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FRA S TP L 25 T B A T AR A A L 2 T AR T BT T B RE ) AR
KRR BEAH IR A B A T T s R O R AL 2 B L

BE e B PR 48 10 5 v R T v R M B
() R B A % V) 0 B 28 3 B R B R 1) — 28 0K
PR o ZIEW IR AR A AL AR XA (i Cu<<
1% . Mo<C0.1% Au<<0.1 g/t) . {H & HF L5,
W E K (0.1 ~20 Gt H & 4 3 5 % (1~ 3
km), i& ‘H K M # # K 7 R (John and Taylor,
2016), S, S ERY 75% 1 Cu, 95% ) Mo,
80201 Re 202019 Au LA BJL-F-Fr A 11 Se Fll Te &
KSR, WA THAET KW LA
(Sillitoe, 2010; John and Taylor, 2016), E KH#)
LV AR R K 32 32 R B 5 B TR
B IR 2 J A A B A

LA R B R A TAE AR WA 88 T
Mo B () 1A TT BB AS X 2 ik B . I g H
R HR A B A0 1 2R R TIRVRAE R Z T IR E
RN 32 WIDE: B a3 Ik TR W N R R ENIEF3I
ROR Ao A R 3 D O T AR 1) st Bk Al = 5 o 4 )
AE H1 T30 52 3R AR R T B0 2 2 AR /Y 52 ey i kA
iR ECE A B A . ST AT D R R AR R
FIbm 5% 45 T 5T XA BE T B0 58 1) 4 4 (il 47 L IR
A1 55D 2R O 0 ik el SO 5 55 R T T (LA-
ICP-MS) 455G ik (9 B X 20 M £ AR L 3 &5 5 4 i 40 5
JETE 3 A AR (SWIR) & X IX 88 F g 1) O J&& 1 T
Z MR BIBETE . SAE T AN Y 3 A 45 B5 (Chang et

WA HER HRB RS H (45 41673051,42022021) \IL 7944 A — i 2 B % % 30 (455 2400100017) JLPE 4“3 TiH%) "W H o
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al. » 2011; Cooke et al., 2014, 2017, 2020a;
Wilkinson et al. » 2015), JF i 20 v Fl F 46 5 & 0
(Cooke et al. , 2020b),

KT WA IEARTE TS 0 R 8 A5 v iy g
i AN B Mot R4 45 (R Cooke et al. , 2017,
2020a;Zhang Lejun et al. , 2017) , 4% 3% 75 b JE Al
b BB A AR AR TE RS R R ) A o
FHE R 011325 A0 20 [ B LT 6 R0 JEL B | 8 A
A& DL B AR R B BR T B DU O 36 BEE T R 1
mRMSEEL.

L B A8 VR i e A A
Pk 236 b

A BRA R Z BB A BT IR 32 B3 A AE PR
W1 (Corbett and Leach, 1998; Sillitoe, 2010;
Richards, 2013) . HJE B 5 ¥ 52 I vh A 56 B9 905 3¢
1 T B R AR 08 FAGRTS 8)%% VIAE 5% (Sillitoe, 19725
Richards, 2003). SR, I 4k B 47 19 904 3K AR & AR
PEA PGB PR A7 5 PRI n o] 26 590 55 8 S 1A R
EEO R EAL R A X S A R S A
B2 VR RO IR 2 2 AR S B BT 58 R (Baldwin
and Pearce, 1982; Qin Kezhang et al. , 1990; Qin
Kezhang and Wang Zhitian, 1993; Richards,
2011; Loucks, 2014; Wells et al. , 2020) ., gj A4t
xRS T 1 (magma fertility) JF & 1 K & #F
5E. IR TIE 2 A Ak GR DRI Py Gk 2)
845 (AN Wiliams and Cesbron, 1977; Feiss, 1978;
Mason and Feiss, 1979; Rui Zongyao et al. , 1984;
Lang et al., 1998; Cao et al., 2012; Loucks,
2014; Cooke et al., 2014, 2017, 2020a, 2020b;
Wilkinson et al. » 2015; Bouzari et al. , 2016; Lu
et al. , 2016; Mao et al., 2016; Zhang Lejun et
al. , 2017; Zhao Zhenhua et al. , 2019; Porter et
al. , 2020),

1.1 BRLFER

Feiss(1978) Je T A KWL BE . 5007 T & 07
PR NS | (R el NP e I e o 5 (T a2 i 3
ALO;/(K,O+ Na,O+ CaO) L & 5 T ) & .
KRy Cu £ a J 4k b i # P st e) T S 7E /il
PRf ik A AL O,/ (K, O+Na, O+CaO) Hfl
ORNER s o AN TR N AN R ) [N A R G
TR, BiJG ., Mason and Feiss(1979) X}
X —f8AREAT 150 UE A0 AT A LV B KPS B
HHALO, / (K, O+ Na, O+ CaO) o fE M 5 T 4E &

OB HR S EOR . Loucks(2014) 5@ i X 42
Bk 135 DN EZBEE N R S A A AR L B KB
EW AR —EE ALO; . Sr F VL il 5 B Se f1 Y
(|8 Ta, by, FEHFEH A RETE T &K hE& 1 H.O
FE (400  RAAE—E FERE BT RHE A Rk
PR 45 f oy 5 [N SR A2 T AR TN A A O SR

Baldwin and Pearce(1982) i 40 Xf b T 42 26 Hy
BT Y 100 AR AR BEEAE A RS0 BEa 5AES
W BEA A LW 7 4 Y Mn, Th flE# + oo R (A
Lo Hov Y /Y75 451 AT RE S A1 TR A 1 485 & 0 5 T 35
1M MnO 5458 (9 I DY 1 A 58 40 28 ol e 5 s
W hE Mn JAK 1 LS A 2% (Baldwin and Pearce,
1982). fx i, A % # 1& i Sr/Y-Sr/MnO (& 1d;
Ahmed et al. , 2020) . Zr-Y (Wells et al. , 2020) fig
AR & 5T EIK,

WA T B R R 38 b BT 1 L Bk Ak
2ok M (B le, ) (Thieblemant et al. , 1997;
Sajona and Maury, 1998; Oyarzun et al. , 2001;
Zhang Qi et al. , 2002; Hou et al. , 2004 ; Richards
and Kerrich, 2007; Leng Chengbiao et al. , 2007
Sun Weidong et al., 2010; Richards, 2011;
Chiaradia et al. , 2012), b, HHFE LB EITH
AR AR B AR R GRIB ) - TH R &
JE AR TE L H S H.O 1 Cu IRRAE , R W] BE A
T B A& B K B R (Oyarzun et al., 2001;
Mungall, 2002; Sun Weidong et al. , 2010), X &
PRk 76 o SR B 2R F R .S EELLL ST I RAFTE
Ml T aRAC I R A B AR . R AL AR A Y
THOLT  Cuy Au 55 MU TC 3R RE 9% 78 & 3K 18 AL 19 1 1
BUEE, FRAXE AT K (Mungall, 2002; Leng
et al. , 2018),

SR o i T 3R 35 5 A BB LSRR 4 5 20 Qi AR
MR WA 25 A I LR B AR AR L IR A R A 2
2% By ( Defant and Drummon, 1990; Hou
Zengqian et al. , 2020) ; Jf H. 3R 3k 505 BT R A 19 &
Sr/Y FMIKE M + o0 2 S RAE 0 aT DL i 5 i e X
T HEAE TR B b 58 K A LU TN A0 Dl 51 20 B 45 i
B & i ( Martin et al. , 2005; Castillo, 2006;
Richards and Kerrich, 2007), Ht, HEj2EAR A K
T BRI v 5O A 1R R AL L C AN F 7 T 5 9 O o
B A B TR T 2 s O H BT S A K e HL O
AR DL R TR 58 i) AFC 4538 Ak i 72 (Richards
and Kerrich, 2007; Richards, 2011), XTIk TL
O s 1A B LA™ 8 ) 2 ZARBAE LA 3 J7 i (Leng
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Fig. 1 Geochemical discriminant diagrams for fertile and barren porphyries
(a)—Al, O3 /TiO-Si0, (## Loucks, 2014) ;3 (b)—V/Sc-SiO; (## Loucks, 2014) ; (¢)—Y-MnO(## Baldwin and Pearce, 1982); (d)—Sr/Y-
Sr/MnO#E Ahmed et al. , 2020);(e)—Sr/Y-Y (& Richards and Kerrich, 2007) ; (f)—La/Yb-Yb(## Richards and Kerrich, 2007)
(a)—Al O3 /TiO; vs SiO, (after Loucks, 2014); (b)—V/Sc vs SiO; (after Loucks, 2014); (¢)—Y vs MnO (after Baldwin and Pearce,
1982); (d)—Sr/Y vs Sr/MnO (after Ahmed et al. , 2019); (e)—Sr/Y vs Y (after Richards and Kerrich, 2007); (f)—La/Yb vs Yb (after
Richards and Kerrich, 2007)

Chengbiao et al. , 2007) : Q5 IE % 1 3 JF A 3% 4 (Mclnnes et al. , 1999), @ SEE A AFEPFREH,
Pl o 35 3K 5 JoT Jei A LA R ) B g ) K R A B P3R5 (B I A i T 18 SEAR & 1Y e g (1. 2~4..0
QA AR W AR BT B 8 3k T R GPa) , 76 Fo¥ B it 72 v ff TN 25 AH 28 S 18R A S TR
W A I AFC % — R A AL Rk ik BRI S0 i RO Kk () K (Davidson et al.
S 5 FUR X B A X & 4R Cu Fil Au S5 TR 2007) KRR S8 TR AT B L IR T
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Table 1 Summary of some lithogeochemical indicators for magma fertility
AL B bR b 5T 5 A v T SCk
Al O5 /(K2 O+ Na; O+ CaO) H %5, AN g
Al Oy /(K> O+ Nay O+ Ca0) 0/ (RO Nay O CaO) HL AL 5 F5 1/ T Feiss, 1978

