
19. PORPHYRY COPPER, GOLD, 
MOLYBDENUM, TUNGSTEN, 
TIN, SILVER 

19.1 Copper (k gold, molybdenum, silver, rhenium) 
19,2 Copper-molybdenum (+ gold, silver) 

19.3 Copper-gold (4 silver) 

19,4 Gold (4 silver, copper, molybdenum) 

19.5 Molybdenum (-t tungsten, tin) 

19.6 Tungsten-molybdenum (+ bismuth, tin) 
19.7 Tin (+ tungsten, molybdenum, silver, 

bismuth, indium) 
19.8 Tin-silver (f tungsten copper, zinc, 

molybdenum, bismuth) 
19.9 Silver (f gold, zinc, lead) 

19. PORPHYRY COPPER, GOLD, 
MOLYBDENUM, TUNGSTEN, TIN, SILVER 

R.V. Kirkham and W.D. Sinclair 

INTRODUCTION 
Porphyry deposits are large, low- to medium-grade deposits 
in which hypogene ore minerals are primarily structurally 
controlled and which are spatially and genetically related 
to felsic to intermediate porphyritic intrusions (Kirkham, 
1972). The large size and structural control (e.g., veins, vein 
sets, stockworks, fractures, 'crackled zones', and breccia pipes) 
serve to separate porphyry deposits from genetically-related 
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(e.g., some skarns, high-temperature mantos, breccia 
pipes, peripheral mesothermal ("intermediate", "transi- 
tional") veins, epithermal precious-metal deposits) and 
unrelated deposit types. 

Supergene minerals may be developed in enriched 
zones in porphyry deposits by weathering of primary sul- 
phides. Su'ch zones typically have much higher copper 
grades, thereby enhancing the possibility of economic 
exploitation. Oxidization of porphyry deposits can also 
reduce sulphide contents of gold zones, thus improving 
extraction of gold by heap-leach methods. 

The metal contents and petrogenetic associations of 
porphyry deposits are diverse. In this paper, nine subtypes 
with different metal contents are grouped into one large 
"deposit type". Definition of subtypes is based on the simple 
principle that metals essential to the economics of the 
deposit define the subtype; byproduct and potential bypro- 
duct metals are listed in  parentheses. For deposits with 
subeconomic grades and tonnages, projections would have 
to be made as  to probable coproduct and byproduct metals, 
assuming that the deposits were economic. Other types of 
porphyry deposits might be identified in the future and 
changes in  metal prices could affect the groupings. For 
example, some deposits, such as  Bingham in Utah, contain 
economically important amounts of molybdenum and gold 
as well a s  copper, so that a Cu-Mo-Au grouping might be 
appropriate for this as  well as other deposits (Table 19-1) 
(c.f., Kesler, 1973; Sinclair et  al., 1982; Cox and Singer, 
1988). Another possible subtype might be porphyry tungsten 
deposits, for example large, bulk-mineable vein-stockwork 
tungsten deposits such as  Mount Carbine, Australia (35 Mt 
grading 0.08% W) and Hemerdon, England (42 Mt grading 
0.14% W and 0.025% Sn)(= Type 18,Vein-stockwork tin, 
tungsten). Important subtypes that are well established 
include porphyry copper and copper-molybdenum 
deposits associated typically with calc-alkaline intrusive 
rocks (Titley and Hicks, 1966; Lowell and Guilbert, 1970; 
Sillitoe, 1972, 1973, 1986; Hollister, 1974; Gustafson and 
Hunt, 1975; Sutherland Brown, 1976; Gustafson, 1978; 
McMillan and Panteleyev, 1980; Titley and Beane, 1981; 
Titley, 1982, 1993; Guilbert, 1986; Guilbert and Park,  
1986; McMillan, 199 1);  porphyry copper-gold depos- 
its, many of which, but not all, are associated with alkaline 
intrusive rocks (Barr et  al., 1976; Mutschler et  al., 1985; 
Imai et  al., 1992; Mutschler and Mooney, 1993; Sillitoe, 
199313; Muller and Groves, 1993; MacDonald and Arnold, 
1993, 1994; Muller et  al., 1994; Carlile and Mitchell, 1994; 
Meldrum et al., 1994; Perellb, 1994); porphyry gold (Vila 
and Sillitoe, 1991; Sillitoe, 199313; Fraser, 1993; Richards 
and Kerrich, 1993); and porphyry molybdenum depos- 
its, including high grade deposits associated with fluorine- 
rich, high silica granites, and lower grade deposits associ- 
ated with low-fluorine granitic and granodioritic rocks 
(Wallace et  al., 1968; Woodcock and Hollister, 1978; Sillitoe, 
1980; White et  al., 1981; Westra and Keith, 1981; Mutschler 
et  al., 1981; Theodore and Menzie, 1984; Carten et al., 
1988b, 1993; Huang e t  al., 1988). Other subtypes, which 
are not as well established, include porphyry tungsten- 
molybdenum deposits (Liu, 1981; Noble et  al. 1984; 
Kooiman et al., 1986; Sinclair, 1986; Kirkham and Sinclair, 
1988); porphyry tin and tin-silver deposits (Sillitoe 
e t  al., 1975; Grant e t  al., 1977, 1980; Guan et al., 1988; 
Richardson, 1988; Villalpando, 1988; Huang and Zhang, 1989), 

and especially porphyry silver deposits (e.g., Real de 
Angeles, Mexico - no known intrusive rocks but hornfels a t  
depth; Pearson e t  al., 1988). Linkages (gradations of one 
subtype to another), distinctions, and petrogenetic associa- 
tions of porphyry subtypes are not well documented; never- 
theless, we believe that several porphyry deposit metal 
subtypes exist (as listed above). In the following sections, 
we give examples of subtypes, describe their characteristics 
and suggest possible linkages between them. 

Examples of the various subtypes are listed below. 

Porphyry copper: 
Canadian - Island Copper, Bethlehem, Lornex, Valley 
Copper, Bell Copper, and Granisle, British Columbia; 
Queylus and Gasp6 Copper (Copper Mountain), Quebec. 
Foreign - Butte, Montana; Bingham, Utah; Morenci, 
Arizona; Cananea and La Caridad, Mexico; Cerro Colorado, 
Panama; Toquepala, Cuajone, and Michiquillay, Peru; 
Chuquicamata, El Teniente, La Escondida, and El Salvador, 
Chile; Atlas and Sipalay, Philippines; Sar Cheshmeh, Iran; 
Kounrad and Almalyk, Kazakhstan; Recsk, Hungary; Bor, 
former Yugoslavia; Haib, Namibia; Malanjkhand, India; 
Tongkuangyu, Dexing, and Yulong, China. 

Porphyry copper-molybdenum: 
Canadian - Brenda, Highmont, and Berg, Brit ish 
Columbia; McLeod Lake, Quebec. 
Foreign - Mount Tolman, Washington; Cumo, Idaho; 
Esperanza, Sierrita, and Mineral Park, Arizona; Mocoa, 
Colombia; Copaquire, Chile; Nuggetty Gully, Australia. 

Porphyry copper-gold: 
Canadian - Copper Mountain, Atton, Mount Polley, Fish 
Lake, Mount Milligan, and  Galore Creek, Brit ish 
Columbia; Casino, Yukon Territory. 
Foreign - Tanama, Puerto Rico; Bajo de la Alumbrera, 
Argentina; Dizon, Guinaoang, and Lepanto Far Southeast, 
Philippines; Grasberg and  Batu Hijau, Indonesia; 
Panguna, Papua New Guinea; Goonumbla (Endeavour), 
Australia; Skouries, Greece. 

Porphyry gold: 
Canadian - Lac Troilus, Quebec; possibly Sulphurets 
(Snowfield zone), British Columbia; possibly Brewery 
Creek and Dublin Gulch, Yukon Territory; possibly Moss 
Lake, Ontario. 
Foreign - Fort Knox, Alaska; Cripple Creek, Colorado; 
possibly Metates, Mexico; possibly Kori Kollo, Bolivia; and 
Marte, Lobo, Refugio, and Alebarb  (Cerro Casale), Chile. 
Porgera and Ladolam, Papua New Guinea and Kelian, 
Indonesia are telescoped systems with epithermal mineral- 
ization superimposed on porphyry deposits. 

Porphyry molybdenum: 
Canadian - Boss Mountain, Endako, Glacier Gulch, 
Kitsault, and Adanac, British Columbia; Red Mountain, 
Yukon Territory; Setting Net Lake, Ontario. 
Foreign - Quartz Hill, Alaska; Thompson Creek, Idaho; 
Pine Grove and Mount Hope, Nevada; Climax and 
Henderson, Colorado; Questa, New Mexico; Malmbjerg, 
Greenland; Jinduicheng, China. 
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Table 19-1. Production/reserves of selected Canadain and foreign porphyry deposits. 

I 19.1 Porphyry copper deposits 

Deposit 

I Valley Copper, 
British Columbia 

Lornex, 
British Columbia 

ProductionlResewes 

I Island Copper, 
British Columbia 

Comments/References 

I Gaspe Copper 
(Copper Mountain zone), Quebec 

Bingham, 
Utah 

Butte, 
Montana 

I Morenci-Metcalf, 
Arizona 

I Cananea, 
Mexico 

Cerro Colorado, 
Panama 

Chuquicamata, 
Chile 

El Teniente, 
Chile 

I La Escondida, 
Chile 

I Atlas(Frank, Biga, Carmen), 
Philippines 

Sipalay, 
Philippines 

Sar Chesmeh, I Iran 

I Kounrad, 
Kazakhstan 

Malanjkhand, 
India 

Dexing, 
China 

692 Mt; 0.41 4% Cu 
0.0069% Mo 

545 Mt; 0.42% Cu 
0.01 5% Mo 

345 Mt; 0.42% Cu 
0.01 7% Mo 
0.19 glt Au 
1.4 glt Ag 

125 Mt; 0.44% Cu 

153 Mt; 0.37% Cu 
0.02% Mo 

2068 Mt; 0.78% Cu 
0.032% Mo 
0.29 glt Au 
2.38 glt Ag 

2083 Mt; 0.85% Cu 

1822 Mt; 0.77% Cu 

1633 Mt; 0.7% Cu 
-0.006% MO 

2210 Mt; 0.6% Cu 
0.009% Mo 
0.07% g/t Au 
4.7 glt Ag 

10 838 Mt; 0.56% Cu 
0.024% Mo 

8350 Mt; 0.68% Cu 
0.027% Mo 

1873 Mt; 1.56% Cu 
- 0.021% Mo 

898 Mt; 0.46% Cu 
0.25% glt Au 

740 Mt; 0.49% Cu 
0.015% Mo 
0.05 glt Au 
1.5 glt Ag 

1200 Mt; 1.2% Cu 
0.03% Mo 

225 Mt; 0.6% Cu 

789 Mt; 0.83% Cu 
0.004% Mo 
0.2 glt Au 
6.0 glt Ag 

1500 Mt; 0.43% Cu 
0.017% Mo 
0.16 glt Au 
1.9 g/t Ag 

Measured and indicated reserves (Northern Miner, April 27, 1992, p. 5) 

Production plus reserves (Lornex Mining Corporation Ltd., Annual 
Reports 1972-78; Northern Miner, March 24, 1977. p. 23) 

Mill feed, 1971 to end of 1993 (Perello et al., 1995) 

Production plus reserves (Northern Miner, January 18, 1973, p. 3) 

Reserves (Kirkham et al., 1982) 

Production 1904-1 972 (James, 1978) plus estimated open pit reserves 
(Argall, 1981); Pt, Pd, and Se are also recovered as byproducts 

Miller, 1973; World Mining, February, 1977, p. 66-67; Engineering and 
Mining Journal, January 1990, p. c65. 

Production and reserves (Engineering and Mining Journal, January 1990, 
p. c16; United States Bureau of Mines, Minerals Yearbook. 1983, v. 2) 

Geologic reserves (Bushnell, 1988) 

Reserves (Linn et al., 1981) 

Total reserves (Sutulov, 1977; Ambrus, 1978) 

Total reserves (Sutulov, 1977; Ambrus, 1978) 

Total reserves (Ojeda, 1986) 

Reserves (Saegart and Lewis, 1977) 

Production (Sillitoe and Gappe, 1984) 

Reserves (Mining Journal, June 14, 1991, p. 454) 

Reserves (Strishkov, 1984) 

Estimated reserves (Sikka et al., 1991) 

Reserves (Chen and Li, 1990) 
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Table 19-1. (cont.) 

