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Abstract

Porphyry copper deposits are currently the largest source of copper ore. Porphyry copper deposits are formed
from hydrothermal fluids that originate from a voluminous magma chamber several kilometers below the deposit it—
self. Successive envelopes of hydrothermal alteration typically enclose a core of disseminated ore minerals followed
by stockwork and veins. According to the relationship between plate tectonics and mineralization , the deposits could
be divided into two types: deposits associated with convergent plate boundaries and deposits occur in collisional o—
rogeny setting. Understanding the behavior of Cu, Au and Mo in magmatic_hydrothermal systems is essential for

studying the development of a porphyry copper deposit. Porphyry copper deposits in subduction environment provide
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some of the best examples of the effects of fluid_assisted mass and energy transport in the Earths crust. Much of our
understanding of the physical and chemical conditions attending magmatic_hydrothermal fluid flow in the porphyry
environment has come from fluid inclusion studies. During the earliest stage of magma crystallization, a liquid +
vapor zone exists immediately above the pluton. Copper transported in the original magmatic fluid would be parti—
tioned into the high salinity liquid and vapor phases. This higher density phase would flow downward along the side
of pluton,whereas the copper_vapor phase would move upwards into the shallower part. Above the liquid + vapor
zone ,a small vapor + halite zone exists. Inclusion trapped here would be vapor_rich inclusions (with occasional
halite) . There are two types of magmatic and magmatic_hydrothermal phase inclusions: Silicate melt inclusion and
melt_fluid inclusion. Four types of fluid inclusions are found: liquid inclusion; vapor inclusion; daughter mineral
bearing inclusion and H,0_CO, inclusion. Recent researches are focused on the primary composition of ore_forming
fluid derived from the magma and copper transition by vapor or liquid phases.

Key words: geochemistry, porphyry copper deposit, ore_forming fluids, fluid inclusion, copper transition by
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2 Cyprus Sierrita ( 1999 )
a. Cyprus Sierrita (1999) ; b. (1999) 2 km; c. Cyprus Sierrita ;
d. ( e

Fig. 2 Cyprus Sierrita porphyry copper deposit Arizona US( Photos taken in 1999)
a. Enter gate of Cyprus Sierrita porphyry deposit; b. Open pit about 2 km in deep; c¢. Stock ore veins of Cyprus Sierrita porphyry

copper deposit; d. Cross section of the ore vein see chalcopyrite and quartz
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3 Grasberg Cu_Au ( 2000; 2015)
a. 7 b, ; c.

d. . 250 pm

Fig. 3 Fluid inclusions in Grasberg porphyry copper_gold deposit( Lu 2000; Lu et al. 2015)
a. Melt inclusion in quartz phenocryst; b. Metal daughter mineral_bearing fluid inclusions red one is hematite black is chalcopyrite;
c. Halite and sylvite daughter minerals_bearing fluid inclusion; d. High salinity fluid inclusion co_existent with gas_rich