B B2 A T R

Y-MnO

SN AT B 45 oy 5 A CBO & Min I 7R 19 i S B 0 B
A5 BLY A Mo, Fi TR

Baldwin and Pearce, 1982

Sr/Y-Y.Sr/Y-Sr/MnO,
Sr/Y-Si0O; ., Y-SiO;

R ARE I Ha O S ik 4 T AN A g b et T
NGBS FECE T BEA R Y R Sr/Y I FFE,
FIF B

Richards and Kerrich, 2007; Loucks, 2014;
Leng et al. » 2014; Ahmed et al. , 2020

Zr-Y

FWBRAML Zr(50 X 1076 ~125 X107 5) f1 Y(<<12.5 X
107%)

Wells et al. , 2020

Al; O3/ TiO2-Si0O;

IR BEE HO 5 Bk A0 T R T e e T
F N A S BE BB W) B 25 O S S BUS B AL O/
TiOz T ) F

Loucks, 2014

IR X5 B A AT A I IR AR A AR R R La/

La/Yb-Yb N Richards and Kerrich, 2007
Yb HAESEAY Y & &, B F AL
WL [ A B 2 S g A g | AR A,

Ta/Nb-Ti e ”kiﬁ'ﬁ/u PR RS oh Ti A R A0 AR T Stepanov and Hermann, 2013
Ta/Nb AT ) T 3000
SE R R R Ho O SR (80 I 5 80/ N A 7

V/Se-Si0; TR E ALY K25 o B AR L R V/Se L T+ Loucks, 2014
AT R
s ok T /N B 4 A 'S G T S

V/SeSe ﬁﬁ?%ﬁ}fﬂﬁj}%m iR BUR AR T V/Se LA B REAT, A~ Halley, 2020
R

- 1 2 S A 2 8 2 1 Cu-Au— Cu-
Si0, DI W2 1 75 B0 (DD B2 7 R TR TN« Cu-Au>Cu Rui Zongyao et al. , 1984

Fe—>Cu—>Cu-Mo—>Mo(Cw)

Fe; O3/ TFeO-SiO;

425 Fey O3/ TFeO HLAH W T 2 28 1 % JE - Cu-Fe-Mo-
Zn £ Fe, O3/ TFeO>>0. 4 Y E ALY A A X, Au.Sn
5 Fey 05 /TFeO<C0. 4 [y 78 JEH 1 030 45

Meinert, 1995

Rb-Sc

W7 T2 2y SR I 1 B M - Rb & FF 15+ 17 Se 7 It
WA s 7 LTI 7 R J

Meinert, 1995

Rb/Sr-TFeO

it 25 Hs AR &5 5 o3 S R A 4 i, Rb/Sr L AH T &5, TFeO
R AR T LR AR R R JE

Blevin et al. , 1996

Fe; O3 /FeO-Rb/Sr

FEAR I R B (Feo O3 /FeO, R i K 40 3% JiE i w5 ) 7145
1 SeREIE (Rb/Sr ORI 5 A BB ) 125 R % Js

Blevin et al. , 1996

AOx-K/Rb

BEA Cu-Au B IR — 508 53 5 19 9 AL PR3 R A 56 (K/
Rb>400,A0x=0. 3~0. 8)

Blevin, 2004

2020 4

0 DICH 2548 50 = QA D +OrGEKA) AU K ) +Ne(EB ) +Le( AR ) + Kp (M E ) T 4> & & Z M fl CIPW 545 5 ; AOx
=1In(Fe; O3 /Fe0) +0. 3+0. 03X TFeO, HHf TFeO=0.9X Fe, O; +FeO, Tt H 4 1 .

T AR AE 7 A F

A AT 25 T R ML PR 2 B SR 5 A R
J& L 4 HE 1 5 X 28 (1 ICM-AES, ICP-MS 45) %%
JZ T AR SR H R A AR L 2 F BE 68
FE5T 51 Y 58 BB A DXV R R g Ik, B O
Halley(2020) #5377 —EFI H £ 70 £ 5 A L2504t
BRI A - BRI TR R . A E
A H AP 5 BEE TR S0 YN A R 5
W% OV/Sc-Sc B fft A Bl T3 00 BE 20 53 55 45 &
AR (K 22) . XOEFE R AEAASIE RV I Se
650 1) E ARG R AR A% TR R R Y A B
Ziink o FEOR RS V/Se IWEMFEK. 1

SN RERRT I 4 B 45 R S BUE K S BE R
J ST DT 5 A Bt A W) 1 A R I 8 O A L i
8 J1(Sun et al. , 2004), @ Ta/Nb-Ti A BT
157~ 2B = B 3 45 i B (Stepanov and Hermann,
2013), JETE T . Ti.Nb #1 Ta 7£ & = B 1 YA 75
PEAR UGB W, H I, R = BE R AR A i E I &%
BURARIE R T & B AR, Ta/Nb H(E B T+
(Halley, 2020) (|& 2b) .,

AR T B A A A A RS T R
M2 ) 47 76 X 3 ¢ & (il Ishihara, 1977, 1981;
Rui Zongyao et al. , 1984 ; Blevin and Chappell,
1992, 1995; Meinert, 1995; Blevinetal. . 1996;
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Table 2 Summary of some mineralogical indicators for magma fertility
BB ) F2 BEARRAE F A v Sk
e B RE RSB TiO, > 3%, Al,O; <<15% ., CaO<< | Kesler et al. , 1975; Fu Jinbao, 1981; Qin Kezhang et al. ,
0.5% .Mg/Fe>>0.5.K/Na>10, H A% 5 Cu 2009; Tang Pan et al. , 2017
- FTREE T A L AT AR R R R 1] [ 45 45 H (UST) 5 IR Bk Ak
A 25y (Quartz eyes) Vasyukova et al. , 2013
B0 R P G X Ti. V. Mn ., Zr Nb . Hf . Ta.P, %
T Mg.Si.Co.Ni.Ge.Sb. W Fil Pb 4 ; & &% M BB A #% | Huang et al. » 2019; Guo et al. , 2020
BRow 8 5 B EARA Mo,V LK 519 Sn
i SRR A EA MY E SR Ce't /Ce® [6Eu, (Ce/ | Ballard et al. , 2002; Liang et al. , 2006; Dilles et al. , 2015;
Nd) /Y, & AKX Dy/Yb Shen et al. , 2015; Lu et al. , 2016; Chen et al. , 2019
U EE PR AE SO; .Cl/F WE &, H 8% & 1) | Imai, 2002, 2004; Pan et al., 20165 Zhu et al., 2018;
wixa SEu FIHE Ik # 6Ce Huang et al. , 2019
G R A B A S Y Fe:03/ALO; SREE+ Y,
izRal LREE/HREE.§Ce .U, Th,Ta.Nb.Ga, H & &% Mo.W.Sn %4 | Che et al. , 2013; Xu et al. , 2015
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Fig. 2 Diagrams of V/Sc vs Sc (a) and
Ta/Nb vs Ti (b) (after Halley, 2020)

Blevin, 2004) : Cu-Au B0 F K — ik 43 5 72 JiE 4%
IR TN K B A F A 95 N K B (SI0, = 54% ~
66 %0) s Cu BB 2 1A oA R 1 1 46 1 TN K BE 7
A KB (SI0, =62% ~66%) ; Cu-Mo # b &
X R AR A D R PR A AE R IN K A e KA
(Si0, =65%~70%) , i Mo-W ¥ K — it 5 & 4 5
AL 5 5 (SI0, =>T70 YO B VI & . A0 &%

FUEE & 73 5 R B AT RE 42 i ™ % Jas M A A B K
DR 2R IR 3D 5 1 45 6 R B 4 2 3 1) 2 B M s I
BL LA B B A 2 1 5 mT R S S ol A A o S G
HRAL /1) £ 3 & (Meinert, 1995; Blevin et
al., 1996) , st kY . H FIT ) B = 5 2Z % B & A1
(L Xi=F T8
1.2 ¥ ¥KEis

BN E W E A U 4 R R B e
TR A EE R T A A A 2 B
S8 AR A AR AR AR T R s e 1 B S s A
TEPRI N FHROCR . B0 W) 58 WA E — e RE B R
T E AL E R bR Y R R R IR ST KA BT
PRk 72 BE T B0t 0 BT ) CNgS 41 4D . I 50 4R
R HT N ET R BEA R T WS E T ) (B s b A
) FFEZEEN Y CREBR AT 85 A B K A0 FIARE A1 55
TFRE T REHITE, B4 T — 20 P48 hn (R 2,
1.2.1 ExH

