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Fig 1 Geochemical discriminant diagrams for fertile and barren porphyries
(a)—Al 03 /TiO,-Si0, ¢ Loucks, 2014) ;(b)—V/Sc-SiO, (  Loucks, 2014); (¢)—Y-MnO( Baldwin and Pearce, 1982); (d)—Sr/Y-
Sr/MnO(C  Ahmed et al. , 2020);(e)—Sr/Y-Y( Richards and Kerrich, 2007) ; ({)—La/Yb-Yb( Richards and Kerrich, 2007)
(a)—AlL 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):@D (Mclnnes et al. » 1999), ® s
) . ) (L. 2~4.0

@ , GPa), ,
AFC . (Davidson et al. ,

«C ) o, Cu Au 2007), .
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Table 1 Summary of some lithogeochemical indicators for magma fertility
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Table 2 Summary of some mineralogical indicators for magma fertility
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Nd) /Y. Dy/Yb Shen et al. . 2015; Lu et al. , 2016; Chen et al. , 2019
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Fig 2 Diagrams of V/Sc vs Sc (a) and s
Ta/Nb vs Ti (b) (after Halley, 2020) . N ;
Blevin, 2004);Cu-Au ( ) .
(Si0, = 54% ~ ’ ’ -
66 %) ;Cu N (Rui
(Si0, =62% ~66 %) ; Cu-Mo Zongyao et al. , 1984; Tang Pan et al., 2017;
- Yang and Cooke, 2019), ,
(Si0,=65%~70%), Mo-W s Ti(TiO, >
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Fig 3 Discrimination diagrams showing the relationships between lithogeochemistry and mineralization of the granitoids

(a)—Si0,-DIC  Rui Zongyao et al. , 1984),DI s s CLP W Q( )+ Or
( )+ Ab( )+ Ne( )+ Le( )+ Kp( ) ; (b)—Fe; O3 /TFeO-SiO, ( Meinert, 1995), TFeO

(Fe; O3 +FeO) ; (0)—AOx-K/Rb(  Blevin, 2004),AOx=1In(Fe;03/FeO) +0. 3+0. 03X TFeO, AOx>
0.8 (VSO ,0. 3~0. 8 (SO),0~0. 3 (MO),—0. 7~0 (MR) ., —0.7
(SR);K/Rb . 400 (UE).200~400 (ME) 200 (SE); (d)—Fe, O3/
FeO-Rb/Sr(  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 113X Fe;03; (¢c)—AOx vs K/Rb (after Blevin, 2004), AOx=In(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<C200 refers to strongly evolved
(SE); (d)—Fe;03/FeO vs Rb/Sr(after Blevin et al. , 1996)

Ti(TiO,<<3%., 2%). Al al. , 1995; Xiong Xiaolin et al. » 2001; Boomeri et
Mg/Fe> 1. 5, Fe'" /Fe*™ < 0. 3 ( Beane, al. , 2009, 2010; Tang Pan et al. , 2017),
1974 Jacobs and Parry, 1976, 1979; Fu Jinbao.,
1981; Rui Zongyao et al. , 1984), .
( . . ) 20 )
, N Cu R
(Stollery et al. » 1971; Kesler et al. , , Cl Cu

1975; Hendry et al., 1981, 1985; Fu Jinbao, (Stollery et al. , 1971), , Kesler et al. (1975)
1981; Rui Zongyao et al. , 1984; Liu Shaobo et F.Cl .
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4 Mg/(Mg—+Fe' "+ Fe?"™+Mn)-Si(a) (  Rui Zongyao et al. , 1984)
IV(F/CD-IV(F)(b) ¢ Munoz, 1984)

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(F/CD  IV(F) Munoz (1984)

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

5 UST (a, b; b ) (c, d; Cu-Mo )
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 )
(Wen et al. , 2017), (Zhang
R . Lejun et al. , 2017),
, 1. 24
( ) )
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6 Ti-Ni/Cr(a;

Canil et al. , 2016)

ty—t (b;  Huang X W et al. . 2019)

Fig 6 Discrimination diagrams of Ti vs Ni/Cr (a) (after Canil et al. , 2016) and z, vs ¢, (b)

(after Huang X W et al. , 2019) for magnetite from different deposits

(SN2

Huang X W et al. ,(2019)

The meanings of #; and ¢; are shown in Huang X W et al. ,(2019)
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EFu ’ 3EU>O. 49
. Shen et al. (2015)
, Cei t /Ce2 t .

Ce'" /Ce’" . 6Eu

b b

o ,Lu et al. (2016)

, 0Eu,(Ce/Nd)/Y.Dy/Yb
¢ 7b), )
SEu(>>0. 3) .(Ce/Nd)/Y(=>0. 01)
Dy/Yb(<20. 3) (Lu et al. ,» 2016).
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7 Ce'"/Ce*" -0Eu
SEuw-(Ce/Nd) /Y (b) (

(a)( Ballard et al. , 2002;Chen et al. , 2019
Ballard et al. , 2002;Lu et al. , 2016)

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

(modified after Ballard et al. , 2012; Lu et al. , 2016) for zircons from different deposits and rocks
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(Loader et al. , 2017), ., Ce
Eu
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( \ )

( Loucks et al. , 2020)

Fig 8 A new zircon oxybarometer(after Loucks et al. ,» 2020)
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Yerington
SO, , ,
SO, 1% 0.2%,
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9 ( Mao et al. , 2016)

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

. Xie et al. (2010) , N -
. ( 11b;Lowell
,SnO, - and Guilbert, 1970; Williams-Jones and Heinrich,
Sn . , Xiao et al. (2020) 2005; Halley et al. , 2015), -
- Cu-Au - o
° ) 1 km
2 b
, C
(Lowell and Guilbert, 1970; Seedorff et al., .
2005; Slllltoe9 2010)0 20 s
. N - N (Chang et al. , 2011; Cooke et al. ,
, 2017, 2020a; Zhang Lejun et al., 2017; Chen

(  11a;Sillitoe, 2010; Halley et al. , 2015), Huayong et al., 2019; Zhao Zhenhua et al.,
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10 Mo Fe, O, /Al O;-Mo-F ( Panetal , 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)

11 (a) (b) ( 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, :D s
, , (Yang and Cooke, 2019);
- C 3,
> @) 21
(<5km),
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Table 3 Summary of some mineralogical indicators for exploration of porphyry deposits
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Yang et al. , 2005; Yang Zhiming et al. , 2012; Tian
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1O
30
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Williams-Jones, 2003 ; Scott, 2005),
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77 30000
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N H
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20053 Scott et al. , 2011), s
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(Rabbia, 2002; Rabbia et al. , 2009), , Mo
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et al. , 2015, 2017), Wilkinson et al. (2015) ,
Batu Hijau Cu-Au (Po0s2250, Pos2335)
R Ti (Yang et al., 2005; Xiao et al., 2018; Chen
, Ti Huayong et al. , 2019), » Yang et al. (2005)
;5 Mn.Zn Cu-Au )
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- o 23
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Wilkinson et al. (2015) , .
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o : X , . .
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R ¢ Ti/St)sa b 2014), s
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, :X=In\[Ti/3X 10" (Cooke et al. , 2014, 2020;

Sr\]/(—0. 0088)( 12).

12 Batu Hijau Ti/Sr

( Wilkinson et al. , 2015)
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Fig 13  Summary of epidote trace element compositions at the Baguio mineral district (after Cooke et al. . 2014)
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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 AL, 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



