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Abstract

The Taoke Cu-Ni sulfide deposit, one of the two recently discovered Cu-Ni deposits in Shandong Province,
is also one of the earliest exploited deposits in China and probably the oldest Cu-Ni deposit in China. The ore-
forming intrusion is mainly composed of olivine gabbronorite, altered gabbronorite, altered gabbro and amphibo-

lite, and the mainly minerals consist of chrysolite, bronzite, pyroxene, hornblende and plagioclase (including
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bytownite, andesine and labrador), with chloritization, saussuritization and uralitization occurring in the rocks.

Chalcopyrite + pentlandite + pyrrhotine is the typical ore mineral assemblage of the magmatic Cu-Ni sulfide de-

posit. The mineral microstructure features and calculated crystallization temperature of the silicate minerals

(about 1421°C for olivine and between 1030°C to 1230°C for pyroxenes) suggest that the two mineral phases

could coexist in the magma. A large quantity of pentlandite was altered to millerite, the bornite is distributed at

the edge of the chalcopyrite, and the Co/Ni ratios of the pyrite are relatively high (from 0.1 to 12.9, averagely

4.1). These characteristics show that there existed strong hydrothermal alteration in the later magma process of

the Taoke Cu-Ni sulfide deposit.

Key words: geochemistry, mineralogical characteristics, metallogenic genesis, Cu-Ni sulfide deposit,
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1—Exposed Paleoproterozoic volcanic-sedimentary unit in the Paleoproterozoic orogens: 2—Exposed Paleoproterozoic sedimentary unit in the Paleo-

proterozoic orogens: 3—Eastern and Western ( Yinshan and Ordos? Blocks: 4—Hidden basement in the Paleoproterozoic orogens: 5S—Exposed Ar-

chaean basement in the Paleoproterozoic orogens: 6—Major fault
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Table 2 Electron microprobe analyses of the sulfides from the Taoke deposit{ w(B)/%)

R LY M Se S Pb Te Fe Co Cu Ni A
TKK1 g3 2 0.01 53.13 0.09 0.01 46.36 0.20 0.02 0.14 99.96
TKK3 WY 5 0.01 53.38 0.06 0.01 46.22 0.34 0.03 0.21 100.26
TKKS A 4 0.05 53.08 0.06 0.01 45.75 0.74 0.01 0.18 99.88
TKK4 HUA 4 0.01 53.39 0.04 0.01 46.32 0.25 0.07 0.08 100.17
TKK9 g3 3 0.02 53.66 0.07 0.01 46.43 0.25 0.01 0.08 100.52
TKK6 WY 3 0.03 53.35 0.09 0.01 46.32 0.21 0.04 0.15 100.20
TKK10 g3 3 0.01 53.51 0.05 0.01 46.28 0.35 0.01 0.07 100.29
TKK14 R 1 0.03 53.31 0.11 0.04 46.93 0.23 0 0.04 100. 68
TKK15 HUA 5 0.02 52.99 0.07 0 46.52 0.22 0 0.08 99.91
TKK1 ARG 3 0.02 34.61 0.06 0 30.62 0.05 34.43 0 99.78
TKK3 ARG 4 0.01 34.38 0.04 0.01 30.41 0.03 34.59 0 99.47
TKKS AR 5 0.03 34.57 0.06 0 30.47 0.03 34.49 0.03 99.66
TKK4 ARG 5 0.02 34.97 0.05 0.02 30.56 0.05 34.44 0 100.10
TKK9 ARG 3 0.01 35.10 0.04 0.01 30.27 0.06 34.76 0 100.24
TKK6 ARG 1 0.01 34.82 0.01 0 30.13 0.02 34.32 0 99.31
TKK10 HAHT 3 0.01 34.72 0.609 0 30.24 0.04 34.57 0 99.66
TKK14 AR g 0.02 34.83 0.06 0.01 30.43 0.05 34.80 0.05 100.24
TKK15 HAA 5 0.01 34.32 0.09 0.01 30.46 0.04 34.66 0 99.58
TKK1 R 1 0.13 35.42 0.03 0.22 0.68 0.01 0.09 63.73 100.28
TKKS8 EARE 9 0.11 34.99 0.04 0.19 1.43 0.05 0.19 62.58 99.57
TKK9 AR 3 0.12 35.42 0.05 0.2 0.62 0 0.10 63.2 99.80
TKKG6 R 2 0.08 35.92 0 0.23 0.62 0 0.07 62.78 99.71
TKK10 R 4 0.07 35.70 0.05 0.22 0.66 0.01 0.11 62.79 99.62
TKK14 EARE 2 0.15 35.49 0.11 0.25 0.61 0.10 0.15 62.81 99.65
TKK15 R 8 0.12 34.56 0.08 1.44 0.46 0.28 0.10 62.69 99.73
TKK3 REERA 3 0.04 33.25 0.15 0.11 31.92 0.06 0.02 34.15 99.70
TKK14 BEARE 3 0 26.11 0.03 0 5.98 0.04 66.43 0.72 99.31
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Fig. 6 Co versus Ni diagram of the pyrite from the Tacke
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et al.,» 2008)
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Few(Te) A 0.19% ~1.44%, BT T w(Te) R
0.11%;; 5425 1 w(Cw 4 0.07% ~0.19% , 8 3
T w(Te ) 0.02% : BRET RN 15 52 HUR AR TE plo Bt
BTG, BT Ni TR EELZI SeTeCu tH#BAH