B B A S IR TR A R v B LR K BE R
FTa™ 9 B vl DB T s # SORT RIOE 1T i
PRl 8 i B CAn B R R AR AL D AR . AR B R BEE
2 RE ot S GROBRE et A 07 ELEC N A B R
s PR B A0 WK AT A8 A R R S R s AR R
B QAR R B LLAIDRE MR 85 R AR A AR Y
B BRGOIREO T3S A, A s AR = B
PR AT AN K R = B Ak A TR A0 (Rui
Zongyao et al., 1984; Tang Pan et al., 2017;
Yang and Cooke, 2019), WF5RFH . LB A
A B RS W] ) A 2 2R | DA Ti(Tio, >
3%0) K AICAL O; <15 %) \Mg/Fe<{1. 0 S 1 ;
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Fig. 3 Discrimination diagrams showing the relationships between lithogeochemistry and mineralization of the granitoids

(a)—SiO,-DI(# Rui Zongyao et al. , 1984) ,DI Jy 73358, ARG /R &K 70 F B, #0E X o C. L P. W AR HES™ ¥ 70 T 1 Q138 +Or
GERAD +AbCAR AT +Ne(BE A1) + Le( A4 + KpCH B 4D B H 20 & 4 Z B A s (b)—Fe2 O3/ TFeO-SiO; (i Meinert, 1995), TFeO
FOREA PR 2B R (Fe, 05 +FeO) , F 3L (00— AOx-K/Rb(# Blevin, 2004), AOx=In(Fe;O3/Fe0) +0. 3+ 0. 03 X TFeO, AOx>
0. 8 FR/m AL (VSO) L0, 3~0. 8 FIR AL (SO) .0~0. 3 FI/R A A AL (MO) L —0. 7~0 F7R P AFL MR /N T — 0. 7 FoR 38 J5
(SR); K/Rb 3k & BUE 3 40 ALHE , KT 400 3R K4 5 (UE) .200~ 400 ) 4543 5 (ME) /N T 200 7R 8 42 5 (SE) s (d)—Fe, 03/
FeO-Rb/Sr(#i Blevin et al. , 1996)

(a)—Si0; vs DI (after Rui Zongyao et al. , 1984), DI refers to differentiation index, and is equal to Q-+ Or+ Ab+ Ne+ Lc+Kp; (b)—
Fe; O3/ TFeO vs SiO; (after Meinert, 1995), TFeO=FeO+ 1. 113 X Fe;03; (¢)—AOx vs K/Rb (after Blevin, 2004), AOx=1In(Fe,0;/
FeO) +0. 3+0. 03X TFeO, AOx>>0. 8 refers to very strongly oxidized (VSO), AOx=0. 3~0. 8 denotes strongly oxidized (SO), AOx=0~
0. 3 refers to moderately oxidized (MO), AOx= — 0.7 ~0 denotes moderately reduced (MR), AOx<C—0.7 refers to strongly reduced
(SR); K/Rb>400 denotes unevolved (UE), K/Rb=200~400 refers to moderately evolved (ME), K/Rb<(200 refers to strongly evolved
(SE); (d)—Fe;03/FeO vs Rb/Sr(after Blevin et al. , 1996)

Ja#H MPMIE TiCTiO, <<3% . ZHUNF 2%0) & Al
Mg/Fe> 1.5, Fe’" /Fe*™ < 0.3 X ¥ fiF (Beane,
19745 Jacobs and Parry, 1976, 1979; Fu Jinbao,
1981; Rui Zongyao et al. , 1984),

H1 T R 2 B 1 2 A8 AL 2 2 O S 2R A K
PR B 2 2 IR BE s ) 4RI B A AR
R TR T A BIF A P B PR ok 78 DA R S ik
TR B iF 2 14 (Stollery et al. , 1971; Kesler et al. ,
1975; Hendry et al., 1981, 1985; Fu Jinbao,
1981; Rui Zongyao et al., 1984; Liu Shaobo et

al. » 1995; Xiong Xiaolin et al. , 2001; Boomeri et
al. , 2009, 2010; Tang Pan et al. , 2017), A
A GUE B A BB S RSV 1 3t 1o 7
T A 5 TR

I8 B BEE W R 2 R A kAR 1 7 s T
I 20 A -E AU A2 E R B a b R
K Cu 8 5 7] BB A AL R0 5 b5 B &5 07 5 1K
HEST ARk PRz M, BE ClLA Cu
(Stollery et al. , 1971), 4k i, Kesler et al. (1975)
R _FHZH BB FOCL A& 225/, HAT &
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HF&E ML EER Ca(<C400X10 %), WE7s Cu A HESR
BAER A AT T Cu g — 2w TR WA b L I
A (Feiss, 1978) . KREMFIEUESL, & 0 K
H ) B R R R K (THO, >3 %0) & B 3Tk (Mg/
Fe>>0.5) & #1 41 41 (K/Na>>10) . ik 1 (AL O, <
15%) K45 (CaO<<0. 5%) (Qin Kezhang et al. ,
2009; Tang Pan et al. , 2017), H 4 % & & 5 (Liu
Bin et al. , 2010; Xu Teng, 2015; Zhang et al. ,
2016),

B BB A RO 8 T R AR R A R R
P (Rui Zongyao et al. , 1984; Parsapoor et al. ,
2015), Rui Zongyao et al. (1984) 40 L T Cu
(M) Bt Fe(Cw) By L N W-Sn bR AR R =
BEH R RRT R AR R BB E T 5 8% o bk
SR G- RERT R BE TR S B
BRI B R A 5 31 BB A B e AT 20 e A [+
T3 ] 354 5 i 18] 4 25 B 7 ) AL L TS 3 ) R R
7 M A (E 4a), Parsapoor et al. (2015) #2 H
CoKEZESHE Cl HH ARG A K. 1M Mo & JK M
FEYE FAHAK.Sn-W-Be S REH F
Cl & 515 0 T W& ZE (& 4b) .

1.2.2 Ax:

AT SN R IRV BE S A R R S A Y
7 LARE ity RS B A OO B A [ B B ) ik
Tl AR L A AN R B A S kAR Cn A 74 B B AT D
RINKAASE) o 3 20 455k 45 i T B ZOG KR R
(CIDTEREE W ROEFE B 732 T AT & B B
JE AT S IX AR Y B R DLW AT RE AL 2 S AR
WA H1E B (Rusk et al. , 2002, 2008; Harris et
al. , 2004; 2008; Qu
Huanchun et al. , 2013; Vasyukova et al. , 2013;
Hong et al. , 2019) . Hrp H A7 4R 5K 4548 Chn 5 o) 5]
S5 2L IR BOR 25 04 25 1 A0 & ] LAAE O 4 6 3 1A
BCA T 1 E AR bR (8] 5)

H A o [ 45 45 1
Solidification Texture, UST; Shannon et al.,
1982) iy A7 9 WL T 73 S A8 B2 i HL AR 6 A X S 1Y
B4 7 Mo-(W) Fil W-Mo 8" J& , 2> 4 L F 43 53 78 1
R H A= A7 AH X 8 1 B8 Cu B3 Cu-Au(Qu
Huanchun et al. , 2013), #F5% %£ ., UST A3 F
TP AT TE B A U i TR AL AR L M R S HLE
Fefih iy L O HLEAT by o5 M 2 1) 2 R rp O B 0] [ 45
AR MEE, BRETAXT UST fA 50 ik AR E
TEAE — %€ 43 B (White et al. , 1981; Shannon et

Yang Zhiming et al.,

( Unidirectional

al. » 1982; Carten et al., 1988; Hong et al.,
2019) H 2 Z 80 & 8l A BEATE R T A K-
W I By Bt (Harris et al. , 2004)

IRERAR A1 3 (Quartz Eyes, f73¢iR) d % WL T
HBRBE AT R (B 5¢, d), Vasyukova et al. (2013)
B XA [R] by X7 1 MR BRE AT PR ™ Y 300 RS
R TF e T PR B B R R G R A P 4k 5 o0
R B IX B S MR AT M Ry A2 AR Y A BB A A L U
B4 KPR (Quartz 1~Quartz 4), H 4, Quartz
3L T A H -G W Y B AR s R AR R T
Quartz 2 52 T EHR M EMAER. B2, A%
MR A B % B AT R S R ML U A s i 1) SR A
PR HA B 4R 5 5
1.2.3 ®H%¥

Wy 2R e Kb Ly mz —. £
BOE T AR A AR BB B, BT LUR
ROE XL E TR B B0 AT N 8Dk
AP EIE G . AR BTG T REER AR B
IR B LA K w0 03 VA 5 D7 T A I ST A T
R, Canil et al. (2016) 42 55 K 25 Y40 ¢ 4
BEERH B IR Ti(<C10000X 10 %) K AI(<C4000 X
107°) \Ni/Cr HAHR T 1 MAFAE (K 62) . X2l T
550 P 56 14 FROB T Bk T8 B P L B A R A T
ALTi & i 32 8252 )2 5 4l (Nadoll et al. , 2014),
I HI ARG Ni Lo Cr HoA T 99 i B2, AT
ST B Ni/Cr KT 1 (Dare et al.,
2014), Pisiak et al. (2017) % FH & /0t 7 &
(Liner discriminant analysis) » B & 8 & 14 o (39 4 42k
W53 Ol RGBT I LA IX 3. Huang X
W et al. (2019) F) F I & 7> — 3 43 #1 J7 ¥ (partial
least squares-discriminant analysis) & 4.4 #7 T
Y vh Z it ot R (Ti, Mg, Si, V., Mn, Zr, Nb,
Hf . Ta,P.W.Pb,Co.Ni,Ge,Sb), LA X 43 A [f] 5 5
7RI 2E (&L 6b) Al TT46 H Au-Cu §7 PR H 10 89
By HA T &) Mg Mn Zr Nb.Sn . Hf &, X[
RE 51 2R R B 5 R S0 J3E By i o0 B e ik
PLR A R T m i A & A 6. W-Mo & R B A
B SR AL 5 5 X AT RE S 5 A S AR KR A
A %, Guo et al. (2020) 3 1 %F 1 74 I v fa) BE 4
A R T2 R B R RERRT RGTT RE A A  S JRA
XA o B 2R 5 WE T 32 MG ERA™  Min, V #lI
Sn FEZETHRE.

