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Abstract

Porphyry deposits, globally the main sources of strategic minerals such as Cu, Mo, Au and Re, have always

been the hot topics for international mineral deposit researchers and mining indreustry. The latest research indi-
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cates that porphyry deposits formed in either the magmatic arc setting of subduction zone or non-arc setting unre-
lated to subduction (mainly includes collisional orogenic setting, intracontinental orogenic setting, and in the edge
and interior of re-activated craton), and the latter is widely formed in Chinese mainland. By summarizing the spa-
tio-temporal distribution of global porphyry deposits, this paper focuse on discussing the research progress of two
types of porphyry deposits from the aspects of petrogenesis and metallogenic dynamic mechanism, source of ore-
forming metals, alteration-mineralization zoning, and then discusses and summarizes the main ore-controlling fac-
tors and mechanisms controlling porphyry mineralization, as well as related research methods. The research
shows that porphyry deposits are concentrated in the three major tectonic, and are mainly formed in the Mesozoic
and Cenozoic. Among them, porphyry deposits in the Circum Pacific metallogenic domain are distributed uneven-
ly in time and space, mainly developed in the West Continental margin of America, and mainly formed in several
short periods since the Cretaceous; The porphyry deposits in the Paleo-Asian Ocean metallogenic domain are
formed in the Ordovician to early Cretaceous, and show the metallogenic characteristics of "Western Cu-Au, east-
ern Cu-Mo, early Cu-Au and late Cu-Mo"; In the Tethys metallogenic domain, porphyry deposits are mainly
formed since the Triassic, they are distributed along the orogenic belts, but the temporal distribution is uneven,
and the porphyry mineralization formed in different periods in the same tectonic belt; At the same time, the por-
phyry deposits in China have correspondency, uniqueness and complexity with the three metallogenic domains.
The ore-forming magmas and Cu(Au) metals in arc setting are mainly derived from metasomatic mantle wedge,
and the subduction of oceanic lithosphere plate is the fundamental dynamic mechanism. In contrast, the ore-
forming magmas and Cu(Au) in non-arc setting are mainly derived from the mafic juvenile/delaminated lower
crust or enriched mantle, and continental collision and intracontinental subduction are the main inducing mecha-
nisms. The mineralization of porphyry deposits in collisional orogenic setting mainly forms in phyllic alteration
stage superimposed on the K-silicatie zones, which is different from arc porphyry deposits. The two types of ore-
forming magmas are characterized by high oxygen fugacity, rich water content and volatile components. We sug-
gest that magma source, magma properties and magma mixing may be the ore-controlling factors of large porphy-
ry deposits. Hf-Nd isotope of magmatic rocks, magmatic accessory minerals such as zircon and apatite, and mafic
enclaves may provide ideas to constrain the magmatic conditions and evolution process of porphyry mineralization.
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controlling factors

BEF R PRI 7 T R PR e - VR LR A
rh KL PN AN fbrdy BRI, DATR GetR -0 K IR Gkl 3
B AR — A SR R, A 0 L
A% B SRR 1, S BRI T 75% 1 Cu . 50% 1Y
Mo .20% I Au, DL e 48 K53 1) Ag.Zn . Sn . W .Re
LR AL R LW RIER Z — (Cooke et
al., 2005 ; Richards, 2009 ; Sillitoe, 2010) . R ¥EH
JRICE M D RS R S N B B Au ., Cu,
Mo W J Sn " R DL S e A1 Z Al iy il 2 A, iy
Z AT Cull R H 5 A Auw/Mo W& 4E U BES
A Cu-Au s BE A Cu-Mo 54 T & 1 B4 A Cu-
Au-Mo " JK (Singer et al.,2008) , P [E 35 & & K
AR Cu i IRFNEES I Mo i IR, o BEA Y Cu i IR
S E e F B Cu i RIS . Bop vk o, i E

BE# Culy MR B2 0 47 Mt, (54 E Cu W 6% &2
f142% (Yang et al.,2019) . B T HEA BT KA 457
W E K, A AR BRI R A K R 2 5T
J'& T R R BRI S TR BUS T AR AR A AF ST A
He TSR R AR A BT L T AR A T
B IR WY R e R e S RMA R

25 B BE S B BRI R B TR bl e R A
BE 5 R 8 57 S 14 (Lowell et al., 1970; Sillitoe,
1972;1997) o MEAFERA TR I, BEA W IR AT LA™
T 5T AR IRIR S Z R0 K 2k E T
B KBt o AR S B PR 28 Z A A 7 HE A 6 A%
B BEE R 55 ™ 2 g 2 ML e 4 ke T Lk
AR A T T, RS AGE T PR B R R
CAIEIRBE AT R AR IR B S TR ) B0 55 8,



130 o JZN

Mo R 2023 4F

BT R IR T R B &K R o
85 DL R SR G AR FHAE 5 RIS 1 1 R R AL
il S FL R BRSNS T, B 7R3 X BEE Cu-
Mo-Aufl PRIGIAH FIEEAR

1 BRBE PR B I 28 A ML

A BRI REA BT REE th ™ T 3R RSP Ll
TR S 307 = ™ B (181 1) TR AR LA B
AR F (2 5 94.5%) , 75 A /b s T FE 4L 1
Lt (P23 BE A5, 2004)