Deposit 

Tongkuangyu, 
China 

19.2 Porphyry copper-molybdenum deposits 

Goonumbla (Endeavour 26), 
Australia 

Brenda, 
British Columbia 

ProductionlResewes 

380 Mt 0.67% Cu 

Highmont, 
British Columbia 

Comments/References 

Reserves (mine staff, pers. comm., 1988) 

166 Mt; 0.74% Cu 
0.12 glt Au 
1.7 glt Ag 

Berg 
British Columbia 

Possible reserves (Jones, 1985) 

McLeod Lake, 
Quebec 

Mount Tolman, 
Washington 

Cumo, 
Idaho 

Mineral Park, 
Arizona 

Esperanza, 
Arizona 

Sierrita, 
Arizona 

La Caridad, 
Mexico 

Mocoa, 
Columbia 

Copaquire, 
Chile 

Nugetty Gully (Marble Bar), 
Australia 

227 Mt; 0.1 6% Cu 
0.039% Mo 

122 Mt; 0.26% Cu 
0.026% Mo 

363 Mt; 0.40% Cu 
0.05% Mo 

38 Mt; 0.44% Cu 
0.05% Mo 
0.048 glt Au 

11 80 Mt; 0.084% Cu 
0.0552% Mo 

907 Mt; 0.06% Cu 
0.06% Mo 
0.008% W 
2.06 glt Ag 

123 Mt; 0.38% Cu 
0.026% Mo 

579 Mt; 0.32% Cu 
0.031% Mo 

1274 Mt; 0.42% Cu 
0.038% Mo 

254 Mt; 0.4% Cu 
0.056% Mo 

50 Mt; 0.2% Cu 
0.1 3% Mo 

102 Mt; 0.152% Cu 
0.1 05% Mo 

19.3 Porphyry copper-gold deposits 

Copper Mountain (Ingerbelle), 
British Columbia 

Afton, 
British Columbia 

Mount Polley , 
British Columbia 

Fish Lake, 
British Columbia 

Mount Milligan 
British Columbia, 

Galore Creek, 
British Columbia 

Casino, 
Yukon Territory 

235 Mt; 0.45% Cu 
0.16 glt Au 

32 Mt; 1.09% Cu 
0.79 glt Au 

230 Mt; 0.25% Cu 
0.343 glt Au 

1148 Mt; 0.22% Cu 
0.41 1 glt Au 

113Mt; 1.06%Cu 
0.45 glt Au 
8.6 glt Ag 

162 Mt; 0.37% Cu 
0.039% Mo 
0.48 glt Au 

Production plus reserves (Mining Journal, June 6, 1980, p. 475; Brenda 
Mines Limited Annual Report) 

Reserves (Canadian Mining Journal, May 1980, p. 89-90) 

Reserves (Northern Miner, April 15, 1976, p. 3) 

Reserves (Northern Miner, November 26,1990, p. 19) 

Drill-indicated resource at 0.03% Mo cutoff (company data, 1980) 

Possible resource at 0.03% Mo cutoff (D. Baker, pers. comm., 1985) 

Total production (company official, April, 1985) 

Combined production and reserves (United States Bureau of 
Mines, Minerals Yearbook, 1980, Arizona, p. 9) 

Mining Journal, January 23, 1970, p. 74 

Reserves (Mining Magazine, May, 1987, p. 370-381) 

Reserves (Mining Journal, November 30,1984, p. 379) 

Reserves (Lowell, 1974) 

Reserves (Lowell, 1978) 

Production plus reserves (R.V. Kirkham, unpub. compilation) 

Production plus reserves (Afton Operating Corp.. company official,l991) 

Preliminary reserve estimate (Northern Miner, July 22, 1991, p. 3) 

Estimated reserves (Northern Miner,December 14,1992, p. 3) 

Total size (Engineering and Mining Journal, April, 1992, 
p. 32-WW) 

Indicated reserves in Central Zone (Northern Miner, October 1. 
1990, p. 5) 

Reserves (Mining Review, 1992) 
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Deposit 1- 
Tanama, 

Puerto Rico 

Bajo de la Alumbrera 
Argentina 

I Dizon, 
Philippines 

Lepanto Far Southeast, 
Philippines 

Grasberg, 
lndonesia 

I Batu Hijau, 
lndonesia 

Ok Tedi, 
Papua New Guinea 

Panguna, 
Papua New Guinea 

Goonumbla, I Australia 

1 19.4 Porphyry gold deposits 

Moss Lake, 
Ontario 

Young-Davidson and 
Matachewan Consolidated, 

Ontario 

Lac Troilus, 
Quebec 

Sulphurets (Snowfield zone) 
British Columbia 

Brewery Creek, 
Yukon Territory 

I Dublin Gulch, 
Yukon Territory 

I Fort Knox, 
Alaska 

Montana Tunnels, 
Montana 

Zortman-Landusky, 
Montana 

Cripple Creek, 
Colorado 

126 Mt; 0.64% Cu 
0.002% Mo 
0.7 glt Au 

494 Mt; 0.53% Cu 
-0.007% MO 
0.68 glt Au 

187 Mt; 0.355% Cu 
0.746 glt Au 
2.0 glt Ag 

356 Mt; 0.73% Cu 
1.24 glt Au 

a) 1000 Mt; 1.4% Cu 
1 .8 ah Au 
3.9 g1t ~g 

b) 4000 Mt; 0.6% Cu 
0.64 glt Au 

335 Mt; 0.8% Cu 
0.7 glt Au 

377 Mt; 0.7% Cu 
0.01% Mo 
0.66 glt Au 

691 Mt; 0.4% Cu 
0.47 glt Au 

55 Mt; 1.07% Cu 
0.56 glt Au 

75 Mt; 1.06 glt Au 

8.7 Mt; 3.39 glt Au 
0.94 glt Ag 

79.5 Mt; 0.1 1% Cu 
1.3 glt Au 
1.38 glt Ag 

7.75 Mt; 2.8 glt Au 

16 Mt; 1.63 glt Au 

90 Mt; 1.2 glt Au 

158 Mt; 0.823 glt Au 

61 Mt; 0.96 glt Au 
12.0 glt Ag 
0.67% Zn 
0.28% Pb 

100 Mt; 0.62 glt Au 

81.6 Mt; 1.13 glt Au 

Reserves (Cox, 1985; D. Cox, pers. comm., 1985) 

Reserves (Northern Miner. February 14, 1994, p. 2) 

Estimated reserves (Imai et al., 1992) 

Reserves (Concepcion and Cinco, 1989) 

Reserves (MacDonald and Arnold, 1993) 

Resource; 675 Mt mineable at 1.45% Cu and 1.87 glt Au 
(van Leeuwen, 1994, p. 64) 

Inferred resource (Mining Journal, September 11, 1992. p. 179) 

Estimated reserves (Goldie, 1990) 

Mining Journal, April 13, 1990, p. 307 

Open pit and underground mineable reserves (Heithersay et al., 1990), 

Reserves (Northern Miner, October 5,1992, p. 18) 

Combined production, 1934-1956 (Sinclair, 1982) 

Geological reserves (Metall Mining Corporation, poster presentation, 
April, 1994) 

Geological inventory (Newhawk Gold Mines Ltd.. 1985) 

Reserves (Mining Journal, March 25, 1994, p. 212) 

Speculative resource data (Northern Miner, February 21, 1994, 
P 15) 

Reserves (Northern Miner. March 29,1993, p. BS) 

Diatreme breccia; geological reserve (Sillitoe et al., 1985) 

Proven and probable reserves with significant silver; epithermal 
characteristics but structural control and widespread potassic alteration 
(Wampler, 1993) 

Veins and diatreme breccias; bulk mineable reserves and resources end 
of 1992; previous mining from high-grade veins about 600 t gold at 
average grade about 30 to 60 glt Au at about 15 glt Au cutoff 
(J.A. Pontius, Cripple Creek Field Guide, Pikes Peak Mining Company, 
March 1993,14 p; Thompson et al., 1985) 
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Table 19-1. (cont.) 

Deposit 

Las Cristinas, 
Venezuela 

Kori Kollo, 
Bolivia 

Marte, 
Chile 

Lobo, 
Chile 

Refugio, 
Chile 

Porgera, 
Papua New Guinea 

Ladolam (Lihir), 
Papua New Guinea 

Kidston, 
Australia 

19.5 Porphyry molybdenum deposits 

Endako, 
British Columbia 

Glacier Gulch, 
British Columbia 

Boss Mountain, 
British Columbia 

Kitsault, 
British Columbia 

Adanac, 
British Columbia 

Setting Net Lake, 
Ontario 

Quartz Hill, 
Alaska 

Thompson Creek, 
Idaho 

Mount Hope, 
Nevada 

Pine Grove, 
Nevada 

Climax, 
Colorado 

Henderson, 
Colorado 

189 Mt; 1.269 glt Au 

53 Mt; 2.32 glt Au 
14.5 glt Ag 

44 Mt; 1.4 glt Au 
0.06% Cu 
0.004% Mo 

80 Mt; 1.6 glt Au 
0.1% Cu 
0.001 % Mo 

216 Mt; 0.88 glt Au 
<3 glt Ag 
0.04% Cu 

51.5 Mt; 7.9 glt Au 

188 Mt; 3.6 glt Au 

36 Mt; 1.28 glt Au 

a) 100 Mt; 0.084% Mo 
b) 182 Mt; 0.0785% Mo 

92 Mt; 0.178% Mo 
0.05% W 
-0.03% CU 

a) 5.5 Mt; 0.2165% Mo 
b) 6.7 Mt; 0.13% Mo 
c) 51.5 Mt; 0.06% Mo 

95 Mt; 0.112% Mo 

152 Mt: 0.063% Mo 

90 Mt: 0.054% Mo 

1700 Mt: 0.1 36% Mo 

300 Mt; 0.108% Mo 
-0.005% W 

451 Mt; 0.09% Mo 

113 Mt; 0.18% Mo 

907 Mt; 0.240% Mo 
0.02% W 

727 Mt; 0.171% Mo 

Reserves (Northern Miner, April 11, 1994, p. 61); Cu present 

Reserves, sulphide zone (Columba C. and Cunningham, 1993) 

Geological resources (company official, April, 1990) 

Geological resources (company official, April, 1990) 

Geological reserves, Verde deposit at 0.5 glt Au cutoff; additional 
reserves present in Pancho (100 Mt) and Guanco (30 Mt) deposits which 
contain 0.5 to 1.5 g/t Au and <0.1% Cu 
(Flores V., 1994). 

Reserves (Richards and Kerrich, 1993) 

Mineable resource at 1.6 glt Au cutoff, epithermal deposit superimposed 
on low-grade porphyry deposit (Mining Journal, April 15, 1994, p. 266) 

Breccia pipe; mineable reserve at 1.22:l waste to ore ratio (Engineering 
and Mining Journal, May 1992, p. 12-WW) 

Production 1965 to May 1980 Reserves, December, 1979 (Kirkham et al., 
1982). 

Geological reserve (Kirkham et al., 1982) 

Production 1967 to December, 1979 (Kirkham et al., 1982) 
Estimated mineable reserve March 26, 1981 (Kirkham et al., 1982) 
Subeconomic resource March 26, 1981 (Kirkham et al., 1982) 

Open pit reserves (Northern Miner, March 4,1981, p. A1, & A29) 

Reserves (Christopher and Pinsent, 1982) 

Inferred resource based on six diamond drillholes (Northern Miner, 1978, 
P 17) 

Reserves (Nokleberg et al., 1987) 

Preproduction reserves (E. Wozniak pers. comm., 1981) 

Reserves (J. Erickson, pers. comm., April 20, 1993 and Exxon Annual 
Report) 

Geological reserves (company official pers. comm., 1985) 

Geological reserves (Carten et al., 1993); W grade from S.W. Hobbs 
(pers. comrn., 1985) 

Geological reserves (Carten et al., 1993) 
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Malmbjerg, 
Greenland 

Deposit 

Questa, 
New Mexico 

136 Mt; 0.138% Mo 
0.016% W 

Reserves at 0.096% Mo cutoff (Schassberger, 1977, quoted in Geyti and 
Thomassen, 1984) 

P r o d u ~ t i o n / R e ~ e ~ e ~  

277 Mt; 0.144% Mo 

I Jinduicheng, 
China 

Comments/References 

Mineable reserves (Carten et al., 1993) 

130 Mt; 0.20% Mo Estimated open pit reserves (R.V. Kirkham, pers. comm., 1986) 

Geological resource (van Leeuwen et al., 1994) I Malala. 1 100 Mt: 0.084% Mo 

1 19.6 Porphyry tungsten-molybdenum deposits 

Logtung, 
Yukon Territory 

162 Mt; 0.10% W 
0.03% Mo 

Geological reserves (Noble et al., 1984) 

22.5 Mt: 0.21% W 
0.10% Mo 
0.08% Bi 

Drill-indicated resource in Fire Tower zone (Parrish and Tully, 1978) Mount Pleasant, 
New Brunswick 

Xinglokeng, 
China 

19.7 Porphyry tin deposits 

78 Mt; 0.18% W / Tonnage estimate from Anstett et al. 
0.024% Mo (1985); W, Mo grades from Liu (1981) 

Mount Pleasant, 
New Brunswick 

5.1 Mt; 0.79% Sn Reserves in North zone tin deposits (Northern Miner, November 6,1989, 
P- A2) 

East Kernptville, 
Nova Scotia 

a) 56 Mt; 0.165% Sn 
b) 27.9 Mt; 0.182% Sn 

0.075% Cu 
0.18% Zn 

Pre~roduction reserves (Movle. 1984) 
proven and probable reserves, ~ecember 31, 1989 
(Canad~an Mines Handbook 1990-91, p. 385) 

Production plus reserves (mine staff, pers. comm., 1993) I Altenberg, 
Germany I 60 Mt; 0.3% Sn 

Ardlethan, 
Australia 

9 Mt; 0.45% Sn Production plus reserves (Taylor and Pollard, 1986) 

I Taronga, 
Australia 

48.2 Mt; 0.145% Sn Reserves (McKinnon and Seidel. 1988) 

Yinyan, 
China 

-50-100 Mt? ; 0.46% Sn 1 Size of deposit (Lin, 1988) 

19.8 Porphyry tin-silver deposits 

Cerro Rico (Potosi), 
Bolivia 

828 Mt; 0.3-0.4% Sn 
150-250 glt Ag; 
0.3% Sn 

Reserves (Suttill, 1988) 

Real de Angeles, 
Mexico 

Llallagua, 
Bolivia 

19.9 Possible porphyry silver deposits 
I I 

80 Mt 

85 Mt; 75 glt Ag 
1 .O% Pb 
0.92% Zn 

Reserves (Grant et al., 1980) 

Reserves (Pearson et al., 1988); Cd also present 



TYPE 19 

Porphyry tungsten-molybdenum: 
Canadian - Logtung, Yukon Territory; Mount Pleasant, 
New Brunswick (Fire Tower zone). 
Foreign - Xinglokeng, China. 

