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Abstract

Porphyry copper deposits serve as major Cu, Mo and Re resources in the world, and a great abundance of
research work has been carried out in this aspect in the past forty years. This paper reports the latest advances in
the researches on such aspects as tectonic and magmatic conditions, origins of ore-forming fluids and metals, and
factors controlling associated metallic components in porphyry copper deposits. Studies in recent years show that
mineralization of porphyry copper deposits is associated with the subduction of relatively buoyant topographic
anomalies of the oceanic crust and oxidization type magmatism. In comparison with barren porphyry intrusions,
copper-bearing porphyry intrusions have lower total REE contents and display a right-inclined spoon-shaped pat-
tern (i.e., depletion of Er and Ho). Some researchers believe that copper and gold are derived from sulfides in
the mantle, which are decomposed for interaction with Fe** -rich fluids or melts derived from the subducted o-
ceanic slab. Researches on copper deposits along the island arc of West Pacific Ocean indicate that magmatic wa-
ter can exist as the main source of the phyllic stage fluids in some porphyry copper deposits. It is also recognized

that gold and molybdenum contents of porphyry copper deposits are affected by many factors such as evolution of
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the mantle wedge caused by subduction-evolved magmatism, rock types and emplacement depths of associated
porphyry intrusions, and mineralization temperatures.
Key words: geology, porphyry copper deposit, tectonic condition, magmatism, ore-forming matieral, ore-

forming fluid, associated elements, comprehensive

Cooke et al. 2005 Rosen-
baum et al. 2005
James 1999 Cooke 2005

Cooke

2005
1 Cooke

2005

Rosenbaum 2005
Sillitoe 1972 2006
Gustafson 1978 Pirajno 1992
Rosenbaum

Sillitoe 1972 2005

Mitchell 1973
Cooke et al. 2005

James et al. 1999
Richards 2001

Escondida
Escondi-
da
Chuquicamata Collahuasi ~ El Salvador
Richards
<20 Ma 2001
@®



26 2

223

Re-
Os
14 Ma
2003b Qu et al.
2004
2
20

Mason 1978  Sillitoe 1972

Krauskopf 1971

Kesler et al. 1975 Mason et al. 1979 Chivas 1981

Baldwin et al. 1982 Ilton et al. 1993
Ishihara 1977
% Cu
Mason
1978 Western Highlands
Fe
Fe
Mason 1978
SO,
Imai 2002 2004 SO;
SO;
0.1 % S04
0.1 %

Fe'" Fe?'
1995
al. 2004 Davidson et al.

Kirkham et al.
Audetat et
2005
Mclnnes et al. 1994 Sillitoe 1997 Bal-
lard et al. 2002 Mungall 2002 Richards 2003
Robb 2005

Mo

Cline et al. 1991
Mason et al.
1979 Baldwin et al. 1982
Lang 1998
1 Y
Mn 3~8 x10°°
100 \\\\ C A
g
=
;_l'z‘
i
nE
o
1 L L L L L L L L L L L L L L L
La Ce Pr NdPmSm Eu Gd Tb DY Ho Er Tm Yb Lu
1

CA— Martin 1999

= Cu— Lang

1998 + Cu—

Lang 1998 Anders 1989

Fig. 1 REE compositional difference between copper-bearing

and barren intermediate-acid porphyries
Normal arc calc-alkaline intermediate-acid igneous rock CA  after
Martin 1999  barren -Cu and copper-bearing + Cu intermedi-

1998 . REE contents
of chondrite after Anders et al. 1989

ate-acid porphyries in Arizona after Lang et al.



224 2007
100~500 x10°° Y C 500 C
Mn 11—-35 x10°° 200~1 100 X 450 C Fe Ulrich
10°° Lang 1998 2001
Fe
400 C
300 € Cu
K Na
2001 Qu et al. 2002 Xu et al. Ulrich 2001
2002 2003a 2004 K Na
K
Cu Ulrich 1999 Grasberg
Wang et al. 2006 Cu Bajo de la Alumbrera
Au
3 w NaCl, >55% Cu
Au Cu Au
Ul-
Candela et al. 1986 rich 1999
Force 1998 Cu Au Mo
Lowell et al. 1970

Sillitoe 1972 1997 Candela et al. 1986 Cline et al.

