isotope composition(a), hydrothermal intergrowth of anhydrite (b)

and chalcopyrite in the aureole(c) of the Kharaelakh intrusion (after Ripley et al., 2010; Li et al., 2009¢)
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a. Economicore bodies; b. Subeconomic and non-economic intrusions (Nizhny Talnakh) (the data from

Ripley et al., 2010; Malitch et al., 2014; Li et al., 2003)

8*Sy.cpr fH (Malitch et al. ,2014) . Kharaelakh Z 8~ AMKAIR YR FIHARE A 1 83*Sy.cpr FEME 514
12 AR AR YR FHCRT A 1 8Sycpr F A 5] (10.97+£0.44) %0 A1 (10.8840.77) %0, Noril sk- I 5™
H(12.5740.54) %0 F1(12.7640.42) %o ; Talnakh %1% R AMHRGLIRT A1 1Y 834Sy.cpr (H R 7.5%0~13.8%o ,
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SE34(9.2+1.8) %o , 5 Kharaelakh A1 Talnakh & %1% A
PR AR YR B A AR E . 7E Noril sk- T . Main Al NW
Talnakh = Ff & =2 A, =i 7% 5 (>800%10° S)
FE 5l B 84Sy cpr THTE 8%0~14%0 22 [H] , 1fif NW Talnakh
RAMH, 2B FE AR (<600x1070 S) ) 84Sy cpr 1
39 1.5%0 F1 3.6%0 (Li et al., 2003) , & B & AN
] o X LB 5z XA E 0 R AR T 3T i A A
AEARL, R T A 834y copr TEL B 55 £ 185 71T 5
s, XRWUST AERELREBRTMATE
L2 34S (W HLAE AT AL B, SE AR A I ATE L S B v &
T EZER.

3 BELETE Noril sk-Talnakh 7 & H
YEH

Noril’ sk-Talnakh 7" £E X Kharaelakh & % {5 A4
T S SR PR T AT B 534S e TR 22.0%0~23.6% ,
34 22 8% , H A BRALHI Y 334S 1 10.3%0~11.6%0, F-
2110.9%0 (&1 4,5) s I BE A7 F 1Y 84Sy cpr A 18.1%0~
22.8%0, V341 19.7%o , 55 7+ 3 W R BE A7 8 1 8%*Sy.cpr
{E IR (Ripley et al., 2010) . A A1 5 -HR ALY ™ 9 XF
2 16 B T 57 2 A0 8 ( AMS psar) BB ALK, 3K
8.5%0~11.9%o , *F- 157 10.3%o , 13t Bl — 3 W A 56 42 1A )
it [A) 37 B -7 . R 448 Zubovsky 2H & i A4 E 1
= IR K TR A 8%Sycpr A 17.7%0~
17.9%o, F1J 17.8%0(Gorbachev, 1973 ;Ripley, 2010) ,
AR X 2 A v S 05 PR R R e A 4 D 1
Kharaelakh 7 8" = A {4 H 25 5 ki DA 4185 7 k9L
FUTIE H R R AR FS A 8 I B
SEAIR R B TR TC L, SRR EE Y S BE IR 734K < 5%
R N R el A S R = | R R I i
84S y.cpr K T 78 & b 2= s A B 1Y 834y » TIE B
B B et B R R AR TR FAL R MR A R
AR R 38 IR TE S MRS R ST Y A
1 3% B0 B 52 B R ), 30 e I W B2 AT . i
FRERA W0k BE/NTF 1 mm, M um RUEEF 6415 19
AT RE AN T A, 5 - AR ) 2 (8] A7 AR )
PR A BN pm DA RUBEF WURSE £ 8 1 3 it 2
SEA ) WA - ) Z RN FEFE B[R], 2= 5318 o
B, b J22 v 28 R G R ER 1) 84S y.copr [ M 18%0~20%o
(Gorbachev, 1973; Ripley, 2010) , i 12 &% 1k 4 1
58y .cor 4 0, 75 1100°C I, AMS 4 <.ie =4%0 , T 14
DX T PN ) 3 R A R R 11 84Sy cpr THL T T 1R 22

