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Abstract: [Objective] To improve the supply security of Cu-Ni-Co resources in China, it is necessary to sort out
the mineralization regularity and prospecting indicators of the magmatic copper-nickel-cobalt sulfide deposit in the
Phanerozoic in the Eastern Kunlun orogenic belt on the northern margin of the Qinghai-Tibet Plateau.
[Methods]The geological, geochronology, geochemistry, and geophysical characteristics of five stages
mafic—ultramafic complexes including the Late Ordovician—Early Silurian, the Middle Silurian—Middle Devonian,
the Early Carboniferous, the Middle Permian—Early Triassic, and the Middle—Late Triassic are summarized.
[Results] Based on the above work, the source area properties of magmatic copper—nickel deposits and their
relationship with the highpressure—ultrahighpressure eclogite and the evolution of Proto—Paleo Tethys were
discussed. The influence of crustal sulfur contamination and crystal differentiation on sulfide saturation was
analyzed. The rules of the optimal location of copper-nickel ore bodies were summarized. The typical differences
between the ore-forming mafic-ultramafic complexes and the no-ore mafic-ultramafic complexes were described.
[Conclusions] At last, a comprehensive information exploration model was established.

Key words: magmatic copper—nickel—cobalt sulfide deposit; eclogite; ultra—high—pressure metamorphism;
Proto—Tethys; Paleo—Tethys; critical metals; mineral exploration engineering; Eastern Kunlun orogenic belt
Highlights: (1) Based on the pragmatic spirit and the perspective of directly serving the exploration front line, the
geological background and mineralization potential of multistages mafic-ultramafic intrusions in the East Kunlun
orogenic belt are summarized; (2) The representative differences between no-ore and ore-forming mafic-ultramafic
intrusions are summarized, especially the relationship between the optimal location of nickel ore bodies and
lithofacies are described. And a comprehensive information exploration model for magmatic copper-nickel-cobalt
sulfide deposits is established.
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T8 SR 1 2011 AR B E H RGBT R A2 4k 1994 4EhNZE K Labrador Hi[X Voisey’s
Bay A R & I Ja tht 3 il P X — g B B TR s BRI IR (B T 42 %%, 2012; Li
etal., 2015; Song et al., 2016; Liu et al., 2018). fEFKE, HuTE HIE K K2 EIIK T &)
(R KA RN IR s [FIE, B H AR AR B IRTE AR B 1Lty A R I e K L 4
BRI R (B 1) (Li et al., 2015; Song et al., 2016). & K1 KX ORI 48 H5E 118
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JIME, XU AR A LA B B R B AR R A . LA S X i
HALEVIHIE(L. Lietal., 2022), H LZERHE XA IETEAL,  Re R SRR I R T R
PR - R S R R R

R A L E B AR B BRI AR LA R A i 2 /0 T g IR S v R v s B (R
D, —HAM R -, AT AR MG T S (o, 2014; XIMAE,
2013b); 25 3N i A B - e 2t (R =SS, 2005; XIMEEE, 2012, 2013b; Zhang et al.,
2021), SRR Ab TR S A R PR s 55 = E BUR R (Zhang et al., 2018), b TR EIA L
FEIUH A St - =S (R E TS, 2011; RS, 2018; fLe4a%%, 2017, 2018, 2019b,
2020), Ab T A RERETEMR N B SR =&t (P IRAESE, 2002; F MRS, 2012;
MR HEAE, 2013; 24 %, 2014; BHHESE, 2014, T3RIESE, 2014; LM%, 2017; Liu et
al., 2019), EARLbT-filbdE 5 R IA R (3L 5EIA 5SS, 2018).

TEAE AR IR A SR Z S R v, TR R T K R M e Ak o W B g thE— R 5
B TH IR AR M A AT SRR #4438 Ma) A H I ARH™ X MG K25 R (447Ma) (5,
2014; XIMAE, 2013b); G 5 B A — VR 7t (g AR e Mk i P e A B T B AR AR
TR (FEASE, 2019; Hu et al., 2023). Bl s 4 i € | ‘524 4K (Yan et al., 2019b). Bif w4 v €
IV 5 A&k (Yan et al., 2020). vKVA R (T HEREE, 2017) B HIAAK | ‘S AR (EE 445, 2012; Li
etal., 2015; 3% %%, 2015; Song et al., 2016; Liu et al., 2018; Li et al., 2020). EHEA Il 5
Fifk(Peng et al., 2016; FHH:%E, 2017, BrafesE, 2017). E HEAK IV 554K (Li et al., 2020).
AW ZR V5 (Norbu et al., 2020) A7 kYU I8 7y FE - H A 44 (A6, 2016; Zhang et al.,
2018; Jia et al., 2021) VRAH IV S 5K (KIS, 2019). 7 BV S WA e 1A (L 4%,
2019a); UK 2 HEE OB 1A SkYUE I - S M A R AR 25 S 422~425Ma(JA 1,
2016; Zhang et al., 2018; Jia et al., 2021), {H Zhang et al. (2018)i@ i Z#& & SHRIMP 4547 U-Pb
IAEDTVEIRAS T RO S R BA IR 333.9 £4.2 Ma,  HL[RIRHRAE B P T 4 A7 7 5 0
HAPE R X oA (G5, 1998), RRE BRI AR — IR A SRS h -
L= S AR PR v AT R B A I K . RN K A RS
#(262~271Ma) (ZFEE 4%, 2018; FL&x%%, 2019b, 2020), F =B S k(FLES L,
2018) 1 H H A 2514 (B8 & 1555, 2011);  rh—E =B th (¥ B B A R AR ME A TR R R
#R(Liuetal., 2019; Fan et al., 2023). /MR R(BERSE, 2015; FWA:5%, 2017). Hifem B
2 SRR = B 3 SR (R AESE, 2017). B b 28 v FE (10 4 MK (M 988 55, 2018). 15 Hr
JE (4%, 2018) A1 ARV ANMERS PR (D HRHE4E, 2002) Z0H6 B AR (U AR 58, 2002) +
f ] A AR GBI RS, 2006) -

B A SRR R B A s T R A b i N B T S R (4 7 R AR
RIS ST R, BB B Z . AR SCEE S A HT AW ORI -, A
HhERAGZE . HOERY R TR AE T H IR RO R PRI &0 72t 8, $2H 7 — 2] g
X AR Bt DX A AR B R B A — o il S SR bR
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Fig.1 Distribution map of mafic—ultramafic complexes and eclogites in the Eastern Kunlun

Orogenic Belt (modified form Xiao et al. (2014) and Dong et al. (2018)). The age data source

please see Table 1 and Table 2.
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Table 1 Age list of typical mafic—ultramafic complexes in the Eastern Kunlun Orogenic Belt

EEEN AT R AR (Ma) WAREA S
BEHBAKIS REEKE 447.1 %1 LA-MC-ICP-MS 4/ U-Pb £, 2014
EARKIS O EHRGEERHNEKSE 439.1 +3 LA-ICP-MS 4/ U-Pb EHENE, 2015
BEHBAKIS  ZK1905# 430m &:HERSE 431.3%2.1 LA-ICP-MS 4/ U-Pb Lietal., 2015

BHBRER BKE 438 * 2 LA-ICP-MS %7 U-Pb X%, 2013b
EHBAKRIS B LEREFTRERS 3935 +3.4 LA-ICP-MS 4/ U-Pb it &% 2012
EARKIS O EHBRSABEEFKE 405.5 +2.7 SHRIMP 473 U-Pb Song et al., 2016
EARKIE 0 B EIFE RN —EE 408.1 +2.9 SHRIMP 478 U-Pb Song et al., 2016
EARKIE ZK203 f iR 406.1 +2.7 SHRIMP %7 U-Pb Song et al., 2016

ZK5EQ7S—347m+ ZK1501S -
EAMKIS - 411.6 2.4 LA-ICP-MS %A U-Pb Lietal., 2015
340m I =¥EE
ZK1309, ZK1307 1 ZKOE09
EARAKIS . 408 +11 Re—Os F{I & Zat F#k Li et al., 2020
RER
EHBAIE BKE 4227423 LA-ICP-MS #A U-Pb Li et al., 2020
ERABRKIF BEME 423.1 %2 LA-ICP-MS 4545 U-Pb Li et al., 2020
ZK5EO07S B9 340m~350m JEH"
EAMKIS - 412.8 +3.7 LA-ICP-MS & U-Pb KBS, 2015
a
BEHBRAKIS ZK1109 KA KSE 423 +1 LA-MC-ICP-MS 4#5H/ U-Pb EFREZE , 2014
ZK1501S #9 330m~340m JEF"
EAmMKIS i 410.7 £3.2 LA-ICP-MS 4/ U-Pb KERES, 2015
a
EERANE = 422.6 +2.7 LA-ICP-MS 4%/ U-Pb Li et al., 2020
EHBRKNS BKE 424 1 LA-ICP-MS 4%/ U-Pb Peng et al., 2016

EARANE = 385.2 +4.4 LA-ICP-MS 4H U-Pb BELE 2017



EH®ANS BkE 429.7 +4.7 LA-ICP-MS 4H U-Pb BRE#E 2017
EERANS BE 424.1 +4.6 SHRIMP 54 U-Pb #HHE, 2017
BRBRAKIV
5 BKE 4229 %31 LA-ICP-MS 4/ U-Pb Li et al., 2020
FEH BV ERE S 407.1+4.9 LA-ICP-MS 4/ U-Pb A2EE, 2019
LA-MC-ICP-MS 4/
KA BE 427.4 7.3 U-Pb AHEKRE |, 2017
MRBERE |
5 BE 422 £10 LA-ICP-MS 4/ U-Pb Yan et al., 2020
MRBERE
v s EE 423.9+26 LA-ICP-MS 4/ U-Pb Yan et al., 2019b
KALE BKE 4202 +12 LA-ICP-MS 4/ U-Pb Yan etal., 2019a
(e300 BKE 413.4 +0.78 LA-ICP-MS 4/ U-Pb Yan etal., 2019a
[ BE A EE 3988 + 1.8 LA-ICP-MS 4/ U-Pb Yan et al., 2019a
BNKE EE 396.7 + 0.9 LA-ICP-MS 4/ U-Pb Yan et al., 2019c
RSP BRI S 419.9 +0.8 LA-ICP-MS 4/ U-Pb Norbu et al., 2020
EHBRK BNEKE 406 2.6 LA-ICP-MS 4/ U-Pb HANF, 2019
EHBRK ARNEKE 405 + 2.8 LA-ICP-MS 45 U-Pb Hu et al., 2023
BRAKB 45 EVRERS 438.8+26 LA-ICP-MS 4/ U-Pb RS, 2019
BARE2H AR S 429.0 £2.2 LA-ICP-MS #%H U-Pb A , 2022
BknE BKE 423.5+3.2 LA-ICP-MS #H U-Pb JA1%, 2016
BknE Zk7201 9 132m ¥EKH 424.7 £3.7 SHRIMP 44/ U-Pb Zhang et al., 2018
BknE BT E 420.6 £2.2 LA-ICP-MS 4/ U-Pb Jiaetal., 2021
BknE W —¥EE 420.4 £59 LA-ICP-MS 4/ U-Pb Jiaetal., 2021
BknE W —¥EE 4242 +6.3 SIMS &/ U-Pb Jiaetal., 2021
akGiE ZKOO1 i — 125 422 +2 LA-ICP-MS #F U-Pb Lietal, 2018
akGiE ZK001 B & 426 +6 LA-ICP-MS #F U-Pb Lietal, 2018
P SN ZK003 HIMiHE —1E & 418.1+8.7 LA-ICP-MS #F/ U-Pb Li et al., 2021
akGiE ZK4001 K9 38m B =B & 333.9+42 SHRIMP #/ U-Pb Zhang et al., 2018
HENR HWAERE 266.0 £1.5 LA-ICP-MS %A U-Pb ALFwEE, 2020
HENR WHERE 262.4+16 LA-ICP-MS %A U-Pb LeE&SE, 2019
HENR BKE 270.7 £1.1 LA-ICP-MS %A U-Pb FERE, 2018
E BEE 262.5 £ 2.5 LA-ICP-MS 4F U-Pb Ao®\E , 2017
E HWAERE 249.7 + 3.0 LA-ICP-MS 4F U-Pb Ae®\E , 2018
HBHEF BNEKSE 248.9 + 4.2 LA-ICP-MS 4F U-Pb REESE , 2011
FFARH S 2211421 LA-ICP-MS 4/ U-Pb Liu et al., 2019
FFARH BKE 22241 LA-ICP-MS 4/ U-Pb Fan et al., 2023
HixeE ABNEKE 239 +6 SHRIMP 5%/ U-Pb MRFEE , 2004
LA-MC-ICP-MS 4/
AENIT BkE 227.8 0.9 U-Pb BERE, 2015
MRERE BkE 219.3+1.1 LA-ICP-MS 45/ U-Pb W5 %%, 2018
HESE2S EE 2449 +16 LA-ICP-MS 4/ U-Pb ITWFEE, 2017
HMESEE3S EE 238.1+4.1 LA-ICP-MS 4 A U-Pb TWFEE, 2017
KRR B 244.4+15 LA-ICP-MS #F U-Pb EHEE, 2018



AR ANEKE 219.3+1.1 BINA PAr-"CAr FLER TRR4LZE 2002
LS KA 207.8 1.9 A FAr-PAr FPER B ESEE, 2006

2 AR IR

H AR G IX 2 H A KRB IR TR, ACkIUEE Tz, IRARH
AR 50 48 pe FEAL T A2 T, ASCEBERT FORERE &, Rl & B TiE AH A . i B 5
AR ZR I T AR 2 T M A SR AT A 4

2.1 EHMRARER K

HHWBAEERE LS. 15, N5, V5, V55 AERAR, Ho | S5 H
B, N5 IV SRS Y. B AWK | S SRR ol RS AR KRR
FEORELE (K 2a F1 2b), FlBETEHEMER RN . EHGAK | 552 AR,
K 1400 m, %% 900 m, EAKEREELE 300~600 m. HARPUEE RN, SRR I N HTEA
DUR o A RT3 1 F 30 0 v T RIS 5 AR T s R s, GO s . &
TR PR A R, EEOARLAE 2 SIHRL(L2) —5 S B ERZR(L5) 2 [8]. Li et al. (2015)A1 Song
et al. (2016) MATF RN WA R 7708 411.6 £2.4 Ma Fl 406.1 £2.7 Ma, 2 ‘S #RZL
A5 SHIERLE 2 8] KI5 K A 1 SHRIMP #5457 U—Pb 4E 444 405.5 +£2.7 Ma (Song et al.,
2016), 1] ZK1905 VS 430m K K5 LA-ICP-MS %547 U-Pb 4E#2 )y 431.3 £2.7 Ma (Li et
al., 2015), 0 S EIFRZ A (I HEK A1) LA-ICP-MS #5475 U—Pb £E#% N 439.1 23 Ma (%
X5, 2015), 0 ‘SEIRE T HL L 1R (0K LA-MC-ICP-MS %54 U-Pb kN 447.1 +
1 Ma (F5d, 2014). B UK S K520 70 AW, BV SR (T 406~411 Ma 1) i)
PIMEK A I 20~40 Ma.

