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Abstract: Nickel and cobalt are essential minerals for the national economy, and technological development.
With the rapid development of new energy vehicles, China's demand for nickel and cobalt resources has surged,
with over 92% of nickel raw materials and 98% of cobalt raw materials relying on imports. This dependency
poses significant security risks to the supply of mineral resources, directly threatening national security. There-
fore, it is urgent to enhance the understanding of the metallogenic regularity of nickel and cobalt deposits domes-
tically and to find new resource continuation areas. China's limited sources of nickel and cobalt differ signifi-
cantly from the rest of the world, with 93% of nickel resources and 45% of cobalt resources coming from mag-
matic nickel-cobalt sulfide deposits. Thus, magmatic nickel-cobalt deposits are the most important type of de-
posits for achieving resource exploration and reserve increase in China. The East Kunlun orogenic belt in Qing-
hai Province hosts numerous mafic-ultramafic intrusions, offering favorable metallogenic geological conditions
and resource potential, indicating great prospects for exploration. However, despite sharing the same metallo-
genic background and similar metallogenic characteristics, the Xiarihamu and Shitoukengde deposits exhibit sig-
nificant differences in ore quality and orebody scale. One is a super-large deposit with high grade (1 180 thou-
sand tons Ni@0.68%), while the other is a large deposit with lower grade (120 thousand tons Ni@0.44%). This
disparity greatly restricts the exploration and new breakthroughs in nickel and cobalt resources. This paper sys-
tematically reviews the metallogenic characteristics, ore-controlling conditions, metallogenic processes, and ex-
ploration potential of the two deposits, revealing that assimilation is the key process leading to sulfide segrega-
tion and the formation of nickel-cobalt deposits. The differences in the degree of assimilation and the sulfur con-
tent of the surrounding rocks are the direct causes of the significant metallogenic differences between the two
deposits. Furthermore, it is pointed out that the mafic-ultramafic intrusions in the ancient gneiss surrounding
rocks are the key direction and space for achieving new discoveries in nickel-cobalt exploration. This can sup-
port and serve the new round of strategic actions for exploration breakthroughs, enhancing the capability to se-
cure nickel and cobalt resources.
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Fig. 1 The sketched geological distribution map of magmatic Ni-Co sulfide deposits in eastern Kunlun,

Qinghai Province of China
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Fig.2 (a) Plan view and (b) cross section of the Xiarithamu magmatic Ni-Co sulfide deposit in eastern Kunlun orogenic belt
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Fig. 3  Ore and microphotographs of Xiarihamu Ni-Co deposit
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Fig.4 (a) Plan view and (b) cross section of the Shitoukengde magmatic Ni-Co sulfide deposit in eastern Kunlun orogenic belt
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Fig. 5 Ore and microphotographs of the Shitoukengde Magmatic Ni-Co sulfide deposit
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H—2.59~+0.08. M MU A R AL O M A A W IR
S/*Sr {H 4 0.708 031~0.735 188, “F-H4{H H7 0.714 273,
¥ A Nd/Nd 1 0.512302~0.512 520, F 2 {8 K
0.512449. (¥Sr/*Sr), Fl eNd( ) MR Hi B EERR T A B
A1 U-Pb 44 411.6 Ma JHRAH(Sr/*Sr), 471 0.706 426~
0.710 463, eNd(#) 28 k.3 [ 43 1]y —5.74~~1.97(Zhang
etal., 2017)

BE AR TR A R 67S E N 2.4%0~6.4%0, T34
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(Labidi et al., 2013), 7 A1 BRORL B A . 3538 Bkok7 B3 A1
I 5T 3R ORE 5 A1 6™*Sy.cor 4391 24 —0.26 + 0.07 %o,
—0.02 + 0.06 %o, 0.49 £ 0.16 %o, W7 i —1.80 %0 %
0.49 %o 1T LA K SR 3 M & 1) 875 7] 07 R 6™ Syocpr 41 K
(Liu et al., 2018), E H W K& £ 6*'SA L N
4.78 %o, VG 7o T8 YR AR 1Y 67'S 715l —1.80%0~0.49 %o .
NG TT LUE M AT A ™S {1 — M 7
A 67 (IR KT = i (5K IR A4, 2021b) .