HIABEFE IR 48 1 BE A0 R T G0 0 2
A W T UL BE /E A (Hu et al. . 2014, 2015;
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(a)
EFW-SnfER S
IC) 4
p= 4
T
+
®
*
[
2
)
=
1.0 I 1 T 1 | I 1
&bt 6.5 6.0 Bt EA R}
Si (a.p.fu)

IV(F/CI)

4

8

(b)

4
IV(F)

K4 MR Mg/ (Mg+Fe "+ Fe? "™+ Mn)-Si(a) (## Rui Zongyao et al. , 1984)
1 IV(F/CD-IV(F) (b) (§#& Munoz, 1984) & fi#

Fig. 4 Diagrams of Mg/(Mg+Fe*"™+Fe?"™+Mn) vs Si (a) (modified after Rui et al. , 1984)
and IV(F/CD vs IV(F) (b) (modified after Munoz, 1984) for magmatic biotite
IV(E/CD AN IV B35 D715 )L Munoz (1984)

The meanings of IV(F/Cl) and IV(F) are referred to Munoz (1984)

Bl 5 UST A 3E(a, b; Mg b py B4 37 A% 3R} 2% 2R P HR A0 A S R (e ds AR B K BESEE Cu-Mo 7 JK)
Fig. 5 Photos of quartz grains with Unidirectional Solidification Texture (a, b; Photo b was provided by Wei Hong from Department

of Earth Sciences, University of Adelaide) and quartz eyes of rhyodacite porphyry from the Gangjiang Cu-Mo deposit (¢, d)

Wen et al. , 2017; Guo et al. , 2020), Fe-V/Ti [§
i W] AR A R0 X 53 It 26 G R VS M- DO UE 1) 1
B UL R RER (Wen et al. , 2017), R4 HE
1 W RIS L AT LR GE W SR B T O AR
WK A A fR AR I H 2 TRk h Al B & A
K A A ) A 22 AR (B o B 440 L 2 i T
R RO A BREHE AT 43 BT I K A K b 52 i) 3 17 5080 o

IS4
w

VA=A
7

o (AR 85/ B O R BE AT 23 B 3L M
MRS R MHERR 2> Hr . Bt S 23 B EE Y
Jo A X T G BR 0 A 0 A R 3 OC B (Zhang
Lejun et al. , 2017),
1.2.4 #HA

B A b R R B b e DL R R L 4l
T d AU R EL AT R R P XU T A e
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100000
(a) Rt
10000 .’
~ ; D
N 1000 PR ¢
2 HRBRRE |
Z 0 Bl e \
= 100 |
10 4
1 L " L L L " 1 1 1 1 1
0.01 0.1 1 10 100 1000 0.4 0.3 0.2 0.1 0 0.1 0.2
Ni/Cr 0

6  REERD ) Ti-Ni/Cr(a; 3 Canil et al. , 2016) Fil t,-t, H 5| (b; & Huang X W et al. , 2019)
Fig. 6 Discrimination diagrams of Ti vs Ni/Cr (a) (after Canil et al. , 2016) and ¢, vs ¢, (b)

(after Huang X W et al. , 2019) for magnetite from different deposits
1ty FTARR MR SR H AT T 1F I Huang X W et al. . (2019)

The meanings of #; and ¢, are shown in Huang X W et al. ,(2019)

IRE T BRICSR A KT BL (5 B . B A A2 oo
% Ce . Eu 55 %2 5 3 A AL IR ZS 1 52w 55 40 1Y)
Ce'"/Ce’" \OEu # JH He ST W I AR X 480 3% B2 1 &
R BT X 53 AT 5 A O AR B R [ T R
MIPEAD K, Ballard et al. (2002) fx % [ T % |
JC R A A A A R R T R R B
Ce'" /Ce®" >300.6Eu>>0.4 ([ 7a), Liang et al.
(2006) % = o BE & H 7 b S R AR a1k
WHoE 48 R A AR 1 B 4 Ce't /Ce’" >120. Xu
Leiluo et al. (2012) %4545 Ce*™ /Ce®™ >200 E N4
UDL-LL ] JR A7 S T B e R Y 4 A
Wang et al. (2014) % 3 X Jig i e & v 7t 3 e
MPEE RIS f7 Cett /Ce®t >50, AR £ R $1 dr
Bttt — B RS AR A g5 A7 Ce'™ /Ce® <<50, Chen
et al. (2019) X} b X Ur e G Pk 2 20 P &S 90 KA
RIS R S OIS K (B 2 s A A
W ICE 3 a4 kol s ) B B i 8 A
Ce'" /Ce*" H1 SEu fH ([ 7a), Dilles et al. (2015)#%
BT AR i A AN BT A6 A A BN B A
Eu i 5% RZ BN FE X & 55 41 0Eu=>0. 4, H.4%
Eh TR A X B . Shen et al. (2015) X A 3 & 1 7
TN TR A RUASE I0 BE S T R I & A R AT T
Ho R A K I8 IR &5 41 Ce'' /Ce™ M. DA
bk SR Y Bk RS A Ce'T /Ce’ L OEu
A DA e o 9 ARG T B AR A o R R B
A AT R £ B BORHT . Bl B A B Y
AN AR ZR A0 1 HG A A AIE S DT R B e Ok
X3 SR 5 A B E AR B, Lu et al. (2016) 48
TR BR 2 A X S FIAS S8 I o 1 3 A el

TEEBRE 2 T 1) 0Eu. (Ce/Nd) /Y . Dy/Yb f§
J W v 3 (& 7Th) o SRR L R B 1 B
£ BAEE R SEu(>0. 3) ,(Ce/Nd) /Y (=>0. 01) I
FAKH Dy/Yb(<<0.3)(Lu et al. , 2016), % 3%
oy A E A B s oK & R T R A
DN AT 25 & AR T R RS A A R

R 1 R &5 A B S 0 3R HU AR S R X 4
B E K, Trail et al. (2012) & L8547 Ce B H 45
G A T BT A DLaE B s IR 4 0 R
Shen et al. (2015) F] 6 75 2: 45 th RIS BEA 57K 19
o % 4835 FE AT NNO-+F2, DL K 4 /NI BE 4557 K
R R Z 5 s 8 s %) 3 9 i X it B 1Y) A2 A
B AL EHB T IEWMEMEE (Yang et
al. » 2014; Zou et al. , 2019), B4, Smythe and
Brenan(2016) #i2 4l Ce 7 ik iR 5 475 74 v 1) 480 Ak 340 Ji

i
— /R R A/ Ik et -
fikek 4 DELS g0 DETVER pmp TX;W?@H%
(‘03 t

MR P 5 12 SRR BT ERE I e R % L Bk
ERE TR AR EFOK & . Bl TiZA
3R EE TS T BRSPS K S R I AR K A
TR IR 22 01k 2 5 B0 5 WAl B3 10 o I SR T 22
AR K (Shu et al. » 2019), FH Ik, A Kk & Fl A 1t
T VAl T T

RS £ Ce'™ /Ce™ F 0Eu Jiz Mt 4 3% Ji 1if
e H RS A b Y AR R . Sy S B
1 Ce'" /Ce R HHEA T La & 5 AHC 1 #5
AP La & 88 KT LA-ICP-MS (046 I B , 3% AJ
REIE L La & 5 09 20 A 152 22 B K DT 5% il 5 A1 1Y)
Ce'" /Ce®" (Dilles et al. ,2015), A, & A Eu
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10000 1.2
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1000 E
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—’QJ
&)
BRI A FBAS Bty 5 A
10°E olLnl : -
Bima Formation . o i A w
- L4 B EEAS i
i . (Yeba F9rmali0n) 0 |
0.0 0.2 0.4 0.6 0.8 0.0001 0.001 0.01 0.1 1
Eu,/Eu,” (Ce/Nd)/ Y

B 7 B 5N AR A Ce/Ce® T -0Eu [ (a) (## Ballard et al. , 2002;Chen et al. , 2019 F
B SEu-(Ce/Nd) /Y 5 & B (b) (4 Ballard et al. , 2002;Lu et al. » 2016)

Fig. 7 Diagrams of Ce*"/Ce*" vs §Eu (a) (after Ballard et al. , 2012; Chen et al. , 2019) and 6Eu vs (Ce/Nd)/Y (b)

(modified after Ballard et al. , 2012; Lu et al. , 2016) for zircons from different deposits and rocks

I Ce S AT RESZ B4R A AR A1 55 87 W) 45 i 73 ¢ #ifilog[Ce/V (U;XTi)]
-2.0 -1.5 =1.0

-0.5 0

YEFH B2 W (Loader et al. , 2017). S5 FEBH, Ce T T T
M Eu 7E 85 A 50K Z 0] 19 43 T 2 8032 55 40 45 b il | AFMQ=2.28 00k e[Ceny(ll > T
B KB 5 B R OB ) (Burnham and o L Jom0eosemtso
Berry, 2012; Trail et al. , 2011), #xiT,Zou et al.
(2019) Xf Z2 F i 7 S0 B 3 i AT SE P 6 AT T PFA
P T IAHT B MU BR AL 27 2 8 A ok U T i i A
W) G LA 1 5 40 o [ i 4 H0 R 2 8 oK Ok i g
LIRS (i B8 1 R IO A2 AR Y A 5 A, DA At O
B A AR E T I A RO

