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Abstract: The mineralized complex which host Zhubu medium-sized Cu-Ni-PGE deposit 1s a mafic-ultramafic
intrusion, intruded the schists and granitic-gneisses of Yuanmou Group. This intrusion 1s vertically well
differentiated with peridotite, olivine pyroxenite, pyroxenite and gabbros from bottom to the top. The ore bodies
are mainly composed of “edge ores”, a few “suspended ores” which occur as lenses located at the upper part. This
paper provided new test results on major elements, trace elements, platinum-group elements (PGE) and Sr-Nd
isotopes for some rocks and ores in the intrusion. The major and REE elements of the rocks show a tholeiitic
evolution trend. The samples enrich in LREE and indicate a marked and weak negative anomalies for Sr and Nb,
respectively. The patterns of REE and trace elements are similar to those of picrites in Emeishan Large Igneous
Province (ELIP), suggesting a genetic link between the Zhubu intrusion and picrites in ELIP. Primitive mantle

normalized chalcophiles elements patterns of the Zhubu sulfide ores show enrichments in Pt and Pd compared to
other elements. The higher (*’Sr/*°Sr); (0.7096~0.7107) and the lower endiy (3.1~ —=2.3) show Zhubu magma
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experienced variable degree of crustal contamination. The inversion of magma evolution show that the primary

magma 1s

a picritic melt. By estimation, the magma experienced 3%~20% crustal contamination. When the R

factor (the mass ratio between silicate magma and sulfide liquid) fall into the range of 1000 to 5000, it is close to

the actual measured value of the sulfide in Zhubu samples, indicate that it maybe a magma conduit in an open

system. Successive pulses of new magma passing through the conduit and upgraded the previously segregated

sulfide in PGE by a multistage upgrading process. The mineral cumulus and magma evolution also exit in the

chamber, formed peridotite at the bottom and gabbros on the top, respectively, with pyroxenite and olivine-

pyroxenite in between.

Key words: magmatic sulfide deposits; Emeishan Large Igneous Province; mafic-ultramafic rocks; Zhubu
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Table 1 Major element (%) and trace element (ug/g) concentrations of the Zhubu intrusion

NBS987 ¥Sr/%°Sr = 0.710221+0.000013; LA ""Nd/"*Nd =
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RmEnia. HiEsFBERaEHENES AL
3, tﬁt%%%%&s“zjc, TSEEA 5.17%~ 8.85%:
BRI ITERIZRTRARERIFR 1. MK 1H
UEH, SEETEXZEETHLRAE, Si0, A
42.06%~51.67%, MgO A 5.14%~32.11%, ALO5/TiO, A

HEms Z5 73 P4-2 KT31-15 P4U2 Z1 V2 V3-6 P4U1 P4-1
2 ke HMmeE §FENEs EES EAE EAE ERKe BeEKs 7hEeREks BKs
SiO, 42.06 42.39 43.11 48.24 50.91 50.59 46.72 51.67 43.70 43.42
TiO, 1.34 1.43 1.09 0.85 2.40 1.61 3.90 1.97 6.09 5.71
ALO; 2.62 3.04 3.64 2.35 6.79 5.26 14.49 7.25 9.83 14.02
Fe,0; 14.97 15.63 15.66 11.52 11.73 10.14 15.72 9.83 20.53 23.18
MnO 0.16 0.16 0.10 0.13 0.18 0.17 0.18 0.17 0.23 0.20
MgO 32.11 30.30 31.28 24.58 13.93 16.01 5.14 13.7 7.41 5.94
CaO 4.45 4.76 3.40 11.10 13.19 14.82 10.16 12.96 8.83 4.04
Na,O 0.41 0.42 0.23 0.40 1.18 0.91 2.27 1.63 1.71 1.61
K,O 0.35 0.39 0.12 0.08 0.81 0.70 1.40 0.52 1.60 1.13
P,Os 0.08 0.09 0.10 0.05 0.16 0.12 0.25 0.16 0.23 0.51
LOI 6.31 8.57 8.85 5.17 2.98 1.95 1.85 2.81 1.92 1.73
Total 98.53 98.61 98.74 99.31 101.26 100.34 100.24 99.85 100.17 99.77
Mg” 85 83 84 85 76 80 46 78 48 40