IR KRS (TK-7), e B &
Ao s ¥ AN 5 S R, BIASORE A A BT A i R A
WAL WRAEWE A S0 W i R P, Ul AR 1 A R
R LI R R 53 Ak, R R B B AL A B
B i, JLF AR AR B BN A S A 2
] AR A A, U] R L S & il —
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S0,

B8 BRI IR 5 HARBR b IoC &
a. WERY HELKD R 5EGD, BB NRERD R RAEMEEE, SHERY A b SR ERET AL o HEPS
mET EERET RN B ES: 4 HRY TAERET 2SR, BRZRKRKREN
Opx— R 1EA: PI—AHA: Py— 8T : Cpoy—ED : Po— BT . PR WET: M489
Fig. 8 The relationship between millerite and other sulfides
a. Pentlandite, pyrrhotite. chalcopyrite and pytites the euhedral pyrite exhibiting no hydrothermal alteration and coexistent with pyrrhotite; b. the
millerite distributed at the edge of the chalcopyrites ¢. Millerite and chalcopyrite enclosing the early formed pyrites d. Millerite replaceing chalcopy-
rite and forming replacement remnant texture

Opx—Orthopyroxene, Pl—Plagioclase; Py—Pyrite: Cpy—Chaleopyrites Po—Pyrrhotite; Pn—Pentlandite; Mil—Millerite
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Table 3 The crystal temperature of olivine

FR RS 4 X Xre Xz, Xz, TR IR /C
1 TK7-1 6 0.7704 0.2296 0.77 0.23 1420.84
2 TK7-2 8 0.7692 0.2308 0.77 0.23 1421.03
3 TK7-3 11 0.7562 0.2438 0.76 0.24 1420.74
4 TK7-4 11 0.7820 0.2180 0.78 0.22 1420.97
5 TK7-5 7 0.7733 0.2267 0.77 0.23 1420.95

TE: MU 2 R IEE T EAREBEMIT981): ¢ =(11.253 — In{ X5,/ X5, )/ Xpge/ X)) X 10*/66. 388

B I 1] B 495 V18 BT LARORE A 1) 45 il P B

N, 21 1421C R 3D,

REELR TR, EBMITGRHK LR R 3 42 WEESEREEENTEEREE
AT ULt RO 0 4 o L PR v T L AR T AR [ﬁfﬁ%frﬁﬂv’?ﬁﬁ’]maa,%éﬁﬂfﬁfﬁ%?ﬁ%,i—'liu‘%)%f
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Table 4 The crystal temperature of bronzite

M A WA g5 iE
5 FEMYRS PR
RS R e wN% BT
1 TK7-1 2 0.16 0.03 1142.58
2 TK7-3 1 0.17 0.02 1222.90
3 TK7-4 3 0.18 0.05 1037.69
4 TK7-5 3 0.18 0.05 1032.68
Fxs5 ZEEANERERE
Table 5 The crystal temperature of clinopyroxene
. , N Ca/(Ca+Mg &5dhill
FEE RS RS W T
+ Fe) E/C
1 TK7-1 1 L uhva 39.09 1194.77
2 TK7-2 3 W m A 37.75 1230.99
3 TK7-4 3 e 3m A 39.66 1179.19
4 TK7-5 1 LSt 39.27 1189.79

Bie 2 MR A 5 ot B A ) P H8ET 4 R I, o i
AR TR 25 i, B G R R B N AR A
R AR A TR 43 T ) TR R R T B I I )
WP W HE AKX InKd= —16.8/1.987T X
1073+ 7.65, o Kd o Ni 5B A A 4 8 A 1)
IHCRE. VAR CR 4O RO A 5 A
AR P PR B S RS 1223 ~ 1033°C , 1t 3 A
AT LA MO A1 &5 i 1 PR R, T] IS A, a3 B o
T TT 4 45 A (1 B R 1220°C 24
4.3 BEREANSEREE

XS A S5 (1987 )18 I AU HE 45 7113 H I ME A T
WL T FE R, ¢ =2258.55 —27.217(Ca/(Ca+
Mg+ Fe)) X 100% » 15 H A DX 5 R0 05 A 11 45 i it
JEZR 5, FURDEEAT R 45 il o 1231~ 1179C -