22%0~24%o0 , 1E 7 WLIX 35 P9 ) 45 B A7 785 119 834Sy.cpr 1
o7 5 1 J2E A R (ELAE B, 18%0~20%0 , 3X 5 S B
M2 45 R —F (Ripley, 2010) o U F 3 T 60% &
MR 4 8 2 R R B L 40% Sk 11 s B Ak 4, )
RA G AEP T A6 1 8*Sy.cor 1R 11%0~
12%o, 55 Kharaelakh Fi Talnakh 12 AR 85 1 Wi AL 4
(I — 35 ISR A SR R 2 B 4% 5 50% , W A rp
A FALI Y 534Sy cpr TH M 9%0~10%o, 5 Noril'sk- |
BRAES T A ALY B9 — 2 (Gorbachev, 1973; Li
etal.,2003),

2% | ik , Noril sk-Talnakh " 48 X & ™ A i 42
A B R 58 (S,) — U4k & (D,-Dy) F R 78 & Ui
s IR R UTBUA R R A ()18
JZ) (Arndt et al., 2003) , &% B AR A G AL 1Y
84S B 578 1, S MR AR 1) [R) 407 2 20 ik 2 N ) 5 %
WA AT A v e SRR R B 8 A A7 e RN £ B ik
YIS A S+ T, A S UE I T R R b TR
Tl B R £5 (Ripley et al., 2010; Li et al., 2003;
Malitch et al.,2014) . FHARH A 1) S H 5 F 7
b B H TR A B (AR, F2 50 U & 5 A
(1) B2 b 2 1) e 1 -8 1 5 2R R G TR
HEEERMRWEAE . BHRZMAAE ST R
B2 5, A F R (SO, ) M MK i 45 3 Fe?*
AL Fedt B BLRERR45, SO, ™ H Bk JFU R S,
S5 Cu?" N4 45 &, U U R B A ) 45 . FEAR
N RRANT

CaSO~id— CaSO,me! (1)

CaSO,+(Fe, Ni),[SiO,]—(Fe, Ca),[SiO,]+Fe;0,+
(Fe, Ni)S, + SiO, )

CaSO, + (Fe, Cu)MgSi,0,—CaMgSi,O4+ Fe 0, +
(Fe, Cu)S,+ SiO, (3)

A A B S R R AR AR Rk
(15135 20% ) AR 4 b Ui B 13X — 45 (Barnes et al.,
2000) o A1 F A B B A TR AL 2 T A, il 3
PSP B A 5 B A AN TR A S AR R B
R /IR AR 52K o h 2 R -1 3 - B 4 R Ni-
Cu-PGE Bk iw IR, (0 £ B Ak i 50 & 4 A )
iR o ARSI A ARTER A R T[RRI ) Hh
REM A TE A, A R & S B A
A0 R AL ) BA A DU TS B A &R (Arndt
etal., 2003) . AR IR A ZIE HHLIR R 22 5
AT RE-S M JRA/ L b2 R TR L 1] 2B R 2
LR AL B R A SRR R A D T A R R A K
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AT AR AR A B 1Y 834S 43 A 4R
mh, AR A A BR 2 I Y5 G R 2 B A K s R
KT A IR A AR A T8 A B iR
AR B30 i R L5 R AR TR A R AR TR A K Dy
AR AEIRJZ 80 H AT RO o = FETR YL 1Y Zub-
Marksheider 7 /& = v T & % i 5 & 1)) Manturovsky
il Razvedochninsky 20 (& 2) , 7K 2 22t #E K N K
o NRCE ERE SRS ()R 40~100 m)
F/b e B BTA A A T SR b 2 B e AR A
KE R ARG MR AR ER ALY 63*S (E AR =
v 5 Kharaelakh % 75 (K (9 (5 A0 . SZ PR I, Zub-
Marksheider {7 A& HE YR A BRAL I Y 84Sy.cor
{E 24 —0.7%0~3.9%o , “F- 34 247 0.40%o , 2 L1 1t 82 11 S [
PR FFE . X LG R, [ ALIR Y e 1E i &A= L
ZHTAR R A 0 B A A B [ A7 2R 2 A s e T R
BB I D R [R) 67 2% 2E UARR AT, 78 3 A b2 S 1] 3
TE A R AR TR G i B v A AT e 26 ) il 40722 (Arndt
et al., 2003; Li et al., 2003) .