M 2¢ ATLLE R H GRSV A R B TE A, AR R IIRE. JerE— i
PEE AR B e ARTE B B FE VRS R ELE A KBS, TR T e AR
R o AT B3 H R 1A A 2 B Al VRN R BRI S . Vs R
K BATEIHIH - APy PEEAIARIE . Aiies EEMTE 11 25 R LA, H
TS A AR R (B 2¢).

TE A TH (1) 75 e 3 Alh s 2R AN ZK1903 1) 156m FEAIK £ ZK2305 ) 36m, I E IR
BRI S AENCE BB AT — R SRR 5, ORI R E AN ZK1903 (1)
80m Z i A ZK2305 ) 0.5m, kb ZK1903 Aififis N/ Ay Om JELIK SARERIAE A s RS
FARER A A 14m B 49m R f % (Liu et al., 2018). EMFIH AL AR5, Ak
JEFETE ZK1105 1A F] 5 K 87m [ P B ALk /> ZK1505 1) 5m Al ZK905 1) 3m. 4k
RIS A BONE 5 T RS, 40 A E ZK1505. ZK15E05 Il ZK11E05 4EMH A 1)
BB, HREAE GG R A B . AiCE FEOMEA S, MR IR E N ZK1505
] 50m Z T InE| ZK705 (1) 265m(& 2¢). 7£ ZK11E05. ZK9EO05. ZK705 [k Al ZKIEOS
A1 ZK905 T4 il 43~80m. 50~80m ANEEHIMFK A
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Fig.2 Geological map of the Xiarihamu area (a), the geological map of No. I intrusion (b), and

longitudinal section of Xiarihamu Ni—Co deposit (c)

Figure a adapted from Li (2015); Figure b adapted from the No. 5 Geological and Mineral Survey
Institute of Qinghai (2014), Neoproterozoic age adapted from Gan (2014) and Wang (2014),
mafic—ultramafic rock age adapted from Wang (2014), Li et al. (2015), and Song et al. (2016),

Figure c adapted from Liu et al. (2018)




HH WA 4% IR AL B 7 =26 (Liuetal., 2018) (B 2¢): (1) Az M 44
MR () S FREAEABIN A (3) AT KA AR s IR & AH (0 1 & 30
3 (Ni>0.8%) 7E A\ THI AL AR 3B A 32 ALl R e, 28 SN I ) g 74 3 67 2 207 T4
A K B30 WA ST R B AT A M s KA H R E BT (N> 0.8%) HH™
AL FREKE T L. B HIEAK | S A EIAEREAN KB F2IM: RIS —alii
T RN o+ SRR 5 —— W —— W I HE A (Liu et al., 2018).

B HEAK | 55k B MK E % 0 % & & (PGE; <4 ppb Ir, <85 ppb Pt, <115 ppb
Pd)(Song et al., 2016), [Bl# 16 K H bR E T 3™ (K R ALBR R A7 3R A8 N 8%'Sycor = 11.2%0, 1M
HAR BRI 5%Sy cor 1E 2.4%0~7.7%0, FIME A 4.5%0; HBFERRNH 4 Bt (1 5 R A 72
40%~60%7r 41, TMEES IR ES fh o) e i R 45 i i o R AE 3.3%~6% /e 44 (Liu et al., 2018).

2.2 AKGERRT K

S GUER RN T AR B L AR B, 54T 1L b B B H AR AR PR 200
T2k, kb s S AR B R AR B b W2 (Zhang et al., 2019). £ kbt gh— BB i 5
WFEER 15, TSRS A HAER(E 3a), AMNRIES . TS B s 4illcs .
TOMEMINLE . KA, BAERALT &K DDA A TR K L B T
XN AR ER G, WK RE S5 I CE A AN R 7% (B 3a).

| BARIHBHRL) 5.8km°, Bk EAMMIARZ O T H KA, R
BIRSE, HfK#is 1.4km?, Hh3e E B 52 DU/ B R B BE R, S MR 72

(E 32). AMEEGimmEAR, UMLK, B, BEERIAHIERE, EHAK
RIS, WP KA A AR A 5 5 Y A K e — ORI 5 + 2l — s
(Zhang et al., 2018),

AR GUE I RIRAFE RN, R TE ZK4001 JBREIAS] T 120m (K 3b), 48 i
=14 0.61%, “FIIMEN 0.32%. FEH|H BB BMIA RN B E (K 3b), XA 1
THRERSE B —MIEE . 85 TR B BRI RS 850 SHRIMP U—Pb 4E#¢ 0y 333.9
4.2 Ma, T K 58547 SHRIMP U-Pb 4E#3 N 424.7 3.7 Ma, i M A K 5 B3k
#i(Zhang et al., 2018). 4R K2 MG A KGR (I RIORE 25 IR I8 R T~ 418~424
Ma(Jia et al., 2021; Li et al., 2021), IXMARIL 7 A7 SkGUEEA" X B S 28 P o 17 XTI OR 3 25 4
EREE (B 3b), AR 7 — @R RIS . AR GREALY) RAFE T ZK4001
WeRa A o oAE (&1 3b), AHHABSFLAT IR BTN K o BRAL IR 28 32 BT SR B0k
(Pn). REFEERE(Po)FIFEHN (Cep). BAIATTE T RS 4 oL [A) sl A7
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Fig.3 The geological map (a) and cross—section figure (b) of the Shitoukengde
mafic—ultramafic complex (Fig.4a modified after NO. 108GT (2016); Fig.4b after Zhang et al.

(2018); Age data was listed in the Table 1)
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Table 2 Zircon isotopic age table of eclogite in the Eastern Kunlun
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e R IR M B ) ) BRAR A4, o [ R A A7 7E 22 25 e He -l i R 38 5T 77 (Wang et al.,
1989; Enami, 1990; Yang et al., 2002; XI| %%, 2002; Yang et al., 2003; Liou et al., 2009; Zhang

etal., 2010; Song et al., 2014; FK¥FHIZE, 2019; Fu et al., 2021), FEX L6y b 3305 M k-
i v T AR o AR S 1R AR DT AR — B Ak R A R] R S SR AR BB R B A ) —
Jille ZRECE HGAIEME IR NBLE 1. 5 TR iR A b g p R iests, v
REAE [ FLAth X I AE7E E IR 0 — 2R A BT AT DU 4 - 4R 0 28 58 1 B AR ol A 0 2
IERIEaE, BVt R FEME B R N O T s, A BB PR R IR
B D). 2R, deEeE WIFA—E e R A R R s . H T E Nt gs
FSCHR AR R PR HE — — > S T B PG s BH BSeAT™ IsF AR 938 7o i 4R (Re-Os S5 2 ke 878 +

27 Ma) I BRI R (E B34S, 2003), & 47 J L4 e a0 AU AT el 1 T2 100 PR
f— > I8 2 ¥ 4 (Jiang and Zhu, 2017).

3.2 BABMEBTREEAR LT Ni/Cu, RIK PGE A RBEN HIFEX

HHWBABEA RN Niv Cu AIEN PGE ik & & (M. s, =
5 1) Ni/Cu LU 73738 5~14.5.3~9.3.2~14.1, B HIE AN Irig <4.1 ppb, Pdgo <133.3 ppb)
(Song et al., 2016; Zhang et al., 2017; Liu et al., 2018), % Ni/Cu FL{ETE 3~14.5, ZRUUR} T4,
FHGIRA TR NIICu S8 BN A R M WS BN & 1) s R P o s = A= sy NI R g
PGE & EMAILIRITARK, (HE HIRATRAYI B4R S B A UL T 18 i A 2
Gy I Rl AR AR S R 9K, SEAIG T MM AR 5 IR 8 0 4 i A 1) X T S P R S
MR, SO H PSR I RES 3 AT REAS &SR IR T MM RN A (19350 714 fil(Song et al., 2016).

B HB AR A Fo 7£ 83.9~90.7, £ &/t 802~3760 ppm, Ki4r7E 2000~3000ppm
(Lietal., 2015; Liu et al., 2018), 1% 7 & a1 T~ B & SR AN 25 30 7 A il A 1) K O o 9% rh 4
dHRI . B Fo R/NIBIORE A AR 5 i, T 5 R WA S b 0 e i 7 A P
JiE IS R BT A S R RIS BE R 7Y N A 2 (Song et al., 2016) . WA HL I AN
FE ARS8 5 SiO, 144 [ B ik [t (Sobolev et al., 2007), #1 Sobolev et al. (2005)i\ AN E
FR BRI X (1) REA 27 ELA e A Fe (R 190 S DR LU DX R WA 5 G, TN A 5 g )
e A T S AN A S PR PR B SRR AR IR SiO, ROV AA BB 7 A2 iR AH ELAE T =
A1

3.3 BEWFHE ARAKBARRGHE R T RBIlIFEL?

W IO E H G AR R BV G AR 7 T R A s 1) — KIUEHE 2 @it
(NiS/FeSsurfige/ (NiIO/FeO)ivine—Ni 4 J& it (1) 5% FE 157 77 7% (Barnes et al., 2013)1H5H W E H g
AREEENE S IR L, KR IR (Lietal, 2015).

ST IRz 2 R AR R 2R A (1) Fe®t/S Fe 38 7% 5 T- 0.3(Liu et al., 2018), {HE Hi&
ARIREIAR G A ) Fe* /Y Fe B SR T S0 B f i in B4R (B 4D, ARE T HIE A%
JE W AR T S RS IR B . BT AR 0B R B H IS ARAFEEAR 2 38 M SR (22 2 °F, 2016;
FNAREE 2018). B HMARI A Fe*' /Y Fe LB CrFf 57 TRl 5 AR BE 188 1L 4R



BONZAL,  I— AT S T B H UG A T B3 FT RE Al 4 i A 555

R PRI R S PO T ST AR 22 T (SR R s ()8 AR B Fe®* /Y Fe JX
37 ) 4835 P R HE; (2) Barnes et al. (2013) 4R FE TS VR K. T4 I Fe™ /Y Fe
& 5 o AR M 2 R AR 3 7V, T Barnes et al. (2013) 805 AV R BR T0T S AR AR PR
/B, B R IR A0 AT BEVERE K o AR ST T i TUB e Ao KR (2655, 2012)
H B B H WA AT BTl 5 A B 1 AR B
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4 B MG ACE R EIR L 5 1 R R 307 in 8 5 44 4% FE 1o EE (Liu et al., 2018)

SR 4z i N Y B AT H S A KT Ni—Co BT PRE& 2R did A1 2R U T (Liu et al., 2018), 3 117K
Cu-Ni " RE& R i A 7 (UL, 2012), 3— Cu—Ni B R A A (R 5, 2018)

Fig.4 Comparison of oxygen fugacity between typical Cu—Ni deposit and island arc Alaskan

complex (Liu et al., 2018)
The Alaskan area is from (Liu et al., 2018), The Cr—spinel of Huangshandong Cu—Ni ore
deposit (Fu, 2012), the Cr—spinel of Xiarihamu Ni—€Co ore deposit (Liu et al., 2018), and the
Cr—spinel of Poyi Cu—Ni deposit (Wu et al., 2018)

3.4 RFHENT-SHHEATRU S AR SR EM - BEMENXR

T SR AL G AL 5 T R R VI (3G TS, 2020),  HOA W BT R IE EAL 5 B A -
IS FEE R R B m RIS AR RO HIX A BAEd R T ipats KAE T 20 OIS
— VR A SRS, O R - R, PR S - R et AR,
Bit-FR=8, b=,

Ty BRI v T ORI R A e AR S SN = B 0 24 5 PR AT 11 1 LR £
BAANN T BRI, A R St I AL I ok (070 (= K85, 2018; fLx#5F, 2019b;
KEFSE, 2019; fLa@E, 2020); FP—i =B BB BB BUR AR 3 5 15 57 ol



Ja R B (WER%%E, 2015; F W%, 2017; Liu et al., 2019). b3 P 3L M R B 1 S AR 1 1y
B G

SRTAT, T o 25 B T — e g 7k R P 2 AR A et R R 2 Ak 11
MR, AT BT 4 PO A

—EEE N, RS B - R A H A ACE AT BT B RER (L et al., 2015; 2
WA, 2015; ARERSE, 2017), AN FOR SR ETEMT I I . RS A A T E T
7 N By IVRFAE 5 BB MK 4 104 (439 Ma) #504fs (2275 U4, 2015).

SR W R B LYt S R R T AR S e A (Bt 4
&%, 2012; Song et al., 2016; =144, 2017; Liu et al., 2018; Yan et al., 2019; fL&%%F, 2019a;
Wang et al., 2020). XFU A IIEE EEAH 34N (1) Bl S B E A A ETE R Z
RKE W b R G B T (428~419 Ma) Z A Ok =45, 2006; 5 HEH 5 H A 5, 2012).
R -z (411.5~382.8Ma) MELEA (FMNAEBTEF, 2004; 7K & 7%, 2013; Xiong et al.,
2014; #Hiss, 2014). BB BEH—rh e 71t (419.0~391.1 Ma) A2 B4 A (4%, 2013; X
WAE, 2013a; Ejet5%, 2013; HRZLL, 2014; ™ESE, 2016). X LL5 HE SO 2 Rl 1
JERIFEMI(RIEE, 2012; XIMEE, 2013a; HRUTL, 2014; Peng et al., 2016; Song et al., 2016;
Norbu et al., 2020). 428 Ma % fi- B >y i [t il 438 R A48 i 2453 1) 5746 (Meng et al., 2013; Liu et
al., 2018). (2) HHMEALERFEITIR MILERS A 409 Ma (K FRHZE, 2017), AR W g iR A 20 mp
PMARE AR B A AR I PR e e e R R A R AR AR I (TR ) — 301
% (Liuetal., 2018); (3) Liuetal. (2018) Js&h 1 it F $78Y & 5K EaT 47 31 i AR AR 2 &
ek B RIS Fe > 0.3, 1 A Tl 0 FE IRBE A AR 2R Rk B Fe®T T Fe
<0.3. HHMARKIIEA Fe*' /T Fe <0.3, Som H AR 5 R S m JE B onTy 5.

