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Current research status and important issues of magmatic sulfide deposits
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Abstract

The ore-forming model in magma conduit proposed in 1990’ s was a new approach for study of the forma-
tion of magmatic sulfide deposits. However, there still exists controversy concerning ore-forming mechanism and
prospecting indicators. Since 2000, detailed studies of the formation of magmatic sulfide deposits in the magma
conduit systems have been focused on structural factors controlling the formation of magma conduit, mechanism
and factors governing input of external sulfur into the magma, thermodynamic conditions and dynamic mecha-
nism of sulfide immiscibility, movement and segregation, and regional prospecting indicators. These new studies
indicated that some insights based on equilibrium thermodynamics need to be modified corrected. The geological
and geochemical features of magmatic sulfide deposits are significantly affected by kinetic mechanism of sulfide
immiscibility as well as magma fluid dynamics. The mechanism of depletion of platinum-group elements in ba-
salts and its prospecting significance should be reevaluated.
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Fig. 1

Generalized model for the formation and localization of nickel sulfide deposits on the tectonically active margins of

thick (>150 km), spatially coherent lithospheric blocks (after Begg et al., 2010)

a. The junction position of two blocks of continental lithosphere; b. An intervening marginal basin between continental blocks

(D—Mantle plume impact and flow towards areas of thinner lithosphere; @—Decompression melting of plume at shallower levels; 3—Transfer of

melts into the (upper) crustal environment via active translithospheric faults and an interconnected intrusion (sills) network;

(4)—Variable interaction of melts with the crust
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Fig. 2 Model for structurally-controlled emplacement as exemplified by the Discovery Hill Dyke at Voisey's Bay

(after Saumur et al., 2015)

a. Vertical cross section of a dyke propagated through a preexisting fracture network; b. Thermo-mechanical erosion of dyke walls leading to

preferential widening of gently dipping sections; c. Sketch cross section of intrusive phases and mineralisation within the Discovery

Hill Dyke, Voisey's Bay
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Barnes %5 (2016) & W 7 1 70 0 HLA T 18 5
RIE A1 “Noril” sk 5”7 FER SR TE & 1) “Nebo-Ba-
bel 17, HLA M /bR Wi 1) “ Expo-Savannah %17 L &z
A5 R 55 7% T8 IR 1Y “Eagle/Kalatongke 17 . TG 16 Wk
FREA, GRALI b B 7 TS a R i ISR, Ud B
I R A DS - RE LG . B

RV PR AL A 2 R TP e T SR A R Y R
5 , e 8% T 47 b s B B AR ) D U T B T OB Y
bi/le" 8
32 mitwEIRE LIERMERER
TR Ak AR 1) %% B G K T RER 640K, B
LR HAT e MR RE R L 2 SR ¥ 7 1) R TR 4
#, R4 Hadamard-Rybczinsky 75 72 , b ¥ 5L ¥k 19
TR B B 5 FHE AR 197 5 LA R A s 1 5 e R &
IR Z B R 25 BOE L, iR S e AT R A G
(Bremond et al., 2001), A AL FLERHA , #8 5) DTN
NG PRI ARG . BT AR R E FE R
A1 5K 77 VB AH 2 R [ AH 4 005 B A5 ) 3 i 5 oAk
B BT A G R  FLAR Bl g 547 Dy 32 ik

PrERME R B PE o BT LA R ) B4 B 2 Rk
WL BRI RE T, DL R AL LR AE S 5 b i g 3R
47 R A AR K 2 5% . Bremond d’ Ars %%
(2001) 358 I s 2 JE Pk 5 K 1) b B I Bl R Ak 3]
0.1 m/s( £y 8640 m/K ) i A] LA 4235 1.0 cm (1)
T AL ALK , Ul BB A R A AL Y LR 1 R
RRKE.
Patten % (2012)& it T A LR AP LY
FLER MR AR, 45 F 02 FLER H AR 10~20 pm 1915 55%,
20~50 pm 1Y 15 38%,>50 pm A9 2 5 7%, i TEET
H XA LT B A SN REI AR AT BetE, iy
WAL FLER BOZACER T or s it B b 5 KA 3
T PR RIS 5t AL W FLER BT RS
JUE W A BE B AL ) FLER O BT R AR
/b fH Noril” sk 7 R e AR A1 v 044 B JE it Ak
BN MR T B IR RS, HERAN T
0.5~20 mm Z [i1] , #7452 % 2278 1k (Godel et al., 2013).
XS A 5 4 Ak ) FLIR R AR — A R,
Mungall (2015 R i Lemifb W) FLER =M 5 TR 1
LR A IR A I 58 88 Lok, AT &0
R U, S A R S ) )