1.1 IRKRFEFRHY

S T PEA AR b TF 1 (4 B5F 8] 9 A7 3
BEA WL R R R R s TR L 2l
H.(Zhou et al., 2006; Wang et al., 2011; Seton et al.,
2012;Zhu et al.,2019) ,JF H4 i T 2/ MR 2%
SRS/ tp O 1) 1) B4 AR (Sharp et al., 2006; Sun et al.,
2007;2020) ,JE 18 T IAF A IR Ry 28 K AR &R fe o 5

4/ Butte
X
X (% Bingham
\‘ \\M'v ¥
. ,
-1 | Cananca
o

\,
\ 7

Globe- MRS
Miami [ N

i \,
Morenc N N\,

O N\ \\ i
200 Santa Rita NN EVRG o
o8 QW (Central dist.) RN .
o \,

X, #
\\A O Cuaijone
(T :
PR AR :
Tk ;
0al 5
o N RO Gaby
£

Sierrita-Esperanza

Superior dist

|
)
1oy o Taca Baj
(/" Esperanza aca Taca Bajo
,', " Escondida & BECRSS

\: himborazo

O
5

Potrerillos

AR HRD B

BABEA BB, AR P 2 SR p s AR, 28 BB
i Cu i H e BIE I8 T 1t (Lowell et al., 1970) .
IR P 2 ZRAR e MBS BT R B B 28 A3 A ARSI 5
FEW SR EABA2ESF(E 1),

23] b, PRSP B 5 B T R o A
FEAR TN vty | H A Bk KA R AU BE S Cuf
PR A B 80% (20 4™ ) #8  Afi 1% 2% 4 A A 4l L
Forp A SE AR P T 423K 40% LA B BE# Cu
", #1 El Teniente ,Chuquicamata il Rio Blanco-Los
Bronces % 10 /Mif 2 HE 44 2 BRTT 25 IR AL Cu
"R (Cooke et al.,2005) . B& Cu LLAb, X 264" PR
WA B Mo, Au %R, Il El Teniente 1 Chuquicama-
ta " R Mo 1 4 J& 3476 1.8 Mt L) I, Au Y &)@ =
7E 300 t A I (Cooke et al., 2005) . 5 HLIE A fiF BH
XF LG A, P P PR vty B 0 PR TG 18 AR i
M PR it i L ER > H/MR 2, 07 R %
&R A B R — | LA & Mo B 1R
(Cooke et al.,2005;Sun et al.,2010) . 77 P K—rf 7l

HARFERT B

150°W 120°W 90°W 60°W 30°W 0° 30°E 60°E 90°E 120°E 150°E
PURIEN AR T RIH FEE KR
Ages Taldy Buak Unknown Age Deposijtctypes Principal ;:etals
OB — TR 1 WA %t — L = i N 5
Antamina Miocene—Pleistocene Donggebi Late Carbonifem\ifEarly Triassic O AR . L] CuMo
¢ " T — 7 1 WU 2t — A e Porphyry deposit Bl Cu-Mo-Au
ollahuasi h Kounrad . i
Eocene—Oligocene Late Devonian—Carboniferous A B+ AR R A /TR R Eh AR R l:| Cu-Au
) S — " : ;
Morenci ES %’l%acei?jﬁeocene Nurkazgan (%r?&{fcian Porphyry+major skarn/carbonate replacement deposit Bl AcPbzncu
e = ettt — L i =P i B P PR H T PR AW
Andacollo Late Triassic—Early Cretaceous Tongkuangyu Paleoproterozoic O i—IJigll;-sulﬁdatJiwgn epithermal porphyry deposit L No porphyry known
B AERRIBE AR 14340 0 = 7 3k (3 Sillitoe, 2010; Yang et al.,2019; Wang et al., 2020 124 )
Fig. 1 Distribution of large-scale porphyry deposits in the world and three major metallogenic domains (modified from Sillitoe,

2010; Yang et al., 2019; Wang et al., 2020)
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TAE X HB 2 AR EAT T HRAN R4 . BFgE R,
FE 5 8 Cu i R 3222 534 76 XIS Bty . B e
s YT N e PO A R AR L — 2
PR Z e AE i S 42 X (1] 3, Yang et al.,
2019) ,JE Tt oo 1R (~2100 Ma) | B8 P 42 (~480~
440 Ma) {1 540 (~330~310 Ma) | I = & fh—F 15
A (~215~105 Ma) LA B b i e —rp g i (~40~14
Ma) %6 5B, H B2 T 2 01 (Yang et
al.,2019), A Bk 2k AR TV (el ——
B2, Ity 2P ) RS (U I
BOA% I 9B 2 Cu il ) (8 Ll ) (U KPR B
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Fig.3 The distribution and mineralization ages of porphyry Cu deposits in China (modified from Yang et al., 2019)
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(3.4, 1) WPERE Jo w5 242 1 -0 B
W7 T8 BT Rl FR L) PR3 ) ) 3k B 48 B B, TR B
fREEHTE 43~32 Ma, V8 5 )] 307 a5 D) JE il i
1 LU PRI 1) M 5 AR B B, T S B AR R AE 20~10
Ma, ¥)J&E 5 S hi A .

