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Abstract: Previous studies have proposed various ore-forming dynamic models for magmatic Cu-Ni deposits
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in orogenic belts, including mantle plume overlapping orogenic belts, plate subduction and mantle plume inter-
action, partial melting of the lithospheric mantle, mixing of asthenospheric and lithospheric mantle during post-
collision extension, and decompression melting caused by tearing of slab leading to asthenospheric mantle up-
welling. However, the multiple episodes of subduction-accretion orogeny throughout the history of Earth evolu-
tion, the above dynamic processes have occurred, but Cu-Ni sulfide deposits have not been formed. Therefore,
the key factors for the formation of Cu-Ni sulfide deposits in orogenic belts await further clarification. Based on
the fact that the above models all point to Cu-Ni sulfide deposits in orogenic belts originating from subducted
metasomatic mantle sources and forming after the peak subduction period, we propose a two-stage ore-forming
dynamic model for Cu-Ni sulfide deposits in orogenic belts. Stage One: During the subduction period, interac-
tions between mantle peridotites and silicic melts from the subducting slab lead to the release of elements such
as nickel from olivine and sulfur carried by the subduction melts, thus forming a mantle source dominated by py-
roxenite containing orthopyroxene and nickel sulfides. Stage Two: After the end of the subduction-collision peri-
od, the pyroxenite mantle source enriched during subduction enters the asthenospheric mantle through delamina-
tion and undergoes remelting, where the melting conditions change to near hydrous-free conditions. In this con-
dition, these mafic magmas differentiate to form sulfur-rich, copper-affinitive sulfides crystallizing into sulfide
piles or magma sulfide deposits. The large depth fault, ductile shear zones, and suture zones serve as magma
conduits for the enrichment of the parent magma, with the combined action of source region and magmatic pro-
cess leading to the formation of Cu-Ni sulfide deposits in orogenic belts.

Keywords: magmatic copper-nickel sulfide deposits; melt metasomatism; lithosphere delamination; oro-

genic belt.
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et al.,

[\ 3h 1 2= ML A9 IA iR (Qin et al., 2011; Song et al.,
2011, 2021; Li et al., 2012a; Su et al., 2013; Xue et al.,
2018; Chen et al., 2021; Wei et al., 2023; T I % %,
2023),  FIRWE AR A BE R s 1 1 b s SR
PR ALY RIE B 72 B R 3 ) 2= pLl, SR, A
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MAETWE IR EEMX, REE . LR KT
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2004; Pina et al., 2006; Thakurta et al., 2008; Barnes et al.,
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Fig. 1 Distribution of typical orogenic belt magmatic Cu-Ni sulfide deposits

2009; Song et al., 2009; Zhang et al., 2009; Qin et al.,
2011; Song et al., 2011, 2013; Li et al., 2012; Xie et al.,
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RIRF - R | B s 204 A g
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AR, 2004; 327 L4, 2006; = 4 HE %, 2010; 715 %5,
2010; & BT, 2010; ¥ JK4ESE, 2010; Qin et al., 2011;
Sun et al., 2013; F/N2L %, 2023) . AR, WF 5845 1
T, BR R ve BE AR SR AR AT L P R R L A b v
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e #E 22 A0, R A BB e TR =&
THE 35, 3ok S 4 B 0 AT AR R A AT T X K
24N MR He s A 2 CRE 5, 2018) . o, IARR I

PR 7 ZR AR — 3 L — - B B e o A, G B A B

FINAR . FRRREE 3 A KB IR, & T &8 Ak
Ai7E NEE [f] . £ #835 500 km, 5% BE AL 2 50 km B RE

IR-E L BIPE BT D), (B 2% FL 5, 1998; Wang et al.,
2014; R R A, 2018) , L FIVE BT V)i & 45 K L NS
IR B wE— K WA 5 S R Bt 95 5 I 22 () ) B
KU (300~280 Ma) LAHERL BT U1 oy 3, 5 AR L vp —
ilf 45 3t A2 A 56, M (262~242 Ma) LA 4728 1 37 1)
A, RO T R S RN E W TSR, RS
F A AN TR A R 4R AR, B L s AR Y IR
BRAR” B R IA AR “ZER 7 A, DR
WS BT A, B e T HL A3 A 52 90 M B DI 1 1 4%
il (B& 3C 4§, 2005; Branquet et al., 2012; Wang et al.,
2014; KRR, 2018) o