Porphyry tin: 
Canadian - possibly Mount Pleasant, New Brunswick 
(North zone); East Kemptville, Nova Scotia. 
Foreign - Altenberg, Germany; Taronga and Ardlethan, 
Australia; Yinyan, China; Khingan, Russia. 

Porphyry tin-silver: 
Foreign - Cerro Rico (Potosi), Chorolque, and Llallagua, 
Bolivia. 

Porphyry silver: 
Foreign - possibly Real de Angeles, Mexico. 

The distribution of selected porphyry deposits i n  
Canada is shown in Figure 19-1. 

I.., 

A 

Figure 19-1. Distribution of selected porphyry deposits in Canada. 



PORPHYRY COPPER, GOLD, MOLYBDENUM, TUNGSTEN, TIN, SILVER 

IMPORTANCE 
Porphyry deposits are the world's most important source of 
copper, molybdenum, and rhenium, and are major sources 
of gold, silver, and tin; other byproduct metals include 
tungsten, platinum, palladium, and selenium. They 
account for about 50 to 60% of world copper production, 
although less than 50% of Canadian copper production is 
from porphyry deposits. This is primarily because of impor- 
tant Canadian copper production from copper-nickel ores 
a t  Sudbury and from numerous volcanogenic massive sul- 
phide deposits scattered across the country, as well as 
significant production from skarn and vein deposits. About 
60% of Canadian copper reserves are in  porphyry deposits, 
largely in  the Cordillera (Fig. 19-I), but they include a 
considerable amount of low-grade copper resources that are 
currently subeconomic. Porphyry deposits account for more 
than 99% of both Canadian and world molybdenum produc- 
tion and reserves. In the past few years, porphyry copper- 
gold (e.g., Grasberg; MacDonald and Arnold, 1993, 1994) 
and porphyry gold deposits have been recognized as  
increasingly important sources of gold (Vila and Sillitoe, 
1991). At present, no porphyry gold, tungsten-molybdenum, 
or tin deposits are in production in Canada. 

SIZE AND GRADE OF DEPOSITS 
Porphyry deposits are large and typically contain hundreds 
of millions of tonnes of ore, although they range in size from 
tens of millions to billions of tonnes; grades for the different 
metals vary considerably but generally average less than 
one per cent. Grade-tonnage relationships for various 
selected porphyry deposit subtypes are shown in Figure 19-2 
and grade relationships between various metals are shown 
in Figure 19-3. 

In porphyry copper deposits, copper grades range 
from 0.2% to more than 1% Cu (Fig. 19-2A); molybdenum 
content ranges from approximately 0.005 to about 0.03% 
Mo (Fig. 19-2B). Gold contents range from 0.004 to 0.35 glt 
(Fig. 19-2C), and silver from 0.2 to 5 g/t (Fig. 19-2D). 
Rhenium is also a significant byproduct from some por- 
phyry copper deposits; a t  Island Copper, for example, rhe- 
nium is  extracted from molybdenite concentrates that 
typically contain greater than 1000 ppm Re. 

Copper grades in porphyry copper-gold deposits are 
comparable to those of the  porphyry copper subtype 
(Fig. 19-2A), but gold contents are higher b0 .4  to 2.0 g/t) 
(Fig. 19-2C). Sillitoe (1993b) suggested that porphyry 
copper deposits should contain 0.4 g/t Au to be called gold 
rich. Figure 19-3B, however, shows that a 1:l ratio (i.e., 
1 g/t Au to 1% Cu) could be useful in defining gold-rich 
porphyry copper deposits a t  higher copper grades. 
Although the number of deposits in this class is limited, 
deposits such as  Grasberg in  Indonesia, with a resource 
greater than 1 billion tonnes grading 1.4% Cu and 1.8 glt 
Au, indicate that porphyry copper-gold deposits can contain 
not only major copper, but also major gold resources. 

Porphyry gold deposits contain 0.8 to 2.0 g/t Au in 
deposits that range in size from about 30 Mt to greater than 
200 Mt of ore (Fig. 19-2C). Lac Troilus, Quebec, which is 
probably an  intensely deformed porphyry deposit (Fraser, 
1993), contains about 79.5 Mt of material grading 1.3 g/t Au, 
1.38 glt Ag and 0.11% Cu that might be mineable in two 
open pits. 

Grade-tonnage relationships for porphyry molybde- 
num deposits show that the very large and rich Climax and 
Henderson deposits in Colorado are end members of a 
spectrum of molybdenum-bearing deposits, most of which 
have lower molybdenum grades andlor tonnages (Fig. 19-2B) 
(Carten et  al., 1993). Limited data are available for tung- 
sten and tin grades in most porphyry molybdenum deposits 
(Table 19-I), but some deposits, such as  Climax, have 
produced small amounts of tungsten and tin. 

Copper and molybdenum contents indicate that a con- 
tinuum may exist between porphyry copper and porphyry 
molybdenum deposits (Fig. 19-3A). End member deposits 
are abundant and important economically (e.g., Guilbert 
and Park, 1986, p. 427), but some deposits have intermedi- 
ate copper and molybdenum contents, suggesting that por- 
phyry copper deposits with minor or no molybdenum grade 
to porphyry molybdenum deposits with negligible copper 
contents (e.g., Westra and Keith, 1981) (Fig. 19-3A). Simi- 
larly, a continuum may exist between porphyry molybde- 
num and porphyry tungsten-molybdenum and tungsten 
deposits (Table 19-I), although more data are required to 
substantiate such a relationship. These examples illustrate 
some of the difficulties in  making sharp distinctions 
between different porphyry deposit subtypes and one rea- 
son for viewing porphyry deposits as  a single large class of 
deposits characterized by diverse metal contents with gra- 
dational boundaries between metal subtypes. More work is 
required to document metal contents within porphyry 
deposits. 

GEOLOGICAL FEATURES 
Geological setting 
Porphyry deposits occur in close association with epizonal 
and mesozonal, felsic to intermediate intrusions. Possible 
exceptions are some porphyry gold deposits such a s  
Porgera, Papua New Guinea and QR, British Columbia 
that show a close association with small alkaline mafic 
intrusions emplaced a t  very shallow depths (Richards and 
Kerrich, 1993; A. Panteleyev, pers. comm., 1994). Intru- 
sions related to porphyry deposits show a wide range in 
compositions and petrogenetic associations (Fig. 19-4,194) 
and occur in a variety of tectonic settings. For example, 
porphyry copper deposits typically occur in  the root 
zones of andesitic stratovolcanoes in subduction-related, 
continental-arc and island-arc settings (Mitchell and 
Garson, 1972; Sillitoe, 1973, 1988a; Sillitoe and Bonham, 
1984) (Fig. 19-6). Porphyry copper-gold deposits, such 
as  those associated with Triassic and Lower Jurassic silica- 
saturated, alkaline intrusions in  British Columbia, formed 
in an  island-arc setting, but possibly during periods of 
extension; Ladolam, a bulk-tonnage epithermal gold 
deposit with an  early porphyry stage of mineralization, 
formed in the Tabar-Feni alkaline island-arc during late 
stage rifting related to spreading in the adjacent Manus 
Basin (Moyle et  al., 1990; McInnes and Cameron, 1994). 
Grasberg and Porgera formed in a continental-island-arc 
collisional zone during or immediately following subduc- 
tion (MacDonald and Arnold, 1993, 1994; Richards and 
Kerrich, 1993). Porphyry gold deposits of Tertiary age in 
the Maricunga belt in Chile appear to have formed in a 
continental-arc setting along strike to the north from major 
porphyry copper deposits of the same general age (Sillitoe, 
1992, 1993b). 
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Figure 19-2. Grade versus tonnage relationships for Canadian and foreign porphyry deposits 
(data from Table 19-1 and other sources): A) copper grades and tonnages (arrows link 
smaller, higher grade zones to the overall deposits in which they occur); B) molybdenum 
grades and tonnages; C) gold grades and tonnages; D) silver grades and tonnages. 
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Figure 19-3. Metal ratios in Canadian and foreign porphyry deposits: A) molybdenum 
versus copper (see also Westra and Keith, 1981); B) gold versus copper. 
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Porphyry molybdenum deposits are typically associated 
with anorogenic or A-type granites that  have been 
emplaced in continental settings, particularly rift or exten- 
sional environments (Fig. 19-6). The Climax and Henderson 
deposits, for example, are genetically related to small 
cupolas (small plugs and stocks) of a regional batholith 
emplaced during active extension in the Rio Grande rift 
(Bookstrom, 1981; Carten et al., 1988b, 1993). The Questa 
deposit farther south in New Mexico also formed during 
active extension and bimodal volcanism along the Rio 
Grande rift system (Leonardson et al., 1982; Lipman, 1988; 
Johnson et al., 1989; Meyer and Foland, 1991). The Pine 
Grove porphyry molybdenum deposit is likewise associated 
with bimodal igneous rocks that were emplaced during 
regional extension in the Basin and Range Province of 
Nevada (Keith et al., 1986; Keith and Shanks, 1988). Other 
porphyry molybdenum deposits appear to have formed 
during extension in areas adjacent to strike-slip faults (e.g., 
northern Cordillera - Quartz Hill, Adanac, Casmo, and 
Mount Haskins) (Fig. 19-6). A few deposits, such as Mount 
Pleasant, New Brunswick and Questa, New Mexico, are 
associated with high-silica rhyolites and granites that 
formed in continental calderas (Lipman, 1988; McCutcheon, 
1990; McCutcheon et al., in press). For most porphyry 
deposits, however, the depth of erosion is such that caldera 
settings are conjectural (e.g., Lipman, 1984). 

Some porphyry molybdenum deposits, along with 
porphyry tungsten-molybdenum and porphyry tin 
deposits, formed in areas of great continental thickness 

related to collisional tectonic settings, although the depos- 
its generally postdate the collision event. Porphyry tin 
deposits in Bolivia, in particular, are related to S-type 
peraluminous intrusions that were emplaced above deep 
levels of a Benioff Zone (Ishihara, 1981; Kontak and Clark, 
1988; Lehmann, 1990). 

Schematic tectonic settings of deposits are illustrated 
in Figure 19-6. Details of each setting and related controls 
on magma generation, composition, and emplacement con- 
ceivably had a major influence on the size, metal contents, 
and nature of individual deposits. However, exceptions to 
typical settings, such as the Tribag and Jogran porphyry 
copper (molybdenum, tungsten) deposits in Ontario that 
apparently are related to a continental rift environment 
(Kirkham, 1973; Norman and Sawkins, 1985), and the 
Malmbjerg porphyry molybdenum deposit in East 
Greenland that is related to the Iceland mantle plume, 
indicate that individual porphyry deposits can occur in 
diverse and unique settings. 

Age of host rocks and ore 
Most porphyry deposits are Triassic or younger, but indivi- 
dual deposits range in age from approximately 3.0 Ga to 
Recent. Examples of Precambrian deposits include 
McIntyre and Setting Net Lake, Ontario; Clark Lake, 
Queylus, McLeod Lake, and Lac Dasserat, Quebec; 
Malanjkhand, India; Haib, Namibia; Tongkuangyu, China; 
and Nuggetty Gully, Australia. Porphyry mineralization is 

Figure 19-4. A) QAPF diagram showing schematic relationships between igneous rock suites (after 
Lameyre and Bowden, 1982). B) Same as A) with data from granitic rocks associated with porphyry deposits. 
The various trends are as follows: 1 - General field for porphyry copper deposits (R.V. Kirkham, unpub. 
compilation, 1985); 2 - Guichon batholith (McMillan et al., 1985); 3 - General field for most porphyry 
tungsten-molybdenum and tin deposits (R.V. Kirkham, unpub. compilation, 1985); 4 - Cornelia pluton, Ajo 
(from Kesler et al., 1975); 5 - General field for most porphyry copper-molybdenum deposits (R.V. Kirkham, 
unpub. compilation, 1985); 6 - Bingham-Last Chance stocks (from Kesler et al., 1975); 7 - General field for 
porphyry copper-gold deposits (data from Preto, 1972; Barr et al., 1976; Perello, 1994). Boundaries of the 
general fields are tentative and need further refinement. 
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characteristically superimposed on older host rocks, 
although in virtually all cases, contemporaneous, genetically- 
related intrusions are present (Kirkham, 1971; Shannon 
et al., 1982; Carten et  al., 1988a; Kirkham and Sinclair, 
1988). Sillitoe and Bonham (1984) and Sillitoe (1988a) 
suggested that many porphyry copper deposits formed in  
the root zones of andesitic stratovolcanoes. 

Associated structures 
At the scale of ore deposits, associated structures, such as  
veins, vein sets, stockworks, fractures, 'crackled zones', and 
breccia pipes (Fig. 19-7) are of fundamental importance. In 
large, complex, economic porphyry deposits, mineralized 
veins and fractures have a very high density. Orientations 
of mineralized structures can be related to local stress 
environments around the tops of plutons or can reflect 
regional stress conditions (Rehrig and Heidrick, 1972; 
Heidrick and Titley, 1982; Titley et  al., 1986; Carten et  al., 
1988a). Where they are superimposed in a large volume of 
rock, the combination of mineralized structures results in 
higher grade zones and the characteristic large size of 
porphyry deposits (e.g., Carten et  al., 1988a). 