Nizhny Talnakh {2 A& A RS AL 1R G4 4R Cu-
Ni# £1 ,0(Cu)Fl w(Ni)¥J 4 0.2% , Cr Fl PGE % & %
X o Nizhny Talnakh %) A A E A 5 5 09 5S40
I Sr [t {H (87Sr/%68r=0.7076~0.7086 ) il 17 f) ey, 1H
(exg=—5) o Naldrett % (1992) I\ A , 18 5 5 2% ] GE 43
SIAE R IRFR I b A T A6 B B b e ) o ) TR AR
LR A R D kA TERZMERMER. BT
5 B A7 B B £ 2 AE Talnakh 3 1 5 5 5 K %%
oA BRI T RERY ST . 34 Noril” sk B 5 {4
(1) eg TEARRT 25— CEAE 2 R+1), Bk Ak 2 7E
TR 2 Dy i 32 1 se o W b e My i i 4 (Arndt et
al., 2003), FH AR XE R RSO = A
DUVE Y =22 R, % TR s it LA A 28 G 2 (Li
et al., 2009¢; Ripley et al., 2003) . X F} i 4L /E H A2
il b B aA B i A AR AL I A 3 5, O
T PR 56 3K W B Cu N, X RS2 Nd 2 R X
RA TR 7 X Sl o R BRI

4 EHEEAEG Y ESLENI-Cu-
(PGE) #i e IR vhAE H

V- BRI AL R E S S T vk
IR F AR, 8 A B AP M Ni-Cu- (PGE) it /b
W IR iR AR 2, k% ik &) Pechen-
ga B - AL P B PR (Grinenko et al., 1991; Melezhik

et al., 1998) % K5 Komatite 7 A " IR (Bekker
et al., 2009 ) fil Voisey’s Bay #" & (Ripley et al., 1999;
2002). 3 [# Duluth Complex #i {1k ¥ 5™ IRk (Arcuri et
al., 1998; Ripley et al., 2007) .74 IF Uitkomst i J& (Li
et al., 2002) fl13H 5% J¢ V. Kabanga " JK (Maier et al.,
2011)5%, BREEREZAN, HoAth & itk [ A n A
2 AR BRI i 1 F L JE 1 Ni-Cu- (PGE) i /b 4
WIKPYE SRR . Bila AR A 005 22 80 fifk
YA 2 S AR RGN A RON R . (HAE K
HUUERBR AL 1 534S {EHE T 0%, 7 HL 834 T5 ¥ Xk LA
ARORNER M Z IR AR YL o SEBs b, S-S
WA A 19 534S B 122 i Hb i {1, b A REHEBR & B
i JZ [ 7E Ni-Cu-PGE Bt A 900 IR o™ H i 7 1 o
Bekker 47 A (2009) C ik B i I 22 S [7] 457 3% 75 ¥ (4n
§3S A1 838 ) ] A RCHh A A X HL JZ B AE Ni-Cu-
(PGE) WAL IR B4 H (1) TR

5 45 8

(1) RS> FE 1k -8 Pk 75 3K R A AL AN 1
Y, 3K A B AR E AR iR B 55 437 Ni-Cu-PGE
WAL IR o 7 TR BN AR E B K 7 Ni-Cu-PGE
WAL R OCHE , F h)2 R BRI .

(2) FRZ S BL R S o b DX R (14 S - R
IR TEENEE R —RAR S AT
MIZE R DU 2 R AR 7 R A K
PRI HROB R R R o A R IR TP R Ak
Yy SSHE 5, REEER-B R Bl 7 3K AE
R R T BRI R T ERZ L ER
T I D g R b 2 kA T TR A B A R
A TE F U A B R R B e R TR A )
1E 60%~50% 2Z [A]

(3) MAE 2 GE 0 £ (SO, ¥l 43¢ v
Fe> Ak W Fe¥* , B UGk %5, SO, A B ik JF A
S*, 5 Cu> N 4456 0 iU B b 55 o JE k-
ABIENE B 5 3K B AR R AR A i, 26
LN -E 5 PR Ni-Cu-PGE B /L1 IR
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