1991 Lowenstern et al. 1991

Sillitoe 1972
Taylor 1974

Candela et al. 1986 3

2002
Zaldivar

Campos

Llamo

0.03 % ~0.57 %
0.1 %
2002

Campos Zaldivar

Ulrich 2001 Bajo de la Alumbr-

era

750 C 500

Sillitoe 1972

Cu Au Mo
20
Cu  Au
Cu Au
1990 Sillitoe 1997 Mungall 2002
1997 Cu Au

Solomon
Sillitoe

Fe3*
Fe3* Cu Au
Cu Au

Cu Au Mo
Solomon 1990  Sillitoe
Mungall 2002 Robb 2005
Cu Mo
1999 Mo

1997

Bouse et al.



26 2

Cu Au Mo
Titley et al. 1981

Candela et al. 1986 Ross et al.
2002 Robb 2005 Williams-Jones et al. 2005

Dilles et al. 1992 Campos et al. 2002

Candela 1986
40% ~90% .
Har-
ris et al. 2003 Davidson et al. 2005  Davidson
2005 Rio Blanco
CuPbZn
Candela
1986 Davidson
2005 Rio Blanco
Davidson 2005
Candela 1986 David-
son 2005
Dilles et al. 1992 Cu
Dilles 1992 Ann-Mason
10 km?®
Dilles
1992 Cu  Ann-Mason

225
30 %
4
Sheppard 1971
Taylor 1974
Harris et
al. 2002
Ulrich et al. 2001 Harris et al.

2002 2005 Calagari 2003

Ulrich et al.
et al. 2002 2005 Calagari 2003

2001 Harris

Endeavour 26 North Harris 2002
Endeavour 26 North
w NaCly, 50 %
370~560C
530 ~ 560 C
MOsvow ~ 6.4%0 ~ 7.4 %o 8Dsyow  — 73 %o ~
=58 %o 470~500 C 38 Ogmow
4.3 %o~7.6%0 0Dsyow — 48 %o~ —41 %o
460 ~ 480 C 3 Osmow 5.1 %o~
5.8 %o 0Dgvow  — 63 %o
Taylor 1974 Endeavour
26 North
KCl NaCl
NaCl Harris 2002



226

2007

30 Ma
30~15 Ma
15 Ma~
Sillitoe 1991
Kesler 2002
Fe-Cu-S-Au
Au
Au
Cu Au
Cu Au
Au  Cu
Au
Au
Cu
Au
Cu Au
Solomon
1990

Kesler 1977

Kirkham 1995

Mo Au
2
>5 km
Mo <5 km
Cu Au Candela et al. 1986 Can-
dela 1997 Robb 2005 Robb 2005 Candela
1986

P
\ F
2
Kirkham et al. 1995
1— — 3— 4— 5—
6— T— 8— 9—
10— 11— 12— 13—

Fig. 2 Relationship between associated components of por-

phyry copper deposits and rock types of porphyry intrusions
modified after Kirkham et al. 1995

1—Granite 2—Granodiorite 3—Tonalite 4—Quartz syenite 5—

Quartz monzonite 6—Quartz monzodiorite 7—Quartz diorite 8—

11—Diorite 12—

Feldspathoid syenite 13—Feldspathoid monzonite 14—Feldspathoid

Syenite  9—Monzonite  10—Monzodiorite

monzodiorite 15—TFeldspathoid diorite



26

227

1986
Au

Yb

@ 6

Candela et al.
Mo
Cu Au

Lu

Cu Au
1986 Mo
Candela et al.
Mo Cu
Cu Au
B
®
Ho Er
4

Refrences

Anders E and Grevesse N. 1989. Abundances of the elements Meteorit-
ic and solar J . Geochimi. Cosmochim. Acta 53 1 197~214.

Audetat A Pettke T and Dolejs D. 2004. Magmatic anhydrite and cal-
cite in the ore-forming quartz-monzodiorite magma at Santa Rita
New Mexico USA  Genetic constraints on porphyry-Cu miner-
alization J . Lithos 72 3-4 147~161.

Baldwin J A and Pearce ] A. 1982. Discrimination of productive and
nonproductive porphyritic intrusions in the Chilean Andes ] .
Econ. Geol. 77 3 664~674.

Ballard J R Palin ] M and Campbell I H. 2002. Relative oxidation states
of magmas inferred from Ce IV Ce III in zircon Application to

porphyry copper deposits of northern Chile J . Contributions to
Mineralogy and Petrology 144 3 347~364.