ARR ISR BB U A1 2 B0 FE R
BAWE (7 W) RIS 25 . RO VE A1 28 L M O R K
RS ERA . ERINK A, & Ni-Cu fii
oY) F B RAE TR BRI A A, S B kb & A A
N A1 =B KT 4 (Zhou et al., 2004; T 2E,
2022), TEHEERAL 7T, R K I X &0 AR 5 4R
i +(LREE). K& ¥ f1 0 % (LILE), 77 fit Nb.
Ta F Ti S 2RI 3K T R HRAE, I BT 7 B 255 &
£ Nd-Hf [7] {37 28 20 1 (& 2) (eng(2) fH N —1.5~10.5;
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Fig. 2 Sr-Nd isotopic composition of magmatic copper-nickel sulfide deposits in typical orogenic belts
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BRI K H Bk Ak FR1E (Song et al., 2009; Zhang
et al., 2009; Qin et al., 2011; Song et al., 2011, 2013; Li et
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iLEER RO 5 e iw e U E A IE B AN R = 4 T
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(Loney et al., 1992) . Duke Island (Ripley et al., 2005;
Thakurta et al., 2008) , # & Gabbro Akarem (Helmy et
al., 2001) . & f& Lt W. Turnagain (Scheel et al., 2009) &
T K IR F] /R Quetico (Pettigrew et al., 2006) . — %
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I = AR 2 BT TR LS R B A3 B A o T )
(Taylor, 1967; Himmelberg et al., 1995; Thakurta et al.,
2008; Su et al., 2012), H: ' Duke Island 0 A& & A
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(Thakurta et al., 2008) . 4347 T ¥ K 5 & 147 fin &=
K Giant Mascot 77 14& LL & & K it R 7 #EA R IR A
FRIE, E2A A siton . MOlA . A s A
FORfAIN A, R T HOIE R AR PG 27 ) (Manor et
al.,, 2016) . 74 B 7F FL 5 BT 3K 3 117 Aguablanca £ 7
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i 7= ¥ (Casquet et al., 2001; Pina et al., 2006, 2012) .
7% 2% Kotalahti-Vammalan 82547 7 4ii T3 35 2k JE 16 1L
W, BT 1.88 Ga 24y, W S @B B i A A &
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LA, R R E 5AR B, AR | T [ AH LT A S
VRS DGR 9, 31X S0 BE Bk — 1 BE Bk B A S TE
Vi 2 1Y) DX S8 5 RN AR I i B2 4= 2 1Y (Peltonen, 1995,
Makkonen et al., 2007; Barnes et al., 2009) . 18 7% FL 44
Selebi-Phikwe i #24" 4f7 Fl [ 75 Santa Rita & JK A" &
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A R RS FL 70T (Maier et al., 2008; Barnes
etal, 2013) . 3 AMEAF —PE A2, & K22 K g 44 T
FF oo A Coldwell Z4 45 & 1) Marathon Cu-Pd #8 &
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BEIE B 0 A O B AL T IR, BT O WF oY B, H:

THAEREFTIRAEN S KT Y E s MANA, H
Mg-Fe [ { ZAFFEEIE T Coldwell 27 AR BE Aok
T 2 DA TR A2 BE 2 ARAE T A Mg U5 X (Good et al.,
2019; Brzozowski et al., 2021, 2022; Good et al., 2021) ,
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EHRARIE LS UTENLH S . BHSAEwAC A D)
J1 X R 2R AT RN b 0 i UL B F 5 R A
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21 BAMELFSRAEMLYT K3 FENE

H i OC T35 Ll 5 3K B 3R IR W 2l ) 2 i X
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(Qin et al., 2011; Su et al., 2011) . @R LA i 01 4l 1
FEAELAE T (ZESCIHAE, 2012, 2018) . O il =2 4R 2k
T A0 A P M P O3 il (KR 52 04 45, 20115 Su et al.,
2013) . @5 il 48 fif )& B B AR R BT 288 5 52 A Ve A
UL, SR B Pl e 0 s Ay Pl g ot W) 4 R i 25 2R (Li
et al., 2012; Xie et al., 2012; Xue et al., 2016; Chen et al.,
2021) o G o ] il 42 5 B3 A v i e b 224 15 e i el
M b7 980 A [ 5 LA B Bk A s AL T
XA R, SR A2 DI B U E A b R Y
25 [A] 43 75 3 fE (Song et al., 2013, 2021; Lightfoot et al.,
2015; Wei et al., 2023) o JSH™ 2 5k 5 I b 58 Rk
1A — iz J7 X (Song et al., 2011; Su et al., 2013;
Xue et al., 2018; Chen et al., 2021), 7 H V5 by & 7K 5
B2 il (Zhou et al., 2004; Gao et al., 2013) | ‘H ik %
H &KW Y (Tang et al., 2011, 2013, 2022; Cui et al.,
2022) , JRAT 5 SR BRGNS IR AR I A % D AR
7 (Su et al., 2013; Tang et al., 2013; Deng et al., 2022;
Xue et al., 2023; Wang et al., 2023) ,
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BRI AR K IL-Jb i Ay (FRAS 8, 2011; Mao et al., 2014; £ RI, 2013; BEBEHESE, 2020) 5 A B4 1 1Ly (25 S0P 45,
2020) 5 K RF A AT K Ol 4 (Herzberg et al., 2009; Bizimis and Peslier, 2015; Herzberg, 2016; Liu et al., 2017) ; 1
MORB(Niu et al., 2011; Ivanov, 2015)

B3 B REERASY KA K N A & 8 68 iR FE (#8 Liu et al. 2017 f£30)

Fig. 3 Mantle potential temperature of Cu-Ni sulfide deposits in orogenic belt and typical large igneous provinces
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Mz H A B4 SuR, WNM-F B0 L&A & H
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al., 2016; Zelenski et al., 2024) , Kk, & i1k 3e
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i AR 25 25 T e TR R A R TR A 7, X R A
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Fig. 4 S isotopic composition of Cu-Ni sulfide deposits in orogenic and non-orogenic belts
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