4 IR K 25 S O A

41 HMELTE5ERBERMER

DAL H W AR LA Sk 37078 0 R 3 1) 6 4k B Ak T
AR, BARIE T 406~430 Ma(iK IR 545, 2024), J2:
P I vy R B 0T Y S R B A 5 SR (2 S, 2020,
2024), 7E 5 BEER - BE R T S BT O 1B A i
AW R, BEEJME T BT Y OB . — A,
SRS R S A R A 5 2K R B A4y 2, — 2K 0
BEOR A, B — KRR Z R A . fE5 Pl
TLEL H WA AR Sk T4 S B kB A T A R P g
PEAT T 25 (0 7 WA RIS 30 AR 5 WA 5 R A
e AE SR B XA AR RRE (5K IR 4, 20210) . T
PhAs | ARSI, X A O & s R AR
b, o i A A R B S & AR L AR AR L R
A VB I 2 RCA I R A TR R AR N R
BHUYZ —, RLRAEMEITENWEEWAT WM,
3 R LR A 1 B T B R R S M
75 BB 47 AH K (Si0,-Na,O-TiO, ) &l fi# i (K] 6), K
SRS TE ARLEE X A R, i R REA I N
PLBE X R H -

HT R 23 T RO A 5 0 A o TR A R A
T f AV, B P i Mg & B 8 T, BT
LA Fo {H fix & W MIORE A1 15853 1T B B 422 3 1 VRORH 2 i

sio,

® (il

CRERBRR A

Na,0x10 10 20 30 40 50  TiO,x10

El6 HBHER Si0,-Na,0-TiO, X RE K EBHZ, 2021b)
Fig. 6 SiO,-Na,0-TiO, diagram of clinopyroxene

ARG o B I A R A Sk B 73 6 5 Ak
MO . VRIS S5 PO A1 Fo B @ 34 89, Xof i A
b ) TFeO 3 310 10.92% Fi1 10.62%, fh 5 H 5
ZERIRAS ) 3 b MgO Bl 12.47% F112.82%
(Kd=0.3), /NF RS A5 1978 Fl (MgO> 18%) ( Zhang
etal., 2018) ., 7E Ni/Cu-Pd/Ir it I (& 7), KL HkE
i T TE B XA X, M R T 5 e X R s
A KRR . 256 A R a] W— 2 B0 iy A IN A
TR R B S KA, HRER 43 /8 N A H 4 Si-Al F1
Na+K-A1" BT 1 5 Ja T 0 U5 B IH, HEI0 AR B 6 5 4 Al
W AR 14 B0 R B 7K v B B 2 o e (o A
4 2021a) .
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(Zhang et al., 2018)
Fig. 7 Ni/Cu-Pd/Ir diagram of the Xiarihamu and
Shitoukengde deposits
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i RO 8 s il ) = 0, W) S S T Ak 1 A R ok
TEHIAE, 2018) o AIRLUE M Lo E . FEM -0
Z LI Nb, Ta, Zr, Hf 55 5 358 00 R (19 5 50U FRALE,
X —RRAE AT LUA P RIE L, — 23R 200 e TR Y
TR TR e O A A A S AR TR R A
W 4D 5 45 o DAL T A0S e 4 T R B Y L e T
DL, B H M AR R Sk DT 7 B Bk 8 ik B A Rk &
B AZ B TR T RN, 33X S8 ) AT B TR
14 5 K AR, A, AT B 2 R 1 2 KM AR, R B Ak
FUR AR SR AR S K AR I A RRAE, BT LR H R
FAT Sk BT A Bk T S iR R B2 8 T IRE(R T
2 GPa) & K I A 1) 5% i (i B A3 %%, 2021b) o 1fii Th/Nb
H(0.27~1.38) 8 i, KB FRAILEE L S Nb, Ta
5 A RAE 26 B VR X5 AT 38 AR b 5L I