S =P AU B H A KRR RAREE T RER I IR 3 (B (25 SCUH 5%, 2020;
Z5SCIH, 2022) 0 SR B A IRIIE B 32 BT A ERA IS AL . 0T AR B O HX A AR B I
FIA), S — oW AR BRI R R, W Sk DU OV 1 A QR R R
¥ )3 ifisf IRl (Zhang et al., 2018), &k AF 00 R o R v e A R 46 T8 (R.B. L
et al., 2022), iEHEAIT: B R OCWIRMIEAME Ligsa hRIPeIR 2 uUE F 6 340.3 +11.6
Ma(iZ TH8%5, 1999). M F ILpsks h KA 888 332.8 £3.1 Ma (LA-ICP-MS #if1
U-Pb 46 (RIEGEREE, 2011). BRI B A RA KilE &6 — b g X E G
A%, 1998). iR RHLIX BAANE A AR A U-Pb R ZRER N 331 £2Ma, 54 gl
AR SR AR B AR — B, WHIRR BB E 5 LI SA R R B — e MERR,
T HT A AL A B IR RS DX R BE B T RE A R TR (PR ST AR B (Jia et al., 2018),
B FE 7R B2 v I 24 A7 1 R B e 8t 28

o E VN E AR G T 5O SRR — A R 22 T30 A &0 1
G ER REIR, a0 0 5 B ER 2GRS K 5 1) LA-ICP-MS #5/ U-Pb £
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LA-MC-ICP-MS #5471 U-Pb %4 447.1 £1 Ma (W B0 tH)(L£5e, 2014), Mi&H &M —
W25 AR 3 79N 411.6 £2.4 Ma il 406.1 2.7 Ma(Li et al., 2015; Song et al., 2016), # A&
B AR A (R ) LL S R R (R ) B T 20~40Ma, AT HARRE i 3
MRS AR G . AN XIS R T, G S — L 25 B 2 SRR 0T 1) TR s i)
BB, FeiE T REIVA A GEE 55, 2007)FI5I0G A 36 PE K LA (440.2 2.4 Ma) (E 5
B4, 2012) , 1M B RS AT IR R (438 Ma) il 0 T it A AR R HR T T b £
BrBURIC SR CUM A, 2013), WO H IS AH DXAN B A 1) S R e AR A T J3 T TR
PRI ARG B Bt B R S R EI S 2RSS, 177 428 Ma 2 J5 [ 21 B e A e il
JEAR AN B GidE. 45 b REGIERAER 7ivss AMELE 2 3] 5 IEEVE el R - 2
PEE R (1 JERHR T AL 55 T T B W S8 g - L G R R e s () b
Sttt 5 =St R R RN T B B - A s 520, AR BAAEAE 2 IR
JEA R A A, ) (LD i E R A (2) Tk =S i

KB MRS IOE A (1994) I T XEEZE), LA /iE A
KRR (K, 2004; WEIR, 2004). N5 O Pl thE— 1o 2 B e R RE k2 A 7 T SRR SR AT 1)
dbffehds S T RIE S, BT &7, B b s e -5 e gt e s Ak e
ThbfE S RAE, BT 7, ARKBE-E, R R RS U T SRR
B AR ORI, BT “IF7, AR B, h oSth-H =S ae-
FEHEPE A R T R IR i B 5, BT 57, BT i, P =& iE AN
i 5 MRS, BT “TF”, H8EH b, HEARERMME. LR, &, PR
T TEEHRITENI S AA WU BERE, BT A7 ISR I W
TSR T A SR AL B T PR B 75 5 25 5 B S
3.5 &R (BFEEKEERFEENE KRS Sy EAREmER

2k it oy S 5 SRR TR e B A W VLR T DR BE (1143 BT & I 25 8. Cu-Ni—Co—-PGE
WREED R G5, Liu et al. (2018)7EtH 5 15 kSl | 7 HhFe iR g 5 45 5 4 57
XA PR Fk— A B BRI R B A XS TTRR K /N . HR A rhyolite—Melts 3540,
THEHWEAREAES (MgO =858, FeO =6.79, Fe,03=0.75, SiO,=52.62, Al,O;3=15.06,
Ca0 =10.48, K,0=0.39, MnO =0.19, Na,O = 0.28, Cr,03=0.11, P,0s = 0.14, TiO, = 0.62,
H,O = 4.00) 7£ 1 kb, FMQ+1(FMQ = ZRHi A+ LRI+ ST N 1) S20R BE) R 26 T
7E 1300-1050<T (45 &7 71 (B 5) o B AL A 2 30 AR 2 B (SCSSY i Liu et al. (2007)
A1 Li and Ripley (2009)(1) SCSS ARl . N TIHHE: (L FHHKE: (20 \BEXHA
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JNASCSSt=SCSSt1 — SCCCrpo fEIEH A KA S FEF R EA KAL) ¥ SCSS M, &
il 4% SCSSnormal, ik SCSSy, RIASAEIKEsM%T SCSS Hisgml, TATKH M4 A
ASCSSc = SCSShormai — SCSSt. WKl 5 i, i E M 1300°C FEAKE] 1050°C [ i, £ Liu et



al. (2007) #1 Li and Ripley (2009)it 515 £ f{JASCSSt 437>~ 510 ppm F1 518 ppm, ASCSSc
53128 54 ppm A1 138 ppm. BRI, IR BT ERAGY) AN DTRR Y 510/(510 + 54) = 90% ELE
518/(518 + 138) = 79%, A o I DT B9 10%EX 21%. 84 & 7 it #2 H1 SCSS 1
PRAR E B 2R ERE I, 5 A AR MR N R R

] pre=—— [ 5 BF 7 3 AR 2, LAk ik _
Fixed parent magma composition, only T decreases | SCSS # 4% Liu et al. (2007)i} %
sy SRR PR TP - SCSS was calculated by the
éji fih 73 ')'TJJ. F«:. ‘!‘ 1% 3 A !I{{ [&5] H'JA i]'u‘E l’i_ii'{ l»:f‘ﬂ(. model from Liuet al: ()’2007)-
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------- [ 7€ BF 5 9 oy, Rk B PG Q4 T 4 s
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e G 43 53 59 ot AR A B R E A | model from Li etal. (2009).
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Fig.5 Model of the variation in the sulfur contents at sulfide saturation (SCSS) during the
fractional crystallization process (Liu et al., 2018)
Ol = olivine, Sp = spinel, Opx = orthopyroxene, and Cpx = clinopyroxene
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M 1300-1050<C, SCSSnormal (ASCSSc + SCSSy) @it Liu et al. (2007)F1 Li and Ripley

(2009) HHE12 R FIME S5 9 565 ppm F1 656 ppm. K, KHEA 565 ppm B¢ 656 ppm
B S A TH T AR A . B H RS R AR P 3R B B 2%, DRI, 4h g3 et
HHWEABR I TIHCA 656 ppm/2% = 3.3%. 7E 1300<T i, SCSS >4 1200 ppm, EP{E T
A RIS R T AR, I8 4 R ] 5 R T 46 70 et 4 A B DTk 0 1200
ppm/2% = 6% (Liu et al., 2018). i [FA7 2K Py o G i S H FE iR 422 B (1 5Tk
40%—60%, JIt LAZE i 43 e ARG T b e VR Bt B AL LR () R e R AR NI R 3R, B H IR R
R 2 35 T ST A A VE 44 (Zhang et al., 2017; Liu et al., 2018).



3.6 SURENTELIRET HFNT

T B E SRR BERT R B R AT [ G BEERA YT, Jia et al. (2022a)ikHU AR A LA 2 H
RS A KRBT IR (L S5 ACASRGTB S50 - Joi - BBk iU A MR R Fi ot &, R B+
BT RN E 2R i £ R TR % Fe®'/2Fe LU AE (Jia et al., 2022b), % EUAS RV A 3 0% 3
FRAE. SEHLEN, EHWAAGHIR B Fo MBS B A mEREZEQFM+2.2), K
BVIGRNIE IR T AR B 5 A I R BT PR (QFM-0.6), T80 J rh it i t Al
PABUR AEBRACADIE B, Bl o T Sk TR A 1 1) A0 FE SR A ARG A, BEE 5 T AL AN
B JFIZHTAR N EMRE (QFM-1.3 2 QFM+1.0), i fiia 3¢ B VA M LBl vy, IX P RE
A ST B AR AN I I — N LR ] (Jia et al., 2022a) . JUE TR AT -2 i SR
i (Ballhaus et al., 1991) 75 EMME A1 . Jdifa RITMEA AW Y0~ Bt B 2 b 75 2]
SEMTHEAZ PR Ry, BT HETRCA P EER R Tt B R AR I R, B EIR
BF 58 R AR SRR P B AT REAAAE BB 70 R 22, H L 8] — S5 AR AN [ 25 A ) 2800 B2 1) AR A B 1%
FEATEER . HHMAK | 58k ZKLLEOS A 14 & A i Crifi WA HITH R A 0.611 A5
JEEEBHY 0.259, Fe**/S Fe {f M5 FHTTEBIK 0.295 4% )i B¢ 0.046 (Liu et al., 2018), & /~&
F A HOGE S0 S S I R P AR BT BRAR o _EIRBIF RABR T 8 300 S R A A A AL )
B R R AT o BEEE S 25 (2019)8 1k 5 5 H WA AR 115254 mb ) KBS 5 2 0 £
AR TR BL: N A AR FE 43 A 7 FMQ+0.16 F| FMQ+2.06, H. A1 I\ A IRk 114
5 R R FE S e BRI B R . AL BB DL, ANFEZE A Rl —%85 LR — 5 AH )
ANFIERAL S [F)— 4 AN [F) R A7 5 ) 280 35 B AR K AR Ak, AEATT 78 S0 BN S AL )
IR B2 R AR v, B S A A B B T [F] —Hb B0t G A AL R 7T, T AR PR 2
V) PR AR BT 222 S PR 0o B e SR T DR B (R B8 , 75 DR b SR PR Ut FE K /N T RE R R 1 el
LGS
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FEAUCA AR A (8 6c) B S Fo s bl L H IS A ZK11E0S HIMIE A
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Fig.6 Summary of preferred locations for copper—nickel ore bodies
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et al., 2018); d. The relationship of Fo and Ni content in ZK4001 of Shitoukengde Cu—Ni deposit
(Zhang et al., 2018)
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Fig.7 Malachite (left) and annabergite (right) in the Xiarihamu giant Ni—Co ore deposit.
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BRALI AT A - B 5 2 (CaS0,)(Li et al., 2009). 7 52 2 (Jugo, 2009). LA SiO, Al Z
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Fig. 8 The relationship of nickel content with eNd(t) and (¥’Sr/**Sr); in Shitoukengde Cu—Ni
deposit (Zhang et al., 2018)

Hf BIER N2, AR (MO & &) HYTRSE T e 2X S8 R sl R,
s 5 HIGARH) ZK3509 H5 AL Al WM AR AN B A = BURHE S T, 5 KA Bl A m]
W b i (B 9. FTBFIMRBEZL, Chen etal. (2021)I A HACA R4
TE B BRBRIR ke RO . 2 R (R G 2 iG L B R A AR A — RN . Bl
A AEENINEEN: X BRENE S MR A SIEAA AR, RE X —5&
BN A B RIS . B 9 LGOI ea RIR AL, TR T itses
HRNEg s
Zk3SOORER B —— 75 1 1 g i
g [ 3] granitic gniess

Az JU‘ }\}g‘ =

o
dolommc marble
A

A A ultramdhc rocks
SIS

gabbro

R EE A
’ epidotization

Ni2.23%
(o Nl£.2970
%\ Cu0.418%

TS C00.049%

J£5.62 m

\ 0 5 10m

9. B HIGAN X ZK3509 3 A 5 A = FUKEA A R
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Fig. 10 Comparison of the olivine and clinopyroxene compositions from the Xiarihamu giant
Cu-—Ni deposit and the no mineralized mafic—ultramafic complexes (Liu et al., 2019).
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Fig.11 Magnetic anomaly polarization map (a) in Kaimugi area and 3D inversion of magnetic data
(b). C1, C2, and C3 are the the magnetic anomalies.

4.3.2 B
HHMBAK HS26 S 7#EIRLZE GEm 330° ), & 11 AMESFLeEssHl, T/EREE, Ry

ROR G o W RS AR TR R0 T BUS I BCR WE 12. TAERNIE B S E0N R
=1800m, JIEFH=40m, e /E1=32s, Wi iEm=200ms. ME ERTLAE Y, fEEH A AER
i, £ 1400~1900 Hfb 2B BTy, FPHAI R RRAK, AR R PRI RS & Ak
PRIV A AR AT, FE U H I R I AR M X — R AR R A R T . DL BRI £ AT
DA, W B AR Z X X 2 SR OUH R & —FhEEE A U IR T
B
4.3.3 FHUAH BRI RS

HS26 5 THERZE I A R A 1966 4725 [E Geometrics 2 @l EMI A ] A= —
FlR AR RGN R R G (BR 1~100kHZz) EH4, #E47 sk st g I v Bh % 3R 56
FRJELTAE, sUBEy 40m. S8 Id 48 A B Bk g i BT LUV (8 12), TENZm
JRAT I BT B SR A e B, 72 DN v A 1) T 7 U T 380 R IR BEL S o, T
BB I P IS L, 2 XA TE 2 (M BELA A, S AR U0 B 1 SRR R TE A ) b,
T F AR bR AR T, 77 ¥k B A A B s 1 HR I AT 2 2 B AR



p(Q-m)
t [H ‘—?'»A(,()o

0 200 400 600 800 1000

A 25 (m) Resistivity
(Q-m)
.EH4 '400
3200 300
G |
# | 200
17 3000,
; 100
2800 -
0 200 400 600 800 1000 0
#H 2 (m)
i FE
(mA
3200+
3000F

0 200 400 600 800 1000
B 1 (m)

K 12 HHmAR 7 52 TR A m U b r IR R i B (R AP 2, 2015)
Fig.12 Anomalies of IP mid—ladder and high—frequency magnetotelluric sounding of Line 7
in Xiarihamu area (Song, 2015)

5 B REIEERA

MR R 36 2 TR, AROA W B 3 IR AR AR W MR AR B a1 Ly B S AR K A B 1 R
T A 1 5 e s — vy R AR o AR AR SR 0 — BB R o A 7 [ B &0 X v i B sy T g i
H P SRS s R AR R A IR AR AR — B S e R T e A R P AR R
BEr— AN EEIT A

FESEBRAIET P B g, ANE 0 AR B R EEAT AN B &7 i ik, DUYEA IR A
T35 W70 W TR AR B R B BOR . ASCEES T R R R B R B O XA S A A R
AL Eh B (B 13D,

AR RAHIX, ATLAEIERIA] 1:20 JiK RTURYIERAL A0 1.5 i iER{b 2 5odis
X Cus Niv Co w# XHATRAR T, £ 1:5 BB AR BRI, 1:5 J3imEsork
R ANE EESR ] CORUE R AP IR A AR, RS AR RLRFIE X 7 g 2
HEREVEBEE A RN ER, IFMERIRER . PRI, LA, H R OE LAl
TR KWL B W R PRI A S R S A, R IO e 6 B T — e G T i v
SEPEE A SR, B R MBI TV ) R, BRI -, A
- =it i =B SR A AR RAT R A R A R A Ba AT T A
FAE: (1D fFLEath. ARMEkmit, SeEmarsixie, (2) S Rmmit v G o e



B AE R R R AT R E AR (3) FAIEARMCS —~ A M S —~ A 5 1 4 a1 (4 17
FERERTTHEA A (5) Mifpacm/fmin KT 2.5 H mifny KT 5.5 ik (6) MiliA
FE R A BAT 1 MgO- 1K FeO FIMIK CaO A4 (7) B ASBALIIITE R KA (K5
RSP A R (B 13)0 W TRBOHIX, B3R TR 7 i K FLA
A RS ANF T R (1, TR I A 2 BOKES A S ALY ROAE T R 1R AT e R T el
.