T3 A0 BRI P A A o DT R T R
14 Jry R 14 0 85 R 1 2% 22 8 Hl » Loucks et al. (2020)
P T — R RS A AR DR (B 8) . T ik [
R B A PR E LB R ) AR G B4 S A

logﬁ),(ﬁ‘i ;'u‘l)‘logf():(FMQ)

E|§

=
1

[

=
5)

6 i " A
{9 Ceo UL T MK A, FE4E 5 R B Y 12 22 oot oo o1 08
S FL B A A1 DR T 8 e e

Wy & b P8 — Bl 9 B o SR B Y 2 Rt F A L

1.2.5 BKA (#i Loucks et al. , 2020)

Fig. 8 A new zircon oxybarometer(after Loucks et al. , 2020)

e IR AT A BE A B PR AP R UL R —

T BE AT UTE A 4 B BT B ] AR R T — KIEH (OB IRA & BE A b B8 K G & A
R O kAR B B (Rui Zongyao et al., 1984), S(SO, =>0. 1%) . M JCH 55 1A 5 J 1l 25 A i) 1 7K A1

Williams and Cesbron(1977) i\ 5 Bt & 5 14 5 3% 1

#% S(SO,<<0.1%) . Streck and Dilles (1998) %f y=

KA CLLOH™ F1 F G 43 5 8 0. 7% ~2.5%., T3 E N ARIA N Yerington 5 Jk i BE dh B K 41 /Y

0.61%~0.99% . 1.4% ~2.7%) . Bz 4h. =%
Wl K A R BRR i I A R EL A S [R) ) ot A 5 A

SO; &t AT T W02 » & BB IR A %3 2 41 38
SO, #5120 R IRBEARE] 0. 206 . I 71 17101 5 it R

BAM & 6 B 4% 45 1iF (Bouzari et al. . 2016; Mao et ERRE K T REZE Iy T A E 1Y 45 i o T T Ak R
al. , 2016)., Imai et al. (1993) 1 Imai(2002, 2004) Mo B AR ER L U A 3% . Yao Chunliang et al. (2007)
XF 72 V0 P B I CHE AR 52 L H AR S5 1D op R 1 HIE TIVLVGR T REE A 3 Wk K A Ca R B K
RAE 5 KGR s K RO AT TR A1 BB K A0 AR S S AL B K D) i BLIX AR
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AR Forba S W K A 8 S R SiL B A0 0] 9 K
A8 & Mn Ml Fe, A5 A MBEK AR & SHE,
Mm% Cl, 3 WwE KA1 i CL/F B AR K U AR L 2 ke
TEK A CL/F AR 1) A G 3

BF9E 2 WL W K A7 P SO, (1 & 8 % 5 3K Ak
JE R SRR S & B (Peng et al. , 19975
Imai, 2004; Parat and Holtz, 2005; Parat et al. ,
2011), Peng et al. (1997) %f 52 %6 vf i B K 7 34 47
Jo BN TE & K B 24 A% BN FMLQ CRR BN A1 - Bk
B 41 2% o 0D 380 2 MH Gl 8 595 8k 07 2% o
FD I B AT SO, & 5 <0, 042088 ImF] 14
~2. 6%, Zhu et al. (2018) & I Red Chris B #
Cu-Au 7 PR 04 A 1 i K A He J0R™ HiE A B A
JE B KA & A EE R SO, Cl, 2454 RHK A1 0
Pt R AL, RN WA AT RE L T T S ClLAEE
ERTEAN HHN B K AR CU/F HAE W] DL g
TR J) (Pan et al. , 2016), B s & 44 o A9 %
JRAT 3t HAT B = i CU/F .

WFIE W KA1 Ce Eu T3 ] DS ik 25 3%
SR BE Y B AL, X D Ed’T R Ce'' [ Eo®T F
Ce'" B4 5y HE AW K A 76 o 4038 BE 1 B0 F L B K
A HATHE = B SEu AEARAY 6Ce. T SEu 54 Al
RE I 32 RHS AT 45 i 0 52 52, [ I oCe ] BE BE fiE
J Wl S T ) AR A L TS s AV .
e R FOAS U A K AT A AR 0Ce
(Huang ML et al. , 2019), [A#E Ga*t [t Ga’t HE
Gy AW IKAT S AEAR SR BE I D0 T S B KA B Ga
BHEE., Pan et al. (2016)RIB=7TH X Z 0"
HRBEIKAM Ga FRX L5 Co-Mo #{LAH
KB R385 B A AR U BICIR Mo 7 A6 AR 56 (19 JE 48 35 5
e A 1 BE A 0 0% B T &, 1 Ab, Miles et al.
(2014, 2016) 3 RGME T M 5 4% 2% Criffell 12
B T £ AR L s R B R A1 Min 5 i R B
Mn 5% % R RMHE IR B am Al
log fo, = — 0. 0022 (0. 0003) Mn (X 10~°) —9. 75
(40.46),R* =0.9, Z &% A X M & &Koy
T L DA S e TP R P o 3 Y L S L 660 ~
920°C, AP XL A IR 52 A Koy A
ftb & Mn &5 %F Mn 38593200

Bouzari et al. (2016) & BLBEA T R AS [|] 7 A8
HR R AT R 5 R AR K D6 AL 27 A3 AN TA] L AR
P EATZ R B AR OEOC R AT LU 4R, JF HoaT Bliz
FHE) 3 KA JE DL K vk 1 55 300 3 1Y Z1 D B ) 4k
", Mao et al. (2016) XJ A [A] J T HGE 0™ IR ik R

VA A B 2 A v 8 Wl R A 06 AT 4 T 4 2R 3 W]
JRAT I3 AT LA DK 3 B 5 AN A A, 5 HLAT LA X
Y RFEZERE AR (B 9 . X — B 58t Ui B, 38 1o
DX I B T W8 KA ) B3 o A Xk 4R oK | 3t A
JCA A R A 8 R
1.2.6 #BHA

BEE IR o 1 0 A BE A SRR A TR AL
W, & LS 0 WG oo R HRAE
B BE B — =0 A ARAE R BTE—k
BB . 53 a0 A B0 lOH A0 2 5 ORI A1 2 Ak
¥ . 5 B B AL EE G A AL A BE B A I A )
FRIE B 3B AT B 77 T & Rl BRI P . S SR A A X
TR AT, BA K AL & Fe it Al/Fe, B 1)
REE 8 & B R Eu 5 % A X FH ) HREE
WE o3 A6 5 e A o i AR I BE (687 ~ 739 C) il
T #F5 TG # (Aleinikoff et al. , 2002; Xie et al. ,
2010; Cao et al. , 2015),

WF 5% 2 WY 18 A0 727 B AE X0 A iU R0 o 7 A
PR AL B e B H J J7 ThTB A E 45 R 0 L (Xie
et al. , 2010; Wang Rucheng et al. , 2011; Xu et
al. , 2015;Pan et al. , 2018), 40, #8441 1 Fe, O;/
AL O, .Ga.bEu.6Ce 1] U 78 5 9K 1Y) A 1% [ (Horie
et al. , 2008;Che et al. , 2013; Song et al. , 2019),
WA ALOs % 8 AT LU A KB il 19 s )
(Erdmann et al. , 2019), Pan et al. (2018) X} X 3
By 90 70 A B BE T Mo B R L A7 3 ik B Mo &7 JR il
A E RS 4 AT T R R A
Mo F &5 Fe, Oy /AL O; HAE AT LR & H 3EAS 16
B I LV (B 10) . Xu et al. (2015) %t 4 v
VL2181 o AR P ™ S IR AN L A i
FEXE L, & RT3 o B AR A R B & 1 Fe, O,/
Al O, .LREE/HREE,§Ce ,SREE+Y,U,Th, Ta,
Nb Fil Ga, Lk Je AR AL O; ., CaO, 8Eu, Zr/HI,
Nb/Ta,Sr, XF RGN 2 7l RESC B & &1 1
AN R R BE B A A 4 0 5 5 O HL A A SE00% 3 ]
REEE B . Che et al. (2013) N K & 08 4 A LA Sz e
PRI AR W Mo & & JF 4878 1o EE AR A
A A B 7 1. Celis (2015) X il £ K A 4]
FOURF A& LG 1 = A B o AR O 1 BEE 0 R 19 3 o
JE EOURR Y b A A 2R AT T R G SE, U 3 B
W A7 < 2 S AT 5 A TIPS A1 L % AR 8 A ot 2 i
A EATEA AR WIS B SRR AR FIE 5 e
F 5 R FEDORR 4 v 0 0 A K B B A R Y
e A A AL 358 B Al A A8 D0 AR ) 88 o 1Y) M DX 4R



wooB

21
3200 http://www. geojournals. cn/dzxb/ch/index. aspx

2020 4

DP2-1-2

DP2-2-3

DP2-3-2
O R e U - N

I0CG+Kirunaf” (I0CG and Kiruna-type)
3 11 7Ni-Cufi” (Orogenic Ni-Cu)

31115 Aufi” (Orogenic Au)

BEA M Cu-Mo-Aufl & S Gilh AR Au-Aghi™
(Porphyry Cu-Mo-Au and epithermal Au-Ag)
R A BWIHT (W skarn)