H38% 444

KA - HEBACI B PRI FE BR B T R 22 ] 705

F 485 N HE AR E B A P 2L 3k 0 28 0T 1A I itk
A4 . Bremond d’ Ars 55(2001) Y5 R B, Qi
AR ) LR B B TR # 0.1 m/s, i B Ak ) L 2R
GRS €4 o) I 7N -3 = i 1 S/
I 7505 A T 46 2k 7 o, MRS A S R R BT ™ P 1Y
W RV 8 R A R SRR, PR b Ak P Lk 2R
HIFIRIE &2+ 43 WHERY o Godel 55 (2013) 1A K
Noril” sk & R A — &8 53 FLERSE AU Z 1 K 1, 11 75
— S0 A ) LR M 34 5] R - AR KB B o
Robertson 55(2016)X} 224~ 58 4 2547 SCH IR A it
AL FLER B 25 FRL AR 0 A0 AT T et o, &
LT ARARL AR B30 43 A FUHE 5 {H Noril " sk 55 5 X385
WA R R EA LA B A ) FLER R AR A0 4
O3 A R B 2 4B A FLBR R AR A 2R 40 A
s, XM AT LA BT A SR I R G T R Ak
b 2N E A IR S

Robertson 5 (2016) [ F 5% 32 B, Hii b 9y FLER/E
B 73 3% 35 #% 1o 7 P T AT RE B R EOS/NELER AN 2
AH R TE B R LTk 5 BV e i 1 i A S v, AR
AR BB A P ZLBR A DT AR R b, AT e A s/
1 FLER M T K B R A Bt A ) LR AE DURE L 72
rh et 2 PR A7 Rk R R SRR 0 RS2 e, AR A K
ESE AL RIOE o WA N OB 7 S S ) =3 =g
Pl i A 5 3 v B B A 2L 3k T 25 R T R
AR B/ ISR AN TR U 2L R IR i D A 2 SR 5 B Ak 4
FLERRYRE S S5

5 AR ORLAS [\, B384k P 2L R AR B 7 R s 5 i
PP 2 R AR A AE 2RI SR B A O B
AT BE A A & B ek R R A W O 45 S w55 R A2 08 o
I, B ALY G AT JEAS G TR A2 B
Z RN R 52, 58 4 0 T B AL W ALK W) iR B
A M IHAE - i AR rh o K RS B AT R AR %
RIXERY , H AT AR BE ARG , 1R 22 [n) A A 1 5 |
HEFAR T 2E AR I RS . 14N : BRig sh B 4h
IR TE 1) b TR RIS 3 95 SR A0 AR S e Y
Tt IR 5 AN [RLAR S A H U v 30 IR 329 ) i A
RSB 225, Z A A ZR 50, ey i g
Y FLER RS 12 B RN DLTE 5 anfal AR P8 0 4 1) 45
8 R 3 A R W Ak 40 13 A% FDTRRBIL A 4546
33 mimRErRE

T A LR SR A (0 45 SRR T iU A, %507 T
AT L IR TR AS B 0 A i 23 8] 43 A
H5WE R CRBERIERIEE. 2yl R

(R A, 32 2 A 7 RS R B 1R 5 5 R 1 IR 3
FUR M350 457 (L% 2 3 Noril” sk, F [ B 98 85 1 B 1L
ZR WU )I| 3 Eyr 45 | Tao et al., 2008; Song et al., 2008,
2013; Lightfoot et al., 2015; Barnes et al., 2016) i1k
RN AL (N SR g 8 v FN G i B H RS RS,
Song et al., 2009¢c; Zhang et al., 2009; Song et al.,
2016) | B Y 5% 25 kb BAR v 0y F AL Can i &R
Voisey’s Bay, Lightfoot et al., 2012) (& 2a~c) , X4t
T WA R W T 10 A A L ) S0 2 244 25 2 D e PR A1
BF, Bl 5 00 Ak 4 FLER B TR IR, R T
T Aok L 0 v 0 755 1 A L B PR R T
(Bremond d’ Ars et al. 2001; Robertson et al., 2016),

