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Metallogenic characteristics of Xiarihamu super-large magmatic nickel-cobalt
sulfide deposit in eastern Kunlun Orogenic Belt
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Abstract

The giant magmatic nickel-cobalt sulfides are mostly closely related to the continental rifts or mantle plume.
What mechanism promotes the extraordinary enrichment of mantle-derived metal elements in the Eastern Kunlun
Orogenic Belt to form the giant Xiarthamu magmatic nickel-cobalt sulfide deposit? We found that ore-bearing
Xiarihamu intrusion is a wedge-shaped body that is wide in the East and narrow in the West. The intrusion is cha-
racterized by the enrichment of LREE (light rare earth elements) and depletion of HREE (heavy rare earth ele-
ments) and HFSE (high-field-strength elements) such as Nb, Ta, Zr and Hf. The nickel-cobalt ore bodies are con-
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centrated mainly in pyroxenite and peridotite. The ore grade in the western section is much richer than that of
eastern section. The Ni grade is positively correlated with the olivine content. The Fo value and Ni content of the
olivine inclusions within the coarse orthopyroxene increased from both the core and the edge, indicating that at
least two magmatic intrusive events occurred. Based on the olivine and chromium-spinel composition, it is specu-
lated that the parent magma of the Xiarihamu is a low Ti and high Mg Tholeiitic magma, which may be derived
from the asthenospheric mantle. Combining the regional tectonic evolution and the formation age of the intrusion,
it is believed that the Xiarihamu mafic-ultramafic intrusion formed in a post collision extensional environment.
The magma formed from mantle partial melting intruded into the crust with multiple pulses and overprint, and the
crustal contamination played a critical role during the sulfide saturation process. At last, the giant Ni-Co deposit
formed in the weak structural part of the Eastern Kunlun Orogenic Belt on the southern margin of the Qaidam Ba-
sin, this may be a response of continental break-up during the opening of the Paleo-Tethys Ocean. This under-

standing can enrich the theoretical study of magmatic nickel-cobalt sulfide deposits in orogenic belts, broaden the

prospecting space and potential of magmatic nickel-cobalt deposits.

Keywords: geology, mafic-ultramafic intrusions, metallogenic characteristics, super-large scale, Xiarithamu

magmatic nickel-cobalt sulfide deposit, Eastern Kunlun Orogenic Belt
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Fig. 1 The sketch regional geological map and magmatic Cu-Ni sulfide deposits in eastern Kunlun orogenic belt
(after Zhang et al., 2019)
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Fig. 2 The sketch distribution map of mafic-ultramafic intrusions in Xiarihamu magmatic Ni-Co sulfide deposit, eastern Kunlun

orogenic belt(after Qinghai No.5 Geological Exploration Institute, 2016)
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JE WA R4 0 4 UK 5] PR R SELEL L, TP B
V20 B BOIR 25 44 (B 6h) s HUIR T A, B R Bk
WS SR ALY R G R RPUIR R EEA R, £
IR A B sl 2 VA 5 (Kl 6a.b e o

WA L5 EE R A FIRRCREE 1 HE s
¥ CIEL 7a) il 45 MR 2544 (18] 7¢) 32 AR &5 4 (18 7d)
A S (B 7o o) o WA A s 41 50 F 202 Ni,
Co.Cu, #1570 K (PGE) & st #fIk (Z2 5 L% ,2015;
kIR 4E 2015 XIS, 2020)

4 B HUSARY R Y7 Sosin Fek

4.1 HHIA JER RSB RE

WO A ) S B k- B R B B R R B
FRZA Wy, WO A1 v NI B AN A S BB 3 143 1Y)
{58, i TR A o 5 Ak s 2 UL s
Wi 5 52 e % {5 B (Li et al., 2013) . H HIAA
IR MRS A1 1 S 2 0, LRI E L) Sl
Vo1 o L BRI A IR 2, RO A T A s
WA o L WA e S MO — v b (oS0 5%
2016) . M 2 5 FIE -2 AL BRDIR SO AE AR L
e B = R AR — i 1~2 mm, K3 7T 35 5~8
mm, JIR G, IR il GOk R B S0 1k
TR TR H A AR PRBR B T B IR 254 Jd it )
B ABeE A1 MAZ A 23035 Fo (i 12 Ni & i R 4281k,
INHE H AR R &0 AR A R 2 /DA A 2
WoaRAGg . m1 2 H ARSI P 41 Fo (B3
3B A3 R Mgl 073, i T JE AR R UA 3
Mg*} 0.69~0.73 , 254 Ni/Cu-Pd/Ir Kl g , nf LA 52
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Fig. 5 The cross sections of the exploration lines through the major ore bodies of the Xiarihamu magmatic Ni-Co sulfide deposit
(modified after Qinghai No.5 Geological Exploration Institute, 2016)

H W& A AR 0 B 28 O v Mg 2 A 2R (5K Il
4%,2016;Liu et al., 2016) .