14 Au-Co, CuFIPb-Znfi”

(Au-Co, Cu, and Pb-Zn skarns)

A BEA T Cu-Mo#)™ (Porphyry Cu-Mo)

o opr <o

< <

® Kirunallfi” (Kiruna-type)

B9 ANTR) LA PRl K A i oo 2 A ] A (s Mao et al. , 2016)

Fig. 9 Discrimination diagrams for apatite from different types of deposits (after Mao et al. , 2016)

AR BEE TR 1. Xie et al. (2010) X} 5 H
WA AE 1 e T SN A SR S AR A R AR A Y
WFFERH], SnO, 19722 4k ] DL 78 5 IR -0k o /R
Sn HEWY T, i, Xiao et al. (2020) 7E4 IR
WBEE- R Co-Au & PR H U 5 58 A7 0 #k
WA AT EATTRY S5 #E AL 27 2 S 5 T 28 T - T T
it
2 BEEW RS BiE e Y 8 by
AR TR B AR DL R A el T ) A
e N S W T ST B R N (SR 7S
(Lowell and Guilbert, 1970; Seedorff et al.,
20055 Sillitoe, 2010) . A A [\ B X A A £ &
O3 RALREE | A P B A DR A 22 S ol s gy
4 AL T BEAS A [A] 5 AH R BF S8R 52, — D e B Y
B AT R GE . DO 1) A [ H AR IO B B AL
T AT R -48 = BT 4R S e R
re R A S L ik AR A R S T IR AR A A 2
F (& 11a;Sillitoe, 2010; Halley et al. , 2015), It

Sh L BEE T RS0 H R T R IEYE B ALY L A1 -
A Wk A4 1) 434 LA B ST R 2045 43 (B 11b; Lowell
and Guilbert, 1970; Williams-Jones and Heinrich,
2005; Halley et al. , 2015), 3 2&7f 45 % i A5-1
-7 2R 3 B SR BRE S 0 R B A Y A o U
SR o Hhy T BRI ok 28 532 Wi 14 918 LA I ] S8 0o
TR B ma A h o A ZE LA K E) 1 km Y
0 FEL A HLARARL RS ol 78 7 49 s m] DA B AE 330 PO
ARG B XA FUA B R A A R o B
AR B 28 58 LA S e 72 ik A8 7 vh o A2 (A i Y
BLE S IR RS A 27 0 Y o o A A TR A R 2
[F) L

B 20 48 B B 1) IR B0 DX 0 BT AR R R
LLAMGIE T BORTEBE A 0 R B A b 9z B
PN FAR SIS S I~ STHREI = sy LRIV
e R VET YR OT I 7 AR R T R BEORE, OF BLAs
L2 A8 F5 (Chang et al. , 2011; Cooke et al. ,
2017, 2020a; Zhang Lejun et al., 2017; Chen
Huayong et al., 2019; Zhao Zhenhua et al.,
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Mo: 54.8x10 ~154x10 ¢ ~|
1201 FEOJALO 06147 Lo —1 ~

i ¢ . F: <0.56%
1 * Mo: 47.7x10°~96.4x10 g

10078 . 3 ‘ Fe,0/ALO LOSL6 | [ |

Mo (X10 )

BN B B O?Eﬁﬂﬁéﬂgﬁ‘—%ﬁ )
s : Xiuwacu ore-bearing pluton
(Within plate settings) o )RR
(Tongchanggou ore-bearing pluton)

a WAk
ol g (E'Pulang barren pluton)

W
(Subduction-related settings) o WK TLAE = & 40 20 i 2 1k
(Xiuwacu barren pluton)
10 Mo W LB R A AR B E K T B8 A 1 Fe, Oy / Al Os-Mo-F A8 (L FFAE K (4 Pan et al. , 2018)
Fig. 10 Variations of Fe,O;/Al;O;, Mo, and F in titanite from Mo-mineralized and
non-mineralized granitic plutons(after Pan et al. , 2018)

(a) WRAZH 4L 53 1 (b) LRI

B

FREEE-S ‘ [ Wi/

LR AL AT

Co-Ni-Li-Sb-Asl i i
4 2 BEK T Pos 2200 e
v ﬂcoo.z% (+Mo+Au)

+

2210 nm \|-Zn, Mn, Co, Ni, Sr, Pb
—— 2205 nm As, Ti, Cs, Rb, Li
—— 2200 nm \ﬁ'

L +Na, Ca, Sr
, Zn, Mn, Co, Ni, As, Sb

Bl 11 BARIBEA N RE M A5 (0 5B R i (b) #E5 (J% Halley et al. , 2015)
Fig. 11  Vertical cross sections of a typical porphyry copper system showing (a) distribution of hydrothermal

alteration and sulfide minerals and (b) zones of trace elements (after Halley et al. , 2015)

2019, FIEFH] OGLL AR h iR WA BRARG P EAE P E R BEE 675K 2 A A X b
/R SRR ESTIREP N - S ok R AL I R Y/ (Yang and Cooke, 2019); P L A% 3C 3 24 43 i 4
MM LT 2% sl HAE A R-H et feiif e Mot g cE 3.

HRHE S E AR TA RS RS ;@ 2.1 &4R

WAL A7 527 1 RS JORT 28 08 WU 1Y) 8 A 1 e AR HI T BEAE 67 PR ) B 780 TR B2 A0 Bk (<Z5km)
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Table 3 Summary of some mineralogical indicators for exploration of porphyry deposits
FREST W) F2 L RRAE M ) A g SCik
B ABOE WO AP SO EED L R K (C>10~65 | Williams and Cesbron, 1977; Czamanske et al. , 1981;
ErAwal pm) s H V.05 >0.2% ~0.4%  NbyOs >0.2% ,Cu> | IGMMI, 1984; Scott, 2005; Li Jinxiang et al. , 2008;
100X10"6~500X10"6 Dai Jie et al. , 2018
Ti,V #l Mg & &t Bl 5 B0 UK e B 2 19 3 I BRAIK, Sr.Ca . Mn  Zn
DS AE R a3 ALY (Fe?t /(Fe2t +Mg? ") .Cr/Ti 58 4k i 7 | Yang et al. , 2005; Wilkinson et al. , 2015; Yang Chao
ES3inyal BIEAE: X GETERPOIEE) =[In(R/a)]/b. 3% R &t | et al. , 2015; Xiao et al., 2018; Cooke et al. .
APRETTR A 0 B0 RGBS BRI 0 R, 4 | 2020a, 2020b
e A1 19 Pos2250 Ji) 4 Iy 1) B2 %
Cu.Mo, Au Fl Sn 4§ B JC 2 76 W5 8 0™ (K B W 405 A vh s 4R
Sa T As.Sb.Pb.Zn 1 Mn 235 ¥ 45 /R G Z M AERE# A .0y 1.5 km 9 | Cooke et al. , 2014, 2020a, 2020b; Wilkinson et al. ,
" B AP EE S8 A0 Ps i (Ps=100X Fe?™/(Fe*t+ AlD) | 2017; Xiao et al. , 2018;Xiong Yanyun et al. , 2019
W AR TR0 44 A
P ST ORISR AR X, Pos2200 1Y W& A7 1) S 3 U 1) IR LR R AT | Yang et al. , 2005; Yang Zhiming et al. , 2012; Tian
e BRI 445 it B (SWIR-1C) 5 748 Kk Feng et al. , 2019

PR 5 A A G I 404 . R ST R
R IR B L0 ¥ oy Bk B 3228 T
# 4k By B (Williams and Cesbron, 1977; Force et
al. » 1984; Czamanske et al. , 1981; Scott, 2005;
Li Jinxiang et al. , 2008; Robbia, 2009; Wei Pei et
al. » 2009; Dai Jie et al. , 2018; Porter et al.,
2020) . A REAY I R AL AL 4 D5 2K R = BEAE bl
AR 4 Bk B B 2 A 1 TiJE i (Moore and
Czmanske, 1973; Rui Zongyao et al. , 1984); @&
B RGBT TE Tl AR B R R B T B O Bk R BT AE iR
TSSO B Y B4 40 A s DA A A Bl AR R
fitt 4 W % (Czamanske et al. » 1981; Clark and
Williams-Jones, 2003; Scott, 2005). R &4
M8 WAL ) 2 R 2 K (H 2 DLES — B WL &
WL,

W R & 200 1 bn BY AR AE CIn B 68, L5 4
Ar R S5 R SE ST R I 8 MO U (ED BT DA R 4R R
WAk B 51 55 (Williams and Cesbron, 1977; Scott,
2005), 10, Williams and Cesbron(1997) i 1 Xt {H:
B b 7T ABEEWER 30000 ZAKE SR 441 A
HEATTEAN B W) 45 48 5 A 2 21 7 T ) BE 5 R B
MBEE R R b, A K S 3 ¢ 2
ARE) 2 1 9F H A4 A P4 & s AR (100 X10°
~500 X 10, FHAth Ji A A 46 20 A7 8 5 i3l D T
50X10° %), T4 55 it A o K SR S W7 48 £1 A1 Y BT
S Sl 2 i N S A R R A TR o
(IGMMI, 1984), Czamanske et al. (1981) & ¥ #p
A et MR FAR SRS R = INIER VR R S SN EA
ATl R A R Y 4 L0 A ORI/ L B i AN ] R AR