Regional structures are thought to be important in  
controlling the distribution of porphyry deposits; for exam- 
ple, the Rio Grande rift system in the western United 
States is the locus for porphyry molybdenum deposits 
(Bookstrom, 1981). The West Fault along strike of the 
Eocene porphyry copper belt in northern Chile, from El 
Salvador in the south to beyond Collahausi in the north, 
was  active both dur ing  a n d  following porphyry 
emplacement and hydrothermal activity (Baker and 
Guilbert, 1987). Also within this belt, cross-structures 
apparently controlled the distribution of individual depos- 
its such as Quebrada Blanca and Collahausi (Rosario - 
Ujina) (Sillitoe, 1992). The major strike-slip fault system in  
the northern part of the Philippine island arc system, 
similar to the West Fault in northern Chile, was probably 
also a control on the location of major magmatic and 
hydrothermal centres, which might be localized in areas 
that are pull-apart structures a t  dilational bends. In many 
districts, however, perhaps because of intense alteration 
and multiple intrusions, regional structural control is 
obscure. 

100, I I I I I 
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Figure 19-5. SO2-Fe203/Fe0 variation diagram for granitic rocks related to porphyry 
copper, molybdenum, and tin deposits; the fields for porphyry copper granitoids, porphyry 
molybdenum granitoids, and tin granites are generalized from Lehmann (1 990). 
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Form of deposits 
The overall form of individual porphyry deposits is variable 
and includes irregular, oval, solid, or "hollow" cylindrical 
and inverted cup shapes (Sutherland Brown, 1969; James, 
1971; McMillan and Panteleyev, 1980). Orebodies may 
occur separately or overlap and, in some cases, are stacked 
one on top of the other (Wallace et al., 1968; White et al., 
1981; Carten et al., 1988a). Individual orebodies measure 
hundreds to thousands of metres in all three dimensions. 

Orebodies are characteristically zoned, with barren cores 
and crudely concentric metal zones that are surrounded by 
barren pyritic halos with or without peripheral veins, 
skarns, replacement manto zones, and epithermal 
precious-metal deposits (Einaudi, 1982; Sillitoe, 
1988a, b; Jones, 1992) (Fig. 19-81. Complex, irregular ore 
and alteration patterns are due, in part, to the superposi- 
tion or overlap of mineral and alteration zones of different 
ages. 

Porphyry deposits 
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Figure 19-6. Schematic diagram showing the tectonic settings of porphyry deposits. 
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Mineralogy 
The mineralogy of porphyry deposits is highly varied, 
although pyrite is typically the dominant sulphide mineral 
in porphyry copper, copper-molybdenum, copper-gold, gold, 
and silver deposits, reflecting the fact that large amounts 
of sulphur were added to the deposits. In porphyry deposits 
of the more lithophile elements, i.e., tin, tungsten, and 
molybdenum, the overall sulphur and sulphide mineral 
contents are lower. Principal ore and associated minerals 
of the different porphyry deposit subtypes are as follows: 

Porphyry copper-gold deposits: Principal ore minerals 
are chalcopyrite, bornite, chalcocite, tennantite, other cop- 
per minerals, native gold, electrum, and tellurides; associ- 
ated minerals include pyrite, arsenopyrite, magnetite, 
quartz, biotite, K-feldspar, anhydrite, epidote, chlorite, 
scapolite, albite, calcite, fluorite, and garnet. 

Porphyry gold deposits: Principal ore minerals are 
native gold, electrum, chalcopyrite, bornite, and molybde- 
nite; associated minerals include pyrite, magnetite, quartz, 
biotite, K-feldspar, muscovite, clay minerals, epidote, and 
chlorite. 

Porphyry copper and copper-molybdenum deposits: 
Principal ore minerals are chalcopyrite, bornite, chalcocite, 
tennantite, enargite, other copper sulphides and sul- 
phosalts, molybdenite, and electrum; associated minerals 
include pyrite, magnetite, quartz, biotite, K-feldspar, anhy- 
drite, muscovite, clay minerals, epidote, and chlorite. 

h 

Figure 19-7. A) Quartz-molybdenite stockwork, Roundy Creek porphyry molybdenum deposit, British 
Columbia. GSC 202871-1; (from Soregaroli and Sutherland Brown, 1976; reprinted with permission of The 
Canadian Institute of Mining, Metallurgy and Petroleum); B) Erratic, discontinuous veins, lenses, and 
disseminations of chalcopyrite (white) in intensely altered monzonite, Copper Mountain-lngerbelle porphyry 
copper-gold deposit, British Columbia. GSC 203886-G; (from Kirkham and Sinclair, 1984); C) Intermineral 
porphyry dyke cutting fine grained porphyry, and magnetite- and chalcopyrite-bearing quartz veins, Granisle 
porphyry copper deposit, British Columbia. GSC 201531-M (from Kirkham and Sinclair, 1984). 





TYPE 19 

Alteration mineralogy is controlled in part by the com- 
position of the host rocks. In mafic host rocks with signifi- 
cant iron and magnesium, biotite (aesser hornblende) is 
the dominant alteration mineral in  the potassic alteration 
zone, whereas K-feldspar dominates in more felsic rocks. 
In carbonate-bearing host rocks, calc-silicate minerals such 
as  garnet and diopside are abundant. 

Alteration mineralogy is also controlled by the compo- 
sition of the mineralizing system. In more oxidized environ- 
ments, minerals such as  pyrite, magnetite (khematite), and 
anhydrite are common, whereas pyrrhotite is present in 
more reduced environments. Fluorine-rich systems, such 
a s  those related to many porphyry t in  and tungsten- 
molybdenum deposits, and some porphyry molybdenum 
deposits, commonly contain fluorine-bearing minerals as  
part of the alteration assemblages. At Mount Pleasant, for 
example, potassic alteration is rare and the principal 
alteration associated with the  tunasten-molvbdenum u 

deposit consists of quartz, topaz, fluorite, and sericite, and 
the surrounding propylitic alteration consists of chlo- 
rite+sericite (Kooiman et al., 1986). Similarly, alteration in  
some low-grade tin deposits in Australia (e.g., Ardlethan) 
grades out from a central zone of quartz+topaz to zones of 
sericite and chloritefcarbonate (Scott, 1981). Siems (1989) 
suggested that lithium silicate alteration (e.g., lithium-rich 
mica and tourmaline, with associated fluorite), which 
accompanies tin, tungsten, and molybdenum in some 
granite-related deposits, is analogous to potassic alteration 
in porphyry copper and molybdenum deposits. 

Phyllic alteration zones are not present in all porphyry 
deposits. In many deposits in  which they are present, 
however, phyllic alteration is  superimposed on earlier 
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Figure 19-9. Schematic time-depth relations of principal 
alteration types in gold-rich porphyry copper systems and 
other types of porphyry deposits (after Sillitoe, 1993b). 

potassic alteration assemblages (Carson and Jambor, 1979) 
(Fig. 19-9). At Chuquicamata in Chile, for example, a zone 
of intense phyllic alteration extends to depth in the core of 
the deposit and is superimposed on earlier potassic altera- 
tion and small amounts of associated copper sulphides with 
low copper grades. This phyllic zone contains higher than 
average copper grades and associated arsenic-bearing 
copper minerals and molybdenite. 

Advanced argillic (high sulphidation) and adularia-type 
(low sulphidation) epithermal alteration zones with associ- 
ated precious-metal deposits occur above or near several 
porphyry copper and copper-molybdenum deposits. These 
alteration zones, in places, show a marked telescoping of 
older potassic and younger epithermal alteration (Fig. 19-8, 
19-9; Sillitoe, 1990, 1993a, b; Moyle e t  al., 1990; Vila and 
Sillitoe, 1991; Setterfield et  al., 1991; Eaton and Setterfield, 
1993; Richards and Kerrich, 1993). The advanced argillic 
assemblages include illite, quartz, alunite, natroalunite, 
pyrophyllite, diaspore, and a high pyrite content. Adularia 
assemblages, with quartz, sericite, and clay minerals, have 
lower pyrite contents. Sillitoe (1993a) suggested that  
advanced-argillic or high-sulphidation-type epithermal 
systems can occur in spatial association with porphyry 
copper, copper-molybdenum, copper-gold, and gold deposits, 
but not with porphyry molybdenum deposits. Adularia- or 
low-sulphidation-type epithermal systems probably form 
from more dilute ore fluids and may or may not occur on 
the peripheries of porphyry systems. Furthermore, Sillitoe 
(1993a) suggested that base-metal-rich epithermal deposits 
form from more concentrated NaCl brines and, similar to 
porphyry deposits, a re  parts of magmatic-hydrothermal 
systems. 

DEFINITIVE CHARACTERISTICS 
The following features serve to distinguish porphyry deposits 
from other types of deposits: large size, widespread alteration, 
structurally-controlled ore minerals superimposed on 
pre-existing host rocks, distinctive metal associations, and 
spatial, temporal, and genetic relationships to porphyritic 
epizonal and mesozonal intrusions. 

GENETIC MODEL 
The most applicable model for porphyry deposits is a magmatic- 
hydrothermal one, or variations thereon, in which the ore 
metals were derived &om temporally and genetically-related 
intrusions (Fig. 19-10,19-11). Large polyphase hydrothermal 
systems developed within and above genetically-related 
intrusions and commonly interacted with meteoric fluids 
(and possibly seawater) on their tops and peripheries. Dur- 
ing the waning stages of hydrothermal activity, the mag- 
matic-hydrothermal systems collapsed inward upon 
themselves and were replaced by waters of dominantly 
meteoric origin. Redistribution, and possibly further con- 
centration of metals, occurred in some deposits during 
these waning stages. 

Variations of the magmatic-hydrothermal model for 
porphyry deposits, commonly referred to as  the "orthomag- 
matic" model, have been presented by such authors as 
Burnham (1967,1979), Phillips (1973), and Whitney (1975, 
1984). These authors envisaged felsic and intermediate 
magma emplacement a t  high levels in  the crust and border 
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zone crystallization along the walls and roof of the magma 
chamber. As a consequence of this crystallization, super- 
saturation of volatile phases occurred within the magma, 
resulting in separation of volatiles due to resurgent, or 
second, boiling. Ore metals and many other components 
were strongly partitioned into these volatile phases, which 
became concentrated in the carapace of the magma cham- 
ber (Christiansen et al., 1983; Candela and Holland, 1986; 
Manning and Pichavant, 1988; Candela, 1989; Cline and 
Bodnar, 1991; Heinrich et al., 1992). When increasing fluid 
pressures exceeded lithostatic pressures and the tensile 
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strength of the overlying rocks, fracturing of these rocks 
occurred, permitting rapid escape of hydrothermal fluids 
into newly created open space. A fundamental control on 
ore deposition was the pronounced adiabatic cooling of the 
ore fluids due to their sudden expansion into the fracture 
andlor breccia systems, thus the importance of structural 
control on ore deposition in porphyry deposits. Aplitic and 
micrographic textures in granitic rocks associated with 
porphyry deposits are the result of pressure-quench crys- 
tallization related to the rapid escape of the ore fluids 
(Shannon et al., 1982; Kirkham and Sinclair, 1988). 

Figure 19-10. Schematic diagram of a porphyry copper system in the root zone of an andesitic stratovolcano 
showing mineral zonation and possible relationship to skarn, manto, "mesothermal" or "intermediate" 
precious metal and base metal vein and replacement, and epithermal precious-metal deposits. 
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Some modification of the above orthomagmatic model is 
required for a t  least some, if not most, porphyry deposits, 
in  view of studies by Shannon et al. (19821, Carten et  al. 
(1988a), and Kirkham and Sinclair (1988). These authors 
concluded that, in several deposits, the underlyinggenetically- 
related intrusions were largely liquid in their carapaces 
until ore formation was essentially complete. Kirkham and 
Sinclair (1988) suggested that crystallization deep within 
a batholithic magma chamber (Fig. 19-11) could have been 
the cause of resurgent boiling, rather than local border zone 
crystallization as  envisaged by Burnham (1967, 1979), 
Whitney (1975,1984), and Carten e t  al. (1988b). According 
to this model, volatiles that streamed through large vol- 
umes of magma, stripping it of its metal content, accumu- 
lated in small cupolas a t  the top of the magma chambers. 
These volatile-rich, ore-forming fluids would have lowered 
the liquidus temperature of the magmas in the cupolas, 
keeping them largely liquid during the ore-forming process. 
Areas where these ore-forming fluids accumulated in cupo- 
las of siliceous intrusions associated with some porphyry 
molybdenum, copper-molybdenum, and tungsten-molybdenum 
deposits are indicated by abundant comb quartz layers 
(Shannon et al., 1982; Carten et  al., 1988a; Kirkham and 
Sinclair, 1988). Such a model is consistent with the 
sequence of erupted products from large-volume ash-flow 
tuff eruptions - that is, early high-silica eruptive products 
with few crystals followed by more mafic eruptive products 
rich in crystals (Hildreth, 1979, 1981; Smith, 1979; Keith 
et al., 1986; Keith and Shanks, 1988). Similarities in chemical 
characteristics of siliceous intrusions associated with the 
Quartz Hill porphyry molybdenum deposit in Alaska and 
the Bishop Tuff in  California (Hudson et al., 1981) indicate 
that the magmas responsible for the Quartz Hill deposit 
could have been similar to those that produced the Bishop 
Tuff. 