LR B R AT B P R

4 (v A B 2 1
e i) 55 4
h &
LGSR dRE . R
#1401 5 M T B - O
g FACY S F 3T 4 A

A

< s, WS st |
0 500 1000 .
iy e

1
m)

(m) L

x (Q
ZkJ05 400
w 300

3200,
200

R S K EH4
)

K, (H A R Tk
1 MgO, fiFeO, 1CaO4¥ fif
>85, FeO<15%.Ca0<0.04% e

-
500 1000
¥ 2§ (m)

i f
{ . (m) Zk705
N HE AL B A 3 3200
i Mg ¢ A 40 AR b

B . {045 5 R mo(:) 500 1000
m/f,,.-m/f,,>2.5, Hm/f,, . >5.5 Ni. Co. Cr. Cull & B % i #5(m)

K 13 Hifg R B O XA KB R B A Y
Fig.13 The exploration model of magmatic copper-nickel sulfide deposits in East Kunlun

area, Qinghai—Tibetan Plateau

X ORI FE R SR EAT 11 TR AR AR S 2 A, MLl 11 5
R FEREAN 11 JIAER, BEUE I A A ITE R, B AR IE, SR,
B FLRE AR AT VAL AT ERAERE A AR, WD B R s AR ) 2 AR
RN 2GR (A TERRICH, SGREFD, BE s AfEsh e 4 KRS Y 5 it
MIRZR, FrRl T BN AR E R RS . M a R AR, T2 2R
RPN S, WO RIS . RIS . SRS s (TR, R R
Hy R BREEACE . 1o 1 T TR ERE RO R 2 B, B AR e AL
Yo, KRG R Az KB IR T A KBS, X FE e 2 e g M Ao or
F, WK BE SR S A S e SRR AL ML AN B B R s A R (BT 13D,

FE BB TARRERS b, EBIBA S G A AN RS A A L SV VRS AR A 6 I
KAWL B 101 T3 BEE =4 S OR € Fl T A BBt e) IR, IR IR R i
BORBRRY R RO AL B, SR 18 FI AT I rE IR | iR AR R AR 1 R P
MECEH A, BOGERRAE (B 13). 2 ML, Zldrkil. Bgid.
TR R EA F A AR S AR AL T, 856 26 B s H i A
M K SRSl AR R, & 2R KR D E L AEOR Rk I i ihifL, 4
—a M, R LRI, AR — S AAfRCa o AR A AR SR AR ZE G



B RREL . A 25 0F 7T DRSS V)RR AL, B2 B A M b 45 i R RL L, FEAHE
REFACYIREMALE, BEAALRT 0.7 W%l R A 5 B A M I b T BB ER, 2R
A5 TN A — 15 A LR FUEE . 2R EAERA 10 a2 2 A B AT HRES HER AL
i EE R . AR, YR, BALHR AR R BRI IGIE (K 13).

6 4R

(1) 78 ] B A0 DX e i e R A i v 34K 5 8 R i 2 AR 3B AR ol 4 0%
— R R S A T R T D AR A A ) — AN T

(2) PR AL B A | TR X i sts SR A A A . RS A RS
WA CPRS. BT RLEED (3] AR A U 2 SR TR A AR B AL o R B 2 (1 O B 0
THHARRBIE A A, LT SR . RN R AR B, BART S S SIF
B B AL AT A A R A i . SRR T 0.7 Wi 1A 5 25 5
PUE AR R BB .

(3) WA RIE RS TR R GRS 1 Fe*/T Fe BE/REL<0.3.
WOHE A RIME £ B Mg 72 Fe Rl Ca. AFTE KERDTMEA . FEAEAIICS — A M 2 — A0 5 1
5 M/ KT 2.5 H mifp KT 5.5, Bl & TS

BOS 7575 R SRR A R R S R AR T, 45 3 T 2 X R B A A Kt B,
BURET AN — 23R S A 1o B L O AR SR I I e e L Y R E TR, SRS
ARETRE], 5.

References

Ao Cong, Sun Fengyue, Li Bile, Wang Guan, Li Liang, Li Shijin, Zhao Junwei. 2015. U-Pb Dating, Geochemistry
and Tectonic Implications of Xiaojianshan Gabbro in Qimantage Mountain, Eastern Kunlun Orogenic Belt[J].
Geotectonica Et Metallogenia, 39(6): 1176—1184 (in Chinese with English abstract).

Ballhaus C, Berry RF, Green DH. 1991. High pressure experimental calibration of the
olivine-orthopyroxene-spinel oxygen geobarometer: implications for the oxidation state of the upper
mantle[J].Contributions to Mineralogy and Petrology, 107(1): 27-40.

Barnes S J, Godel B, Giirer D, Brenan J M, Robertson J, Paterson D. 2013. Sulfide—Olivine Fe—Ni Exchange and
the Origin of Anomalously Ni Rich Magmatic Sulfides[J]. Economic Geology, 108(8): 1971-1982.

Barnes S J, Roeder P L. 2001. The range of spinel compositions in terrestrial mafic and ultramafic rocks[J].
Journal of Petrology, 42(12): 2279-2302.

BiH Z,Song S G, DongJL, Yang L M, Qi S S, Allen M B. 2018. First discovery of coesite in eclogite from East

Kunlun, northwest China[J]. Science Bulletin, 63(23): 1536—1538.



Bian Qiantao, Luo Xiaoquan, Li Hongshen, Chen Haihong, Zhao Dasheng, Li Dihui. 1999. Discovery of Early
Paleozoic and Early Carboniferous—Early Permian ophiolites in the A'nyemagen, Qinghai province, China[J].
Scientia Geologica Sinica, 34(4), 523—524 (in Chinese with English abstract).

Chen Guochao, Pei Xianzhi, Li Ruibao, Li Zuochen, Pei Lei, Liu Zhanging, Chen Youxin, Liu Chengjun, Gao
Jingmin, Wei Fanghui. 2013. Geochronology and genesis of the Helegang Xilikete granitic plutons from the
southern margin of the eastern East Kunlun orogenic belt and their tectonic significance[J]. Acta Geologica
Sinica, 87: 1525—1541 (in Chinese with English abstract).

Chen Jing, Xie Zhiyong, Li Bin, Tan Shengxiang, Ren Hua, Zhang Qimei, Li Yan. 2013. Petrogenesis of Devonian
intrusive rocks in Lalingzaohuo area, Eastern Kunlun, and its geological significance[J]. Journal of
Mineralogy & Petrology, 33(3): 26—34 (in Chinese with English abstract).

Chen L, Song X, Hu R, Yu S, Yi J, Kang J, Huang K. 2021. Mg—Sr-Nd isotopic insights into Petrogenesis of the
Xiarihamu mafic—ultramafic intrusion, northern Tibetan plateau, China[J]. Journal of Petrology, 62(2):
egaalls.

Dong Y, He D, Sun S, Liu X, Zhou X, Zhang F, Yang Z, Cheng B, Zhao G, Li J. 2018. Subduction and
accretionary tectonics of the East Kunlun orogen, western segment of the Central China Orogenic System[J].
Earth-Science Reviews, 186: 231-261.

Du W, Jiang C, Tang Z, Xia M, Xia Z, Ling J, Zhou W, Wang B. 2017. Discovery of the Dagele Eclogite in East
Kunlun,Western China and Its Zircon SHRIMP U-Pb Ages:New Constrains on the Central Kunlun Suture
Zone[J]. Acta Geologica Sinica (English Edition), 91(03): 1153—-1154.

Du Wei, Jiang Changyi, Ling Jinlan, Zhou Wei, Xia Mingzhe, Xia Zhaode. 2017. Zircon SHRIMP U-Pb
geochronology, geochemistry and implications of No. II intrusion in Xiarihamu Cu—Ni deposit, East Kunlun
Mountains[J]. Mineral Deposits, 36(05): 1185—1196 (in Chinese with English abstract).

Duan Jianhua, Zhang Zhaowei, Qi Changwei, Wang Yalei, Qian Bing, Zhang Jiangwei, Mi Jiaru, You Minxin, Liu
Yuegao. 2017. Formation age of the gabbro in No. II intrusion at the Xiarihamu magmatic Ni—Cu sulfide
deposit in the East Kunlun orogenic belt and its prospecting potential[J]. Geology and Exploration, 53(05):
880—888 (in Chinese with English abstract).

Duan Xue Peng, Meng Fan Cong, Fan Ya Zhou. 2019. The constraints of kaersutite and pargasite on metallogeny
in Xiarihamu mafic-ultramafic intrusion, East Kunlun[J].Acta Petrologica Sinica, 35(6): 1819—1832 (in
Chinese with English abstract).

Enami M. 1990. Quartz pseudomorph after coesite in eclogites from Shandong Province, east China[J]. American
Mineralogist, 75(3): 381-386.

Fan D, Tan S, Wang X, Qin Z, Zhao J, Yang L, Zhang W, Li X, Yan Z, Yang G, Li L. 2023. Geochronology,
Petrogenesis and Geodynamic Setting of the Kaimugi Mafic—Ultramafic and Dioritic Intrusions in the Eastern

Kunlun Orogen, NW China[J].Minerals, 13(1): 73.



Feng Cengyou, Wang Song, Li Guochen, Ma Shengchao, Li Dongsheng. 2012. Middle to Late Triassic granitoids
in the Qimantage area, Qinghai Province, China: Chronology, geochemistry and metallogenic significances[J].
Acta Petrologica Sinica, 28(2): 665—678 (in Chinese with English abstract).

Fu Piaoer. 2012. Ore Genesis of Late—Paleozoic Cu—Ni Sulfide Deposit in North Xinjiang, China: Constraints
from Geochemical Data and Volatile Compositions[D]. Ph. D. Thesis, Lanzhou University, Lanzhou, pp87 (in
Chinese with English abstract).

FuY Z,Peng Z M, Wang G Z, Hu J F, Guan J L, Zhang J, Zhang Z, Liu Y H, Hao Z. 2021. Petrology and
metamorphism of glaucophane eclogites in Changning-Menglian suture zone, Bangbing area, southeast
Tibetan Plateau: An evidence for Paleo-Tethyan subduction[J].China Geology, 49(1): 111-125.

Gan Caihong. 2014. Petrology, Geochemistry, U—Pb Dating and Hf Isotopic Composition of Zircons in Igneous
Rocks from East Kunlun orogen, Qinghai[D]. A Dissertation Submitted to China University of Geosciences
for Master Degree: pp83 (in Chinese with English abstract).

Gao X, Thiemens M H. 1993. Variations of the isotopic composition of sulfur in enstatite and ordinary
chondrites[J]. Geochimica Et Cosmochimica Acta, 57(13): 3171-3176.

Guo Xianzheng, Jia Qunzi, Li Jinchao, Kong Huilei, Yao Xuegang, Mi Jiaru, Qian Bing, Wang Yu. 2018. Zircon
U-Pb Geochronology and Geochemistry and Their Geological Significances of Eclogites from East Kunlun
High—Pressure Metamorphic Belt[J]. Earth Science, 43(12): 4300—4318 (in Chinese with English abstract).

Guo Feng, Wang Panxi, Wang Zhenning, Feng Naigi. 2020. Geochemical and Geochronology characteristics of
Retrograde Eclogite in Xiarihamu area, East Kunlun Mountains, and its geological implications[J].
Sedimentary Geology and Tethyan Geology, 40(4): 4555 (in Chinese with English abstract).

He Shuyue, Sun Feifei, Li Yunping, Li Dongsheng, Yu Miao, Qian Ye, Liu Yongle, Bai Guolong, Zhao Menggqi,
Zhang Peng, Zhang Aikui, Ma Shenglong, Liu Guoyan, Liu Zhigang. 2017. Geochemical Geochemical and
Geochronological Significance of the Binggounan Garbbro in the Qiman Tage Region, Qinghai Province[J].
Bulletin of Mineralogy, Petrology and Geochemistry, 36(4): 582-592 (in Chinese with English abstract).

Hou Zenggian, Zheng Yuanchuan, Lu Zhanwu, Xu Bo,Wang Changming, Zhang Hongrui. 2020. Growth,
thickening and evolution of the thickened crust of the Tibet Plateau. Acta Geologica Sinica, 94(10):
2797-2815 (in Chinese with English abstract).

Hu C, Li M, Feng C, Zha X, Meng J. 2021. (2023) Petrogenesis and metallogenic potential of the early devonian
Yugusayi mafic-ultramafic complex in Qimantagh, East Kunlun orogeic belt, International Geology
Review, 65(7): 1056—1076.

Huang Jiging. 1984. New researches on the tectonic characteristics of China [J]. Bulletin of the Chinese Academy
of Geological Sciences, 9: 5-18 (in Chinese with English abstract).

Huang Xuzhao, Fan Zhengguo, He Jingzi, Ge Tengfei, Wang Sixun, Man Yi, Wang Peng, Li Jun, Wang Heng. A
collaborative airborne, ground, and borehole exploration technology system for concealed magmatic
copper-nickel deposits[J]. Geophysical and Geochemical Exploration, 2022, 46(3): 597-607 (in Chinese with

English abstract).