Scott(2005) R4 W58 17 M KA. E26N 5t & Cu-
Au B IR & 20 A W0 Y 4589 5 3B o0 R 41l 45
REVIE TR 100 m 1 [ #9420 A kB R (>
4000 pm®) |V & EE (2R >0. 470 KRG 4 A
oV ERA DMER T E R 4E /R . Li Jinxiang
et al. (2008) X P4 5 BE 23 77 2 N % & & B A 4 0
R A A AT TR, R LA T RR
CuO.K,;O.N,O & Es, H V,0, §Ed KT
0. 4% KB P E & Cu K Ml Na, i V & &
HBF e E0 IR &, &L, Dai Jie et al
(2018) 38 28 Xof 74 8% X1 I 397 BUA™ 47 74 B ™ it 1) 20 s 3
# Cu-Mo B R 9 (4 4 41 41 HF e 8 U 55 T4 . 42 1
B BEA ) A 40 AR AR KT 10 pm H V.0,
A Nb,O; BT 0.2%., Wi FEaai
A s e R M S B E 7E Ak 1 2 28 XU AK T 8
BRI D0 T AR 2 A R 4R bR 2 (Scott,
20053 Scott et al. , 2011), HHH M AEHH T
D DX, 4 1A MR RO AR T - BR fh 2
B FIFE R EE (Force et al. , 1984),

BEAb AN R BE 25 7 PR 2 (. Mo, Cu-Mo, Au-
Cu %) Z [H] 1) 4 21 41 7] R S AN [ 14 00 6 44 e AiE
(Rabbia, 2002; Rabbia et al. , 2009), HtH, Mo
IR B 4 20 41 A X S Nb, H Fe/W, Nb/W,
Sn/W HAH# B T Au-Cu PR 19 4 40 4 5
it Fe #1 W, H HATH &1 Nb/W 1 Sn/W HfH L X
SE AR W 4 21 1 B BT R RV RE S TR R R
A SRS 4 6 & (Al Hao et al. . 2017), A, %f
G20 R WAL DRI R A 1) T R A 0 R Y
A TCER AR
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2.2 #iRA

SRR AAE N F B AR AR BT 2
— WK EER AR RSNE . R E S
FENE KL - LR T s RO Tl AR T i S 1
AT BT JT A B /b B A A A S Y 2 AT
F CRP &% {0 55 47 3 85% , the green rock environment)
w3k 10 km?* DA | (Cooke et al. , 2014; Wilkinson
et al. , 2015, 2017), Wilkinson et al. (2015) i@ &
SFEQ B e PE W Batu Hijau B 5 Cu-Au & & 1|9 4%
Je A TF e 2 3 X 43 B R BREk e A vh Ti i & it &2
LAy Al IR R P L R T R A AR Al
SR T R B A b oL B G R R B s i Mn Zn
it U] it R AT A 0 B BE B K L JF HLAE R
2y 1.3 km Ao Ay (9 47 B B0 AT BB S B T X R
FPOCRAE G - PR R T B B By . il ke
A A B R G5 T LR BE BT IR Y 1ok A 2 1
3 4~5 km LGk,

Wilkinson et al. (2015) & # 1, & F 4 8 1
Ti/Sr oAl A LA S FLBE T 4R b0 i B 2, X R
Mo A A T A . BRI AKX
=[In(R/&) /b, X X FRET IRFOMEER
FRGRP AT P FLETTR B HE (0 Ti/Sr)sa F b
UGBS 8. LLEDJE Batu Hijau 7 JK hy i 7Y
S AT W BAR A X = In[Ti/3 X 10°
Sr]/(—0.0088) (& 12),

10000.0
1000.0 1 °
100.0 1
— ‘7:3 x ] Obe»\r 0088x
< - 2
.E\: R°=0.8308
10.0 1
°
. _ t
10 Distance=
) In[Ti/3%10%S1]
-0.0088
0.1 T T T T T T
700 900 1100 1200 1500 1700 1900

WA BE 2 (m)
12 M4FENJE Batu Hijau B JRERIR A 19 Ti/Sr 55 {4
T BT 004 A 28 1 56 & (91 Wilkinson et al. , 2015)
Fig. 12 Plots of Ti/Sr ratios of chlorite with the

distance from the center of the Batu Hijau deposit

(after Wilkinson et al. , 2015)

S A v WibE B AE TR 2] 1 E PR R
188 14 o B A EG IF (Zhang Lejun et al. , 2017), 4n4f
Xf F [E Resolution K HY B A 7 PR H 35000 19 57 44
AL E 5 1) 52 bR AL E i 25/ F 100 m(Cooke et

al.» 20200 FPASR T4 1 M A7 K a8 Cu B
JK (Han et al. . 2018) FI 4E AR BE 4 i 6 JK 11t A2 47 4
) 8 25 BT 58 (Xiao et al. . 2018) L iE— IESE T 4%
RATH I IR A R g R e n
B ALY Fe*'/(Fe*" +Mg?" ) .Cr/Ti 5% K F Cu.
Au B AL TEAE DG, R AT DAAE S B ALK
B8 R bR & (Yang Chao et al. » 2015),

RAEEWFFEUE S i A7 v 2 26 Ja i 21 1 Wi i e
[ {37 {8 (Pos2250 ., Pos2335) 1 & A5 24 1) 18 7% 45 4%
(Yang et al., 2005; Xiao et al., 2018; Chen
Huayong et al. , 2019), 4, Yang et al. (2005) #£
WFe B e BB A Cu-Au § R R B, #SE T 0 1k
FHL s 5 U A YRR R S 06 R AR (L R 1] K 38 el
T 7%

2.3 ®RTFAE

g A AE N B A A A T R AR IEE T 2
— INTZ TR B A R A . S AR
KGRSO —EZRANAFRKAMB S
RESE S P50 T DR B L W I AR A s t  E A B
Wil If SR 3 AC AR, 5 A 3 R R A T R A R AR ) 4
P A A5 ok B B B 2 AT A1 ik (Cooke et al.
2014) . REHFFE CUESE , 8675 A 0 Yk = BE % Ry
PEAN BE2 BV 7 48 7 7 Ak H o AR R 3
FEEE TR LA H{E B (Cooke et al. , 2014, 2020;
Hart et al. , 2017; Wilkinson et al. , 2017; Baker
et al. , 2017; Cao et al. , 2019; Xiong Yanyun et
al. , 2019; Zhang Jiajia et al. , 2019),

Cooke et al. (2014) %} IE L5 Baguio #i X B &
Cu-Au 7 PR B 45 A0 T 8 1 3 X 43 4 17 s e 31
Horp LS e K& A R GV T RS HEE RS 5
A I BE B A 6 (| 13), W, i 6 2 (i Cu,
Mo, Au 1 Sn %) 75 FH B 5 K 55 3 1 40 A P s
e L ML 3 46 78 TR (A1 As Sb Pb.Zn HI Mn) U 7E
PR R s 1.5 km Sb Y &8 AR X AR
Baker et al. (201738t &t %5 44 % Sr /As.Pb /U %
FO A RE A S50 IX 53 BE A PR AR G LR 1 2 5 0 5 DX
A R R 2k AT A . Hart et al. (2017) 1z [ £ 048
WAL ¥ 5l Oyu Tolgoi B4 Cu-Au §
PR SR A 40 1 2« 8 4 20 B & 48 il ok 4
A J& ZR ST 320 T 3T J7 1] 5 B DX A A5 i iR
NEE,

WA A 2E A R A A Ps {H (Ps =100 X
Fe'" /(Fe' +AD) SHEM I F B ER AR KR,
R B 4 75 A1 19 Ps (E W] BAR T JC 0 &% 55 A1 A Ps
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Sk AT KA
\ B BE 25 P93 2 e %)
SR ¥y Cu-Sn-Mo-Bi-Zn
(B BE 5 A1 3 2 e %)

Pb-As-Sb-La-Y-Zr

L A Y 71-Sn-Mo/i
R IR B Cu-Zn-Sn-Mof%

ZniE - Sn-Pb-As-Y-Lafik

B RE SRA

Fig. 13 Summary of epidote trace element compositions at

{85 1M 3% WL 0 4 A5 A 3% Fe & Al IR, v] REAE
T & B m A AE T Bt B rh I AR T AR P Fe''
(Zhang Jiajia et al. » 2019), S£J AL % A
SRR R SRIEAN b i LSV SR DA ERCEACIDE P
R BEA IR B B 5 9] (Xiao et al. » 2018; Chen
Huayong et al., 2019;
2019) o PRI , 72 W FH A W) A 2 R A7 3R 38 A i, iz
K R U L1 50O 35 AR A5 IR Bl X a3 $R A HIL
4t

2.4

Xiong Yanyun et al. .,

BRBETY
PN R B N S N I v
A7 3 5 0 e BT S B B R R S R T
BEE BT IR B 2% 268 1 A2l o, v 8 DLAR 3 o AL
RAKRE . BEREY L BEET KD E = b0
. EDARET A st KA s B R RS
2 4 Fha ) (IGMMI, 1984 ; Rui Zongyao et al. ,
1984) M EE il i A b K K07 1 (e b 4
5 W) 1 TR TR kAL K R AR TR
W o 28 2 B Al % T SCRERR A A IR Ml A
(Seedorff et al. , 2005; Yang et al. , 2009), % F
R Y IR AR S R R IE 07 L O B
WAL 7 o 8 R 52 A 22 7% L DR T E LR LA-1CP-
MS I Ji J5L A7 B DX o3 B BIE 5 o 3 AF R TN 2 2
i 3 L LA i T 5 48 s LT 2 T 5 4k
RS