Figure 19-1 1. Schematic diagram of a crystallizing batholithic 
mass with an overlying volatile-saturated cupola and related 
ash-flow tuffs illustrating the environment of formation of 
porphyry deposits (modified from Kirkham and Sinclair, 1988). 

Carten et  al. (1993) suggested an  interesting alter- 
native for high-grade porphyry molybdenum deposits, 
namely that volatiles (I?, C1, S, C02) released from under- 
lying saturated mafic magmas are responsible for stripping 
metals from the overlying felsic magmas. Keith and Shanks 
(1988) suggested that the Pine Grove porphyry molybdenum 
deposit in Utah formed from a large volume of silicic 
magma with a low molybdenum content. Similarly, calcu- 
lations by Westra (1978) for the porphyry copper deposit a t  
Ely, Nevada and by Heithersay et  al. (1990) for the por- 
phyry copper-gold deposits a t  Goonumbla, Australia, indi- 
cated that very large volumes of magma, much greater than 
that in the exposed intrusions, were required for the forma- 
tion of these deposits. 

Wall rocks of the intrusions and deposits are not consid- 
ered to be viable sources for the metals in porphyry depos- 
its. Perhaps the most convincing argument against a wall 
rock source for metals is the strong, universal petrogenetic 
and temporal association of deposits of specific metals with 
intrusions of specific compositions and petrogenesis. With 
the exception of some gold deposits, such as Porgera in 
Papua New Guinea, no known significant porphyry-type 
deposits are related to gabbros or more mafic rocks, sug- 
gesting that heat engine models for genesis of porphyry 
deposits have little or no relevance. Furthermore, the metal 
content of most porphyry deposits is related to one or more 
specific phase(s) of intrusion, as a t  Henderson, Colorado, 
where two of the eleven identified phases, the Seriate and 
the Henderson stocks, together provided an estimated 62% 
of the molybdenum in the deposit (Carten et al., 1988a). At 
Bingham, Utah the early Last Chance augite monzonite 
intrusion has no known significant associated mineraliza- 
tion, although it was emplaced a t  a time when a scavenging 
heat engine should have been most effective; on the other 
hand, the subsequent quartz monzonite phases of the 
Bingham stock and the related small, but not insignificant, 
latite porphyry phases (Wilson, 1978) have huge amounts 
of associated metals. Another example is the Battle 
Mountain district in Nevada where, a t  essentially the same 
place in the Earth's crust a t  different times, a porphyry 
molybdenum deposit, and a porphyry copper deposit with 
related gold-rich skarn zones, were formed (Theodore et al., 
1982, 1992; Kirkham, 1985). Such evidence indicates 
strongly that input of metal-rich magmatic-hydrothermal 
fluids was essential for the formation of these deposits. 

RELATED DEPOSIT TYPES 
Deposits genetically related to porphyry deposits include 
skarns, high-temperature mantos, mesothermal and epi- 
thermal veins, and probably many economically important 
bulk-tonnage epithermal gold and silver deposits. How- 
ever, because epithermal and porphyry deposits tend to 
form a t  different depths and times, and are not necessarily 
in contact with each other, this latter relationship has been 
difficult to demonstrate. An interesting case in which a 
porphyry deposit instantaneously became an  epithermal 
deposit a s  a result of the catastrophic collapse of the over- 
lying volcano, is the Ladolam deposit on Lihir Island in the 
alkaline Tabar-Feni arc in Papua New Guinea (Moyle 
et  al., 1990). Sillitoe (1988b, 1993a) pointed out the asso- 
ciation of some porphyry deposits with large epithermal 
precious metal deposits. The metal contents of associated 
skarns, mantos, and veins differ from district to district, 
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but are probably, in some way related to the metal contents 
of associated porphyry deposits (cf., Jones,  1992). 
Panteleyev (1991) documented deposits that can be consid- 
ered "transitional" or "intermediate" between deeper por- 
phyry and shallower epithermal systems (e.g., Fig. 19-10). 
However, in some areas, a s  noted by Sillitoe (1992), no clear 
distinction can be drawn between porphyry deposits and 
epithermal environments. 

EXPLORATION GUIDES 
Several features of porphyry deposits conducive to explora- 
tion are related to their large size. Metal, mineral, and 
alteration patterns tend to be large, concentric, and zoned, 
thus yielding useful clues to areas with exploration poten- 
tial. Large pyritic halos, for example, may be used to 
delineate the extent of the deposits, and also the intensity 
and complexity of the hydrothermal system. 

On a regional scale, the presence of epizonal to meso- 
zonal felsic to intermediate porphyritic intrusions, espe- 
cially if accompanied by large pyritic alteration zones, 
indicate that the area could be prospective for porphyry 
deposits. Porphyry copper and copper-molybdenum depos- 
its are relatively abundant in island-arc and continental- 
arc volcanic terranes; porphyry molybdenum deposits are 
relatively abundant in subaerial areas of crustal extension 
with bimodal mafic and felsic magmatism (Fig. 19-6). The 
tectonic settings of other subtypes of porphyry deposits are 
less well understood. 

Porphyry deposits tend to have large geochemical dis- 
persion halos; consequently, reconnaissance stream sedi- 
ment and soil geochemical surveys have been effective 
exploration tools in many parts of the world. Careful study 
and interpretation of leached cappings have also been used 
to differentiate between barren and mineralized deposits, 
some with major supergene-enriched ores (Blanchard, 
1968; Anderson, 1982). 

Induced polarization surveys have been usefid in outlining 
sulphide distribution in porphyry deposits, and magnetic 
surveys have been used to outline porphyry copper and copper- 
gold deposits with abundant hydrothermal magnetite, and 
pyrrhotite- and/or magnetite-bearing hornfels zones 
around porphyry-related intrusive rocks. Conversely, some 
deposits are characterized by magnetic lows due to the 
destruction of magnetite in  phyllic alteration zones. 
Recently, ground and airborne gamma-ray spectrometry 
surveys have been used to outline potassic alteration zones 
closely related to copper-gold zones in the Mount Milligan 
deposit in  central British Columbia (R. Shives, pers. comm., 
1994). 

ACKNOWLEDGMENTS 
The authors have benefitted from discussions with many 
people over many years and from many informative visits 
to porphyry deposits. A.G. Galley, A. Douma, J.J. Carriere, 
D.F. Garson, and K. Ross helped compile data used in  this 
paper; D.F. Garson also produced several computer plots 
used to make diagrams. W. Kornelson, C. Plant, and 
L. O'Neill kindly helped with word processing the manu- 
script. A. Panteleyev reviewed the manuscript and made 
constructive suggestions. 

SELECTED BIBLIOGRAPHY 

References with asterisks (*) are considered to be the best source of general 
information on this deposit type. 

Ambrus, J. 
1978: Chile; & International Molybdenum Encyclopaedia 1778-1978, 

Volume I, Resources and Production, (ed.) A. Sutulov; Intermet, 
Santiago, Chile, p. 54-85. 

Anderson, J.A. 
1982: Characteristics of leached capping and appraisal; &Advances in 

Geology of the Porphyry Copper Deposits, Southwestern North 
America, (ed.) S.R. Titley; University of Arizona Press, Tucson, 
Arizona, p. 275-296. 

Anstett, T.F., Bleiwas, D.I., and Hurdelbrink, R.J. 
1985: Tungsten availability - market economy countries; United States 

Bureau of Mines, Information Circular 9025,51 p. 
Argall, G.O. 
1981: Takeovers shake U.S.A. mining companies; World Mining, May, 

p. 56-59. 
Ayres, L.D., Averill, S.A., and Wolfe, W.J. 
1982: An Archean molybdenite occurrence of possible porphyry type at  

Setting Net Lake, northwestern Ontario, Canada; Economic 
Geology, v. 77, p. 1105-1119. 

Baker, R.C. and Guilbert, J.M. 
1987: Regional structural control of porphyry copper deposits in northern 

Chile (abstract); Geological Society of America, Abstracts with 
Programs, v. 19, no. 7, p. 578. 

Ban-, D.A., Fox, P.E., Northcote, K.E., and Preto, VA. 
1976: The alkaline suite porphyry deposits: a summary; h Porphyry 

Deposits of the Canadian Cordillera, (ed.) A. Sutherland Brown; 
The Canadian Institute of Mining and Metallurgy, Special 
Volume 15, p. 359-367. 

Blanchard, R. 
1966: Interpretation of leached outcrops; Nevada Bureau of Mines, 

Bulletin 66, 196 p. 
Bookstrom, A.A. 
1981: Tectonic setting and generation of Rocky Mountain porphyry 

molybdenum deposits; & Relations of Tectonics to Ore Deposits in 
the Southern Cordillera, (ed.) W.R. Dickinson and W.D. Payne; 
Arizona Geological Society Digest, v. 14, p. 251-226. 

Burnham, C.W. 
1967: Hydrothermal fluids at  the magmatic stage; Geochemistry of 

Hydrothermal Ore Deposits, (ed.) H.L. Barnes; Holt, Rinehart and 
Winston Inc., New York, p. 34-76. 

1979: Magma and hydrothermal fluids;hGeochemistry of Hydrothermal 
Ore Deposits, 2nd edition, (ed.) H.L. Barnes; Wiley Interscience, 
New York, p. 71-136. 

Bushnell, S.E. 
198s: Mineralization at  Cananea, Sonora, Mexico, and the paragenesis 

and zoning of breccia pipes in quartzofeldspathic rock; Economic 
Geology, v. 83, p. 1760-1781. 

Candela, PA. 
1989: Calculation of magmatic fluid contributions to porphyry-type ore 

system: predicting fluid inclusion chemistries; Geochemical 
Journal, v. 23, p. 295-305. 

Candela, PA. and Holland, H.D. 
1986: A mass transfer model for copper and molybdenum in magmatic 

hydrothermal systems: the origin of porphyry-type ore deposits; 
Economic Geology, v. 81, no. 1, p. 1-19. 

Carlile, J.C. and Mitchell, A.H.G. 
1994: Magmatic arcs and associated gold and copper mineralization in 

Indonesia; Journal of Geochemical Exploration, v. 50, p. 91-142. 
Carson, D.J.T. and Jambor, J.L. 
1974: Mineralogy, zonal relationships and economic significance of 

hydrothermal alteration at  porphyry copper deposits, Babine Lake 
area, British Columbia; The Canadian Institute of Mining and 
Metallurgy, Bulletin, v. 76, no. 742, p. 110-133. 

1979: The occurrence and significance of phyllic overprinting at  porphyry 
copper-molybdenum deposits (abstract); The Canadian Institute of 
Mining and Metallurgy, v. 72, no. 803, p. 78. 

Carten, R.B. 
1986: Sodium-calcium metasomatism: chemical, temporal, and spatial 

relationships at  the Yerington, Nevada, porphyry copper deposit; 
Economic Geology, v. 81, p. 1495-1519. 



TYPE 19 

*Carten, R.B., Geraghty, E.P., and Walker, B.M. 
1988a: Cyclic development of igneous features and their relationship to 

high-temperature hydrothermal features in the Henderson 
porphyry molybdenum deposit, Colorado; Economic Geology, v. 83, 
p. 266-296. 

Carten, R.B., Walker, B.M., Geraghty, E.P., and Gunow, A.J. 
198813: Comparison of field-based studies of the Henderson porphyry 

molybdenum deposit, Colorado with experimental and theoretical 
models of porphyry systems; b Recent Advances in the Geology of 
Granite-related Mineral Deposits, (ed.) R.P. Taylor and D.F. Strong; 
The Canadian Institute of Mining and Metallurgy, Special 
Volume 39, p. 351-366. 

*Carten, R.B., White, W.H., and Stein, H.J. 
1993: High-grade, granite-related molybdenum systems: classification 

and origin: k Mineral Deposit Modeling, (ed.) R.V. Kirkham, 
W.D. Sinclair, R.I. Thorpe, and J.M. Duke; Geological Association 
of Canada, Special Paper 40, p. 521-554. 

Carter, N.C. 
1981: Porphyry copper and molybdenum deposits, west-central British 

Columbia; British Columbia Ministry of Energy, Mines and 
Petroleum Resources, Bulletin 64,150 p. 

Chen Chucai and Li Guansheng 
1990: Dexing copper mine; Mining Magazine, v. 162, p. 287-288. 
Christiansen, E.H., Burt, D.M., Sheridan, M.F., and Wilson, R.T. 
1983: The petrogenesis of topaz rhyolites from the western United States; 

Contributions to Mineralogy and Petrology, v. 83, p. 16-30. 
Christopher, PA. and Pinsent, R. 
1982: Geology of the Ruby Creek and Boulder Creek area near Atlin 

(104NlllW); British Columbia Ministry of Energy, Mines and 
Petroleum Resources, notes to accompany Preliminary Map 52,10 p. 

Cline, J.S. and Bodnar, R.J. 
1991: Can economic porphyry copper mineralization be generated by a 

typical calc-alkaline melt?: Journal of Geophysical Research, v. 96, - .  
p.8113-8126. 

Columba C., M. and Cunningham, C.G. 
1993: Geologic model for the mineral deposits of the La Joya district, 

Oruro, Bolivia; Economic Geology, v. 88, p. 701-708. 
Conception, R.A. and Cinco, J.C., Jr. 
1989: Geology of Lepanto Far Southeast gold-rich porphyry copper 

deposit, Mankayan, Benguet, Philippines (abstract); 28th 
International Geological Congress, Washington, D.C., Abstracts, v. 1, 
p. 319-320. 