B H WA AR AT Sk B A B 8 B T AR 1 SR U
TEAE 25 5 00 VBl 1 s 0 5 A7 P 3t 0 1) 438 . EMIT
b 2 30 A R AT M TR A, T EMIT b2 £
T A4 B, il T (Sr-"Sr) Fev (1) A 5 T K TR
(& 8), B H My AR A7 3k Bt 48 6 2k o 2 1A oK o
A P M e By R 4 (EMID B R AE 1 2 A7 1 7]
EMIT b i Y5 X5 4R 9 35, 1hd B HE 25 P b s ) Jo
Z 513D,

15 Fp

O HHmA

0 @ {13kIifk

eNd ()

-15F EMI
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Fig. 8 (VSr-*Sr)-eNd(f) diagram of the Xiarihamu and
Shitoukengde deposits
42 mMH ERMESHT
Tt AP L FBIL ) TR R S SRR PR 13 14 OC B
PR, AR I ORI, MORERR £ 3 e B ok HL
R TR B ALY A R AR L WAL, [EZEIE
FIRE T IL Y R (Naldrett, 2011) . 18 V5 5 3K 4 B
ghim . HHIRE . Mo IR AT SR A IR IR P ik

F A& A AL e B B LN R (IR IEAR S, 2022) .
IR A AE R PR S PR DL _EAS [R5 0 DR
[ LE BN A, (R AL R B A, DA ik
BRI S i K R AR IR AV E I LB 8 W, B
H G AR S Sk BUis S BRE B A U R R L S5 i)
AR X L ) DTk (K BRAR A, 2024) .

(1) 5y B 45 Ve

B A, S RT LU SRR S AR R B FeO, 2L
AR Gy, PR AL 45 25 (Liu et al,, 2018), FrLL 4y
S A T B R R R T AR A A R T
(HEIE R AE, 2024) o (R T8 9K 4 B 445 A R B AR AR A
i, ELEAMONE A3 45 i o0 S eh 45 1 1 Ni 9 7 48, 15 oy
BA e ERL, BVEEA SR i R 2R B, TETE R AR P
BUEA H 2 U R SC T IR Ok B 45, 2018) o Hb5E
TR Y 32 22 LW FOR 2UAR 5 AR A 1 A, — o2 TR e 1
W R T A Ak 0 AR R T T 8 5 2 (SCSS), Ak iy
TG . BRI AL A3 AR S | kTS A TR B, 2T {2 it At
kW1 A (Ripley et al., 2013); 55 —Fh TR YL 9 i il
HRER S Ea R E T, RS ALY R, Fir A
I B PR AR A AT S T 28 A4 [ 7 2% 7 o
JCIR YL 45 Ty R B, M e S I A KR i Ak
YR ik FEH ( Zhang et al., 2018; Liu et al., 2018) .

Gy B2 TR R AR A AL S E T IR S, 454
W) SRR E Ko B B . B BE B R B AP AR
F1 FeO BYTHFE, 43 B 45 f A W] IR S BR AL R 5 25 o
FEE H G AR R Sk DU BE R BE R T A R v, 5 5
I3 fib AT FE RIS 5 A P 5 B ST R B AORS A Fn ARty
WA F 25, MRS A0 6 MO 25 R ROV A A 2 2 2
an i, BT ARG A AT EE RGN, s
FEICE 5 MgO HiERfb 2= K i, FeO' 5 MgO AL A
IEA R, R TEMBI A RMA . A SR
S S0 W o B 25 T Gk IR 45, 2015) - SIO,.
AlLO;, CaO 5 MgO 2 fAHX X R, RUIERE HIHAR
FA Sk DU BE R B R B AR T AR M A B A Y
SrEdEifh. MEITR BB i, BoaRE R EET
B AN ELEMIER . 4546 (Mg+Fe)/Ti-Si/Ti &l f#
(ik BEARAE, 2021a), B H MG AR FIA KBRS0 A1k &
BT T MO R A R S I B A R T
A D SR A FARHK A S0 W 10 43 B 4