JiaL, Chen Y, Su B, Mao Q, Zhang D. 2022a. Oxygen-fugacity evolution of magmatic Ni-Cu sulfide deposits in
East Kunlun: Insights from Cr-spinel composition[J]. American Mineralogist, 107(10): 1968—1981.

JiaL, ChenY, Mao Q, Zhang D, Yuan J, Li X, Wu S, Zhang D. 2022b. Simultaneous in-situ determination of
major, trace elements and Fe**/3. Fe in spinel using EPMA [J]. Atomic Spectroscopy, 43(1): 42-52.

Jia L, Meng F, Feng H. 2018. The Wenquan ultramafic rocks in the Central East Kunlun Fault zone,
Qinghai—Tibet Plateau—crustal relics of the Paleo—Tethys ocean[J]. Mineralogy and Petrology, 112(3):
317-339.

JiaLH,MaoJW, LiBL,Zhang DY, Sun T T. 2021. Geochronology and petrogenesis of the Late Silurian
Shitoukengde mafic—ultramafic intrusion, NW China: Implications for the tectonic setting and magmatic
Ni—Cu mineralization in the East Kunlun Orogenic Belt[J]. International Geology Review, 63(5): 549-570.

Jia Lihui, Meng Fancong, Feng Huibin. 2014. Fluid activity during eclogite—facies peak metamorphism: Evidence
from a quartz vein in eclogite in the East Kunlun, NW China[J]. Acta Petrologica Sinica, 30(8): 2339-2350
(in Chinese with English abstract).

Jiang Changyi, Ling Jinlan, Zhou Wei , Du Wei , Wang Zixi, Fan Yazhou , Song Yanfang, Song Zhongbao. 2015.
Petrogenesis of the Xiarihamu Nibearing layered mafic—ultramafic intrusion, East Kunlun: Implications for
its extensional island arc environment[J]. Acta Petrological Sinica, 31(4): 1117—1136 (in Chinese with
English abstract).

Jiang Chunfa. An introduction to opening-closing tectonics [J]. Geological Bulletin of China, 23(3): 200207 (in
Chinese with English abstract).

Jugo P J. 2009. Sulfur content at sulfide saturation in oxidized magmas[J]. Geology, 37(5): 415—418.

Kong Huilei, Li Jinchao, Guo Xianzheng, Yao Xuegang, Jia Qunzi. 2019a. The discovery of Early Devonian
pyroxene peridotite from the Xiwangmu magmatic Ni—Cu sulfide ore spot in East Kunlun Mountains[J].
Geology in China, 46(1): 205—206 (in Chinese with English abstract).

Kong Huilei, Li Jinchao, Li Yazhi, Jia QunZi, Guo Xianzheng. 2017. Zircon LA-ICP-MS U-Pb dating and its
geological significance of the Jiadang gabbro in the eastern section of East Kunlun, Qinghai Province[J].
Geology and Exploration, 53(5): 889—902 (in Chinese with English abstract).

Kong Huilei, Li Jinchao, Li Yazhi, Jia Qunzi, Guo Xianzheng, Zhang Bin. 2018. Zircon U-Pb dating and
geochemistry of the Jiadang olivine gabbro in the eastern section of East Kunlun, Qinghai Province and their
geological significance[J]. Acta Geologica Sinica, 92(5): 964—979 (in Chinese with English abstract).

Kong Huilei, Li Jinchao, Jia Qunzi, Guo Xianzheng, Wang Yu, Yao Xuegang, Li Yazhi. 2020. Petrogenesis of
Xiwanggou olivine gabbro in East Kunlun: Constraints from geochemistry, zircon U-Pb dating and Hf
isotopes[J]. China Geology: 1-20 (in Chinese with English abstract).

Kong Huilei, Li Yazhi, Li Jinchao, Jia Qunzi, Guo Xianzheng, Zhang Bin. 2019. LA-ICP—MS Zircon U-Pb Daing
and Geochemical Characteristics of the Xiwanggou Olivine Pyroxenolite in East Kunlun[J]. Journal of

Geomechanics, 25(03): 440—452 (in Chinese with English abstract).



Labidi J, Cartigny P, Moreira M. 2013. Non—chondritic sulphur isotope composition of the terrestrial mantle[J].
Nature, 501(7466): 208—211.

Lacono-Marziano G, Ferraina C, Gaillard F, Carlo |, Arndt N. 2017. Assimilation of sulfate and carbonaceous
rocks: experimental study, thermodynamic modeling and application to the Noril’sk-Talnakh region
(Russia)[J].Ore Geology Reviews, 90: 399—413.

Li C, Ripley E M. 2009. Sulfur contents at sulfide—liquid or anhydrite saturation in silicate melts: empirical
equations and example applications[J]. Economic Geology, 104(3): 405—412.

Li C, Ripley E M, Naldrett A J, Schmitt A K, Moore C H. 2009. Magmatic anhydrite—sulfide assemblages in the
plumbing system of the Siberian Traps[J]. Geology, 37(3): 259—262.

LiCS, ZhangZW, LiWY,Wang Y L, Sun T, Ripley E M. 2015. Geochronology, petrology and Hf-S isotope
geochemistry of the newly-discovered Xiarihamu magmatic Ni—Cu sulfide deposit in the Qinghai—Tibet
plateau, western China[J]. Lithos: 216: 224—-240.

LiHR, Qian Y, Sun FY, SunJ L, Wang G. 2020. Zircon U-Pb dating and sulfide Re-Os isotopes of the
Xiarihamu Cu-Ni sulfide deposit in Qinghai Province, Northwestern China[J]. Canadian Journal of Earth
Sciences, 57(8): 885-902.

Li Liping, Ma Nan , Wu Jinhong, Zhao Junwei , Li Dong. 2016. Geochemical characteristics and ore-bearing
potentiality of Maxing Dawandong rock mass in East Kunlun, Qinghai Province[J]. Jilin Geology, 35(3):
37-43 (in Chinese with English abstract).

Li Jianping. 2016. The Ore—forming Magmatism of Xiarithamu Ni—Cu Sulfide Deposit in Eastern Kunlun
Orogenic Belt, China: Constraints from Petrochemistry and Volatile Geochemistry[D]. Master 's Degree
Thesis of Lanzhou University: pp64 (in Chinese with English abstract).

Li Jinchao, Jia Qunzi, Wei Du, Li Yazhi, Kong Huilei, Norbu Namkha, Yang Baorong. 2014. LA—ICP—-MS Zircon
Dating and Geochemical Characteristics of Quartz Diorite in Asiha Gold Deposit in East Segment of the
Eastern Kunlun[J]. Journal of Jilin University, 44(4): 1188—1199 (in Chinese with English abstract).

LiL,SunFY,LiBL,LiSJ Chen GJ, Wang W, Yan J M, Zhao T F, Dong J, Zhang D X. 2018. Geochronology,
Geochemistry and Sr—Nd—Pb—Hf Isotopes of No. | Complex from the Shitoukengde Ni—Cu Sulfide Deposit
in the Eastern Kunlun Orogen, Western China: Implications for the Magmatic Source, Geodynamic Setting
and Genesis[J]. Acta Geologica Sinica (English Edition), 92(1): 106—126.

Li L, Zhang D, Tan S, Sun F, Wang C, Zhao T, Li S, Yang Y. 2021. The parental magma composition, crustal
contamination process, and metallogenesis of the Shitoukengde Ni—Cu sulfide deposit in the Eastern Kunlun
Orogenic Belt, NW China[J]. Resource Geology, 71:339-62.

Li Liang, Sun Fengyue, Li Shijin, Li Bile, Qian Ye, Wang Chao, Zhao Tuofei, Yu Lu, Wang Guan, Huo Liang,
Wang Li, Zhang Yajing, Wang Linlin, Li Haoran, Yan Jiaming, Li Yujin, Zhang Dexin, Yang Yangian, Wang
Wei. 2022. Metallogenic geological conditions and regularity of magmatic Cu-Ni sulfide deposits in the East
Kunlun Metallogenic belt[J].Journal of Jilin University (Earth Science Edition), 52(5): 14611496 (in

Chinese with English abstract).



LiRB,PeiXZ, LiZC,Peil,ChenGC,LiuZQ,ChenY X, Liu CJ, Wang M, Zhang M. 2022. Paleo-Tethyan
Ocean Evolution and Indosinian Orogenesis in the East Kunlun Orogen, Northern Tibetan Plateau
[J].Minerals, 12: 1590.

Li Shijin., Sun Fengyue, Gao Yongwei, Zhao Junwei, Li Liansong, Yang Qian. 2012. The theoretical guidance and
the practice of small intrusions forming large deposits — The enlightenment and significance for searching
breakthrough of Cu—Ni sulfide deposit in Xiarihamu, East Kunlun, Qinghai [J]. Northwestern Geology, 45(4):
185—191 (in Chinese with English abstract).

Li Wenyuan. 2015. Metallogenic geological characteristics and newly discovered orebodies in Northwest China [J].
China in Geology, 42(3): 365—380 (in Chinese with English abstract).

Li Wenyuan. 2022. Study of ore-forming theoretical innovation and prospecting breakthrough of magmatic
copper—nickel—cobalt sulfide deposits in China [J]. Journal of Geomechanics, 28(5): 793—820. (in Chinese
with English abstract). doi: 10.12090/j.issn.1006-6616.20222810.

Li Wenyuan, Wang Yalei, Qian Bing, Liu Yuegao, Han Yixiao. 2020. Discussion on the formation of magmatic
Cu—Ni—Co sulfide deposits in margin of Tarim Block [J]. Earth Science Frontiers, 27(02): 276293 (in
Chinese with English abstract). DOI: 10.13745/j.esf.sf.2020.3.22

Li Yulong, Cai Shengshun, Chang Tao, Hu Jichun, Chen Jian, Shu Shulan. 2018. The new evidence of permian
ocean—continent subduction in the east section of east kunlun: constraint from U—Pb age dating of
Xiwanggou gabbro [J]. Journal of Mineralogy and Petrology, 38(01): 91-98 (in Chinese with English
abstract).

Liou J G, Ermnst W G, Song S G, Jahn B M. 2009. Tectonics and HP—UHP metamorphism of northern Tibet —
Preface[J]. Journal of Asian Earth Sciences, 35(3): 191-198.

Liu Bin, Ma Changgian, Pan Guo, Zhang Jinyang, Xiong Fuhao, Jian Huang, Jiang Hongan. 2013a. Discovery of
the Middle Devonian A—type Granite from the Eastern Kunlun Orogen and Its Tectonic Implications [J].
Earth Science (Journal of China University of Geosciences), 38(5): 947-962 (in Chinese with English
abstract).

Liu Bin, Ma Changgian, Jiang Hongan, Guo Pan, Zhang Jinyang, Xiong Fuhao. 2013b. Early Paleozoic tectonic
transition from ocean subduction to collisional orogeny in the Eastern Kunlun region: Evidence from
Huxiaogqin Mafic rocks [J]. Acta Petrologica Sinica, 29(6): 2093—2106 (in Chinese with English abstract).

Liu Bin, Ma Changgian, Zhang Jinyang, Xiong Fuhao, Huang Jian, Jiang Hongan. 2012. Petrogenesis of Early
Devonian intrusive rocks in the east part of Eastern Kunlun Orogen and implication for Early Palaeozoic
orogenic processes [J]. Acta Petrologica Sinica, 28(6): 1785—1807 (in Chinese with English abstract).

Liu Chendong, Mo Xuexue, Luo Zhaohua, Yu Xuehui, Chen Hongwei, Li Shuwei, Zhao Xin. 2004. Crust-mantle
magma mixing in East Kunlun: Evidence from zircon SHRIMP chronology[J]. Chinese Science Bulletin,

49(6): 596602 (in Chinese with English abstract).


https://doi.org/10.12090/j.issn.1006-6616.20222810

Liu Liang, Sun Yong, Xiao Peixi, Che Zicheng, Luo Jinhai, Chen Danling, Wang Yan, Zhang Anda. 2002.
Discovery of ultrahigh—pressure magnesite—bearing garnet lherzolite (>3.8 GPa) in the Altyn Tagh,
Northwest China [J]. Science Bulletin, 47(11): 881886 (in Chinese with English abstract).

Liu S, Fedi M, Hu X, Ou Y, Baniamerian J, Zuo B, Liu Y, Zhu R. 2018. 3D inversion of magnetic data in the
simultaneous presence of significant remanent magnetization and self-demagnetization: example from Daye
iron-ore deposit, Hubei province, China [J]. Geophysical Journal International, 215: 614-634.

Liu Y, Samaha N T, Baker D R. 2007. Sulfur concentration at sulfide saturation (SCSS) in magmatic silicate melts
[J]. Geochimica Et Cosmochimica Acta, 71(7): 1783—1799.

LiuY G,ChenZ G, LiW Y, Xu X H, Kou X, JiaQ Z, Zhang Z W, Liu F, Wang Y L, You M X. 2019. The Cu-Ni
mineralization potential of the Kaimugi mafic-ultramafic complex and the indicators for the magmatic Cu-Ni
sulfide deposit exploration in the East Kunlun Orogenic Belt, Northern Qinghai-Tibet Plateau, China [J].
Journal of Geochemical Exploration, 198: 41-53. DOI: 10.1016/j.gexplo.2018.12.002

LiuY G, LiWY,JiaQ Z, Zhang Z W, Wang Z A, Zhang Z B, Zhang J W, Qian B. 2018. The Dynamic Sulfide
Saturation Process and a Possible Slab Break-off Model for the Giant Xiarihamu Magmatic Nickel Ore
Deposit in the East Kunlun Orogenic Belt, Northern Qinghai-Tibet Plateau, China[J]. Economic Geology,
113(6): 1383—1417. DOI: 10.5382/econge0.2018.4596; 35 p.