Cox, D. 
1985: Geology of the Tanama and Helecho porphyry copper deposits and 

vicinity, Puerto Rico; United States Geological Survey, Professional 
Paper 1327,57 p. 

Cox, D.P. and Singer, DA. 
1988: Distribution of gold in porphyry copper deposits; United States 

Geological Survey, Open File Report 88-46,22 p. 
Dilles, J.H. and Einaudi, M.T. 
1992: Wall-rock alteration and hydrothermal flow paths about the 

Ann-Mason porphyry copper deposit, Nevada - a 6-km vertical 
reconstruction; Economic Geology, v. 87, p. 1963-2001. 

Eaton, PC. and Setterfield, T.N. 
1993: The relationship between epithermal and porphyry hydrothermal 

systems within the Tavua Caldera, Fiji; Economic Geology, v. 88, 
p. 1053-1083. 

Einaudi, M.T. 
1982: Description of skarns associated with porphyry copper plutons: 

Advances in Geology of the Porphyry Copper Deposits, (ed.) 
S.R. Titley; The University of Arizona, Press, Tuscon, Arizona, 
p. 139-183. 

Flores V., R. 
1994: Precious metal deposits of the Refugio area, northern Chile; Society 

for Mining, Metallurgy and Exploration, Inc., for Society ofMining 
Engineers Annual  Meeting, Albuquerque, New Mexico, 
February 14-17,1994, Pre-print 94-109,9 p. 

Fraser, R.J. 
1993: The Lac Troilus gold-copper deposit, northwestern Quebec: a 

possible Archean porphyry system; Economic Geology, v. 88, 
p. 1685-1699. 

Geyti, A. and Thomassen, B. 
1984: Molybdenum and precious metal mineralization at  Flannefjeld, 

southeast Greenland; Economic Geology, v. 79, p. 1921-1929. 
Goldie, R. 
1990: Ok Tedi: a copper-gold porphyry emplaced in a compressional 

environment; The Gangue (Newsletter of the Mineral Deposits 
Division of the Geological Association of Canada), issue no. 33, 
October, 1990, p. 10-14. 

Grant, J.N., Halls, C., Sheppard, S.M.F., and Avila, W. 
1980: Evolution of the porphyry tin deposits of Bolivia; Granitic 

Magmatism and Related Mineralization, (ed.) S. Ishihara and 
S. Takenouchi; Mining Geology Special Issue, no. 8, The Society of 
Mining Geologists of Japan, p. 151-173. 

Grant, N., Halls, C., Avila, W., and Avila, G. 
1977: Igneous geology and the evolution ofhydrothermal systems in some 

sub-volcanic tin deposits of Bolivia; Geological Society of London, 
Special Volume 7, p. 117-126. 

Guan Xunfan, Shou Yongqin, Xiao Jinghua, Lian Shuzhao, 
and Li J imao 
1988: A new type of tin deposit - the Yinyan porphyry tin deposit in China; 

in Geology of Tin Deposits in  Asia and the Pacific, (ed.) - 
C.S. Hutchison; Springer-Verlag, Berlin, New York, p. 487-494. 

Guilbert, J.M. 
1986: Recent advances in porphyry base metal deposit research; h 

Geology and Metallogeny of Copper Deposits, Proceedings of the 
Copper Symposium, 27"' International Geological Congress, 
Moscow, 1984, p. 196-208. 

Guilbert, J.M. and Park, C.F., Jr. 
1986: The Geology of Ore Deposits; W.H. Freeman, New York, 985 p. 
Gustafson, L.B. 
1978: Some major factors of porphyry copper genesis; Economic Geology, 

v. 73, p. 600-607. 
*Gustafson, L.B. and Hunt, J.P. 
1975: The porphyry copper deposit a t  El Salvador, Chile; Economic 

Geology, v. 70, p. 857-912. 
Heidrick, T.L. and Titley, S.R. 
1982: Fracture and dike patterns in  Laramide plutons and their 

structural and tectonic implication: American Southwest; 
Advances in  Geology of t h e  Porphyry Copper Deposits, 
Southwestern North America, (ed.) S.R. Titley; University of 
Arizona Press, Tucson, Arizona, p. 73-91. 

Heinrich, C.A., Ryan, C.G., Mernach, T.P., and Eadington, P.J. 
1992: Segregation of ore metals between magmatic brine and vapor: a 

fluid inclusion study using PIXE microanalysis; Economic Geology, 
v. 87, p. 1566-1583. 

Heithersay, P.S., O'Neill, W.J., van der Helder, P., Moore, C.R., 
and Harbon, P.G. 
1990: Goonumbla porphyry copper district - Endeavour 26 North, 

Endeavour 22 and Endeavour 27 coppergold deposits; h Geology 
of the Mineral Deposits of Australia and Papua New Guinea, (ed.) 
F.E. Hughes; The Australasian Institute of Mining and Metallurgy, 
Melbourne, Australia, p. 1385-1398. 

Hildreth, W. 
1979: The Bishop TuE evidence for the origin of compositional zonation 

in silicic magma chambers; Ash-flow Tuffs; Geological Society of 
American, Special Paper 180, p. 43-75. 

1981: Gradients in silicic magma chambers: implications for lithospheric 
magmatism; Journa l  of Geophysical Research, v. 86, 
p. 10153-10192. 

Hollister, V.F. 
1974: Regional characteristics of porphyry copper deposits of South 

America; Society of Mining Engineers of American Institute of 
Mining, Metallurgical and Petroleum Engineers, Transactions, 
v. 255, p. 45-53. 

Huang Dianhao, Wu Chengyu, and Nie Fengjun 
1988: Geological features and genesis of the Jinduicheng porphyry 

molybdenum deposit, Shaanxi Province, China; Chinese Journal of 
Geochemistry, v. 7, p. 136-147. 

Huang Xunde and Zhang Dingyuan 
1989: Geochemical zoning pattern of the Yinyan tin deposit; Journal of 

Geochemical Exploration, v. 33, p. 109-119. 
Hudson, T., Arth, J.G., and Muth, K.G. 
1981: Geochemistry of intrusive rocks associated with molybdenite 

deposits, Ketchikan Quadrangle, southeastern Alaska; Economic 
Geology, v. 76, p. 1225-1232. 

Imai, A, Muyco, J.D., Domingo, E.G., Almeda, RL.,Vilones, RI., Jr., 
Yumul, G.P., Jr., Damasco, F.V., Baluda, R.P., Malihan, T.D., 
Datuin, R.T., Punongbayan, R.S., Listanco, E.L., and Santos, R.A. 
1992: Porphyry copper and gold mineralization in the Philippines; b 

Mineral Deposits of Japan and the Philippines; 29"' International 
Geological Congress Field Trip Guide Book, Volume 61, Field Trip 
C36, p. 1-30. 

Ishihara, S. 
1981: The granitoid series and mineralization; Economic Geology 

Seventy-fifth Anniversary Volume, 1905-1980, (ed.) B.J. Skinner; 
Economic Geology Publishing Co., p. 458-484. 



PORPHYRY COPPER, GOLD, MOLYBDENUM, TUNGSTEN, TIN, SILVER 

James, AH. 
1971: Hypothetical diagrams of several porphyry copper deposits; 

Economic Geology, v. 66, p. 43-47. 
James, L.P. 
1978: The Bingham copper deposits, Utah, as  an exploration target: 

history and pre-excavation geology; Economic Geology, v. 73, 
p. 1218-1227. 

Johnson, C.M., Czamanske, G.K., a n d  Lipman, P.W. 
1989: Geochemistry of intrusive rocks associated with the Latir volcanic 

field, New Mexico, and contrasts between evolution of plutonic and 
volcanic rocks; Contributions to Mineralogy and Petrology, v. 103, 
p. 90-109. 

Jones, B.K. 
1992: Application of metal zoning to gold exploration in porphyry copper 

systems; Journal of Geochemical Exploration, v. 43, p. 127-155. 
Jones, G.J. 
1985: The Goonumbala porphyry copper deposits, New South Wales; 

Economic Geology, v. 80, p. 591-613. 
Keith, J.D. a n d  Shanks, W.C., I11 
1988: Chemical evolution and volatile fugacities of the Pine Grove 

porphyry molybdenum and ash-flow tuff system, southwestern 
Utah; &Recent Advances in the Geology of Granite-related Mineral 
Deposits, (ed.) R.P. Taylor and D.F. Strong; The Canadian Institute 
of Mining and Metallurgy, Special Volume 39, p. 402-423. 

Keith, J.D., Shanks, W.C., 111, Archibald, DA., a n d  Farrar ,  E. 
1986: Volcanic and intrusive history of the Pine Grove porphyry 

molybdenum system, southwestern Utah; Economic Geology, v. 81, 
p. 553-577. 

Kesler, S.E. 
1973: Copper, molybdenum and gold abundances in porphyry copper 

deposits; Economic Geology, v. 68, p. 106-112. 
Kesler, S.E., Jones, L.M., a n d  Walker, R.L. 
1975: Intrusive rocks associated with porphyry copper mineralization in 

island arc areas; Economic Geology, v. 70, p. 515-526. -. 

Kirkham. R.V. - , - -  
1971: Intermineral intrusions and their bearing on the origin of porphyry 

copper and molybdenum deposits; Economic Geology, v. 66, 
p. 1244-1250. 

1972: Porphyry deposits; & Report of Activities, Part B: November 1971 
to March 1972; Geological Survey of Canada, Paper 72-1, Part B, 
n fi3-fid r. -- - -. 

1973: Tectonism, volcanism and copper deposits; & Volcanism and 
Volcanic Rock; Geological Survey of Canada, Open File 164, 
p. 129-151. 

1985: Tectonic and petrochemical control on distribution and metal 
contents of granite-related molybdenum deposits (extended 
abstract); Granite-related Mineral Deposits, (ed.) R.P Taylor and 
D.F. Strong; The Canadian Institute of Mining and Metallurgy 
Conference, Halifax, September, 1984, p. 165-168. 

Kirkham, R.V. a n d  S i c l a i r ,  W.D. 
1984: Porphyry copper, molybdenum, tungsten Canadian Mineral 

Deposit Types: a Geological Synopsis, (ed.) O.R. Eckstrand; 
Geological Survey of Canada, Economic Geology Report 36, p. 50-52. 

1988: Comb quartz layers in felsic intrusions and their relationship to the 
origin of porphyry deposits; &Recent Advances in the Geology of 
Granite-related Mineral Deposits, (ed.) R.P. Taylor and 
D.F. Strong; The Canadian Institute of Mining and Metallurgy, 
Special Volume 39, p. 50-71. 

Kirkham, R.V., McCann, C., Prasad,  N., Soregaroli, A.E., 
Vokes, F.M., a n d  Wine, G. 
1982: Molybdenum in Canada, part 2: MOLYFILE - an index-level 

computer file of molybdenum deposits and occurrences in Canada; 
Geological Survey of Canada, Economic Geology Report 33,208 p. 

Kontak, D.J. a n d  Clark, AH.  
1988: Exploration criteria for tin and tungsten mineralization in the 

Cordillera Oriental of southeastern Peru; hRecent Advances in the 
Geology of Granite-related Mineral Deposits, (ed.) R.P. Taylor and 
D.F. Strong; The Canadian Institute of Mining and Metallurgy, 
Special Volume 39, p. 157-169. 

Kooiman, GJA. ,  McLeod, M.J., a n d  S i c l a i r ,  W.D. 
1986: Porphyry tungsten-molybdenum orebodies, polymetallic veins and 

replacement bodies, and tin-bearing greisen zones in the Fire Tower 
zone, Mount Pleasant, New Brunswick; Economic Geology, v. 81, 
p. 1356-1373. 

Lameyre, J. a n d  Bowden, P. 
1982: Plutonic rock types series: discrimination ofvarious granitoid series 

and related rocks; Journal of Volcanology and Geothermal 
Research, v. 14, p. 169-186. 

Lehmann, B. 
1990: Metallogeny of tin; Lecture Notes in Earth Sciences, v. 32, 

Springer-Verlag, Berlin, 211 p. 

Leonardson, R.W., Dunlop, G., Starquist, V.L., Bratton, G.P., 
Meyer, J.W., Osborne, L.W., Atkin, SA., Molling, PA., 
Moore, R.F., a n d  Olmore, S.D. 
1982: Preliminary geology and molybdenum deposits at  Questa, New 

Mexico; The Genesis of Rocky Mountain Ore Deposits: Changes 
with Time and Tectonics; Proceeding of Denver Region Exploration 
Geologists Society Symposium, November 1982, p. 151-155. 

Lin Guiqing 
1988: Geological characteristics of the ignimbrite-related Xiling tin 

deposit in Guangdong Province; h Geology of Tin Deposits in Asia 
and the Pacific, (ed.) C.S. Hutchison; Springer-Verlag, Berlin, New 
York, p. 495-506. 

Linn, K.O., Wieselmann, Ed., GaIay, I., Harvey, J.J.T., 
Tufi io,  G.F., a n d  Winfield, W.D.B. 
1981: Geology of Panama's Cerro Colorado porphyry copper deposit; 

Mineral and Energy Resources, v. 24, no. 6, p. 1-14. 
Lipman, P.W. 
1984: The roots of ash flow calderas in western North America: windows 

into the tops of granitic batholiths; Journal of Geophysical 
Research, v. 89, p. 8801-8841. 

1988: Evolution of silicic magma in the upper crust: the mid-Tertiary 
Latir volcanic field and its cogenetic granitic batholith, northern 
New Mexico, U.S.A.; Transactions of the Royal Society of 
Edinburgh; Earth Sciences, v. 79, p. 265-288. 