Bouse RM Ruiz ] Titley SR Tosdal R M and Wooden J L. 1999.
Lead isotope compositions of Late Cretaceous and Early Tertiary ig-
neous rocks and sulfide minerals in Arizona Implications for the
sources of plutons and metals in porphyry copper deposits ] .
Econ. Geol. 94 2 211~244.

Calagari A A. 2003. Stable isotope S O Hand C studies of the phyl-
lic and potassic-phyllic alteration zones of the porphyry copper de-
posit at Sungun East Azarbaidjan Iran J . Journal of Asian Earth
Sciences 21 7 767~780.

Campos E Touret ] L R Nikogosian I and Delgado J. 2002. Overheat-
ed Cu-bearing magmas in the Zaldivar porphyry-Cu deposit
Northern Chile
345 1-4  229~251.

Candela P A. 1997. A review of shallow ore-related granites
tures volatiles and ore metals J . Journal of Petrology 38 12
1619~1633.

Candela P A and Holland H D. 1986. A mass transfer model for copper

Geodynamic consequences ] . Tectonophysics

Tex-

and molybdenum in magmatic hydrothermal systems The origin of
811 1~19.

Chivas A R. 1981. Geochemical evidence for magmatic fluids in por-
Part 1.

porphyry-type ore deposits J . Econ. Geol.

phyry copper mineralization Mafic silicates from the

Koloula igneous complex J . Contributions to Mineralogy and
Petrology 78 4 389~403.

Cline J S and Bodnar R J. 1991. Can economic porphyry copper mineral-

ization be generated by a typical calc-alkaline melt J . Journal of

Geophysical Research-Solid Earth and Planets 96 B5 8113~
8126.

Cooke D R Hollings P and Walsh J L. 2005. Giant porphyry deposits
Characteristics ~ distribution and tectonic controls J Econ.
Geol. 100 5 801~818.

Davidson P Kamenetsky V. Cooke D R Frikken P Hollings P Ryan
C Van Achterbergh E Mernagh T Skarmeta J Serrano L. and
Vargas R. 2005. Magmatic precursors of hydrothermal fluids at the



228

2007

Chile Links to silicate magmas and metal
transport J . Econ. Geol. 100 5 963~978.
Dilles ] H and Einaudi M T. 1992. Wall-rock alteration and hydrother-

Rio Blanco Cu-Mo deposit

mal flow paths about the Ann-Mason porphyry copper deposits

Nevada A 6-km vertical reconstruction ] . Econ. Geol. 87 8
1963~2001.

Force E R. 1998. Laramide alteration of Proterozoic diabase A likely
contributor of copper to porphyry systems in the Dripping Spring
mountains area southeastern Arizona J . Econ. Geol. 93 2
171~183.

Gustafson L B. 1978. Some major factors of porphyry copper genesis

J . Econ. Geol. 73 5 600~607.

Harris A C and Golding S D. 2002. New evidence of magmatic-fluid-re-
lated phyllic alteration Implications for the genesis of porphyry Cu
deposits J . Geology 30 4 335~338.

Harris A C Kamenetsky V' S and White N C. 2003. Melt inclusions in
veins Linking magmas and porphyry Cu deposits J . Science 302

5653  2109~2111.

Harris A C  Golding S D and White N C. 2005. Bajo de la Alumbrera
copper-gold deposit ~ Stable isotope evidence for a porphyry-related
hydrothermal system dominated by magmatic aqueous fluids J .
Econ. Geol. 100 5 863~886.

HouZQ MoXX GaoYF QuX M and Meng X J. 2003a. Adakite
a possible host rock for porphyry copper deposits Case studies of
porphyry copper belts in Tibetan plateau and in Northern Chile J .
Mineral Deposits 22 1 1~ 12 in Chinese with English ab-
stract .

HouZQ QuX M Wang SX Gao Y F Du A D and Huang W.
2003b. Re-Os age for molybdenites from the Gangdese porphyry
belt in the Tibetan plateau Implication to mineralization duration

and geodynamic setting | . Science in China Series D 33 7
609~618 in Chinese .

Ilton E S and Veblen D R. 1993. Origin and mode of copper enrichment
in biotite from rocks associated with porphyry copper deposits A
transmission electron microscopy investigation ] . Econ. Geol. 88

4 885~900.