Ni 1254 1129 1738 939 323 324 16.4 247 1857 17.9
Cu 219 208 775 154 76.9 283 43.3 293 695 29.8
Cr 3934 3611 3301 3428 1385 1462 27.0 1217 3061 1.30
Rb 11.2 11.1 7.70 2.48 31.8 25.4 61.8 18.5 8.94 67.4
Ba 95.5 85.0 74.0 168 245 167 376 289 35.6 417
Sr 79.2 81.6 13.9 64.4 254 177 699 342 14.5 329
Y 6.35 7.66 8.88 7.40 20.0 16.0 25.7 21.0 6.60 24.8
Zr 63.8 82.8 90.3 38.4 166 95.8 236 161 57.0 101
Hf 1.73 2.16 2.37 1.14 4.76 2.89 6.47 4.53 1.43 3.62
Nb 7.50 8.59 9.63 3.93 16.9 10.7 25.8 17.9 8.69 33.9
Ta 0.54 0.59 0.63 0.29 1.28 0.69 1.81 1.18 0.57 2.60
Th 1.31 1.64 2.06 0.86 3.62 2.23 5.59 4.30 1.91 4.54
U 0.27 0.36 0.53 0.23 0.89 0.51 1.31 0.93 0.47 0.96
La 7.45 10.4 9.87 3.83 22.4 16.1 33.1 26.2 14.5 29.7
Ce 18.9 24.2 22.5 11.9 51.4 38.6 77.6 59.0 29.7 71.6
Pr 2.53 3.11 3.12 1.89 6.94 5.09 10.0 7.98 3.81 9.40
Nd 11.6 13.4 13.3 9.42 30.0 23.7 44.8 34.9 14.9 41.4
Sm 2.44 2.66 3.18 2.35 6.47 4.66 9.45 7.25 2.96 8.57
Eu 0.87 0.77 0.44 0.58 1.92 1.49 2.72 2.19 0.41 2.54
Gd 2.27 2.30 3.05 2.50 6.28 4.92 8.77 7.00 2.64 8.02
Tb 0.27 0.33 0.38 0.32 0.85 0.62 1.10 0.96 0.30 1.08
Dy 1.41 1.69 2.03 1.65 4.30 3.56 5.84 5.10 1.49 5.55
Ho 0.25 0.28 0.32 0.30 0.80 0.56 1.08 0.89 0.27 1.02
Er 0.59 0.87 0.92 0.74 2.05 1.58 2.69 2.25 0.71 2.55
Tm 0.09 0.10 0.10 0.09 0.26 0.14 0.33 0.29 0.09 0.31
Yb 0.54 0.73 0.86 0.57 1.58 1.18 2.09 1.78 0.51 1.91
Lu 0.06 0.09 0.10 0.07 0.23 0.20 0.27 0.24 0.07 0.25

MA Yan-sheng et al.: Geochemical characteristics and genesis of the Zhubu mafic-ultramafic intrusion



3

364

Wt? 2012 4

1.61~3.72, Mg"EH 40~85, R SR AN TIESE
. MgO/FeO = 0.37~3.10, E¥4{H 1.92, BikE-EikR
BOsEsk- B iRk s, € Harker (B 2) L, fEE MO
EEMIEE, ALOs. Na,O. K,O fHRZ I /]s; TiO, F0
Fe,Ox( B EEXTHEBLANER, EERKEHPER
LN PTEL SIO, T AEMRE, 1B CaO EXtLFA
ETHEMNEYE 2RI A EEHLTEEA
(CazoMgysFe)ZBRK, LEEKEMEHEE ESE Ca0
EERHM., Cr 5 M0 EFENEHEEER, RTHPEKH
HFEARARHERNT Y., & TAS E#Eh, 7
UEHATEAEREARETFRHZRERZY(E 3),
42 HBITEWRETE
rhEg-BERaERREFLEUNBLTE
KA PR AR ELIERNIFIE, HETERMAM. 5
FHMZEENHISTEETHEMLY, BHRLEE,
(La/Yb)y = 4.79~20.27, MIEKF2IER S, B2