Lipman, P.W. a n d  Sawyer, DA. 
1985: Mesozoic ash-flow caldera fragments in southeastern Arizona and 

their relation to porphyry copper deposits; Geology, v. 13, 
p. 652-656. 

Liu Wengzhang 
1981: Geological features of mineralization of the Xingluokeng tungsten 

(molybdenum) deposit, Fujian Province; & Tungsten Geology, 
China, (ed.) J.V. Hepworth and Yu Hong Zhang, UN Economic and 
Social Commission for Asia and the PacitidRegional Mineral 
Resources Development Centre, Bandung, Indonesia, p. 339-348. 

- 
Lowell, J.U. 
1974: Three new porphyry copper mines for Chile?; Mining Engineering, 

v. 26, no. 11, p. 22-28. 
1978: Porphyry model; International Molybdenum Encyclopaedia 

1778-1978, Volume I - Resources and Production, (ed.) A. Sutulov; 
Intermet Publications, Santiago, Chile, p. 261-270. 

*Lowell, J.D. a n d  Guilbert, J.M. 
1970: Lateral and vertical alteration-mineralization zoning in porphyry 

ore deposits; Economic Geology, v. 65, p. 373-408. 
MacDonald, G.D. a n d  Arnold, L.C. 
1993: Intrusive and mineralization history of the Grasberg deposit Irian 

Jaya, Indonesia; for presentation a t  the Society of Mining 
Engineers Annual Meeting Reno, Nevada, February 15-18,1993, 
Society for Mining, Metallurgy, and Exploration, Inc., Preprint 
number 93-92, p. 1-10. 

1994: Geological and geochemical zoning of the Grasberg Igneous 
Complex, Ir ian Jaya ,  Indonesia; Journal  of Geochemical 
Exploration, v. 50, p. 143-178. 

Manning, D A C .  a n d  Pichavant, M. 
1988: Volatiles and their bearing on the behaviour of metals in granitic 

systems; Recent Advances in the Geology of Granite-related 
Mineral Deposits, (ed.) R.P. Taylor and D.F. Strong; The Canadian 
Institute of Mining and Metallurgy, Special Volume 39, p. 13-24. 

McCutcheon, S.R. 
1990: The Mount Pleasant caldera: geological setting of associated 

tungsten-molybdenum and tin deposits; hMineral Deposits of New 
Brunswick and Nova Scotia, (ed.) D.R. Boyle; ath International 
Association on the Genesis of Ore Deposits Symposium, Field Trip 
Guidebook, Geological Survey of Canada, Open File 2157, p. 73-77. 

McCutcheon, S.R., Anderson, H.E., a n d  Robinson, P.T. 
in press: Stratigraphy and eruptive history of the Late Devonian Mount 

Pleasant caldera complex, Canadian Appalachians; Geological 
Magazine. 

McInnes, B.1A. a n d  Cameron, E.M. 
1994: Carbonated alkaline hybridizing melts from a sub-arc environment: 

mantle wedge samples from the Tabar-Lihir-Targa-Feni arc, Papua 
New Guinea; Earth and Planetary Science Letters, v. 122, 
p. 125-144. 

McKinnon, A a n d  Seidel, H. 
1988: Tin; Register of Australian Mining, 1988189, (ed.) R. Louthean; 

Resource Information Unit Ltd., Subiaco, Western Australia, 
p. 197-204. 

McMillan, W.J. 
1991: Porphyry deposits in the Canadian Cordillera; h Ore Deposits, 

Tectonics and Metallogeny in the Canadian Cordillera, British 
Columbia Geological Survey Branch, Paper 1991-4, p. 253-276. 



TYPE 19 

McMillan, W.J. and Panteleyev, A. 
1980: Ore deposit models - 1. Porphyry copper deposits; Geoscience 

Canada, v. 7, p. 52-63. 
McMillan, W.J., Newman, K., Tsang, L., and Sanford, G. 
1985: Geology and ore deposits of the Highland Valley camp; Geological 

Association of Canada, Field Guide and Reference Manual Series, 
no. 1,121 p. 

Meldrum, S.J., Aquino, R.S., Gonzales, R.I., Burke, R.J., Suyadi, A, 
Irianto, B., and Clarke, D.S. 
1994: The Batu Hijau porphyry copper-gold deposit, Sumbawa Island, 

Indonesia; Journal of Geochemical Exploration, v. 50, p. 203-220. 
Meyer, J. and Foland, Kd. 
1991: Magmatic-tectonic interaction during early Rio Grande rift 

extension at  Questa, New Mexico; Geological Society of America 
Bulletin, v. 103, p. 993-1006. 

Miller, R.N. 
1973: Production history of the Butte district and geological function, past 

and present; & Guidebook for the Butte Field Meeting of Society of 
Economic Geologists, (ed.) R.N. Miller; August 18-21, 1973, 
p. F1-F10. 

Mitchell, A.H. and Garson, M.S. 
1972: Relationship of porphyry copper and circum-Pacific tin deposits to 

palaeo-Benioff zones; Institution of Mining and Metallurgy, 
Transaction, v. 81, p. B10-25. 

Moyle, A.J., Doyle, B.J., Hoogvliet, H., and Ware, A.R. 
1990: Ladolam gold deposit, Lihir Island; & Geology of the Mineral 

Deposits of Australia and Papua New Guinea, (ed.) F.E. Hughes; 
The Australasian Institute of Mining and Metallurgy, Melbourne, 
Australia, p. 1793-1805. 

Moyle, J.E. 
1984: Development and construction begins at  East Kemptville, North 

America's only primary tin mine; Mining Engineering, April 1984, 
p. 335-336. 

Muller, D. and Groves, D.I. 
1993: Direct and indirect associations between potassic igneous rocks, 

shoshonites and gold-copper deposits; Ore Geology Reviews, v. 8, 
p. 383-406. 

Muller, D., Heithersay, P.S., and Groves, D.I. 
1994: The shoshonite porphyry Cu-Au association in the Goonumbla 

district, N.S.W., Australia; Mineralogy and Petrology, v. 50, 
p. 299-321. 

Mutschler, F.E. and Mooney, T.C. 
1993: Precious-metal deposits related to alkaline igneous rocks - 

provisional classification, grade-tonnage data and exploration 
frontiers; h Mineral Deposit Modeling, (ed.) R.V. Kirkham, 
W.D. Sinclair, R.I. Thorpe, and J.M. Duke; Geological Association 
of Canada, Special Paper 40, p. 479-520. 

Mutschler, F.E., Griffin, M.E., Stevens, D.S., and Shannon, S.S., Jr. 
1985: Precious metal deposits related to alkaline rocks in the North 

American Cordillera - an interpretive review; Transactions of the 
Geological Society of South Africa, v. 88, p. 355-377. 

Mutschler, F.E., Wright, E.G., Ludington, S., and Abbott, J.T. 
1981: Granite molybdenite systems; Economic Geology, v. 76, p. 874-897. 
Noble, S.R., Spooner, E.T.C., and Harris, F.R. 
1984: The Logtung large tonnage, low-grade W kcheelite)-Mo porphyry 

deposit, south-central Yukon Territory; Economic Geology, v. 79, 
p. 848-868. 

Nokleberg, W.J., Bundtzen, T.K., Berg, H.C., Brew, D.A., 
Grybeck, D., Robinson, M.S., Smith, T.E., and Yeend, W. 
1987: Significant metalliferous lode deposits and placer districts of 

Alaska; United States Geological Survey, Bulletin 1786,104 p. 
Norman, D.I. and Sawkins, F.J. 
1985: The Tribag breccia pipes: Precambrian Cu-Mo deposits, 

Batchawana Bay, Ontario; Economic Geology, v. 80, p. 1593-1621. 
Ojeda F., J.M. 
1986: Escondida porphyry copper deposit, I1 Regibn, Chile: exploration 

drilling and current geological interpretation; &Papers Presented 
a t  the Mining LatinNineria Latinoamerican Conference; Institute 
of Mining and Metallurgy, Meeting, November 17-19, Santiago, 
Chile, p. 299-318. 

Panteleyev, A. 
198:: Berg porphyry copper-molybdenum deposit; British Columbia 

Ministry of Energy, Mines and Petroleum Resources, Bulletin 66, 
158 p. 

1991: Gold in the Canadian Cordillera - a focus on epithermal and deeper 
environments; h Ore Deposits, Tectonics and Metallogeny in the 
Canadian Cordillera; British Columbia Ministry of Energy, Mines 
and Petroleum Resources, Paper 1991-4, p. 163-212. 

Parrish, I.S. and Tully, J.V. 
1978: Porphyry tungsten zones at  Mt. Pleasant, N.B.; The Canadian 

Institute of Mining and Metallurgy Bulletin, v. 71, no. 794, 
p. 93-100. 

Pearson. M.F.. Clark. K.F.. and Porter. E.W. . . 
198H: kmerilogy, fluid characteristics, and silver distribution at  Real de 

Angeles, Zacatecas, Mexico; Economic Geology, v. 83, p. 1737-1759. 
Perellb, J d .  
1994: Geology, porphyry Cu-Au, and epithermal Cu-Au-Ag 

mineralization of the Tombulialato district, North Sulawesi, 
Indonesia; Journal of Geochemical Exploration, v. 50, p. 221-256. 

Perellb, J.A., Fleming, J.A., O'Kane, K.P., Burt, P.D., Clarke, G.A., 
Himes, M.D., and Reeves, AT. 
1995: Porphyry Copper-gold-molybdenum Mineralization in the Island 

Copper Cluster, Vancouver Island; The Canadian Institute of 
Mining and Metallurgy, Special Volume 46, p. 214-238. 

Phillips, W.J. 
1973: Mechanical effects of retrograde boiling and its probable importance 

in the formation of some porphyry ore deposits; Institution of 
Mining and Metallurgy Transactions, v. B82, p. 90-98. 

Preto, V. 
1972: Geology of Copper Mountain, British Columbia Department of 

Mines and Petroleum Resources, Bulletin 59,87 p. 
Rehrig, W.A. and Heidrick, T.L. 
1972: Regional fracturing in Laramide stocks of Arizona and its 

relationship to porphyry copper mineralization; Economic Geology, 
v. 67, p. 198-213. 

Richards, J.P. and Kerrich, R. 
1993: The Porgera gold mine, Papua  New Guinea: magmatic 

hydrothermal to epithermal evolution of an alkalic-type precious 
metal deposit; Economic Geology, v. 88, p. 1017-1052. 

Richardson, J.M. 
1988: Field and textural relationships of alteration and greisen-hosted 

mineralization at  the East Kemptville tin deposit, Davis Lake 
complex, southwest Nova Scotia; hRecent Advances in the Geology 
of Granite-related Mineral Deposits, (ed.) R.P. Taylor and 
D.F. Strong; The Canadian Institute of Mining and Metallurgy, 
Special Volume 39, p. 265-279. 

Ross, K.V., Godwin, C.I., Bond, L., and Dawson, K.M. 
1995: Geology, alteration and mineralization of the Ajax East and Ajax 

West deposits, southern Iron Mask Batholith, Kamloops, British 
Columbia; & The Canadian Institute of Mining and Metallurgy, 
Special Volume 46, p. 565-580. 

Saegart, W.E. and Lewis, D.E. 
1977: Characteristics of Philippine porphyry copper deposits and 

summary of current production and reserves; American Institute of 
Mining and Metallurgy, Transactions, v. 262, p. 199-208. 

Scott, K.M. 
1981: Wall-rock alteration in disseminated tin deposits, southeastern 

Australia; Proceedings of the Australasian Institute of Mining and 
Metallurgy, no. 280, December, p. 17-28. 

Setterfield, T.N., Eaton, P.C., Rose W.J., and Sparks, R.S.J. 
1991: The Tavua Caldera, Fiji: a complex shoshonitic caldera formed by 

concurrent faulting and downsagging; Journal of the Geological 
Society, v. 148, p. 115-127. 

Shannon, J.R., Walker, B.M., Carter, R.B., and Geraghty, E.P. 
1982: Unidirectional solidification textures and their significance in 

determining relative ages of intrusions a t  the Henderson mine, 
Colorado; Geology, v. 19, p. 293-297. 

Siems, P.L. 
1989: Lithium silicate alteration of tin granites: an analog of potassium 

silicate alteration in porphyry copper and molybdenite deposits 
(abstract); The Geological Society of America, Abstracts with 
Programs, v. 21, no. 5, p. 143. 

Sikka, D.G., Petruk, W., Nehru, C.E., and Zhang, Z. 
1991: Geochemistry of secondary copper minerals from Proterozoic 

porphyry copper deposit, Malanjkhand, India; Ore Geology 
Reviews, v. 6, p. 257-290. 

Sillitoe, R.H. 
1972: A plate tectonic model for the origin of porphyry copper deposits; 

Economic Geology, v. 67, p. 184-197. 
1973: The tops and bottoms of porphyry copper deposits; Economic 

Geolow. v. 68. D. 700-815. 
1980: Typesof porp&ry molybdenum deposits; Mining Magazine, June 

1980, p. 550-551. 
1986: Space-time distribution, crustal setting and CdMo ratios of Central 

Andean porphyry copper deposits: metallogenic implications; 
Geology and Metallogeny of Copper Deposits, Proceedings of the 
Copper Symposium, 27th International Geological Congress, 
Moscow, 1984, p. 235-250. 