BREEE Cui™ s, R & H BEA Mo i, v
BEA A Mo B IR 2 B AR AE Z 08 - K0\ 2%-5¢ (KL
HR i AERS LT RO R -k & 6 4 Mo
AT, B BT ol AR AR (480~420 Ma) | B AR AR
(412~260 Ma) | 1 AE A ED 320 (251~209 Ma) | 2R
FRAE L] (194~77 Ma) AT AR (65~13 Ma) 55 54
BH, B 24 )5 2 S BHE GE P4, 20145 % 1L

4,2014) . Horb  ZBIE - KBS Mo 0 2 T 7L 3
A B Mo 7l , 2 v [ 0y 51 Y Mo BE I R
M, E A A 2 7 A A Y 50% (Li et al.,
2012) . 130~170 Ma s H* [E B 7 7 Mo 6 IR 0™ 1
FE) 2k & B B GEPIAE,2014) .

2 RS

FAT R T R SR (R IR 2%
9 & 7 B ALEE % Cu 7 19 % B 5% (Richards,
200332013 ; Cooke et al.,2005) (&l 1), HIHTSCHrA,
EyRBE S Cuty” LA P R VEBE S Cu i A AUR
(Harrison et al., 2018 ; Maryono et al.,2018) , #iL 7! "
RALFEIEAE Y Far South East £l Atlas Cu-Au®™ J& .
E[1 % JE 74 . i) Batu Hijau Al Tumpanpitu Cu-Au #” K
G BB S Cull DL S22 5 T BE Cu 2l
3 (Cox et al., 2020) , A 7 R 42 45 Bl #iE 4E Bajo
de la Alumbera Cu-Auf®” K FIE #| El Teniente Cu-Mo
WIRSE, XS BRI 0 R H e B, 3=
B S BE R ) 5 IR A Rk 1 8l 227
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Fig.4 The distribution and mineralization ages of non-arc porphyry deposits in Chinese mainland (modified from Yang et al., 2019;
Hou et al., 2020a)

SOF(E0) HFE 251 o A7 25 48 L R AR Eh 21 BF
R B 35 5 SO6E BB 2 T R HAA 8 224F H (Sillitoe,
1998) , 1 KR B A B2 IR b2 B 15 s 5 5 1)
A F 51 (Cooke et al.,2005) , [H 2K MAFRZE 0
JEEF SR AT 55 R PRI TE B, 1 FR B 1) i
J 4 (Richards, 2003) i /4 B 25 4k (James et al.,
1999) 45 44 1 AL il % 4 iy Bt (Kerrich et al., 2000
Richards, 2003 ; Cooke et al.,2005) , ‘i 8% #1445 i B
FE IRIE A R &R

AR, E N A4 T R A 1 1 5 A
oAt IR A U R SR 2 2R R LR B A $
HBEA Y Cu ™ PRIE 1T LA™~ 15 00F i I 5 114 i - i il
i 21 4% (Hou et al., 2009; 2015b) F1 K [t i Py 25 552
(Hou et al., 2004;2015d; i %fi .55, 2015) o Hi & LA

T 5B B S Cu iy FLX I B B2 Cu iy LA
JFe B = )5 Kerman - Arasbaran B8 BE A Cu 74 N
3% J5 B AR R HL X BEE Cu i FHC YT R RE
Cu-Au B0 & AR (E1~3) . HSLAEE T fiffE
1 PR EE (Bl PN L PR B B Cu i B 22K (Hou
et al., 2009; 2015b; 2019; Yang et al., 2009 ; {3 34
45,2009;2011) , B 1 BEA AU S L AYRAE . HY
S BERE TS LN IAEERE S Cull M B AL EE T
MHRBES Cul RIS 1 Hit— 248 S REsh T
WX T BE S Cu 4 S5 AR B K . BlE
WFFE IR, — L 1l 5T AF A 27 R b 3R k27 BRI
i (Hou et al., 2003b;2015a; Qu et al., 2007 ; Wang et
al.,2014; Yang et al.,2015) . Aj AMR P& X L8R}, &L
25 7R T A M PR ) KB BE S Cu 3 UL F
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Table 1 Origin of ore-forming magmas for non-arc porphyry deposits in Chinese mainland
18 AR MR IR B P AR IR BERR
GBS _ t al., 2004; 2007; Hu et al., 2017; S tal.,
g CREEE AR H T Quete vets unet
! AT Al — 2018
A B e e TR —
(IZESEIEL ZLI P e AR IR M AR 3 1R S Gao et al., 2007; 2010
B N A L A7 il Luetal., 2015

e KT it BE AL

Hou et al., 2013a; 2015b; 2017; 2019; Guo et al.,

R BB oy PE s B Bk B A T M AR A
2007; Yang et al., 2015; Wang et al., 2018
ARF Ry AT AR e B LU 4
. B Zhou et al., 2000; Zhou et al., 2012
A TP STl
BB Cufl IRk PR N HbFe 0 o34 il Wang et al., 2006

i 3 L

T LE B BE BRI 7

Hou et al., 2013b

782 TR b Rl

Fh 117545, 2008; Ling et al., 2009

T 11 KA i THE IS M B A RIS, 2001; 2002
IR B BEA B FORE IR LRI T HbSE Ak Al T3R5, 2001
fil PrUU T Hhref 53 mil Xu et al., 2002; F 5, 2004; S, 2007
SR e A LT A ARG B TSR R L A P e S Chen et al., 2004; 2008; Yuan et al., 2006; Gao et
NG TS WA B Cu(Mo)#" JR SR SR A R b A il al., 2013