LiuY G, LiWY, LUX B, Liu Y R, Ruan B X, Liu X. 2017. Sulfide saturation mechanism of the Poyi magmatic
Cu-Ni sulfide deposit in Beishan, Xinjiang, Northwest China[J]. Ore Geology Reviews, 91: 419—431. DOI:
10.1016/j.oregeorev.2017.09.013

LiuY G, Lv X B, Yang L S, Wang HF, Meng Y F, Yi Q, Zhang B, Wu J L, Ma J. 2015. Metallogeny of the Poyi
magmatic Cu-Ni deposit: revelation from the contrast of PGE and olivine composition with other Cu-Ni
sulfide deposits in the Early Permian, Xinjiang, China[J]. Geosciences Journal, 19(4): 613-620. DOI:
10.1007/s12303-015-0008-3

Liu Yuegao, LUiXinbiao, Ruan Banxiao, Liu Xiao, Liu Shuang, Feng Jing, Deng Gang, Wang Heng, Zeng
Huadong, Wang Peng, Wang Wei, Lu Qiang. 2019. A comprehensive information exploration model for
magmatic Cu—Ni sulfide deposits in Beishan, Xinjiang[J]. Mineral Deposits, 38(3): 644—666 (in Chinese with
English abstract). DOI: 10.16111/j.0258-7106.2019.03.013

Liu Zhanging, Pei Xianzhi, Li Ruibao, Li Zuochen, Zhang Xiaofei, Liu Zhigang, Chen Guochao, Chen Youxin,
Ding Saping, Guo Junfeng. 2011. LA-ICP—MS Zircon U-Pb Geochronology of the Two Suites of Ophiolites
at the Bugingshan Area of the A'nyemagen Orogenic Belt in the Southern Margin of East Kunlun and Its
Tectonic Implication[J]. Acta Geologica Sinica, 85(2), 185—194 (in Chinese with English abstract).

Luo Mingfei, Mo Xuanxue, Yu Xuehui, Li Xiaowei, Huang Xiongfei, Yu Junchuan. 2014. Zircon LA-ICP-MS
U—Pb age dating, petrogenesis and tectonic implications of the Late Triassic granites from the Xiangride area,

East Kunlun[J]. Acta Petrologica Sinica, 30(11): 3229-3241 (in Chinese with English abstract).



Luo Zhaohua, Ke Shan, Cao Yongqing, Deng Jinfu, Chen Hongwei. 2002. Late Indosinian mantle—derived
magmatism in the East Kunlun[J]. Geological Bulletin of China, 21(6): 292—297 (in Chinese with English
abstract).

Mavrogenes J A, O’Neill H S C. 1999. The relative effects of pressure, temperature and oxygen fugacity on the
solubility of sulfide in mafic magmas[J]. Geochimica Et Cosmochimica Acta, 63(7): 1173—1180.

Meng F C, Zhang J X, Cui M H. 2013. Discovery of Early Paleozoic eclogite from the East Kunlun, Western
China and its tectonic significance[J]. Gondwana Research, 23(2): 825—-836.

Meng Jie, Hu Chaobin, Xiao Peixi. 2019. Genesis and Tectonic Significance of the Yugusayi Basic—Ultrabasic
Complex in Qimantage Area of East Kunlun[J]. Geology and Mineral Resources of South China, 35(02):
171-185 (in Chinese with English abstract).

Meng Qingpeng. 2019. Study on Geological characteristics and Genesis of Langmuri Copper—Nickel Deposit in
Eastern Kunlun, Qinghai[D]. Jilin University, pp86 (in Chinese with English abstract).

No. 108GT (No. 108 Geological Team of the Sichuan Provincial Bureau of Geological Mineral Exploration and
Development). 2016. Investigation Report of the Shitoukengde Mafic—ultramafic Complex with Ni—Cu
Mineralization in Golmud City, Qinghai Province[R]. pp. 1-181 (in Chinese)

No. 5 Geological and Mineral Survey Institute of Qinghai. 2014. Investigation Report on HS26 Abnormal Zone in
the Xiarihamu Cu—Ni Mining Area in Golmud City, Qinghai Province[R]. pp189 (in Chinese).

Norbu N, Li J, Liu Y, Jia Q, Kong H. 2020. Tectonomagmatic Setting and Cu—Ni Mineralization Potential of the
Gayahedonggou Complex, Northern Qinghai, Tibetan Plateau, China[J]. Minerals, 10(11): 950. DOI:
10.3390/min10110950

Pan Tong, Zhang Yong. 2020. Geochemical characteristics and metallogenic response of the eclogite from
Xiarihamu magmatic Ni-Cu sulfide deposit in eastern Kunlun orogenic belt[J]. Geotectonica Et Metallogenia,
44(3): 447-464 (in Chinese with English abstract).

Pei Xianzhi, Li Ruibao, Li Zuochen, Liu Chengjun, Chen Youxin, Pei Lei, Liu Zhanging, Chen Guochao, Li
Xiaobing, Wang Meng. 2018. Composition feature and formation process of Bugingshan composite
accretionary méange belt in southern margin of East Kunlun orogen[J].Earth Science, 43(12): 44984520 (in
Chinese with English abstract).

Peng B, SunF Y, Li B L, Wang G, Li S J, Zhao T F, Li L, Zhi Y B. 2016. The geochemistry and geochronology of
the Xiarihamu Il mafic—ultramafic complex, Eastern Kunlun, Qinghai Province, China: Implications for the
genesis of magmatic Ni—Cu sulfide deposits[J]. Ore Geology Reviews, 73: 13—28.

Qi Shengsheng, Song Shuguang, Shi Lianchang, Cai Hangjia, Hu Jichun. 2014. Discovery and its geological
significance of Early Paleozoic edogite in Xiarihamu—Suhaitu area, western part of the East Kunlun[J]. Acta
Petrologica Sinica, 30(11): 3345—-3356 (in Chinese with English abstract).

Qi Xiaopeng, Fan Xiangang, Yang Jie, Cui Jiantang, Wang Bangyao, Fan Yazhou, Yang Gaoxue, Li Zhen, Chao

Wendi. 2016. The discovery of Early Paleozoic eclogite in the upper reaches of Langmuri in eastern East



Kunlun Mountains and its significance[J]. Geological Bulletin of China, 35(11): 1771-1783 (in Chinese with
English abstract).

Qin Kezhang, Tang Dongmei, Su Benxun, Mao Yajing, Xue Shengchao, Tian Ye, Sun He, San Jinzhu, Xiao
Qinghua, Deng Gang. 2012. The Tectonic Setting, Style, Basic Feature, Relative Erosion Deee, ore-Bearing
Evacuation Sign, Potential Analysis of Mineralization of Cu-Ni-Bearing Permian Mafic-ultramafic
Complexes, Northern Xinjiang[J]. Northwestern Geology, 45(4): 83—116 (in Chinese with English abstract).

Qinghai Geological Survey. 2012. 1:50,000 Investigation on Geological and Mineral Resources in Lalingzaohuo,
Qinghai [R]. pp142 (in Chinese).

Ripley E M, Li C. 2013. Sulfide saturation in mafic magmas: is external sulfur required for magmatic Ni-Cu-(PGE)
ore genesis? [J]. Economic Geology, 108(1): 45-58.

Sino Shaanxi Nuclear Industry Group Geological Survey Co, Ltd. 2014. The Survey Report of the Kaimugi
Mafic—Ultramafic Intrusion[R]. pp156 (in Chinese).

Sobolev A V, Hofmann A W, Kuzmin D V, Yaxley G M, Arndt N T, Chung S L, Danyushevsky L V, Elliott T,
Frey F A, Garcia M O, Gurenko A A, Kamenetsky V S, Kerr A C, Krivolutskaya N A, Matvienkov V V,
Nikogosian | K, Rocholl A, Sigurdsson | A, Sushchevskaya N M, Teklay M. 2007. The Amount of Recycled
Crust in Sources of Mantle-Derived Melts[J]. Science, 316(5823): 412—417.

Sobolev A V, Hofmann A W, Sobolev S V, Nikogosian | K. 2005. An olivine-free mantle source of Hawaiian
shield basalts[J]. Nature, 434(7033): 590.

Song Mengxin. 2015. Xiarthamu Cu—Ni Deposit Comprehensive Interpretation of Electromagnetic Data
Research[D]. unpublished Master Thesis. pp58 (in Chinese with English abstract).

Song S, BiH, Qi S, Yang L, Allen M B, Niu Y, Su L, Li W. 2018. HP-UHP Metamorphic Belt in the East Kunlun
Orogen: Final Closure of the Proto-Tethys Ocean and Formation of the Pan-North-China Continent[J].
Journal of Petrology, 59(11): 2043—2060.

Song S, Niu Y, Su L, Zhang C, Zhang L. 2014. Continental orogenesis from ocean subduction, continent
collision/subduction, to orogen collapse, and orogen recycling: The example of the North Qaidam UHPM belt,
NW China[J]. Earth-Science Reviews, 129: 59—84.

Song X Y, YiJN, Chen L M, She Y W, LiuC Z, Dang X Y, Yang Q A, Wu S K. 2016. The Giant Xiarihamu
Ni-Co Sulfide Deposit in the East Kunlun Orogenic Belt, Northern Tibet Plateau, China[J]. Economic
Geology, 111(1): 29-55.

Sun Yangui, Zhang Gguowei, Wang Jin, Zhan Fayu, Zhang Zhiyong. 2004. “°Ar/**Ar age of the basic sill swarms
of two periods in the junction area of Qinling and Kunlun and its tectonic significance[J]. Acta Geologica
Sinica, 78(1): 65—71 (in Chinese with English abstract).

Tian Nan. 2022. Metallogenesis of Cu-Ni Sulfide Deposits in the Eastern Section of East Kunlun Orogenic belt,

Qinghai Province[D]. Doctoral Dissertation of Jilin University, pp257 (in Chinese with English abstract).



Wang Bingzhang, Jing Chen, Luo Zhaohua, Chen Fabin, Tao Wang, Guo Guien. 2014. Spatial and temporal
distribution of Late Permian—Early Jurassic intrusion assemblages in eastern Qimantag, East Kunlun, and
their tectonic settings[J]. Acta Petrologica Sinica, 30(11): 3213—3228 (in Chinese with English abstract).

Wang C, Zhang Z, Zhang C, Chen C, Li Y, Qian B. 2020. Constraints on sulfide saturation by crustal
contamination in the Shitoukengde Cu-Ni deposit, East Kunlun orogenic belt, northern Qinghai-Tibet Plateau,
China[J]. Geosciences Journal, 24(6): 1-15. DOI: 10.1007/s12303-020-0025-8

Wang Guan. 2014. Metallogenesis of nickel deposits in Eastern Kunlun Orogenic Belt, Qinghai Province[D]. Jilin
University Doctoral Dissertation, pp200 (in Chinese with English abstract).

Wang Guan, Sun Fengyue, Li Bile, Li Shijin, Zhao Junwei, Ao Cong, Yang Qian. 2014. Petrography, Zircon U-Pb
Geochronology and Geochemistry of the Mafic-ultramafic Intrusion in Xiarihamu Cu-Ni Deposit from East
Kunlun, With Implications for Geodynamic Setting[J]. Earth Science Frontiers, 21(6): 381-401 (in Chinese
with English abstract).

Wang Guan., Sun Fengyue., Li Bile., Li Shijin., Zhao Junwei., Yang Qian., Ao Cong. 2013. Zircon U-Pb
geochronology and geochemistry of the Early Devonian syenogranite in the Xiarihamu ore district from East
Kunlun, with implications for the geodynamic setting[J]. Geotectonica Et Metallogenia, 37(4): 685—697 (in
Chinese with English abstract).

Wang Guocan, Zhang Tianping, Liang Bin, Chen Nengsong, Zhu Yunhai, Zhu Jie, Bai Yongshan. 1999. Composite
ophiolitic melange zone in the central part of the Eastern Kunlun orogenic zone and geological significance of
fault belt in central part of eastern section of Eastern Kunlun orogenic zone[J]. Earth Science—Journal of
China University of Geosciences, 24(2): 129—133 (in Chinese with English abstract).

Wang K'Y, Song X Y, YiJN, Barnes S J, She Y W, Zheng WQ, Schoneveld L E. 2019. Zoned orthopyroxenes in
the Ni-Co sulfide ore-bearing Xiarihamu mafic-ultramafic intrusion in northern Tibetan Plateau, China:
Implications for multiple magma replenishments[J]. Ore Geology Reviews, 113: 103082.

Wang Ruiting, He Ying, Wang Dongsheng, Liu Minwu. 2003. Re-Os isotopic age and its application to the
Jianchaling nickel-copper sulfide deposit, Luyang, Shanxxi Provine[J]. Geological Review, 49(2):205-211
(in Chinese with English abstract).

Wang Qimeng. 2020. Geochemical Characteristics and Geological Significance of Eclogite in Airikehansen Area,
Dulan County, Qinghai Province[J]. Northwestern Geology, 53(1): 1-12 (in Chinese with English
abstract).Wang X, Liou J, Mao H. 1989. Coesite-bearing eclogite from the Dabie Mountains in central
China[J]. Geology, 17(12): 1085-1088.

Wang Xiaodong, Zhang Mingjie, Fu Juerong, Zhang Jiangwei, Li Liwu, Tang Qingyan, Li Zhongping. 2018. The
magmatic intrusive direction constrains from noble gas isotopic compositions: A case study of the Xiarihamu
Ni—Cu sulfide deposit in East Kunlun orogenic belt, China[J]. Acta Petrologica Sinica, 34(11): 3433—3444 (in

Chinese with English abstract).



Wang Yalei, Zhang Zhaowei, Yin Xiwen, You Minxin. 2018. The relationship between NiCu—FeTi deposits and
two magma series, Eastern Tianshan, NW China[J]. Acta Petrologica Sinica, 34(8): 2245-2261 (in Chinese
with English abstract).

Wang Yalei, Zhang Zhaowei, Zhang Jiangwei, Qian Bing, Liu Yuegao, You Minxin. 2017. Early Mesozoic
Mantle—Derived Magmatic Events and Their Geological Significance in the East Kunlun Orogenic Belt[J].
Geology & Exploration, 53(5): 855—866 (in Chinese with English abstract).

Wang Yuwang, Wang Jingbin, Wang Lijuan, Long Lingli, Tang Pingzhi, Liao zhen, Zhang Huigiong. 2010.
Petrographical and lithogeochemical characteristics of the mafic—ultramafic complex related to CuNi—VTiFe
composite mineralization:Taking the North Xinjiang as an example[J]. Acta Petrologica Sinica, 26(02):
401-412 (in Chinese with English abstract).

Wang Zhian. 2019. Extraction of comprehensive prospecting information and application of Xiarihamu Cu—Ni
exploration area in the East Kunlun, Qinghai Province[D]. Jilin University, pp51 (in Chinese with English
abstract).

Wendlandt R F. 1982. Sulfide saturation of basalt and andesite melts at high pressures and temperatures[J].
American Mineralogist, 67: 877—885.