fluid inclusions. Length of photo 250 pm
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1
Table 1 Fluid inclusions in porphyry copper deposits related to the subducting plate
t,/°C w( NaCl,,) /%
Ajo I T It 2~20 Nash 1976
Bagdad I T mimv 233 ~373 2 ~20 Nash 1976
Bibee [ I Nash 1976
Christmas I I Nash 1976
Copper Basin I T I 350 ~440 2 ~20 Nash 1976
Esperanza I 1 Nash 1976
Inspiration I I It Nash 1976
Mineral park I 0 II 230 ~450 Nash 1976
Mission I 1 Nash 1976
Morenci I O I Nash 1976
Poston Butte I I It Nash 1976
Ray I T I 260 ~480
Sacaton I 1 Nash 1976
San Manuel I T mNv Nash 1976
Sierrita I ImNy
Twin Buttes I I Nash 1976
Copper Canyon I T Iy 300 ~400 Nash 1976
Ely I 01 Nash 1976
Yerington I mmwv Nash 1976
Chino I T I Nash 1976
Bingham I O I 300 ~725 Roedder 1971
Butte Mont I T mNv 275 ~335 Roedder 1971
Catheart I I It Roedder 1971
El Salvador I T I Nash 1976
Breccia pipe I O I Nash 1976
La Caridad I I It Nash 1976
Bethlehem I 1T Nash 1976
Valley Copper I Nash 1976
Helecho I 0 I Nash 1976
Sapo Alegre I I It Nash 1976
Saindak I T I Nash 1976
Mt. Fubilan I 1 Nash 1976
OK Tedi I I It Nash 1976
Koloula I I I Nash 1976
Grasberg I T Iy 350 ~700;300 ~770 5 ~26; >70 2000
Bajo de la Alumbrera M T I 10 ~20 38 ~66 Harris et al. 2003
Elatsite M T I I Stefanova et al. 2014
Baguio I O I Cooke et al. 2011
Morococha I MV Catchpole et al. 2015
El Teniente o Klemm et al. 2007
Gaspiche I I I Sillitor et al. 2013
Bajo de la Alumbrera I T It Ulrich et al. 2001
Red Mountain M T II I Student et al. 2004
Panguna I I It 350 ~700 26 ~76 Eastoe 1978
Tiamaro I I I Garza et al. 2006
Refugio I T I Muntean et al. 2000
Questa M T I Audetat 2010
Hauraki I I It Barry 1982
Duparquet M T IO I
Altar I 0 I Maydagan et al. 2015
CM— ; I— ; I— ; l— i+ V—  CO,( +CH,) .
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Fig. 4 The fluid inclusion salinity of the porphyry copper deposits( a. after Nash 1976; b. after Heinrich et al. 2005)
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Table 2 Fluid inclusions in Bajo de la Alumbrera porphyry copper deposit
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3 Bajo de la Alumbrera LA_ICP_MS ( Ulrich et al. 2001 )
Table 3 Metal amounts in single and boiling fluid inclusions by LA_ICP_MS method Bajo de la Alumbrera porphyry deposit
(after Ulrich et al. 2001)

w(B) /% w(B) /10 ¢
t,/°C w( NaCl,) /%
Na K Fe Cu Au Mo Ag
600 ~771 38 ~53 5~11 5~7 9~13 0.01~0.03 <2 30 ~ 140 10 ~20

488 ~671 37 ~71 11 ~25 5~14 7~22 0.01~0.4 0.3~0.8 30~120 10 ~20
470 ~ 600 53 ~66 10 ~ 12 7~13 10~22  0.1~0.5 NA 70 ~220 2~20
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5 Bajo de la Alumbrera ( Ulrich et al. 2001; Guilbert et al. 1985; Proffett
2001; Harris et al. 2003 )
a. Bajo de la Alumbrera Guilbert  ( 1985) “ _The Geology of ore deposits"
;b. Bajo de la Alumbrera Bajo de la Alumbrer 6 P3
; c. Bajo de la Alumbrera A_A” o 2 ( >0.5% Cu)
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Fig. 5 Bajo de la Alumbrera porphyry copper deposit Argentina ( modified after Ulrich et al. 2001; Guilbert et al. 1985;
Proffett 2001; Harris et al. 2003)

a. Cover page of The Geology of Ore Geology ( Guilbert et al.  1985) ; b. Geological map of Bajo de la Alumbrera ( Proffett 2001) . There are 6 por—
phyry phases only P3 porphyry and Quartz eye porphyry with mineralization; including post mineralization porphyry; NW porphyry; Late P3 porphyry;
Quartz eye porphyry; Early P3 porphyry; Los Amarillos porphyry and igneous breccia; P2 porphyry; NE porphyry and andesite volcanic and volcani-—
classic rocks; c. A_A"cross section ( Proffett 2001) ; there are two ore bodies ( >0.5% Cu) and three alteration stages. Stage 1: 1.1. Strong mag-
nate_quartz ( chlorite_illite_rutile ) veining overprinting previous K_feldspar alteration; 1.2 Strong K_feldspar ( biotite_magnetite_quartz) alteration;
1.3. Moderate K_feldspar ( biotite_magnetite_quartz) alteration and 1.4. Weak biotite ( K_feldspar_magnite_quartz_chlorite_rultile_apatite_illilite)
alteration. Selective replacement hornblende_biotite_chalcopyrite. Stage 2: Weak to moderate biotite_chlorite_illite alteration Selective replacement
hornblende_biotite_chalcopyrite. and Stage 3: 3.1. Moderate to strong illite ( chlorite_quartz_pyrite) alteration; 3.2 Weak to moderate chlorite ( epi—
dote_hematite) alteration selective replacement hornblende_biotite_chalcopyrite_plagioclase. d. Cu Pb Zn Fe Br amounts and ratio in group