HR T3 Ak 0 LBk 19 DT 0 8K 1 i 5 O
A1 A SIS Y R A S A HERR, T HE S
R KT Aby) I8 B R A R R 1. &
T Y SIS R W B A s R T LA SR A (H
AN BETE TN A1 (Rose et al., 2001), X {d F540HE A R
ALY & AR, BT I RO A MOk i 2% S fh
TSI PR ARG 1) IR IR R 45 44 5 T 4 5 rh Ak
W) AR A UKL [B]TE WK ST. 19 B8 22 R 5345 (Mungall
et al., 2005; Barnes et al., 2008), R, JE hl 248 B
ARE™ A BIHLT T A o054 S X WG s it A W I
PRTT DAV BONE A 0RL 3 2% ) 835, (HAE X FE RS
IBERR Z 8], G A0 e A an e 5 J D A )k I R 0
A 110 4 T 5K 7 30 AR M BR AR %) . — Fh 0T BE (A HIL
&, VIV A ) D R AT, A L R N RE TR
YT Gy DUVE | 1B R AR R i A W e AR T2
mn I LR 4

4 A IR E X

Hb BT 2 AR A o, RS BRI 2 2 4 B B
FABARE /I, SR BUE T BRI BRAEIA
B 2 1 N R . TEA R AL IR
WEFEH, R R CRE R 8.6 7R 5 L A6 0 94 1 14 Jo &
PO BT o OB S TR B R BR AL ) 5 AR TR
oA KRB T AL Y B EE A (Campbell et
al,, 1979)c XA AL T2 LI A B, B AES)
Jrof AR SRR R AR T A s i RO
55 BARE RER ALY 25 2 AR AR i i e
] RO T AR A o 4K, LR AEREMR £h
Fes A Tl FBCE PR o B A P o R AR A R
SR YSEA , LA KOO BRAR S S BR AR 27 AT 14 52 o T
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IRAZ BN E A, X LL A0 B 4B A5 TEAERT LAAE Y
— S 1 DRURITHR AT A i A I TR Bl i
4.1 WUYAIHUFEHHZEAR

Cu . Ni . PGE AU EA A [a] 19 Bt Ak 1) 165 5 /1 1R
ERIE IR A3 T B, T FLAE RE R 5 2K v B AN TR Y
P & % (Williams et al., 1999; Toplis et al., 1995;
Mungall, 2002), 48k 5T % 252 1 Os Fll Ru B9
ZHCH 6.4x107° cm?/s, 76/ T Pt Pd . Rh  Ir [ 8L &R
B (1.3x107~1.5%x1077 cm?/s) , Ni 94" HL R H (1.1x
107 em?/s)/N T Cu f4 HE R £ (5.4x107° cm?/s ) (Top-
lis et al., 1995), HI T9 HURBOY BRI , 7B wifk
YLk B 2T B 4 Jm JT 3R Mk BE R R, S )
WAL Y FLER X & JE ST R R, X F S5 AL s
I IRE TR ER A7 S o TiE 22 H0OMH 3 19 2 R 2 4 JT R
5 FERR BRI VR IR A 1 T R RE A T L
HEABR A FLER , DT FL A P 7E B AL D s 1R 5
B R R 5 2% 22 () 11 T 2k B B0 2 P 5 i i R
BENWTTER ARG I R rh 5 B A 4 B ()
A eIk 2 HOP vk B . R, ) F B AR R
PR BR TR I AR R HFEERS T
FEUNYICE W — DA AR TR AR 2
R H AT DAAH 22 & 3k 5 420 9 (Mungall, 2002), fx
TR R, AL R &R TR 52 1
4, 40 Mungall(2002)7A 24 I K F] . Munni Munni
JE MR AR B2 67 A [7] PGE 943 5 2 B 13T i &R
Bz S SR, AL R AR B 1 o B 4
i, S A T AR A 2 i T A TP SRR AR AR T R
WA, S FECRFTR TR R B 12
S, QAT S ) A B I 2 J5 I 2R 5 ) R A5 4y
HIEL,