nE., MISERHER BRENEGERIG

53R Eu IR E, #MnaRIAEEN Eu ERE, M
HIRRMHMAER Eu IRE, 7%, mAEELRN
H5IKE LK AR EE EEE O L TRk
FL PR A B R TUVIFIE(E 4),

oK 0 &= 78 B i 2 oo 3 R 1A 08 45 A L B 2%
(Bl 5)RATEH, Rb. Bafl SrtbEt Tt EZTHIEEE
A, XRAGESHEIERENRFINEER X,
FMEEmBAENFBARE, kAMKEIRS5TE

RILE, aRLEZV FEFERER Sr RE,
ARESHKANTHER, —E5 K0T (KREFE
Ti MAZEERE, cMHAERERIBRKT NS E
EEIERE. NBFLE, RMaFiERRI LS
TEETEHREESR, X< RE A REIAME~EED
DIERE, BH—ELHINEER, BAEETERE
EETFHEMAERY, MXEEEBRFHEETRNE
RedEHMsRECNERULERTRERT RS
=%, B, REEMERIES ELIP FE#HEH
SILEIHFE, IRBAME i8] A se 7 A B EBIEX &

\J\

10

i 7k 2R 4|

Na,O+K,0 (%)

3 RMEEHR-BEBRKE TAS B
Fig.3 TAS diagram for the Zhubu mafic-ultramafic rocks
R ORRARMEm; ~BERES| B XE[27],

<> represents Zhubu samples; + represents data from reference [27].

1000

—o— Ml

100 F

Ff h/ER B i A

10

R

VE 41 5

—— W

I 1 | . | L L A i 1 I
lLa Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
4 KRpeEKRHmARELHELTRERSHERN

Fig.4 Chondrite-normalized REE distribution patterns for the Zhubu intrusion
ReEXERTEELXRKResaE5#8a, 8ES] BXE[28], 3XHLpRA HHES] B XHR[29],

The gray areas show picrites in ELIP (from reference [28]), chondrite values from reference [29].

Geochimica || Vol. 41 | No. 4 | pp. 359~370 | July, 2012



% 4 4 DM SlkhiEsk- Bk E R IRk 245 B 5B HL IR IR i+ 365
BHZZNERSGT PEET IPGE §8%P &K

4.3 Cu. Ni. PGE ZBEX

ER2, WA TEZMUHKRITTEHMNE, Cu. Ni

Ak, EHERTZIREL S HBER LE(E

6)F IAF H,

LXK B Pd/Ir LE{E,

4.4 Sr-Nd F{ii=

KmEERHSHHERAZSRIAN, ¥ AERP PGE 2% 35 ¥ T kSRS Rb-Sr F1 Sm-Nd FE I =4
HEWF Cu. NiSE, REMTEEMSHEN, —& K REFHEAFER 260 Ma TE, B2I('Sr/Sr);
HRENARUMERS, XTESESHRSME  MCYNG N, BTHSEE S 34 0.7096~0.7107 F
HTEREL Y Pd 5 Ir EMETE R 0.5121~0.5122, ena()H-3.06~ —2.27, AT
FREBERANMTE, HvETENHAKTENE HBAs, BEBRE, aOBWERER 3). &
Y REBE, BEEEMREEN, AF2 TR, £ enva® — 'S8, %ﬁq:(z T, KGERBEER