&2 fluid inclusions analyzed by LA_ICP_MS method indicating Cu is concentrated in gas and daughter mineral_bearing inclusions ( Harris et al. 2005)
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Fig. 6 Cross section of Bingham porphyry copper deposit Utah( Landtwing et al. 2010; Williams_Jones et al. 2005)
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Fig. 10 Fluid inclusions in the earlyquartz vein of Qulong porphyry copper deposit ( Yang et al. 2009a)
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( 2005a; 2005b)
(2005a)
4.2
( 11 4)
(¢t>550C)

11

( 2009)
Fig. 11 Mineralization and alteration mode of
continental collision orogenic belt porphyry copper deposit

( Hou et al.  2009)

ademic Journal Electronic Publishing House. All rights reserved.

4

Table 4 Fluid inclusions in porphyry copper deposit of
continental collision orogenic belt

Donlin I T Il IV Ebertetal 2003
Daralu I I Il Salehian et al. 2010
M I I 2009
I T 1 2003
I I I 2005a
I I It 2015
I T 1 2014
I I 1 2009a
I N 2015
Haftcheshmeh I I I IV Adelietal. 2015
Sungun I I Catagan 2004
I I I 2012
I I M IV Wangetal. 2007
I mmNv 2007
M T I I 2011
I o0miwv 1981
I I 2015
N ;o T— ;o —
; V— CO,( £CH,) ; M— .
2008) ( 1981) .
( 2008) .
( 1981)
( ) o
( 2008) .
(
2009) .
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H.O
(w( NaCl,,)
9%) . (550 ~650C) o
100 x 10° Pa o
Cu
Cu o
(2015)
Cu~Mo
(1) Cu
() Mo
(I ) o Cu.Mo
I I I (
4)
Cu.Mo Co,
H,0 Mo
CH, Mo
o PIXE
( Harriset al. 2003; Davidson et al. 2005) Cu.
Au ( 7~
8) Cu~Au o

5

( Dilles et al. 1992; Calagan 2003; Simon et
al. 2008; Mirnejad et al. 2010; Shen et al. 2012;

Parsapoor et al. 2014; 2014) . John
(1992) Ann_Mason
Yerington N
5.

5 Ann_Mason
. (John et al. 1992)
Table 5 Hydrogen and oxygen stable isotope of Yerington
porphyry and Ann_Mason porphyry copper deposit( John
et al. 1992)

8% 0110 /%o 8D /%o /km
Yerington 6(.7 750 (88 ;;5 6.0
6.2~7.2 -2~ -82
6.5~8.4 -96 ~ -68 3.5
_ 5.7~8.4 -90 ~ -67 3~6
_ 9.8 ~10.4 -85~ -79 1~4
9.8 ~10.4 -6l 1~2
o Simon  (2008)

9 8" 041,0+3D
"¢ . dD - 96%0 ~
-90%0; 3" Oy 3.9%0 ~ 7.3%0; 3" C
—5.9%0 ~ —2. 6%o0 .
Mirnejad  (2010) Kerman

3 Cu 0. 23%0 ~ 0. 79%0,
8% Cu 2.52%0 ~ 4. 82%0,
3% Cu —6.0%0 ~ —1.0%o.
Shen  (2011) 3*S

—0.24%0 ~ 0.40%0 3D
8" 00 1. 14%0 ~ 1. 74%o0.
Cu

- 98%0 ~ — 14%0

(2014)
3"0 4. 1%0 ~7.5%0 3Dy syow -96. 0%0 ~
~76. 9%o; _ _ 5"
0 ~ 2.9%0 ~ —0.5%0 3Dy syow
—112.2%0 ~ —=77. 7%

Cu 400 °C
; 450C Cu 100 000 x 10 ~°
300°C Cu 1 x10 "°( Barnes 1997)
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Fig. 12 Metallogenic model of porphyry copper deposits for

magmatism fluid exsolusion and alteration( Maydagan et al.
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