M3 4 F13 5 nT LA W ANG 2 B 7 A ik 2
FRDREAT, T AT IR 4 il YO R ROR, SR £
ST M R DL s OF B RV A S R
WA 4 il S A S, W AR, T CAZERR R A A
H R DL R 2 Mo A LA T A S, XS S bR
TEA AT T CREIONE IR KRR A LRI 1 2 Fhov 47 4k
A AR

5 BRI GT
RS AL A PR S T S T R A

S B A K, IF L THR AL 2 e e il — B
WA B R 2R PR R 45 IR S8 AN K, Ja

SR 3 ARIBORT ™ A P S0 A B AT 2R (5 KU
8F,2005; 253K 20070 AR, G AE FH A A £ 4
I IR 3 K 2, FEX B 76 28 CRE I Cu) B AT
B0 AE s & N IR rh IR B BRCIR Cu
s AT JCE PP BT AT 34 5 B A R DDA O
CAYALAE, 19955 = AR, 20090, A A A AE H
/04 2 W (Ripley et al.» 2005); 727K WA IR HL AR
WA Cu-PGE JTHR & £ 5, 2014) W dv il 7o
WK & W0 0 )& PGE A A7 BEAS WA IR i
FUI LA AR DL R A AR 4 A8 4 JCTR A 38 A (22
BTG5, 20100 FIREW IR SR A A PGE 1 & 4
CBE A 25, 2009 258 5 1F #0 1T fig A2 HOBAE AT Cus
PGE Mt —SAE0 A s S 4 R o 0 74 i 45
BRAGIN PR T O™ TG 35 (R 35 AL S A 9 o 1 s
PUUE A 02 I B AR A B oh BB RME A, 1
AR, AR B AL AT IR T I PG AR B SR B 52 31 R
MR T . 5 JE B BT B A, 15 J5 I HGRAE
R AR A e A 5 A NG R G, )
JER B R EAT 8 0 S0, (ER AL it — 20w %
B AR BB AE X Cus PGE Ass Tes Sh- Bi %570
IS RE ) R K.

BRBEA A 32 22 B AIONME 1 75 K o Tl A K
Koom VMR A A AL B 220, A IR P 4l
AR + ROTREAT + BRI AT + M+ K
1 IR L B TUCE KA A G 0 A ) 3L R
AR + AR + BG4, O Y
R B AR AL AT IR I W AL s DL R RRAE R B

HE, e R BT H3R, RAE T 5m Z R
AR, i Z 1R 2R e A A BN B A A £T I AR LA
P AR R, e 4 LT WA B S AT P 4
ANEE S L2 O v v i AL 380358 43 508 8 1) 25 A FF
o WX FEEMI S A A M, A TR
MR RE A IR A o W BT B B S5 AR
VI I, 2 B R S A HORAE A A s B
AR BT CHE 700 LAt e B 22 A%
B (B 8D SFRFAIE, R A 7L T SO B b R A T
PUAEAANE o B Co/Ni HEAE (0.1 ~12.9,
PR 4 D ECE, B 6 ORE R TR T
Sossego kAL W) B G0 K B I ( Monteiro et al.
2008, 1 A7 /b 5 43 Ff i V& A8 25 % BB BT IR 1) v
Bl 5 7R Bk AR RAE T B2 )G ] Re 18 52 7 #e A H
B NSO 7637 58 7 1L, B G R 0 0 o e R
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LA R A B A L B BT 1Y LSS, 20145 5 (L5,
2005 XIE=E45 2013), ‘EATT R A H W g B AE H 1)
FE) e L ZRBRRHT R T RE A SRR T b (1) & i
WAL R LA 5 B BT AL e, 78 Hh 52
TR R AR R B ) BOR ARAE HY, R T A
B BT T B, T D2 IR N 1% T R
RIS A

5 4F

(1) BRRE A = B H RO W T A o AR
KA MK A AN A ARG 8 )0 5t
MiAT i A A A N AR K AT, A
RAERZI SRR A BN T A SN A AL

() F RGBT ) AR A W7 A - WA
+ AR + BT > REERT + B R >
W + A + B + Lk (A b
s EFET A BEAGT I A% O A IR S HGRAE
.

(3) BEREA BN A T 4h &5 o IR 2 R A 7
1421°C 22 A7, ol 4 5 A 042 38 W A 1 &5 O 8 7
1030~ 1230°C Z I8, PR P74 A b ] DAL A

(4) EAT S )2 R AR WA BRI IR b 5
J4 5 RG], 7 5 B 52 1 5 AN I AR S N S A

A& ASCHERAN AR A3 2 T A M R
FHAETURE T 27 0 e 1 2 RS 1 1) 524 B 2865 s
AT REE 3 MO R b 45 2 7 o OB 2 B
B BEUEIETT BT R I 5 R AT 5T 03 (0 3 By P A4 R
TR TARF L B SOE W AR IR AR
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