[ KB (181 4, Kusky et al.,2007) , X E657 R[50 & e
FA WAL, 32 B 7=l 4 i 1L PRI 1) 4 3 e o A
i ST [ BE (BT PN T LU ERBE A S A P e R A 35
B B A B 36 Ak v 3 1 0 2 S D9 R (1R 4, (i e 4%
2020a) , F— B EE L, hEE S —F B Cu
W A T Al 4 15 13R85 (Hou et al., 200432009 ; Yang
et al.,2009;2016) , Ifi N2 7E K2 HBE A Cu - $L7Y
14 i % 9 5% 5% S ER 355 H (Cooke et al., 2014) o F I
AT UL, LA XD JES i o B2 Cu-Mo a7 . B R Bt 7
Cu B 7 45 A AR (W Rl 4 15 L1 A B BE# Cu i 78 v
Hi A E LA

3 B BES U5 Rl g SE L

DS R 7 S i A R e sl R
(1] 52) B i 2 5K (18] 5b) BR5E, JH E 5 95206 v
DIARSG , JUH I 55 0 R &8 43 Jei ma sl ORF w4 R J5E K ik
J e W B Ay 4 Rl U0 AH ¢ (Richards, 2003 ;
Cooke et al., 2005; Sillitoe, 2010; 2018 ; Wilkinson,
2013; % 5a.b) , WU BEA LA HME RS, FEE
AL N A A NS s K s Rk
FRHIE 2 R I 5 Sr/Y Fl La/Yb (3535 50 4 s 1k
CHEAE R iy P ASRF v 60 Jl O i IR EA 5 v B 56
=) (Singer et al., 2005; Richards et al., 2007; 2012;
Zhang et al.,2017) . K55 R, I vfi7 525 Cu

WIIERLZE DT T LA a2 R - QO R e A i) J5 7K 8358
3 W5 T O 22 b A7 R RO T A M il 5 ) i
EH BT R T M ST R I 28 e Rl — R A — i A A
¥)—1b (MASH) L) K W13 53 25 45 & @ WA BEA 9K
(S g ok A o L L8 o | A =
@ RN GIER I Q) B AR 5 |
LA 5 B 1) 42 8 TUUE 5§ (Richards, 200332011 5 Sil-
litoe, 2010; Wilkinson, 2013 ; & 5% 3 4E , 2014; Sun et
al.,2015; Zheng et al.,2016; Zhang et al.,2017; Chen
et al.,2020) . FEMLIEFEH, A A7 Rl AR T
BE 2 S BUIE AR MBES Cutl B R & AR A
PE3h 124 4L (Richards, 2003;52011) , K FEAR A 0T
TR i FR R I A 38 A 18 K i S R LR
IREE i AS BR I 4 8 Lt R 6 AR Bl T A4 1 A Bk
A & 58 (Richards, 2003 ; Cooke et al.,2014) . 1fij
VEA 1 if (Cooke et al., 2005; Sun et al.,2011) fff i
24 (Kerrich et al., 2000 ; Hou et al.,2009) ff i
1 A8k (Kay et al., 2001) 55 06F it 1 B 4% (Kerrich
et al.,2000) S5 A, B A A 4 ] b s DR IX A il L
T AL A - R G R T MBEE I RGIE
A MR

X T ARIREE S B R, AN 18 S 18 R AR A I e
T EL A5 Lk Bl 43 3 Lyl RS P PR 3 S AR R
F BTG A AL BE B TR BB SR 5 DX 1% ity A s 1L A
BAEREE, OB I Bk BN b SE AR s Rl T
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Fig.5 Model of magma origin for island arc setting (a, after Richards, 2011) and continental margin arc setting (b, after

Wilkinson, 2013) and schematic diagram for porphyry copper mineralization in subduction zone

AETE 42/ (Hou et al., 2011) o IS IR ILH BE A £
S R, FEEA AN KA
i AL, D T RS LA A RE (3%
A5 ,2007; Yang et al.,2019) , 8 % BN IR A 58
b 3R A 2 2 R PE (IR HE S, 20015 Xu et al., 2002;
Wang et al., 2006; Hou et al., 2009; 2013a; 2013b;
Aghazadeh et al.,2015) . Fif AXFIX ZEBEA 0 IR H AL,
WA R VEIEAT TIRABIT , $2 T AT 19 1l
WA (R 1) T HLBTE FR A 22, 5053 A5 18 7
P, AFELEE B SCR (B PRIV 5T |
M BRAL S IR BRI A5 ) X AN ) s PR B i 47 40
Br B2l A = T R Bl AR SRR BE B B B, 3
BRI TSR BEER BURMAE T M se Bk R
Hu5E , BRI T 52 R i R AR A AR S AR
O L 1) R AR L (1S TS, 2020a) o R EGXLEYR
DX 0 Hs Tk 14) 3 275 R AL ) B 458 Rty Al 4 AR oty P A F
| R ) L DR KA1 JEE A KRG S 1 AR 4
(Liu et al., 2020; Luo et al., 2022 ; Wang et al., 2022)
oY, W1 24 (Zheng et al., 2019) . Wi & (Williams et al.,
2004; Pan et al., 2012; Wang et al., 2015; Zhu et al.,
2015) A A1 B R UL (Turner et al., 1996 ; Chung et al.,
2005 ) FAK UL Pl _E I A5 (B TiSs L 2020a) o E T B
WINPT EE T RIS BEA Cu A SR AR 7Y ([&]
6) , A L R i A I ER B B B R B Y T A B
i