PORPHYRY COPPER, GOLD, MOLYBDENUM, TUNGSTEN, TIN, SILVER 

Sillitoe. R.H. (cont.) , -- . ~ - - - ,  
Ores in volcanoes; h Proceedings of the Seventh Quadrennial 
International Association on the  Genesis of Ore Deposits 
Symposium, (ed.) E.  Zachrisson; E. Schweizerbart'sche 
Verlagsbuchhandlung, Stuttgart, p. 1-10. 
Gold and silver deposits in porphyry systems; h Bulk Mineable 
Precious Metal Deposits of the Western United States, Symposium 
Proceedings, April 6-8, Reno, Nevada, 1987, p. 233-257. 
Gold-rich porphyry copper deposits of the circumPacific region - 
an updated overview; k Proceedings (v. 21, The Australasian 
Institute of Mining and Metallurgy, Pacific Rim 90 Congress, Gold 
Coast, Queensland, Australia, May, 1990, p. 119-126. 
Gold and copper metallogeny of the central Andes - past, present, 
and future exploration objectives; Economic Geology, v. 87, 
p. 2205-2216. 
Epithermal models: genetic types, geometrical controls and shallow 
features; h Mineral Deposit Modeling, (ed.) R.V. Kirkham, 
W.D. Sinclair, R.I. Thorpe, and J.M. Duke; Geological Association 
of Canada, Special Paper 40, p. 403-417. 
Gold-rich porphyry copper deposits: geological model and 
exploration implications; h Mineral Deposit Modeling, (ed.) 
R.V. Kirkham, W.D. Sinclair, R.I. Thorpe, and J.M. Duke; 
Geological Association of Canada. S~ecial  P a ~ e r  40. D. 465-478. " , . A , A  

Sillitoe, R.H. and Bonham, H.F., Jr. 
1984: Volcanic landforms and ore deposits; Economic Geology, v. 79, 

p. 1286-1298. 
*Sillitoe, R.H. and Gappe, I.M., Jr. 
1984: Philippine porphyry copper deposits: geologic setting and 

characteristics; Committee for Co-ordination of Joint Prospecting 
of Mineral Resources in Asian Offshore Areas (CCOP), Technical 
Report 14,89 p. 

Sillitoe, R.H., Grauberger, G.L., and Elliott, J.E. 
1985: A diatreme-hosted gold deposit at  Montana Tunnels, Montana; 

Economic Geology, v. 80, p. 1707-1721. 
Sillitoe, R.H., Halls, C., and Grant, J.N. 
1975: Porphyry tin deposits in Bolivia; Economic Geology, v. 70, 

p. 913-927. 
Sinclair, A.J., Dnunmond, A.D., Carter, N.C., and Dawson, K.M. 
1982: A preliminary analysis of gold and silver grades of porphyry-type 

deposits in western Canada; h Precious Metals in the Northern 
Cordillera, (ed.) A.A. Levinson; The Association of Exploration 
Geochemists, p. 157-172. 

Sinclair, W.D. 
1982: Gold deposits of the Matachewan area, Ontario; h Canadian Gold 

Deposits, (ed.) R.W. Hodder and W. Petmk; The Canadian Institute 
of Mining and Metallurgy, Special Volume 24, p. 83-93. 

*1986: Molybdenum, tungsten and tin deposits and associated granitoid 
intrusions in the northern Canadian Cordillera and adjacent parts 
of Alaska; & Mineral Deposits of Northern Cordillera, (ed.) 
J.A. Morin, The Canadian Institute of Mining and Metallurgy, 
Special Volume 37, p. 216-233. 

Smith, R.L. 
1979: Ash-flow magmatism; k Ash-flow Tuffs; Geological Society of 

America, Special Paper 180, p. 5-27. 
Soregaroli, A.E. and Sutherland Brown, A. 
1976: Characteristics of Canadian Cordilleran molydenum deopsits; h 

Porphyry Deposits of the Canadian Cordillera, (ed.) A. Sutherland 
Brown; The Canadian Institute of Mining and Metallurgy, Special 
Volume 15, p. 417-431. 

Strishkov, V.V. 
1984: The copper industry of the U.S.S.R.: problems, issues and outlook; 

United States Bureau of Mines, Mineral Issues, 80 p. 
Sutherland Brown, A. 
1969: Mineralization in  British Columbia and the  copper and 

molybdenum deposits; The Canadian Institute of Mining and 
Metallurgy, v. 72, p. 1-15. 

*Sutherland Brown, A. (ed.) 
1976: Porphyry Deposits of the Canadian Cordillera; The Canadian 

Institute of Mining and Metallurgy, Special Volume 15,510 p. 
Suttill, K.R. 
1988: Cerro Rico de Potosi; Engineering and Mining Journal, March, 

1988, p. 50-53. 
Sutulov, A. 
1977: Chilean copper resources said to be world's 1argest;American Metal 

Market, August 4, p. 18-19. 
Taylor, R.G. and Pollard, P.J. 
1986: Recent advances in exploration modelling for tin deposits and their 

application to the Southeast Asian environment; Regional 
Conference on the Geology and Mineral Resources of Southeast 
Asia V Proceedings, v. 1, Geological Society of Malaysia, 
Bulletin 19, p. 327-347. 

*Taylor, R.P. and Strong, D.F. (ed.) 
1988: Recent Advances in the Geology of Granite-related Mineral 

Deposits; The Canadian Institute of Mining and Metallurgy, 
Special Volume 39,445 p. 

Theodore, T.G. and Menzie, W.D. 
1984: Fluorine-deficient porphyry molybdenum deposits in the western 

North American Cordillera; Proceedings of the Sixth Quadrennial 
International Association on the Genesis of Ore Deposits 
Symposium, E. Schweizerbart'sche Verlagsbuchhandlung, 
Stuttgart, p. 463-470. 

Theodore, T.G., Blake, D.W., and Kretschmer, E.L. 
1982: Geology of the Copper Canyon porphyry copper deposits, Lander 

County, Nevada; h Advances in the Geology of the Porphyry Copper 
Deposits, (ed.) S.R. Titley; The University of Arizona Press, Tucson, 
Arizona, p. 543-550. 

Theodore, T.G., Blake, D.W., Loucks, T.A., and Johnson, C.A. 
1992: Geology of the Buckingham Stockwork molybdenum deposit and 

surrounding area, Lander County, Nevada; United States 
Geological Survey, Professional Paper 798-D, p. Dl-D307. 

Thompson, T.B., Trippel, A.D., and Dwelley, P.C. 
1985: Mineralized veins and breccias of the Cripple Creek district, 

Colorado; Economic Geology, v. 80, p. 1669-1688. 
*Titley, S.R. (ed.) 
1982: Advances in Geology of the  Porphyry Copper Deposits - 

Southwestern North America; The University of Arizona Press, 
Tucson, Arizona, 560 p. 

Titley, S.R. 
1993: Characteristics of porphyry copper occurrence in the American 

southwest; h Mineral Deposit Modeling, (ed.) R.V. Kirkham, 
W.D. Sinclair, R.I. Thorpe, and J.M. Duke; Geological Association 
of Canada, Special Paper 40, p. 433-464. 

Titley, S.R. and Beane, R.E. 
1981: Porphyry copper deposits; b Economic Geology Seventy-fifth 

Anniversary Volume, 1905-1980, (ed.) B.J. Skinner; Economic 
Geology Publishing Co., p. 214-269. 

Titley, S.R. and Hicks, C.L. (ed.) 
1966: Geology of the Porphyry Copper Deposits, Southwestern North 

America; The University of Arizona Press, Tucson, Arizona, 287 p. 
Titley, S.R., Thompson, R.C., Haynes, F.M., Manske, S.L., 
Robison, L.C., and White, J.L. 
1986: Evolution of fractures and alteration in the Sierrita-Esperanza 

hydrothermal system, Pima County, Arizona; Economic Geology, 
v. 81, p. 343-370. 

van Leeuwen, T.M. 
1994: 25 years of mineral exploration and discovery in Indonesia; Journal 

of Geochemical Exploration, v. 50, p. 13-90. 
van Leeuwen, T.M., Taylor, R., Coote, A, and Longstaffe, F.J. 
1994: Porphyry molybdenum mineralization in a continental collision 

setting at  Malala, northwest Sulawesi, Indonesia; Journal of 
Geochemical Exploration, v. 50, p. 279-315. 

*Vila, T. and Sillitoe, R.H. 
1991: Gold-rich porphyry systems in the Maricunga gold-silver belt, 

northern Chile; Economic Geology, v. 86, p. 1238-1260. 
Villalpando, BA. 
1988: The tin ore deposits of Bolivia; & Geology of Tin Deposits in Asia 

and the Pacific, Selected Papers from the International Symposium 
on the  Geology of Tin Deposits held in  Nanning, China, 
October 26-30,1984, p. 201-215. 

*Wallace, S.R., Muncaster, N.K., Jonson, D.C., Mackenzie, W.B., 
Bookstrom, A.A., and Surface, V.A. 
1968: Multiple intrusion and mineralization a t  Climax, Colorado; Ore 

Deposits of the United States, 1933-1967 (Graton-Sales volume), 
(ed.) J.D. Ridge; American Institute of Mining, Metallurgical, and 
Petroleum Engineers, Inc., New York, p. 605-640. 

Wampler, P. 
1993: Geology, hydrothermal alteration, and geographical information 

system analysis of the Zortman gold mine, Montana (extended 
abstract); & Integrated Methods in Exploration and Discovery, (ed.) 
S.B. Romberger and D.I. Fletcher; Conference Program and 
Extended Abstracts, Golden, Colorado, April, 1993, p. A33 124-125. 

Westra, G. 
1978: Porphyry copper genesis at  Ely, Nevada: Papers on Mineral 

Deposits of Western North America, (ed.) J.D. Ridge; 5th 
International Association on the  Genesis of Ore Deposits 
Quadrennial Symposium Proceedings, Volume 11, Nevada Bureau 
Mines and Geology, Report 33, p. 127-140. 

Westra, G. and Keith, S.B. 
1981: Classification and genesis of stockwork molybdenum deposits; 

Economic Geology, v. 76, p. 844-873. 



TYPE 19 

*White, W.H., Bookstrom, AA., Kamilli, R.J., Ganster, M.W., 
Smith, R.P., Ranta, D.E., a n d  Steininger, R.C. 
1981: Character and origin of Climax-type molybdenum deposits; 

Economic Geology Seventy-fifth Anniversary Volume, 1905-1980, 
(ed.) B.J. Skinner, Economic Geology Publishing Co., p. 270-316. 

Whitney, J.A. 
1975: Vapour generation in a quartz monzonite m a m a :  a synthetic model 

wiih application to po$hyry copper deposits; ~conomic Geology, 
v. 70, p. 346-358. 

1984: Volatiles in magmatic systems; & Fluid-mineral Equilibria in 
Hydrothermal Systems; Reviews in Economic Geolom, v. 1. -- 
p.-155-175. 

Wilson, J.C. 
1978: Ore fluid-magma relationships in a vesicular quartz latite porphyry 

dike a t  Bingham, Utah; Economic Geology, v. 73, p. 1287-1307. 
Woodcock, J.R. a n d  Hollister, V.F. 
1978: Porphyry molybdenite deposits of the North American Cordillera; 

Mineral Science and Engineering, v. 10, p. 3-18. 

Authors' addresses 

R.V. Kirkham 
Geological Survey of Canada 
100 West Pender Street 
Vancouver, B.C. 
V6B 1R8 

W.D. Sinclair 
Geological Survey of Canada 
601 Booth Street 
Ottawa, Ontario 
KIA 0E8 

Printed in Canada 


	PORPHYRY COPPER, GOLD, MOLYBDENUM, TUNGSTEN, TIN, SILVER
	INTRODUCTION
	IMPORTANCE
	SIZE AND GRADE OF DEPOSITS
	GEOLOGICAL FEATURES
	Geological setting
	Age of host rocks and ore
	Associated structures
	Form of deposits
	Mineralogy
	DEFINITIVE CHARACTERISTICS
	GENETIC MODEL
	RELATED DEPOSIT TYPES
	EXPLORATION GUIDES
	ACKNOWLEDGMENTS
	SELECTED BIBLIOGRAPHY

	Copper (± gold, molybdenum, silver, rhenium)
	Copper-molybdenum (± gold, silver)
	Copper-gold (± silver)
	Gold (± silver, copper, molybdenum)
	Molybdenum (± tungsten, tin)
	Tungsten-molybdenum (± bismuth, tin)
	Tin (± tungsten, molybdenum, silver, bismuth, indium)
	Tin-silver (± tungsten copper, zinc, molybdenum, bismuth)
	Silver (± gold, zinc, lead)
	INTRODUCTION
	IMPORTANCE
	SIZE AND GRADE OF DEPOSITS
	GEOLOGICAL FEATURES
	Geological setting
	Age of host rocks and ore
	Associated structures
	Form of deposits
	Mineralogy

	DEFINITIVE CHARACTERISTICS
	GENETIC MODEL
	RELATED DEPOSIT TYPES
	EXPLORATION GUIDES
	ACKNOWLEDGMENTS
	SELECTED BIBLIOGRAPHY

	Tables
	Table 19-1
	Table 19-1 (cont.)
	Table 19-1 (cont.)
	Table 19-1 (cont.)
	Table 19-1 (cont.)

	Illustrations
	Figure 19-1
	Figure 19-2
	Figure 19-2 (cont.)
	Figure 19-3
	Figure 19-4
	Figure 19-5
	Figure 19-6
	Figure 19-7
	Figure 19-8
	Figure 19-9
	Figure 19-10
	Figure 19-1 1
	Plate 34. Deposit type 19
	Plate 35. Deposit type 19


	Button2: 