5H W ARRT WA 32 T o s v
ML A MG S O T A SO R TR
KA, A W iy B R 5 2 0 50% (AL i A5
2014) . R7HEA 2 I RO A & R B AR R
Rk, DIHE @ e 207 1 BiA% — i 3~5 mm, 7] WL
CERL R A B AT ORLEE 20 mm A2 Ay ) L B0

RLJE B/ A7 o DT A1 22 A AR e U A I A

b T A ARER N A A AR | A8 TR AR rfa] O fif
WA . R AR e SCA TR R T M B 2RI
WA AR 2 J5 BT T AFAE , (ER B8 R B JE AR IR
I ?JrﬁﬁEEPE’J w(ALO,) N 0.27%~5.77%, “F- 1
2.82% , X 5 M AU 5 i A R M w(ALOS) I
(Li et al., 2013) o &} J7 WA F 349 S b i e A, 3L
En il KA1 ) 53 51 5 53 B0 T 76%~88% Z 1], {H.
ANFAAR Y En oy BT B S BUAEAE BRI 25 573X AT
AE 5 B INFIR] 119 7 I 8 A A G (Zhang et al.,2017) .
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Fig. 6 The main types of ores from the Xiarihamu magmatic Ni-Co sulfide deposit
a. Massive sulfide ore(ZK101-180 m); b. Massive sulfide ore(ZK202-250 m); c. Semi massive sulfide ore(ZK905-273 m); d. Sparsely
disseminated sulfide ore(ZK502-265 m); e. Disseminated sulfide ore(ZK15E09-262 m); f. Disseminated sulfide ore(ZK9E09S-95m);

g. Dense disseminated sulfide ore(ZK1109-221 m); h. Net-texture sulfide ore(ZK1109-146 m)
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Fig.7 The photomicrographs of ores from the Xiarihamu magmatic Ni-Co sulfide deposit
a. Semi-massive sulfide ore; b. Crumb sulfide; c. Net-texture sulfide; d. Micrograph of sulfide; e. Micrograph of pyroxene peridotite

Pn—Pentlandite; Po—Pyrrhotite; Cp—Chalcopyrite; Ol—Olivine; Opx—Orthopyroxene
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KA (Li et al., 2015) o 48R 5 A1 76— E FEE
AT RARE R I AT B R A i A3 T A R
H WS AH™ R RE 59K 8 TR Ti L 5 Mg hi B ik 5T
K OREMEE, 2017) o KBNS (2016) 8 5315 il
A7 TP R B8 2 A UL S 2 1360~1411°C, 55
T DX s il 1) YL B8 7 R 4% 4 b A T T
JEE B X I 2520k 1400°C 30 3 DA Ry B0 Pl i s
TR A 1280~1350°C , G IA i B H B ACA AR I 1
AR A AT fg R U T RO Bl 12 (Zhang et al.,
2017;Liuetal., 2018),
42 HHEERS

R HIGAKH R, CofE NI Cud @ LA
TCELBMREC B 470, 2 E RSN E
(5K B AE, 2020) . Co il WA T AL Fah fb 4