il - o il 328 B 15 B 5 LB DR AT ) T 8 10 9 A

TR I 7K 5 AR b e 12 45— 2R 51 R i 1 IR
B R, IR 2 5 17 LA R a2 - © KRl 4
S EOHTE T Hh e IR s 19 T M A+ 432 A Pl b
8 ) FR oI il @ BRIk v A K B AR MR 1 K
F5 5@ 2 5 b A I B BB A R (1S i 4
2004a;2004b; FEAT 555, 20095 45 45, 2009) 5 4
Fb 22 T, Bili Y L R BT B 5 A P T 7= 1 A ) o 2
B FE WY Bl 1243 el i A7 4, H AT A 2R
(R by = D 8 7 i B ity A ORF vk R b o o RS ) A
Pl R A it Bl A R, 5 B A R Hse e i, e A
A PR Y B Cu-Au 535 @ A IR DTS 2L
NH AR, HIE RS AU R e kA
SO, 7% A i L g 3R B B B Cu-Fe-Au A 3¢ (A
6c.d),

TEAS DG TE MY, 3 0 2 3 PR BE T B B b
BRALZEXT HUIF 98 K B, AN S A S AR R B
BT BE A s 2L I 2R M BR A2 RRAE
AHXF 5 4 LILE( 40 K \Ba ., Sr %% ) , #%} = it HFSE (41
Nb.Ta.Ti.P4F) (M HEEE, 2004a; T 3855, 2004;
Hou et al., 2004 ; Jiang et al., 2006 ; Wang et al., 2006;
Richards,2009;2011) , | 7R~ W5 28 A 5% 19 4 2% 5 X L
A N TE /Y A B R R4k 7K G &R (Hou et al., 2009;
2015b; Richards, 2009) . X il 98 52 76 R4 17 sl 1k
JE S WY ik, AR 1) 2 XD RS PA DR o el 43 R 4 PR 1
) 28 43 A i s 13X Bl A 5€ 4 (Hou et al., 2015b;
Wang et al.,2017) . B, 4 2 p AE A5 Bl il 18 2 i
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Fig. 6 Schematic diagram of magma origin and dynamic setting for non-arc porphyry Cu deposits (after Hou et al., 2011)

a. During the collision period, melting of the mantle wedge metasomatized by oceanic plate fluids and the juvenile lower crust formed by the under-
transgression of arc magma, forming the Cu-Au and Cu-Mo magmas respectively, and their emplacement was controlled by large-scale strike-slip
faults; b. Before the collision, the arc magma was emplaced at the bottom of the crust to form the juvenile lower crust (sulfide and water-bearing
accumulation zone), and its partial melting and sulfide decomposition formed Cu-Mo magma, which was emplaced under the control of the normal
fault system in the crosscutting collision zone; c. After intense intracontinental subduction and crustal thickening, the lithosphere was extended due
to asthenosphere upsurge, which induced the emplacement melting of mafic arc magma (juvenile lower crust) and produced Cu-Au rich magma;

d. Lithospheric delamination leads to the melting of the lower crust, which reacts with the metasomatic and enriched mantle rocks to

produce Cu-Fe-Au rich magma

I SR AV FH A 0 B0 R Bt 0 S Rl ™ S 1L 158
Ak (K S M4 @ 76 R 5% ) (Richards, 2009 ; Wang
etal.,2018;Zheng et al.,2019)

4 W4 JE R
BEA A R g8 s Y s (4045 Cu Mo, Au 5§

WA 4 E , VAR S CLARI K S5 4% 5 43 ) B i &R IR A
FEIRF e | g L K # 5 3 bl 5 o B3

A IRIT M A A B T 5% 3 B, IR oo R A
AR Il FL T 18 1) 7 4 TR WA K, EE ] L R e
RS 5 55 4B T 2~800 £ A 25 (1) Cu. Au Fl PGE
(Mclnnes et al., 1999) , i #7714 Os £ O [R] {32 ZE
5 48 7 IR o 52 6 T 2R 4 T R 9 5T ik L IR T
10% , 46 7~ Cu, Au 55 W] (g U T 1 i 1717 JE 7 v Al 7 9
T A e AR S AR A A 1™ 42 s o0 2% 7 M s 42
rF F 3 I I 5 4 (Mclnnes et al., 1999 Griffin et
al.,2013) . Ptk A ity 5 S A5G b il 42 & 3
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SRR TR oA AR S A b AL, S5 2 9 O3 s
i & B TR PR RIS 3K R G B B A IR
(Pettke et al.,2010; Richards,2011;2015b)