WHIE R 4B = B2 AL-OH JE 5 Wi £
{H (Pos2200) J {7 1] 47 45 fit BE (SWIR-IC, 0] i Al-

i

(87E)

Bl 13 JEHEE Baiguio M DX L7 BE A A A 4R 5 40 10 Bl o0 R AR R B (415 Cooke et al. , 2014)
the Baguio mineral district (after Cooke et al. , 2014)

OH W iess B2 5 H, O W iless B2 2 &) AMURE %
FH R BT T Y 4 B PR 5 L G mT LR B A E A b
> (Yang et al. , 2005; Guo Na et al. , 2012, 2017;
Yang Zhiming et al. , 2012; Xu Chao et al. , 2017
Tian Feng et al. , 2019), #ill0, Yang et al. (2005)
FER R LR BES Cu-Au 57 PR A58 & B L i 25
by 48 = BERY Pos2200 W37 4 6] K3 T 1) 5
B (>>2206 nm) ; 5 b [F 0] o 2% U6 A1 14 5 E W e U 1Y
BLAE ¥ ) %53 J7 17 3 #% . Yang Zhiming et al.
(2012) X PU &7 DT e 1 A I 20/ G E 1
P B2 0 AR A 0 4 2 BRI Pos2200 W4 7 B
Tf] 6 38 7 1) 5 % (<< 2203 nm) , 3 FLAR ) A7 9 45
JEAS K (>>1.6), i, Tian Feng et al. (2019) 3@ i3
WF5E 9 368 5 S BE 4 Cu-Mo 87 JR B ot 728 87 4y 43 45 45
AR TR AT AR, AR s B
Pos2200 f £ 8 T 2 % 24 ¥ & A% VTR AL
(A" & ik m pH B S E 45 (Duke
and Edward, 1994; Wang et al. , 2017; Tian Feng
et al. , 2019), HAKRFEI M. A" & #E , Pos2200
(BB /N 5 3 A 1Y) TR B2 B L TB I 43 2 B Pos2200 11
(DA IERTRES S PN

TEBEE RG] I8 5 1 5 S 7R Bl 2 1B Ak
N B AS TR A T 5 1 BE B R S8 B o 1R B R A T 1
Ty DTS 2508 2 7 Ab L TE R 28 2 B BOR B 4R
AL B Pos2200 fH 8K, A FF 76 B 1] B B 3T i
iz # 18, K/ & B, TR B B R
Pos2200 {1, 2>#/N(Tian Feng et al. , 2019),
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3 AFAEIRIES K JE a5

P A RAE R E L T £ 43R Cu, Mo, Au,
Re. Se. Te 45 i W& 1 56 8t & J8 19 5 & 2 ok
(Sillitoe, 2010; John and Taylor, 2016; Yang
Zhiming et al. . 2020) . 7 {4 B B 5 4 57 % 4> L 4%
1o BB S K e S T T R A S R R E R . R
2 B IR T SR R, U HOR IRl 20 4Rk Bl A5 28 0 4t
W R AT RIS E H s R 2
SR 4 A I X AMICAE B R 3k 70 20 ~80 %6 M EE I
HERAEV N ERELRE., EXMIEHT, i)
BEA R 3 5 R 07 3 5T DTS B
Re.Se & Te %5 KB 7~ 0 ) 2 181 2 % (Yang
Zhiming et al. , 2020), R, ESCM A Ak
WAL= . RGBT N ANE R T ) v
W 507 VA A 5 T T R (R B R S TAE L Y
AR AR SR T DX A 3 T R B R 2 A
PSRN DX RO 1 BT B 25 10 B 43 A2 60 TR ]
PRI PR A Sl BT RE R AR AE W] 25 L A
I A B A A R HE AR A ST e B 2 1 F
FESLBIM LA R IE . 76 R K i B2 0 58 5 4R 58 B
Hh R R ) T s LR L T TAE

(DH T X A8 5 8 52 7 A [ R FA0m
A B VR o DR A T R 2 A 1) B 08 0 PR A B AN
LR FH U A Bl PR 5R  R B SR A DT (W Na,
K. Sr.Rb %) 5 ¥E 4 48 b 1 B 8 84 56 7 AR 7
SR 55 0 3 o0 & (W Zr, Se. V. Al, HREE
) KL HAA

(2) 2575 50 ) h AR A 0 o8 R 1 R AE RS T
YEAR I S 2 R ) b 23 4 A 1) Rl s A TS 2 D)
F R G I AT Y s 1T R A T UE 4k
ferrcmetR A To . R, i T A 524
[14) P 38 45 #8) LA B AIOK — A R G 2% i 90 1) K e A7 A
I TR I UERR 3 Al ok TN IR PR AR . R, B
) DA B X B 4 43 A B BIF 58 CFRE I & LA-ICP-
MS) W2 45 G 5 M 2F 0T A 2 LA B0 W) 1k X 45 4 T
SRS AU, A RE AR T R AL B fE R .

(3D 20 4 85 A 55 @™ 4 04 D A5 31X A 5
LT 2R AR A M K 56 T T AT X 1 T i wE g
AT R WSS XA — 8 A L BRI TR 2
AT R . BRBE S RN RO AT LU 2 0 i
AN TR) B R K 2 = B B P A A 5T

CA) AR B ) A 27 21 A 8 10 5 3 P s Ak 2
SRCEATEE AT R R . WA S A Ce't /Ce’ L

(BSR4 1) A% B AR Ak AT Gk JLAS B0 9, A 4e ]
05 R F SRS, B SRR W 58 N i S 56 Hh
BRAR 2 T7 AT ST HERR bR E AL RS e K
YL SR B G R R .

(5) R R EWF ST IR L 28 = BF 5 0 9 Hh 4 AE 1
T e 21 AR T 0 57 AR 1) AR SRR A A A B T E Ak
G (HR DG T 3 B0 S W W I T AR A AR B S TE AL
TS AS 5305 FE o A L i ax 7y 18 A AR

(6) H & A 2w i 58K LA-ICP-MS F1 %
LIANEIE AR AL AL LhE R H AR 4 Can B 1
A5 A BB YRR T Y E S
PR R AL R AR . ROk T X
P E AR 5 5 A7 XA A7 2 43 B 5 R (LA-MC-
ICP-MS) Z54 , #E— 25 29 o ™ Vi 14 5 B ) Jo 14
KUR 5 A A

(7) W TS B AR A 1Y F B CAN AR AL D) AR A D L A
[7i) 52 55 % B4 ) D A B DX 43 T 14 O 0k AR TS —
B, B[R] 52 90 2 500 o Y 22 5, PRI R 0 A1
N R BRI HET .

(8) I B Ge i1 o34 5 P 2 > S S ek
FER™ W) s et 0 R A A B0 5 A R . B T R Y
BT e R A RUECE 1 H OB B R B B
BRI ARG . AE R ORI FE 38 S B
R CR I 2 0 Rk 83 50 BT A I /N — 3 4 B
S5 FIHLES 2 2 W 7 i G BT AN IRl ST 3R 22 [A) S F
5 WY O FE Y AL SR Z R R A G R L O
Pt PR IR AR B AR

B B IRE AP SN T EANSKR
SR O SCHR S DR R B ) 8 43 2 % SCiR R e — — 31
R RO . R TR B L A B A AUE T 51 AR
MBI B Z AR X EE AR SR . BRI
¥ 0L R 2 s AT LA Ao D) T AR S R AR T
Z 5 A Rk B MU L 7E I SRR B .
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Abstract

Porphyry Cu deposits, globally the main sources of Cu and Mo, have great economic value and are a
significant exploration target for mining companies. This study reviews the research progress in evaluation
of mineralization potential of the porphyry deposits and position of mineralization center from both whole-
rock geochemistry and mineral chemistry perspective, and summarizes the corresponding exploration
indicators in order to promote the prospecting and exploration efficiency of such deposits. Previous studies
showed that the fertile porphyries are usually water-rich and oxidized, intermediate to felsic in
composition, and are characterized by presence of amphibole-magnetite-titanite assemblages with adakitic
rocks affinities (such as with high Sr, low Y and Yb contents, and negligible Eu anomalies). The whole-
rock AlL,O,/TiO,, Sr/Y, La/Yb, V/Sc and Sr/MnO ratios can be used to indicate the magma fertilities.
Besides the Cu contents and CI/F ratios of the biotite, special textures of the quartz (like UST, and quartz
eye, etc. ) are also important indicators for the evaluation of the porphyry Cu mineralization potential.
Recently, geochemical compositions of the accessory minerals like zircon, apatite, and titanite are widely
used to assess the magma temperature, pressure, oxygen fugacity, water content etc. to estimate magma
fertility. Furthermore, some whole-rock geochemistry and mineral chemistry parameters are also sensitive
indicators of magmatic metallogenic specificity. The unique alteration-mineralization-element zoning
patterns of porphyry deposits are the basic criterion for mineral exploration. The characteristic minerals
developed in different alteration zones, such as rutile in the potassic zone, chlorite and epidote in the
propylitic zone, and sericite in the phyllic zone, in-situ composition analysis and/or short-wave infrared
spectroscopy can not only clarify the exploration direction, but also help to determine the location of the
main ore body. Considering the obvious differences in the composition of the parental magma, the depth of
porphyry emplacement, the nature of the host rock and the model of the alteration zoning in different
deposit districts, different prospecting indicators should be integrated to improve the ability and efficiency

of new deposit discovery.

Key words: porphyry deposits; mineral exploration; magma fertility; lithogeochemistry; mineral

geochemistry