Imai A. 2002. Metallogenesis of porphyry Cu deposits of the western

K-Ar ages

nocrystic apatite and significance of intrusive rocks J .

147~161.

Luzon arc Philippines SO; contents of microphe-
Resource
Geology 52 2
Imai A. 2004. Variation of Cl and SO; contents of microphenocrystic ap-
atite in intermediate to silicic igneous rocks of Cenozoic Japanese is-
land arcs Implications for porphyry Cu metallogenesis in the West-
ern Pacific Island arcs J . Resource Geology 54 3 357~372.
Ishihara S. 1977. The magnetite-series and ilmenite-series granitic rocks
J . Mining Geology 27 2 293~305.
James D E and Sacks I S. 1999. Cenozoic formation of the Central An-
des A geophysical perspective A . In Skinner B ] ed. Geology
and ore deposits of the Central Andes C . Society of Econ. Geol.
1~26.

Kesler S E. 1977. Evolution of porphyry copper mineralization in an

Special Publication 17

oceanic island arc-Panama ] . Econ. Geol. 72 6 1142~1153.

Kesler SE Issigonis M ] Brownlow A H Damon P E  Moore W ]
Northcote K E and Preto V' A. 1975. Geochemistry of biotite from
mineralized and barren intrusive systems J . Econ. Geol. 70 3
559~567.

Kesler S E Chryssoulis S L and Simon G. 2002. Gold in porphyry cop-
per deposits Its abundance and fate J . Ore Geology Reviews 21

1-2 103~124.

Kirkham R V and Sinclair W D. 1995. Porphyry copper gold molyb-
denum tungsten tin silver A . In Eckstrand O R Sinclair W
D Thorpe R1 ed. Geology of Canadian mineral deposit types C .
Ottawa Geological Survey of Canada. 421~446.

Krauskopf K B. 1971. The source of metals J . Geochimi. Cosmochim-
i. Acta 357 643~659.

Lang J R and Titley SR. 1998. Isotopic and geochemical characteristics
of Laramide magmatic systems in Arizona and implications for the
genesis of porphyry copper deposits J . Econ. Geol. 93 2 138
~170.

LuHT Zhang Q LiuJ M Ye] Zeng QD and Yu C M. 2004.
Adakite versus porphyry copper and epithermal gold deposits A
possible metallogenetic specialization of magmatism required in-deep
assessment J . Acta Petrologica Sinica 21 3 205~218 in Chi-
nese with English abstract .

Lowell ] D and Guilbert ] M. 1970. Lateral and vertical alteration-min-
eralization zoning in porphyry ore deposits J . Econ. Geol. 65

4 373~408.

Lowenstern ] B- Mahood G A Rivers M L and Sutton SR. 1991. Evi-
dence for extreme partitioning of copper into a magmatic vapor
phase ] . Science 252 1405~1408.

Martin H. 1999. Adakitic magmas Modern analogues of Archean grani-
toids J . Lithos 46 411~429.

Mason D R. 1978. Compositional variation in ferromagnesian minerals
from porphyry copper generating and barren intrusions of the West-
ern Highlands Papua New Guinea ] . Econ. Geol. 73 5 878
~890.

Mason D R and Feiss P G. 1979. On the relationship between whole
rock chemistry and porphyry copper mineralization J
Geol. 74 6 1506~1510.

Meclnnes B I A and Cameron E M. 1994. Carbonated alkaline hybridiz-

Econ.

ing melts from a sub-arc environment Mantle wedge samples from
the Tabar Lihir-tanga-Feni arc Papua New Guinea J . Earth and
Planetary Science Letters 122 1—-2  125~141.

Mitchell A H G. 1973. Metallogenetic belts and angle of dip of Benioff
zones J . Nature 245 49~52.

Mungall J E. 2002. Roasting the mantle Slab melting and the genesis of
major Au and Au-rich Cu deposits ] . Geology 30 10 915~
918.

Pirajno F. 1992. Hydrothermal mineral deposits Principles and funda-
mental concepts for the exploration geologist M Verlag

Springer. 325~374.
Qu X M Hou Z Q and Huang W. 2001. Is Gangdese porphyry copper



26 2

229

belt the second ” Yulong” copper belt ]  Mineral Deposits 20
4 355~366 in Chinese with English abstract .

QuXM HouZQandLiY G. 2002. Ore-bearing adakite was found in

Gangdese collisional orogenic belt J . Mineralium Deposita 21
Supp 215~218.