XFFAEINEE S R IR, AN R A9 15 BB T L™ 4
J& AR AS AR ] - O filf 4 335 11 PR S Cn XIS Hir s )
e A AR XD S0 VRIS A M 50 S T KRB 12
[ 2%, Jey 3 A= HE b (L HE & A TN A, Cu: ~1000 x
107, Xu et al.,2019) , JE W& 7 4 J@ G AL 4 ) i A B
BRTT bt (R 5 AT A AINE KRB EH R
A A Cufififb®) , Zhang et al.,2014) . Flf 15 1% 5
AT M ST EAE B, R AR LR B 42 )8 Cu
(Richards et al.,2009;Hou et al.,2009;2013a;2015b;
2019) . PR BE 7 (85Cu=0.18%0~0.87%o ) Fl #4
B (85Cu=0.08%0~1.01%0 ) 8L FA W B 7+ (8 Cu=
~0.04%o0~+0.18%0) W] I 7 4 F 89 Cu [W] i 2 , [ AEIIE
B 2 RN 4 R R ) B A s 4 1B A M i
3 Hby 1 (895Cu=0.03%0+0.24%0 ) (Zheng et al.,2019) ;
@ Bt Y LA b PR PR ES  FR DTN b sE da ™ A 1Y
Fa R Gl w DR 8 2 Ak i 72 17 %% 4 )8, Cameron,
1989) 54 Jm P& 45 1 5 A Pl i (CAni i A4 52 4K
(RASLIE L ) 2 7, I MG 5 22 L4 T8 Cu(Au), T 1K
EH B A 3¢ (Hou et al., 2011) ;B 4 )@ Mo W =3
K B HA =5 Mo =F B Bl M 52 I mil 1) K 95 5 A 3K
(Sinlair, 2007 ; Klemm et al.,2007;Hou et al.,2011) .

WF5T B, NS TE A SR S AR IR ST, ™ 7
W H AR & HE R 4R (Cu.AuMo) , (A BEA T
PRITE I AN BER  E AER G B BOs 8 &
4 JE 414y (Cline et al., 1991) , {H 3K & )& i fL Y AH
FEA SR I R R A KA A R S oy B
T2 B 37 2 9 ARt 3 R 75 K i 26 4% il ( Candela
et al., 2005 ; a4 ,2020a) .

5 hAR-B A AR

BEF 0 R LA SR (%) ph AR 43 AR . FRATE 20
22 70 454X, Lowell % (1970) it i T — EHITH 2
A By 2 BLEG AR i B BE 7 Cu T R i AR 43 A2, B
TR T AN B R B R IR AL (FF K A -R B
BRI HCE L (4 =B -k 46 ) — (R
k) —F 8 5 Al (BRI A -5 A0 - A 3 ) I K OSF- Dol
ARas (B 7a) o FEMRECH, Cu ik B2 4 A4 T4k
W FNEE B 5 Ay B 2 3 2 6] i PR A, I R BEAS
[ 2 B B W AR Ak, TR s 2R A Ak B 3 o o

Rk 5 1 % A 5k Bl rhonT B & A v AR AR
WM VE JE M Pb . Zn  Ag . Au B 1k 55 (BRI 14545
2004) . AR, Y EA RIS B AR
SHEMEAEN ARl 7T DUE S KA R Cu 2
SRR, W2 A B Cu-Pb-Zn 87 ; 76 I A
kAR Pb-Zn-Ag & DL K AIG I A Tk 2 Au-Ag-Sb-Hg
" (Sillitoe, 2010; & 5t 3C5F,2014) o Hu it 2= K AEWF
5% P I AP B R VFE I BES Cu i R &2 B, 30
PR TR R b B e 1) 28 A il AR B S i R 55 L 28
YA AR S 8 R R A AR RERR ER AL AT Y, TR
180 rE R 38 A7 5 Bl (4 7a, Gustafson et al., 1975)
B 5, 2 T TR B T A AR B, BE A Cu i 4
AR Cangp AL A A Ak ) 22 5127 ARIYIEAR
s ], T o 2 b A8 R 1 3 S B A i SR ik A
BINFREE . W RIBE S Cul R Cu &4 Bt &
F BN A RERRER LI B, & Cu iy ) BN W5
i 5 K BE 5 B ([# 7b, Lowell et al., 1970; Sillitoe,
2010),

SR, 28 B0 1) Pl AR 5 4 A S 75 4 9K Xf LA fie A il
P LA BEA R Cu IR %280 IRAE AR S04 5
WA A3 b S R R A S A ek AR 2 R R
fiE o DA 9 e SRRt HE PR IR B Cu 0 3R R0
e ZLE N T kiR b =z L ik I gs AN,
o I — 2 AR RUBE S Cu B IR Cu B fL 2
RAEFEEICALB B Rl sk e A -4 = RE EL,
T A8 5 A R 4R ERR AR AL B B, 0 ) B
BT BT (K 7b) . H I, & 4 (2009) |
Yang %5 (201432019 ) 78 PRI 25 v (8 32 BB A 4 5
PRI AS SRR (1) BE Atk b, 57 T lE i R B R R
AR 5 ey i AL (] 7a) , IF HUCH SR S
Abam Z1 B A S B ek R AR Aty P i D B A v il
JHE 3 LY B Cu i B X 38 o8 #1022 7 T TR Ak 40
B 2 B A8 i 45 T R A G (Yang et al.,2019) , XLt
RILFNI A 51 T 2 B A0 ol B Y Cu IR
JE N 2 MBS AR 5 A AR 1) EE RN SRR R