MR AL IR B 1) s — Ak 2Esh J1 2 I
FREA B FLER R A2 80N, H R I AREOR
AT A m TR, R, fEa AL e B s
FEFURTE OL S A ZLER BN oA 38 20, 3k
FI Iy -l 1) BB (Mungall, 2002), K &4k
SRR 25 PO SR FU B B4 P 0 S ok AR R
TR B AL A A FLER 52 T H#4T)
SOV, OANE B B SRR SR R R A
AW A R, SRRSO BN B B . DOVE AR
B R R AL G AR A AN R 4 5 AR
A BIBRASR N ) 25 2% & A IO, N Cu I PGE %7
AR TR IR . QR AR AR RS 2
TE Wi it , (5 A5 A A 1 L ER 0 2 5 78 40 b 5 3

N, A R F By h 4 R T 2 & i TR (R
PLIK By 25, P, RS 58 A A 2K R
S B AL W 4 Jm O R ST R G AR
(Wang et al., 2006) , {HiX 1 7232 B FE G AL P75 1k
ARAS B ACE N B S AR 8l 1 2R A RV B ]
G RN, XA AR Z 8 R HeR
W41, 100% B fb P 48 T R S AR IR Yok e A
iR (Song et al., 2008;2009).
42 XREPGESTHIMKT EXRBREX

VORI 2 R 2 Nd 20758 201 PGE = #1k
AR5 Noril” sk-Talnakh & R 14 JE B2 A7 B R R &R
(Naldrett et al., 1992; Lightfoot et al., 2005), Song %5
(2006; 2009b) TA A U 1| 3 EL Hb X AZ M EEAT IR AT A%
ST X E 1 X B T B A 1Y PGE
L, L RE R ZH PGE 7 Mgl IR T
T A 2 R 43 s T A S50, AT DUVE AR 4T
()5 S AL ) B 0 AR i . SR, Arndt 55
(2003)WF 5 K, Nd 2L Z A 19 Os [Al i R 4 S
Noril’ sk-Talnakh & #4 I A—Z, BB Nd Z 07 1Y
PGE 7 #t JF- A~ J& Noril’ sk-Talnakh " J& (1) 55 4k 9 1
B R R T 5 — A s B A

Ty — 7 ANRTET R, TP SR B BR L A
AW ARG L REAHR G E AN e Ik S
B ANARLRD A 25 2 2R S AT BE IR AS 74y, AR X
KA PGE 5 i Al REIF AN TR Z o 3 WG 7 G SRR 4R
PGE A 7#iM X am &b, BN 20755 77 B PGE L
B AR T S AE A R A — 5 A ] (Song et
al., 2009b). SPI{AF] Z R A Nd JZ 5851 PGE 77
POARIR], A M0 b X i 1L A B PGE (175 i1
TR 2SR K (Song et al., 2006), A] GE & X i A3 18
S E SR B i S A LR A A N TR R B P
BRI

5 A REALYIT IR IT a1 i o
1 EH R ] Al

20 20 80 AR AR, “7 3 1l 1k X H 2 8y Noril”
sk-Talnakh B BV 840G T2 A7 RIS AR BN S
JH TE BT E S RO #E T IR AT S I A
Yyl Ve A AR A R A TA R IR S s = 17
K Voisey’ s Bay # KEVH B0 IR A A TAE, X
SO T AR AR RRE B L R ST AE MR Ak 2 i 5 3
fili L. R FEEAE R EIR, A
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BRSBTS I LA ff ke, 32 B4 455 -
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IR EIE R G R T
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(4) & 115 v Tl o A i WA B B A R T K
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2 Bk AL 2E M Bk Y B A 45 222 B BRI &
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