QuXM HouZQandLiY G. 2004. Melt components derived from a
subducted slab in late orogenic ore-bearing porphyries in the
Gangdese copper belt southern Tibetan plateau J . Lithos 74 3
-4  131~148.

Richards ] P. 2003. Tectono-magmatic precursors for porphyry Cu-

Mo-Au  deposit formation J . Econ. Geol. 98 8 1515 ~
1533.

Richards ] P Boyce A J and Pringle M' S. 2001. Geologic evolution of
the Escondida area northern Chile A model for spatial and tempo-
ral localization of porphyry Cu mineralization J . Econ. Geol. 96

2 271~305.

Robb L. 2005. Introduction to ore-forming process M . Oxford
Blackwell. 1~166.

Rosenbaum G Giles D Saxon M Betts P G Weinberg R F and Duboz
C. 2005. Subduction of the Nazca Ridge and the Inca Plateau In-
sights into the formation of ore deposits in Peru ] . Earth and
Planetary Science Letters 239 1-2 18~32.

Ross P S Jebrak M J and Walker B M. 2002. Discharge of hydrother-
mal fluids from a magma chamber and concomitant formation of a
stratified breccia zone at the Questa porphyry molybdenum deposit
New Mexico J . Econ. Geol. 97 8 1679~1699.

Sheppard S M F Nielsen R L and Taylor H P. 1971. Hydrogen and
oxygen isotope ratios in minerals from porphyry copper deposits J .
Econ. Geol. 66 4 515~542.

Sillitoe R H. 1972. A plate tectonic model for the origin of porphyry
copper deposits ] . Econ. Geol. 67 2 184~197.

Sillitoe R H. 1991. Gold metallogeny of Chile - an introduction ] .
Econ. Geol. 86 6 1187~1205.

Sillitoe R H. 1997. Characteristics and controls of the largest porphyry
copper-gold and epithermal gold deposits in the circum-Pacific region

J . Australian Journal of Earth Sciences 44 3 373~388.

Solomon M. 1990. Subduction arc reversal and the origin of porphyry
copper-gold deposits in island arcs J . Geology 18 7 630 ~
633.

Taylor HP. 1974. The application of oxygen and hydrogen isotope stud-
ies to problems of hydrothermal alteration and ore deposition J .
Econ. Geol. 69 6 843~883.

Titley S R and Beane R E. 1981. Porphyry copper deposits Part I.

Geology settings petrology and tectogenesis ] . Econ. Geol.
75th Anniversary Volume 214~269.
Ulrich T Gunther D and Heinrich C A. 1999. Gold concentrations of
magmatic brines and the metal budget of porphyry copper deposits
J . Nature 399 6737 676~679.
Ulrich T Gunther D and Heinrich C A. 2001. Evolution of a porphyry
based on LA-ICP-MS analysis of fluid inclusions

96 8§ 1743

Cu-Au deposit
Bajo de la Alumbrera Argentina J . Econ. Geol.
~1774.

Wang Q XuJ F JianP BaoZW ZhaoZH LiCF Xiong X L and
Ma J L. 2006. Petrogenesis of adakitic porphyries in an extensional
tectonic settings in Dexing South China Implications for the gene-
sis of porphyry copper mineralization ] . Journal of Petrology 46

2 119~144.

Williams-Jones A E and Heinrich C A. 2005. 100th Anniversary special
paper Vapor transport of metals and the formation of magmatic-hy-
drothermal ore deposits J . Econ. Geol. 100 7  1287~1312.

XuJ F Shinjo R Defant M ] Wang Q and Rapp R P. 2002. Origin of
Mesozoic adakitic intrusive rocks in the Ningzhen area of east Chi-
na Partial melting of delaminated lower continental crust J  Geo-
logy 30 1111~1114.

Zeng PS HouZ Q Gao Y F DuAD. 2006. The Himalayan Cu-Mo-
Au Mineralization in the Eastern Indo-Asian Collision Zone Con-
straints from Re-Os Dating of Molybdenite J . Geological Review
52 1 72~84 in Chinese with English abstract .

. 2003a.
] 221 1~12.
. 2003b.
Re-Os
] D 337 609~618.
. 2004.
Cu-Au J.
20 2 205~218.
. 2001. “
" J 20 4 355~366.
.2006. -
- - Re-Os J. 52 1
72~84.