Wau Jianliang, Lv Xinbiao, Feng Jing, Wang Heng, Liu Yuegao, Yin Xianke, Zhang Wei, Liu Wen. 2018.
Mineralogical Characteristics of Chromite from the Poyi Mafic—ultramafic Intrusion in Beishan, Xinjiang,and
its Geological Significance[J]. Geotectonica Et Metallogenia, 42(2): 348—364 (in Chinese with English
abstract). DOI: 10.16539/j.ddgzyckx.2017.06.015

Wu Shukuan, Zhang Jinling, Zhang Yuan, Gu Hongbin, Wang Youbin, Ma Jixiong. 2018. Geochemical
Characteristics and Formation Environment of Ultrabasic—Basic Complex in the Shuixiannan, East Kunlun[J].
China's Manganese Industry, 36(06): 37—42 (in Chinese with English abstract).

Xia Mingzhe, Fan Yazhou, Xia Zhaode, Rui Huichao, Jiang Changyi. 2018. Geochronology, geochemical
characteristics and ore—forming conditions of the Dalakuan mafic—ultramafic intrusion, East Kunlun,
Xinjiang[J]. Acta Petrologica Sinica, 34(08): 2380—2392 (in Chinese with English abstract).

Xiao Peixi, Gao Xiaofeng, Hu Yunxu, Xie Congrui, Guo Lei, Xi Rengang, Dong Zeng Chan, Kang Lei. 2014.
Study on the geological background of the metallogenic belt in the western section of the Altun — East
Kunlun Mountains[M]. Beijing, Geological Publishing House, pp261 (in Chinese).

Xin W, Sun F, Zhang Y, Fan X, Wang Y, Li L. 2019. Mafic—intermediate igneous rocks in the East Kunlun
Orogenic Belt, northwestern China: Petrogenesis and implications for regional geodynamic evolution during
the Triassic[J]. Lithos, 346: 105159.

Xiong Fuhao, Ma Changgian, Zhang Jinyang, Liu Bin, Jiang Hongan, Huang Jian. 2011. Zircon LA-ICP-MS U-Pb
dating of Bairigili gabbro pluton in East Kunlun orogenic belt and its geological significance. Geological

Bulletin of China[J]. 30(8): 1196—1202 (in Chinese with English abstract).



Xiong F, Ma C, Jiang H A, Liu B, Huang J. 2014. Geochronology and geochemistry of Middle Devonian mafic
dykes in the East Kunlun orogenic belt, Northern Tibet Plateau: Implications for the transition from
Prototethys to Paleotethys orogeny[J]. Chemie der Erde - Geochemistry, 74(2): 225-235.

Xiong Fuhao, Ma Changgian. 2016. Petrological evidence for the deep subduction of the proto—Tethys oceanic
crust in the central East Kunlun[C]. In Symposium on New Advances in Resource Environment and
Geospatial Information Technology, (pp. 2). Chengdu, Sichuan, China (in Chinese).

Xiong S. Research achievements of the Qinghai-Tibet Plateau based on 60 years of aeromagnetic surveys[J].
China Geology, 2021, 4(1): 147-177. d0i:10.31035/cg2021029.

Xu Xunhui, Wang Haigang. 2014. Analysis of nickel metallogenic potential of Kaimugihe area in east Kunlun[J].
Journal of Xi'an University of ence and Technology, 34(4): 457—461 (in Chinese with English abstract).

Yan J, Sun F, Li B, Li L, Zhang W, Yan Z, Zhang Y. 2020. Geochronological, geochemical, and mineralogical
characteristics of the Akechukesai-1 mafic—ultramafic complex in the eastern Kunlun area of the northern
Tibet Plateau, west China: Insights into ore potential [J]. Ore Geology Reviews, 121:103468.

YanJ, SunF, Li L, Yang Y, Zhang D. 2019a. A slab break-off model for mafic—ultramafic igneous complexes in
the East Kunlun Orogenic Belt, northern Tibet: insights from early Palaeozoic accretion related to
post-collisional magmatism[J]. International Geology Review, 61(10): 1171-1188.

YanJ, SunF, Qian Y, Li L, Zhang Y, Yan Z. 2019b. Geochemistry, Geochronology, and Hf-S-Pb Isotopes of the
Akechukesai IV Mafic-Ultramafic Complex, Western China[J]. Minerals, 9(5): 275.

Yan J, Sun G, Sun F, Li L, Li H, Gao Z, Hua L, Yan Z. 2019c. Geochronology, geochemistry, and Hf isotopic
compositions of monzogranites and mafic-ultramafic complexes in the Maxingdawannan area, eastern
Kunlun orogen, western China: Implications for magma sources, geodynamic setting, and petrogenesis[J].
Journal of Earth Science, 30(2): 335-347.

Yan Jiaming, Sun Fengyue, Chen Guangjun, Qian Ye, Li Liang, Wang Chao, He Shuyue. 2016. Geochemical
characteristics of gabbro from Binggounan Cu—Ni deposit in the north of eastern Kunlun metallogenic belt[J].
Global Geology, 35(3): 729—737 (in Chinese with English abstract).

Yan Wei, Qiu Dianming, Ding Qingfeng, Liu Fei. 2016. Geochronology,Petrogenesis,Source and Its Structural
Significance of Houtougou Monzogranite of Wulonggou Area in Eastern Kunlun Orogen[J]. Journal of Jilin
University, 46(2): 443—460 (in Chinese with English abstract).

Yang Liu, Zhou Hanwen, Zhu Yunhai, Dai Xiong, Lin Qixiang, Ma Zhanging, Jian Kunkun, Zhang Minyue. 2014.
Geochemical characteristics and LA—ICP—MS zircon U—Pb ages of intermediate to mafic dyke swarms in
Haxiya area, Golmud, Qinghai Province[J]. Geological Bulletin of China, 33(6): 804—819 (in Chinese with
English abstract).

Yang J, Xu Z, Dobrzhinetskaya L F, Green Il HW, Pei X, Shi R, Wu C, Wooden J L, Zhang J, Wan Y. 2003.
Discovery of metamorphic diamonds in central China: an indication of a >4000-km-long zone of deep

subduction resulting from multiple continental collisions[J]. Terra Nova, 15(6): 370-379.



Yang J, Xu Z, Zhang J, Song S, Wu C, Shi R, Li H, Brunel M. 2002. Early Palaeozoic North Qaidam UHP
metamorphic belt on the north - eastern Tibetan plateau and a paired subduction model[J]. Terra Nova, 14(5):
397-404.

Yang Weiran. 2004. Some problems of opening-closing tectonics [J]. Geological Bulletin of China, 23(3): 195-199
(in Chinese with English abstract).

Yuan Wan Ming, Mo Xuan Xue, Wang Xiao Hong. 1998. Geochemical Characteristics and Tectonic Setting of the
Early Carboniferous Volcanic Rocks in East Kunlun Mountains[J]. Acta Petrrologica Et Mineralogica, 17(4),
289-295 (in Chinese with English abstract).

Zhang J X, Mattinson C G, Yu S'Y, Li J P, Meng F. 2010. U-Pb zircon geochronology of coesite-bearing eclogites
from the southern Dulan area of the North Qaidam UHP terrane, northwestern China: spatially and temporally
extensive UHP metamorphism during continental subduction[J]. Journal of Metamorphic Geology, 28(9):
955-978.

Zhang J, Lei H, Ma C, Li J, Pan Y. 2021. Silurian-Devonian granites and associated intermediate-mafic rocks
along the eastern Kunlun Orogen, western China: Evidence for a prolonged post-collisional lithospheric
extension[J]. Gondwana Research, 89: 131-146.

Zhang M, Liu 'Y, Chen A, Liang K, Yang Y, Xu W. 2021. The tectonic links between Palaeozoic eclogites and
mafic magmatic Cu-Ni-Co mineralization in East Kunlun orogenic belt, western China[J]. International
Geology Review: 1-21. https://doi.org/10.1080/00206814.2021.1885504

Zhang Zeming, Ding Huixia, Dong Xin, Tian Zuolin. 2019. Two Contrasting Eclogite Types in the Himalayan
Orogen and Differential Subduction of Indian Continent[J]. Earth Science, 44(5): 1602—1619 (in Chinese
with English abstract).

Zhang Z W, Tang Q Y, Li C S, Wang Y L, Ripley E M. 2017. Sr-Nd-Os-S isotope and PGE geochemistry of the
Xiarihamu magmatic sulfide deposit in the Qinghai—Tibet plateau, China[J]. Mineralium Deposita, 52: 51-68.
DOI: 10.1016/j.oregeorev.2018.04.027

Zhang Z W, Wang Y L, Qian B, Liu Y G, Zhang D Y, LUP R, Dong J. 2018. Metallogeny and tectonomagmatic
setting of Ni-Cu magmatic sulfide mineralization, number | Shitoukengde mafic-ultramafic complex, East
Kunlun Orogenic Belt, NW China[J]. Ore Geology Reviews, 96: 236-246.

Zhang Zhaowei, Li Wenyuan, Qian Bing, Wang Yalei, Li Shijin, Liu Changzheng, Zhang Jiangwei, Yang Qian,
You Minxin, Wang Zhian. 2015. Metallogenic epoch of the Xiarihamu magmatic Ni—Cu sulfide deposit in
eastern Kunlun orogenic belt and its prospecting significance[J]. Geology in China, 42(3): 438—451(in
Chinese with English abstract).

Zhang Zhaowei, Li Wenyuan, Qian Bing, Li Wenyuan, Wang Yalei, Zhang Jiangwei, You Minxin, Liu Yuegao.
2017. The discovery of Early Paleozoic eclogite from the Xiarithamu magmatic Ni—Cu sulfide deposit in
eastern Kunlun orogenic belt: Zircon U-Pb chronologic evidence[J]. Geology in China, 44(4): 816—817 (in

Chinese with English abstract).



Zhang Z W, Wang Y L, Wang C Y, Qian B, Li WY, Zhang J W, You M X. 2019. Mafic-ultramafic magma activity
and copper-nickel sulfide metallogeny during Paleozoic in the Eastern Kunlun Orogenic Belt, Qinghai
Province, China [J].China Geology, 2(4): 467—477. doi:10.31035/cg2018124.

Zhang Zhiqing, Chen Jing, Yu Chengfu, Li Yongdeng, Ma Yongcheng, Xu Beibei. 2019. Sr—Nd—Lu—Hf Isotopic
Characteristics and Geological Significance of The Middle Permian Gabbro in Xiwanggou Area, East
Kunlun[J]. Journal of Mineralogy and Petrology, 39(03): 26—31(in Chinese with English abstract).

Zhang Zhiging, Liu Libao, Zhao Haixia, Zhou Qinglu, Tian Chengxiu, Xu Beibei. 2013. Geological features and
implication of mafic dykes swarm at northern Qimantag small basin in Qinghai[J]. Journal of Qinghai
University, 31(4): 57-64 (in Chinese with English abstract).

Zhao CaiSheng, Yang FuQuan, Dai Junzhi. 2006. Metallogenic age of the Kendekeke Co, Bi, Au deposit in East
Kunlun Mountains, Qinghai Province, and its significance[J]. Mineral Deposits, 427—430 (in Chinese with
English abstract).

Zhao Haichao, Zhang Jinling, Liu Caile, Sun Tingting, Wang Yongde. 2018. Copper-nickel-cobalt sulfide deposit
prospecting model of Xiarihamu in Qinghai Province[J]. Science Technology and Engineering, 18(36):
166—174 (in Chinese with English abstract).

Zhao Tuofei. 2021. Study on Metallogenesis of Nickel and Copper deposits in Kaerqueka-Akechukesai Area,
Western Segment of the East Kunlun Orogenic Belt, Qinghai Province[D]. Doctoral Dissertation of Jilin
University, pp227 (in Chinese with English abstract).

Zhou Wei. 2016. Petrogenesis of Shitoukengde mafic—ultramafic intrusion and analysis of its metallogenic
potential, East Kunlun [D]. Chang'an University, pp99 (in Chinese with English abstract).

Jiang J, Zhu Y. 2017. Geology and geochemistry of the Jianchaling hydrothermal nickel deposit: T-pH-fO2—fS2
conditions and nickel precipitation mechanism[J]. Ore Geology Reviews, 91: 216—235.

Zhu Yunhai, Lin Qixiang, Jia Chunxing, Wang Guocan. 2006. SHRIMP zircon U—Pb age and significance of Early
Paleozoic volcanic rocks in East Kunlun orogenic belt, Qinghai Province, China[J]. Science China—Earth

Sciences, 49(1): 88—96 (in Chinese with English abstract).

Wt RS SOk

L, INER, FEE%, BE, FR, Fike, B, 2015, R ECHBIBIAH X /N IR R 47
fiEy U—Pb AR S HAME R L [I]. KAiE 5 el 2%, 39(6): 1176-1184.

BT, BUNE, A, BRIEL, BOKTE, RSB 1999, B JE B B AR AR R R - B ithiu gt s
TIRIL[I]. HuFiRLE, 34(4): 523-524.

WREE, 3eaih, ZElR, PR, 48, XK, BRAHr, X%, mRtiR, #0781 2013, REGE LR
BRr GoR ) IX) A BL S AR A6 B AR AR R R R 7 SC[]. HLB2A, 87(10): 1525—1541.

WRE, WP B, 2, WRZERE, (R, SRS, 25 2013, R B KO X U8 A A8 N R R R LR
M. YA A, 33(2): 26-34.



FRER, ZEN, B, B, B, ERE 2017 REOE BSAKREERT IR TS A5 EARSE Bk
K ALES[I]. AR, 36(05): 1185-1196.

Bogte, wRIRMG, ABEK, EW&E, BRI, WILMH, wdan, JoEE, XA &, 2017, RECE O ARMSEY
KL SE A TR R R 5 3R 1 [3]. M 5 AR, 53(5): 880-888.

BEMG, &%, JEIA. 2019. R EOE A ARBES-HEEL A T IIN A -E N A X S SRR 4R 0] A
F54H, 35(6): 1819-1932.

FRR, TR, BEE, DX, BRAE 2012, FIEEAEE K P =B IR A R R R R
X[I). E AR, 28(2): 311-324.

HHUL. 2012, SHramAb e b AR S A ERERAL I IR R A SRt AR M BRAL 22 I 29 [D]. 22/ K%, pp87.

HRA. 2014, Hilg R BAIE LA KA A 2F . HIIRAGE 8540 U-Pb %% I HE AL RAFERT 7L [D].
] 5 R (b ) i L 24 718 30, pp8s3.

ERIE, SR, a8, fLad, MW, Rt B, £ 2018, RECEERTFRES FRE. it
BRAGZE R B R S [3]. HbEREFE:, 43(12): 4300-4318.