maERrERESAH Pd

LEEMNREZR, H

BT FEil

. WA 87Sr/86Sr LLERE S F

k=

SERSSEKS, PUIr LHEZRHIE A, B “WERI"SANHENILE XAREHETITES
RHERTENBRZNER, E5ER 8B Rb M SrAESNESEND. KRBERE e B E

Cu-Ni-PGE ﬁﬁr‘[”]ffﬁ b, RAEEE PA/Ir LL{EIE R

5ifE L KEGEiRARSHEY

, B35 *'Sr/*°Sr tb

=3} —
IR, XARREASREITHELEREER, EHESTREWET).
1000
I LV WA a W
100 A
ter AS¥—o B S T
& , fos g N e == AN RN N
o F N 1, 1 P S i
:E ¥ i) ’}Hf_"j':..:f - o P .‘bq“——q‘{_f? ."_:: -_E — ﬁ-‘- N
Hlfg--“ 2o rs ‘* i
R — e
| e
"" l ] | 1 l ] | L ] | | 1 l I" | L l | | | ]
Rb Ba Th U Nb Ta La Ce Pr Sr Nd Zr Hf Sm Ti Dy Y Ho Yb Lu
Bl 5 RAEHFEHSK-BESREHETERRIE ISR L %KM E
Fig.5 Primitive mantle normalized trace element patterns for the Zhubu intrusion
ke XEERRIEE LK KR a8 5HE (5] BXB[28]), Rigmig&IES] B Xr[29].
The gray areas show picrites in ELIP (from reference [28]), primitive mantle values from reference [29].
R2 RHEEHFPFEZRBESAKT AR Cu. Ni(ng/g). PGE (ng/g)ZHRK
Table 2 Cu, Ni (ug/g) and PGE (ng/g) for the rocks and ores of the Zhubu intrusion
HmsS Z5 KT31-15 P4U2 P4-1 P4-2 P4U1
2 it a HE = EAE ERKa R E) U iRREeERKs)
Ni 1254 939 323 17.9 1738 1857
Os 2.79 0.81 0.63 0.06 15.3 17.4
Ir 1.68 0.44 0.24 0.08 23.9 37.8
Ru 4.37 0.24 0.45 0.34 12.0 16.3
Rh 0.57 0.21 0.05 0.03 11.9 17.8
Pt 17.6 6.27 0.92 0.47 658 970
Pd 7.06 5.61 2.19 1.21 376 505
Cu 219 154 76.9 29.8 775 695
Ni/Cu 5.73 6.10 4.20 0.60 2.24 2.67
Pd/Ir 4.20 12.75 9.13 15.13 15.73 13.36
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Table 3 Rb-Sr and Sm-Nd isotopic compositions of the Zhubu intrusion

=R S Z5 P4U2 V3-6 V2 P4-1
= k=t EAE tEikE tEkE 1EKE
Rb (ng/g) 30.83 30.05 16.17 57.46 32.09
Sr (ng/g) 374.10 268.40 312.00 673.90 135.50
*’"Rb/*Sr 0.2371 0.3224 0.1493 0.2455 0.6824
*7Sr/*°Sr 0.710776 0.711394 0.711244 0.710499 0.713265
26 0.000010 0.000011 0.000011 0.000010 0.000012
(*’Sr/*°Sr); 0.709899 0.710201 0.710692 0.709591 0.710741
Sm (nug/g) 3.60 8.61 7.94 9.35 9.23
Nd (ug/g) 20.05 35.25 36.03 4438 43.71
“TSm/'**Nd 0.1087 0.1479 0.1334 0.1275 0.1279
"Nd/Nd 0.512331 0.512416 0.512414 0.512393 0.512394
26 0.000015 0.000011 0.000011 0.000011 0.000011
("PNd/"Nd); 0.512146 0.512162 0.512185 0.512175 0.512175
end(?) ~3.06 -2.71 227 —2.47 —2.46

iE: ena(D)ITE A ¢ BL 260 Ma,
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Data sources: A this paper; A\ from reference [23].
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Fig.8 (Th/Yb)pm versus (Nb/Th)py diagram showing the degree of crustal contamination of the Zhubu rocks (from reference [18])
N-MORB #1 OIB #{E#z XX #A[29]; W&JE LK K s & S #Ma 8RS BXm28]; Lt RHIESIBXM40];, ZRAREBIESIBX
BA[16]; RAEIE: AXRFARE, +518XHE[16].

N-MORB and OIB values from reference [29]; Emeishan picrites values from reference [28]; upper crust values from reference [40];
greisen-gneisses values from reference [16]; Zhubu samples: + from reference [16], A from this study.
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The data of primitive mantle are from reference [40].
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