6 B A A A R

PEA T IRTE I A TF 3 e e D 5
AR LR Z et oA v ), BAR A AR
A RE ST A AR AR T ) H R Y T IR E S
BB A FITRAL 3 ) B P E ) B 2 A5 F 2k
AREIG UL, K e A SR OCER I DLIE R . I,



140 [ S A 2023 4
a Je kg E K b
JAT R HRREFR 1 BIAN
— Batu Hijau Mt-Dg-Bn Py-Cp-Hm
Panguna Mt-Dg-Bn Cp-Py
i - i Yerington Cp-Mt; Cp-Py
iy GES L EN i)
B E il Bajo Alum l Mt-Bn-Cp | | Py-Cp-Hm
— HEFS Mt-Bn-Cp Py-Cp
= — LIy I Cp-Py | | Cp-Py ‘
A 2 K ‘
o 7 /
% “ 7 3, — (=1 Cp Cp-Py
7 /R
‘ ’/y;;;‘,{% Mt BEEET cp  BURET pg  MFERE C ]
7727220 — Magnetite Chalcopyrite Digenite S ——
B A 25 4 e Ag DA BRar TRERA et Db
HlE pom WEAEHmER AR Sk b Pz 28 95 A i A i Bk 7Rk Primary precipitation stage
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Fl7 BEA Cu-(Mo-Aw)i PRI Il AR 43 A= B (a) R Wy 20 & K0 fL B (b) (45 Yang et al.,2019)
Fig. 7 Hydrothermal alteration zoning patterns(a), mineral assemblages and mineralization stage (b) for porphyry Cu (-Mo-Au)
deposits (after Yang et al.,2019)

TR TE B LA B W A IR TR
SRR i AR R B A AL PR B G B PR T (Rich-
ards,2015b) . KEVEESH IRATIE TG 202G K BAT K
AR FE K B DL S CL% % 43 G % (Rich-
ards, 2003; Sillitoe, 2010; Wang et al. , 2018; 2020;
Xu et al.,2021) , Btk , BRE BE A 200K R G0 h B IR Y
SR K A o4, I E Ak B 52
2, R LY RBE 20 R BT 5 9% 4% 1 B Ly A8 5k
PR RN . AN, BEA TG IR E 7 2 £
R A0 ARG, BOR T B R ER A, AR
DML AR (R E SK R 3R TEE) AR
TR AR AR, X 40 A 3R Bl T B2 LA™ B 52 i)
DURRMEAF IR AR -
6.1 FERIEX

A P RUBE A TR A it A b T Ao RV s o
KA F 48 WP W& & A =5 8] 43 A1 (Kerrich et
al.,2000; Hou et al.,2015¢) , {1 X JE& 3t s 17 PN 35 7
Cu i PR™ % M FR ] T g AL hr =k 2 oy, 58k
M 5T 53 A0 X AR, 9 25 74 Fe(-Cu) Fl Pb-Zn B JK
G R A% b B A R b A B i B
57t 2 Ml R 3 B S AR R (G S 2018) .

T SR U5 DM o Y % b Jo o o S5 0 B R A R
HIE A 2 DG B s AR, BRI D A KK
X 7o 2 o i) & R B X LT R B — 2 Byl
20, /b 1 e R ) o A A TR RS Cu 3
Mo [ 544, T 8T A e 41 0 19 i A R T I8 %2
Au’F R (Lu et al.,2013) ;@ F KR IX Z AR S AR
FE B R S B S — 1 R A R R A ] 1Y 4
JE A Ak, QIR B A S AT B 25 2K 45 5 T B Mo
(-Cu)B 4k, 1 = A B AR A AU iU 5 K 45 5 e
Cu-Mo(-Aw)# b (47 5 BH 45, 2008 ) ; @) BLH™ 42 )& I
FRAEIR X B Pl R RE A AU s R A A b
ST A3 RE B A K 09 BT #E 1 (Hou et al.,
2015b;Zheng et al.,2019; Wang et al.,2020) ; @ JF[X.
R AR R A I B A0 i (Na,y,O+K,0) X}
T FE BA —E 29 (Lu et al., 2013) , 41 Cu. Mo
A5 A s RS AP A G T Au B ik 2
55 BLA #5551 Na,O+K,0 Fl K,0/Na,O [ 5 #: 5 9%
A, = KPR 4 =y Au 786 1R b %5 % i (Zajacz
etal.,2010),

b 52 49 5T A B AR A b 5e /ity 2 b 52/
58 R ML T AR (AN A R A R AR AR
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Hb eI N R A ) e BR B 0 2 S Cln i o L
Bl 428 38 Ll A 3 L AR PN A 3 4 ) SR TR — i R
AT RO RE A B 1 -5 R A R A bk
fE2ERRAE (R34, 2018) . PRI, AR IRIX A —
B ARME . T AR B A [ 3R M BT 2 1 R, HE-
Nd [F) 7 2= Ay fifp e A R DX R) A, ik 1 AR i R i
2 ena(0) I Ty AT LA T X0 3R A AT RE A T50RN
M 5E A BTE AR IS (A8 355, 2018) , RS A1 ed(t)
(B AT HROIR A Hb5E (edt) > 0) R R HILSE (e4(0)
<0)(Kemp et al.,2006) . I, 73 A HE-Nd [F] {7
R DABOR B A A IR DXCRRAE | B -5 0 o 38 1)
A B Kb s B A . XOURUEE () HE-Nd R 2
JECIEL, DR o (A ERN 35 L1 RN S 3 5 Pl ) B 4
A, K 2 220 1 AN [ 1 7 B A TR 0 Jo 20 1l R B 25
A1, TR ZIN 4 7~ RS B0 3k A% A0 DX s R (3
Hi4F,2018;2020b;Luo et al.,2022) .,
6.2 ERFRE