50 pm

o, B OH MR IR A 4 32 O MR AR T R A
BET RPERET R LD R A o MRS I A %) R
Yoy, RS T Y Rk, RS R,
MFRREES T (XA, 2020) . Z90FE H G AR K
B A ) B A 4 BT, & BRRE A Ak T H Co 7 i A
w5, 23.76% , VL H Co 2 i Fe ik, (K TR BR .
Ni & DU A 5% 5, w(Ni) N 52.27% , TERERH &G B
AR, w(Ni) N 8.37%. Fe & LI AL 0 e 5
w(Fe) A 3.99% , FELLANER W T F ik, w(Fe) 7 0.43%.
S i AWE RSB FIORE RS 4 155, FE R R N 2T
B S AR (RGBSR, 2020) . 78 H B KRk
P, Co £ ZMAFTERR B, w(Co) FH K
0.77% , HR Jy s Bk A 4 4 (5] 8a-1.a-2) o Tl
FERGBLRRA Y, Co =BT BOUBR 2k A 7S Ol 3 4k

w(C0)/10

4
3

50 pm

K8 HHAS A )i U i 78 (a-1) KETER 73 K (a-2 b)
Pn—HRBLERA ;s Po— WA B R ; Cp—BUHR A"

Fig.8 The backscatter electron image (a-1) and cobalt distribution image of the ores from the Xiarthamu deposit (a-2 .b)

Pn—~Pentlandite; Po—Pyrrhotite; Cp—Chalcopyrite
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W TERAL ), LAKERR AL B 8l 7 A, w(Co)
Al 3K 23.76% , FL R R HERRER 0, 5 f S AR A R
LAV . SHLAL A L, A B0 1) A7 e i
e (& 8b) .
4.3 EH LE

RECE G EAE I, S EA A &
AE T 73 R Y 38 fL A 5 (Meng et al., 2013;2015;
WA, 20165 T 40 5845, 2017; 5LE 2%, 2019; Wang
etal.,2019), Ry AR LISR, 207 T AT h R
P& ) A8 1 AL, DL SO SR T A FH (Song et al.,
2006; Song et al.,2016; 2= K, 2018) . KREECHEH
W A K - R B R T IR I 2 R e R R kAR
TEAC AR AR R 2 A S kB AR i 1Yy
SEAL MR YL E B o AR bR A FE AR A (Li et
al., 2009; 2013; Yang et al., 2012; Lightfoot et al.,
2015; Salama et al., 2016; Zhang et al., 2017; £ & i
45,2020) . SRR H S AE I &0 BEE KA
B, w(MgO) . w(FeO) .w(Si0,) 73 1 M 9.76% .6.54% Fil
59.17%. fiEIC 2 HO(E W A K R IX 32 B i g A4
EARAE AN B Y B A, 9 & A AR B R A 0
il B A R A A R R A RHK
A FIR A SR W2 & 43 25 (Wendlandt, 1982 Nal-
drett et al., 2004;2009;2011; Tao et al., 2008 ; K 4
& 2009; Maier et al., 2010;2011; Liu et al., 2017) .
KH AR BRI A R B Bt 2 AN TR RN A AR A
B oy B4 mER S B AR P S kA T oI & 4,
Wil 2 25 5% s v ELAT I SR 0 T i e i AL
Kb e B R G AR T, B i i a5 2 i A A2
fi'5 Ni Cu., Co 554 J& TT R B A A A= KA
BIER e IR A B Bl -l w4 o R eh ) A
WA A R B S A T 28 M BRI Bl st 3T iR
it AR R AR AR B A T R K R R A
I, IRE A RS T AR, STV E K D
5 SR B AR, SR AR AL M hs B, 2B T
HH A KB B K G E 5% ,2020) . B HE
ARE RGBS SRS T R A i 5, BT 5
IR IR A 2715 L (Li et al., 2015; 229 L4 2015),
B 8 b IRk 225 BT AR B B OG0 12 a
PSR, R KGR PR I 1 FH R 25

NEERRER 7 0% s 2 ok HUs & SR T R
i kA R AL, B 45 T8 A S R R A
WA o RS M R s il AR 1 R ) s B it
i, S 20, A IR T BT RE 2 s iR

IR S IR B S A B AL U LA/INBGRG BT X
SRR A IR A AR E A 2oy s ik Bifk
PIANTR I R BE BR- BB BRITUE i ) S, By
BRACI ARSI A LR A 9K Cu-Ni-Co B fL )
W RAPE . X = H AR RO 240, I HA
LREE & 5 AIFIXS 5 451 Nb  Ta  Ti, i £1 1K Ca %504
A5 R, AL GE ) DX oA i AR OSCRE B H AR
A PR 19 B AR 5 Ja) DAy ity A AR e 2RI, el i g
T H AR R B IR AR, (H X
RICHI R & 1R A A, £ i o o Bk
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BT AERER, AR AT I e B
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