R, ERE, FIRT, HBI55H. 2020, R EGE H AR TS IR 2, FACERME R b= X
[0]. VIR SRR BT H R, 40(4): 45-55.

DUNUWE, o B, VD E. 2014, RV AR IR ATE 20K B R B OIS A JEIKTESR [J]. 5 A 4R,
30(8): 2339-2350.

ek, #hAEAE, a0, BRA, TRk, B, xR, AR, B, K8 Tk, S, XIE G,
XN 2017, FHGARIEEEHE DX UK VA BV A L BRAL SR SRR R D). T A R AL 2
B, 36(4): 582-592.

sk, g, AR, W, TR, JkiE. 20200 HEE R B R AR IR EEAAD]. MR
#, 94(10): 2797-2815. Doi: 10.19762/j.cnki.dizhixuebao.2020199.

T, 1984, v [E R AL S RFAE A HT T FE[I]. o B R B e ik, 9: 5-18.

FEE, JEIEE, TR, BERSE, THEIE, Wk, TN, FE, TiE. 2022, BARE KAV S —h—IF
P EE B BOR R R [J] IR S AR, 46(3): 597-607.

LW, B, M, RER, ETE, M, RITF, RIEE. 2015, R ECE HRARBEBRR B
PRE A R S sk R SR =[], B R, 31(4): 1117-1136.

FAF K. 2004, FHEMIENEAR[I] Ho @R, 23(3): 200-207.

L, Fel, HEIE, SN, ST 2019 FifF R B oA IRy mU e i saca [0, &
5, 46(1): 205-206.

e, el RIZ, ST, FRIE 2017 HilRRSRBUNYHEKE LA-ICP-MS fifi U-Pb il
SE R HHT R X[I). HuUT S AR, 53(5): 889-902

L, M, BN, 5T, BRIE, K. 2018, HiER R CRBINSMMMKEE A U-Pb 4%,
HUERA 27 K 5T 7 S[I]. MBI 2R, 92(5): 964-978.



Flods, F4H, HHT, BRIE, 5, S, 2. 2020, & EOH BB WEARE:
BRI, R U-Pb 4 5 HF A R HIZ9[9]. A EHLE: 1-20.

fLeE, B2, 4, ST, FEIE, skt 2019b. K BC A HGHMIE S H LA-ICP-MS #4 U-Pb
SEAR B AR RFAE[J]. B D524, 25(03): 440-452.

BRPY, D, Rek, BIRM, ZHR. 2016, FilFAR B ORI ARG a A BRAL AR IE S B M 23 AT
AR [J]. 35(3): 37-43.

AHT. 2016, AR BRI L B H ARG PR B S F o ) B R BRI 2 R 29 [D]. 220K
AR S, pp6d.

FIA. 2022, TG4 AR B O Ly 2R BOR R BRAC 00 R e FH[D]. 35 AROR 22 8 22 A8 5, pp257.

Bail, VIR, M, RIEE, flad, mRETE, BER 2014, RECARBBTHST KA ENKE
LA-ICP-MS #i47 U-Pb E4F L A BRI SR AE[D]. 75 MOR 224 (), 44(4): 1188-1199.

FR, IEH, FE, FEE, R, T, BRI E, B, E, B 71, AR, B, 2R,
B, T, KEE MK, T4 2022 KRB ORI A KRG R MR %45 Rk
W] B MR 4R (HhERRF2RR), 52(5): 1461-1496.

Zetttdy, FMEH, RKHE, R, 28R, W87 2012, NABRAT BRI S SNEk—HERRCE
H i A HR SR AT S 1Y e o S = SC[]. PR, 45(4): 185-191.

20PN, 2015, o [ PG AL S SRR A 4R HT L], R T, 42(3): 365-380.

OO, BN, Bk, XA, #0K. 2020. B BUREEHE ZE HK Cu-Ni—Co BRALIN AR BRI R [J].
HZART 2%, 27(02): 276-293. DOIL: 10.13745/j.esf.5£.2020.3.22

AE3CUH. 2022, H S SR AR AR R AL WU PR AT B G AR AT S [J]. BT T 25223k, 28(5):

793-820. doi: 10.12090/j.issn.1006-6616.20222810

R, SRR, W, SAARER, BREE, TS 2018, AR B O AR B S R R UE SR R B A
WK R U-Pb BRI R[I]. W% 4, 38(01): 91-98.

XM, ERT, FE, KA, REERE, FUE, 4% 2013a RE TR A BITE K A IR KA
L[] HERRRE— T [E U RUR 2224 4R, 38(5): 947-962.

XM, Ty ERT, 40, R, TKAPH, BEEVE. 2013b. AR AL A AR T 0N b S R 1R P Rk
H RS PCER TRE A FER[I]. 5 4R, 29(6): 2093—2106.

XM, HERT, Tk, AEE, WU, ¥ 2012, R EAIE L AR B R R 2R AR NS I R B H ot By
ARG IR IR [I]. A A4k, 28(6): 1785-1807.

XIRAR, BEEsy, DA, e, B, 20, BUR. 2004, RECR-M A KESEM: katn
SHRIMP £EAR SRS [I]. B4R, 49(6): 596—602.

MR, PG, B, EAMN, P el BT, B, skiid, B, KA. 2002, PR RILESE (>
3.8 GPa) f i REMNEA[T]. RI2EIER, 47(9): 657.

XA, B, DR, WIGE, XXX, EEC, KRR, EIE, G, N, £, £4, FiTR. 2019, HriEt
IR = B A SRR AR LI PR SE A5 BB B [J]. RIS, 38(3): 644—666. DOI:
10.16111/j.0258-7106.2019.03.013


https://doi.org/10.12090/j.issn.1006-6616.20222810

KRR, #5eih, Fanir, R, TKEEK, XIRNI, BRER, BRAYr, T, 90RE. 2011, RECHZH
JE U AL) 3 5 A T 1L 1 X P I SR ) LA—ICP-MS 540 U—Pb SE4F M Ho kit & S[J]. MU 23R, 85(2):
185-194.

TR, WEEE, MitEE, 2ME, EEEY, TR 2014, REOCH HEHMX K =SS LA-ICP-MS
B U-Pb B4R AR RRAMIE R L[], &A%, 30(11): 3229-3241.

BEte i, wKE, SR, 2. 2002, R EAAEN ISR A SIS E[I]. HFGETR, 21(6): 292297,

WA, SHER, REE . 2019, RO ARIE SRS 3 X AR P R e 5 A B R B i L [J]. AT
5H7=, 35(02): 171-185.

RN, 2019, Hifg AR B IRA HARER 1 PR TURRAE 2 SR BRI [D]. 25 MK B 2240 14 3L pp86.

I, FElR, PR, XURE, AN, 48, XK, RER, 20k £ 2018 REGHZAME L
A M TR VR A i AL R IE S T G AL R[] 3 ER B 272, 43(12): 44984520,

W, K5 2020, 7R BB H RS AHIEAT DX AR 25 Hh Bk A0 2R AE B e i R [J]. SR HBAEE 55 2%, 44(3):
447-464.

AN, RBIG, LS, AN, H4kE. 2014, RECTHERE AW AR-TRE R B SRS R IR &
M[J). AR, 30(11): 3345-3356.

ARWRMS, YN, WA, AEER, R, WM, M, I R0 2016, RECHRBIRAH LR
AR ARV A I R B R 9], M@ AR, 35(11) 1771-1783.

RyeEE, RAM, JOARR), B, B, WE, IMF, =4k, MPCHE, XSHI 2012, JbiE BBk
BERRE . BTRIOMIET 5t A REAL FORRHE. AT RIRREE . SR & R 714
Br[J]. PEb 5, 45(4): 83—116.

TG, 2012, HiEAR B f Bt kX 1:50000 X381 57 8 25 [R]. ppl42.

TG S LB 7~ B 2B, 2014, FHHEE R RORTH & H IS ARG X HS26 5 5 X A 4 55 [R]. pp189.

V911t 5 108 HuFTBA. 2016. £ Sk HTAEAR SR H 5T R A R 5 [R]. pp18L.

KA. 2015, B O MG HIBOE BRI SRS BT 5T [D]. h B H BT K 2418 18 3, pp58.

PNEST, SRS, THE ARA, SKE 5. 2004, F5 R4S 4 XML 2 M EE AP Ar i 4R KM% L[]
Hh S 24, 78(1): 65-71.

TFE, Wi, TR, Bk, T, #F5EL 2014, KR OAEEK KB S H-BRBHENESER
A2 A RSB ITE[I]. &4 53R, 30(11): 3213-3228.

Fii. 2014, 7R EAE LAY B E R BT L[D]. H RO 22 018 3L, pp200

i, PVEH, R, FE, BEE, BEE ¥E%. 2014, KESCE ARSI SR - Sk
A BA U-Po AR5, HiERIGS R MG = X [J]. Hh22Ri 4k, 021:381-401.

T, A, 235K, g, BRI, ME%, BIE 2013, RECHE HMAY X R EKTE K a8
A1 U=Pb EAREE L BRI S a3 Jy i L[] RG22, 37(4): 685-697.

TR B RWIRTE T M TR SL[I]. HhIRREE A E L O ER, 24(2): 129-133.



EHEE, HoE, ERA, XK. 2003, B8 FH R S SR IR Re-Os [F)AL 2 F % S 5= L [J]. e
JRETVF, 49(2): 205-211.

TJE 5. 2020, Tl #2253 H iy AR DX R A Hh BRAb 2ERAE A HL R o SC[]. PR, 53(1): 1-12.

EAR, KA, RIEFE, TRILHE, 2R, PR3, P, 2018, M SR RAL F XA SRS Al ] £:
LAE H AR AN B[], 5 A 4%, 34(11): 3433-3444.

TZE, R, P, JUEEE. 2018, RK LA LSRR 5 W 28 B O R[], A A R,
34(8): 2245-2261.

T, TR, SILAE, b, XA &, JuflEg. 2017, R B s B AR AN IR A 2 SR B TR R
[J]. HuJTT 5 HEHER, 53(5): 855-866.

EEMA, ERW, EHLE, BRA, B, BE, 5KaB 2010, CuNi-VTiFe E6 M0 LB B BE B 5
TS B A ERAG SRHE  LUB BRAL 3 A B[], A 544, 26(2): 401-412.

TIR%. 2019, FEA R BB H WA ARHIET B2 X 25 A R0 (5 S AR UK S [D]. 7 AR OK il 21
pp51.

REESE, BFE, HE, EE, BRI A, FHEEL skl RIS 2018, Bl LR RS A
BRI W) 250 e o s & SC[I]. KM 5 i %, 42(2): 348—364. DOI:
10.16539/j.ddgzyckx.2017.06.015

RWTE, kA, dkon, M, TAEM, DM 2018, KBRS X I 4 A R A A U ER L
FHRPE SR ISR [I]. o E Ek, 36(6): 37-42.

HUIH, YO, B, Bool, 229 L 2018, HiEEAR B OIA R R B BB ERTUA RS k1
R R FAF[). AR, 34(08): 2380-2392.

Beth s, mbelE, g, WAER, A, RN, R, HEEE. 2014, FURS-AR BT B T TS 5
WFFIM]: dbat: 5 H A, pp261.

AEEWE, DEWT, K&, X, 2011a. ZRECE LA B B BUE B EE LA-ICP-MS #5/ U-Pb E4F,
JGEA Sr-Nd-Hf [RIA7 =BR[], 5 A 53R, 27(11): 3350-3364

REEE, DT, SR, XM, Oz, IR 2010b. RE AL A H AR E A LA- ICP-MS &5

U-Pb E# R b & X[J]. HUFiE R, 30(8): 1196-1201.

ARV, AR 2016, R RO E R SSR T A A FESR[CL. In BEIAEE S A A
BEAFR ARV, (pp. 2). DY) AL,

a2, Tk, 2014, RECIFARBUA XA B8 0 0 [J]. 79 LRS54, 34(4): 457-461.

EMER, INEA, BRI R, T, MR 2016, AR RALRE UKV FE HTERE R K A HhERAL S
fE[T]. tHSEHJE, 35(3): 729-737.

FER, BREREA, TEE, XK. 2016, FR B TR A XSk v AR G A AR RE | L VR R A 1 R [T]
MR EE AR QIR R 22 R), 46(2): 443-460.

B, FDOL, Rz, AN, MOERE, BET, B, 5K 2014, FIFHE RIS A T M X rp e g
FEHERAL 22 E 5 LA-ICP-MS 5/ U-Pb 4EH[J]. HhBTEIR, 33(6): 804—819.



B#AR. 2004, JT-EHERT T P 1) LA o) L] P ), 23(3): 195-199.

FOIW], BEAE, WepE, P ERRLL 1998, R E G R K L BRI SRR IS S R[]
BN WA E, 17(4): 289-295.

TREENT, TRUER, #HT, HAEAR. 2019, B DA LA P RS R SRR A L R R 2 S I O [
ERELEE, 44(5): 1602-1619.

TRREAR, 2SO, His, BN, A, XKLL, KL, ME%Z, JUEEE. 2015, RECHE AMACE KT
BRI PR BT IR AR B 5 A AR = ). P E 5, 42(3): 438-451.

FRIEH, fle, 200N, EWE, FKILH, JUBEE, R R 2017, AREEE HIS AR XOR IR A AU
WA U-Pb EEIEYE[]]. TP E LU, 44(4): 816-817.

kBT, BE, K, ZARE, DK, B 2019, REBCAHEN T S K E Sr-Nd-Lu—Hf [[{L
FRFAE S B R L), 5 A, 39(03): 26-31.

HH, XOLAR, BIEE, FER, BHERTS, BRI 2013, FHAREEE RS /N7 Hh A6 50 1 e B M TR AR AE %

X[I]. FFilEREAAAR, 31(4): 57-64.

R, 'E 4, AR 2006, FHEZR B H W] e B0 R BRI R . BRI [I]. G
427-430.

B, TREFS, XRIR, FMERE, FUKAE 2018, FHilEE B N ARSI SRR RERD R[] BHA R
5TH%, 18(36): 166-174.

B K. 2021, FHEAR RO T BCR R AR — B o A TSR M X AR AR R (E AR SE[D]. 75 AR 2R AR 5,
pp227.,

. 2016. AR R AU B B A 1 AR S BT A1 43T [D]. KK, ppoo.

K, WEHRE, BIEM, EEAN. 2005, R E G lw b AR LS A SHRIMP SRR K H 35T 5 L [J].
P R ER B, 35(12): 1112-1119.