FeO S ¥4 il 8 75 A 2% vh 45 A B 1 | 22 40 47, SC-
SS 5 FeO R HBAH K C R, RIFE & 45 H h FeO & & 1
TR, BV R R R TR A . T LA P 4 R
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W31 FE A R AR R T ) FeO, A5 A1 F B Ak 4 1k 210 40 11
1E 5 H MR ZK11EOS H, M A 2 A 3 SR M A 1
FeO 7 & Ji /2 [t (Liu et al., 2018), 3 B 7E 22 § 1 45
fm AR R RE A R 2 AL YR L. 7E A Sk il
ZKA001 #hifL, i A 2 n Ni S 5 RMmA
FeO % = A 1E b (Zhang et al., 2018), BE /8 IZ 0 IR 1 Y
A A O BRI A R K. A TFIIA N,
NI R A K2 20% 53 B 45 S AR, SR A K h
B B b TR 23 38 B0 00 RN il 2R 07, E— 2B 1 4 B 4
iV FHSE AT DUGE B fe 0 i 0 2, TR 280 L ks 2K
PR A5 T R A A RN B AL BRAEA K EAA
60% I 53 B5 4% fib (Tao et al., 2015) . Liu 25 (2018) i 1
rhyolite-Melt £, 7€ 1 kb, FMQ-+ 1 fi9 i & 19 45 1
N RIE H IR BE R PR U R TR ) 4 B A
YEFIXT B H A A S 2 2 1 STERACR 3.3%, T AR H
W A LA Sk LA A rh 1 2R B A R A 25 %
TR, AR R R EE (Lietal, 2015b)

(2) [AMEIR e E H

B B A R S B AR A ) 7 2, KRR S
TR S 2 ZORIE Tl o A A K DREAE I R
FRA T Ak, & S B AR Bk A A K,
PLH,S MIERBA S K S 5. MAaH . WA S
R ZSE S SES NS EWEMIE,, @its
[7i] {37 2% 96 3 TR A 0 % B0, b SE A%t B H s AR R
SLUUAELE S 1Y TTRRAR BE 430 R 59.7% il 41.8%(141 9) .
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Fig. 9 Diagram of the degree of crustal sulfur contamination in

the Xiarihamu and Shitoukengde intrusions
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Fig. 10 Correlation diagram of whole-rock SiO, and orthopy-

roxene Ni in the Xiarihamu and Shitoukengde intrusions

B R B TR G, A0 R AL P AR A B B Y
R Y, FE 02 CaO WA, BUA M h CaO & i TH i,
M GRAC DA R R o AR AR B A o B ) o
KRB, JH MG AR Sk BT AE A DXRT DL Bk Bk B
B AR R B, BT AT L /INURE 5 i A, HLE
ROV 2 0 7R BAT T2 A () A B 37 A i s AR Y
R, H B ARFA LGSR R CaO 5 Ni & fiE
AR, HAEA K YU £l ZK4001 hix sl gL
A G, B KB CaO I AFEARF T e, £
4 T AR A 1) .

5000

O HHmA
® 113t

4000

£ 3000 p

iz 2000

Ni (10°°)

1000 -

CaO (%)

Bl EHBRAMALGTEEEREE NI 5 CaO
8K E
Fig. 11 Correlation diagram of whole-rock Ni and CaO in the

Xiarihamu and Shitoukengde intrusions
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Fig. 12 Correlation diagram of whole-rock Ni and LOL in the

Xiarihamu and Shitoukengde intrusions
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Fig. 13 Comparison diagram of sulfide sulfur isotopes
between the Xiarihamu and Shitoukengde Co-Ni deposits
and other Co-Ni Sulfide Deposits
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