ANV SR ol A R Rl T SN IBESTR, R
R R A B Y R AR B RR IR (AFMQ > 1.5)
(Richards,2003;2011;2015a; Wang et al.,2014) ., %
iR PSR S 25 R 2 i O —
AN TEA I R R B R T R AR T R
A2 (A :Fe .Cu Au.V .S 45) S IRIX SE T R TE A
5 rp O A B IR 7R 7S (Richards, 20115 Wang et
al.,2014) , FEMERIG RAIE R . FERI N O i&
JEAAET .S FEELL ST IR A AE , B A iy v fige
JE TR BRI, Cu K HAth 5 4 o0 R4 M (4 b 43
(Jugo et al.,2005;Lee et al.,2012) ., KL, G A%
TR X AR E B, Cu Au & R T R B 5 1A 4
im 3 S 2ok AR PP TR b TR e A ME AR AN 2 Bt B i R
b T2 57 ¥ B (Richards, 2009 ; Lee et al., 2012) ;
Q@ EERIE ST, EH P S FHELL SO, SO,
e TREBRER A 36 T S5 Au.Cu.Mo
G4 )8 BB 1455 T8 U ALY , A5 1k vh 4 Je i
e W) & i B, T8 12 38 B AR AT (Sun et al., 2013;
2015) , Fe A7 FIF Au . Cu Mo %5 354 70 Z AR 5 48
BN TR A A I ITHE A AR AR 32 7% 2 88 A
(Jugo,2009;Sun et al.,2015;Richards,2015b) ., 5%
R, BEA A IR R E 5 T AFMQ+1.5 J& A 1 5C
H# (Sun et al.,2013;2015;2017; Zhang et al.,2017),
7 AEUIR 32 19 1 B>l HM 2% 155 (Sun et al.,2015) o It
AN, AN & LA F| Chuquicamata—EI Abra BEA Cu f”
AR PRI 3 J2 DA HTBES Cu il Ry

AR R PREE , I B0 IEXMBEE Cu i R
il Y3 L BRI, B R L AR O A R A T
HY 4 3% 7% (Ballard et al., 2002; Wang et al., 2014;
Zhang et al.,2017; Zheng et al.,2020) .

H O T AL SR T R A B30 4 7 DA B IR
4 I A L OB R A R v ) W g B
B ATAR T AR AREGRE LA —E
R (3R 2), R 1Y 5 ¥ LA IS R P e L5
T OCR R B TR o [, AR RT LUE A
NER AR, B0 B R A S A R R A
S L T B R
6.3 ERAKE

BRI KN 2 B S AL R Y OB (Lu et
al., 2015; Richards, 2015b; Williamson et al., 2016) ,
FOKEPE T A KR RE S A SR . A HIE N
RE AR R Y K (AR R BT ) RE A8 I U5
DA AT I s AR S AR O Rl TV U v T
REAS AR IR IX. Cu(Au) 55 4 Ja i Ak W) i A 1k , i1
HLIUTEk B TR XN Y 4 Jm Ak ) A L L T HLAE
% biti % 475 1A 1) 38 B (Wang et al. ,2014) o & K%
F Az A AR (3~6 km) , 5 BRI 4R & 7K A F) T4
IAE DT o B B A0 B A A R gk B K A A
(Robb, 2005) , Ff {45 44 v 1) 2K LA A ) JE 51
(Yang et al.,2016) , fifi Cu. Au %5 & R TR HIZK T
IR

WFFERI, AR I R T 5T RS
PR, B 5 3R B = K & i (> 4.5%, H 2 5
10%) (Richards, 2003 ; Wang et al., 2014; Lu et al.,
2015),

73S W94 Y, AN 2 B K s A A
T, Chiaradia(2020) R HI 55K 2 A xS 4 i 5t
JE N Y BEA B Cu B PR RE S JROK & R E T 1 AU
T G R IR 2%~6% 52 B A T4 ARy IS 3% &
IKEEEFL, AT UL, A9 K A R RES v
W B B R S, AHLEGREE A HOK & BRI
BERMER 2, AR AT REE T R E 3K =i
ST T RUBE M R O 38 & /K 52K 3|
JE A B BT RS o Ik IR 3
6.4 S.CIEELRMAS

RNV 5 (H,0.CO, . 14 T TT R Al S 45 ) AN
AT DIE Ay 0 ) i B2 AR 43, 4 BT 422 52
B A IRAE B AA SR AE T AR i HLR 2 T R TR
PR ARARAR B A3 BT, A RAE AR i sk A6 2247
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al.,2015) % . TR AR YRI5 58 25 0 PR 1 i 75 2
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