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AKF-ACF Diagrams: Hydrothermal Alteration
Mincral Assemblages and Associations for Granites
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Arizona copper deposits

o Arizona has most deposits (@). the largest reserves
and potential for the United States

« Map shows broadly related igneous rocks (red)
and older rocks (blue)—white areas are
geologically younger cover

Geologically permissive area is more
® restricted—and largely covered

Politically permissive area 1s contmually
® shrinking, now 50 percent or less of the total—due
to land-use restrictions (reservation. parks), urban
growth. and so forth
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Appendix 1. Grade and tonnage
models

Grades and tonnages for porphyry copper deposits are
detailed in Singer and others (2008). Singer and others (2008)
divide porphyry copper deposits into three subtypes on the
basis of their copper. molybdenum. and gold contents:

“Subtypes of porphyry copper deposits are defined
in Cox and Singer (1992) as: porphyry copper-Au
(type 20c¢) if AwMo greater than or equal to 30. por-
phyry copper-Mo (type 21a) if AwMo less than or
equal to 3. and porphyry copper (type 17) otherwise,
where gold is in parts per million and molybdenum
1s In percent.”

We did not find sufficient geologic critena to divide the geo-
logic deposit model into subtypes of porphyry copper deposits
and present a single model for all porphyry copper deposits.

Appendix 2. Characteristics of
Representative Porphyry Copper
Deposits

(Ryan D. Taylor and David A. John)

* Bajo de la Alumbrera. Argentina

* Batu Hijau, Indonesia

* Bingham. Utah

= Butte, Montana

* Cadia, New South Wales, Australia

+ El Salvador, Chile

* El Teniente. Chile

* Far South East. Philippines

* Grasberg. Indonesia

* La Escondida, Chile

* Morenci, Arizona

* Mount Polley. British Columbia. Canada
* Oyu Tolgoi. Mongolia

* Valley Copper. British Columbia. Canada

* Yerington and Ann-Mason, Nevada

Name: Bajo de la Alumbrera, Argentina
Location: 27.33°S_, 66.61°W.

Grade/Tonnage: Proffett (2003): 605 Mt. 0.54 percent Cu,
0.64 g/t Au

Singer and others (2008): 806 Mt at 0.53 percent Cu, 0.64 g/t
Au, 25g/tAg

Associated Deposits: Agua Tapada (porphyry). Bajo de San
Lucas (porphyry). Cerro Atajo (porphyry). El Durazno (por-
phyry). Las Pampitas (porphyry)

Regional Geologic Setting: Miocene uplift of the Puna-
Altiplano: subduction-related

Regional Tectonic Setting: Domunantly NW-SE compres-
sion with mimor NE-SW extension younger than senicitic
alteration. No evidence for significant local structures prior to
mineralization

Significant structural control on magma emplacement and
mineralization (Y/N): No

Primary Host Rocks: Dacite porphyry

Primary Associated Igneous Rocks: Farallon Negro Volca-
nics: mainly andesite and dacite. but varies from basaltic to
thyolitic: generally about 50-66 weight percent SiO, and high-
potassium calc-alkaline

Inferred Mineralizing Intrusions: P2. Early P3. and quartz-
eye porphyries (homblende-, biotite-. plagioclase-. and
quartz-phyric)

Age of Mineralization: 8.02+0.14 Ma (U-Pb zircon: possibly
too old due to inherited lead), 7.10+0.07 Ma (U-Pb zircon):
sericitic alteration 6.75+0.09 Ma (Ar-Ar)

Major Alteration Types: Potassic (secondary biotite most
widespread with secondary potassium feldspar and magnetite
abundant in the immediate vicinity of the porphyry cluster).
pyritic, argillic. feldspar destructive (sericitic and(or) argillic),
propylitic

Alteration Zoning: Central potassic. intermediate argillic and
sericitic (overprinted/vounger), distal propylitic

Major Ore Minerals and Assemblages: Chalcopyrite and
pyrite with minor covellite and chalcocite, bornite, molybde-
nite: chalcopyrite-pyrite most common assemblage

Major Vein Types and Relative Ages: Quartz. magnetite,
quartz-magnetite, quartz-chalcopynte. transitional-age anhy-
drite, transitional to late chalcopyrite

Major Style(s) of Mineralization: Stockwork vein, dissemi-
nated, weak supergene
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Metal Zoning: Barren core with the bulk of mineralization
occurring within the potassic alteration zone: relatively barren
outside of potassic alteration

Depth of Ore Formation: 2.5 to 3.5 km

Post-Ore Deformation: Minor ENE-WSW extension and
E-W compression: gentle westward tilting (not significant)

Other Notable Features: Direct correlation between degree
of potassic alteration and mineralization for the earliest min-
eralization associated with P2 porphyry. In contrast, early P3
porphyry has a potassically altered barren core. as well as high
copper grades associated with potassic alteration. so there is
not a correlation for copper mineralization associated with that
porphyry

Important References:

Miiller and Forrestal (1998). Sasso and Clark (1998). Ulrich

and Heinrich (2002), Ulrich and others (2002), Proffert (2003).

Halter and others (2004, 2005). Brown (2005). Harris and
others (2006, 2008).

Name: Batu Hijau. Indonesia
Location: 8.97°S.. 116.87°E.

Grade/Tonnage: Clode and others (1999) in Imai and Ohno
(2005): 914 Mi. 0.53 percent Cu, 0.40 g/t Au: 0.3 percent Cu
cutoff grade

Singer and others (2008): 1.640 Mt. 0.44 percent Cu, 0.45 g/t
Au. 055 g/t Ag

Associated Deposits: Sekongkang (porphyry). Arung Ara
(porphvry). Air Merah (porphyry). Katala (porphyry). Bambu
(peripheral vein). Teluk Puna (peripheral vein)

Regional Geologic Setting: Early Miocene to Holocene
Sunda-Banda volcanic arc constructed on oceanic crust

Regional Tectonic Setting: Porphyry copper deposits formed
at major structural discontinuity in Sunda-Banda are indicated
by reversal in polarity of recent volcanism. This region char-
acterized by intersection of NW- and NE-trending arc-traverse
tectonic lineaments as defined by regional-scale fault zones
and recent earthquake hypocenters. Collison of Sunda-Banda
arc with the Australian continent inferred to have caused arc-
parallel extension at the time of porphyry copper formation

Significant structural control on magma emplacement
and mineralization (Y/N): Yes. Batu Hijau district located in
uplifted crustal block within 30 km of regional arc-traverse,
left-lateral oblique-slip fault controls distribution of Mio-
cene volcaniclastic rocks, Neogene intrusions. and present
coastline. This fault corresponds to inferred tear or kink in
the subducting slab beneath the arc. Margins of east-elongate

quartz diorite plutons focused fracturing, dike emplacement,
and quartz vein deposition,

Primary Host Rocks: Pliocene tonalite and diorite intrusions
and Miocene volcanic rocks

Primary Associated Igneous Rocks: Quartz diorite. tonalite,
andesite, granodiorite; low-K calc-alkalic with late stage rock:
(tonalite to granodiorite dikes)

Inferred Mineralizing Intrusions: Na-rich tonalite porphyry
complex

Age of Mineralization: Tonalite porphyry emplacement
3.76£0.12 - 3.67£0.10 Ma (U-Pb zircon): hydrothermal biotit
3.73+0.08 Ma (Ar-Ar)

Major Alteration Types: Potassic (oligoclase, biotite, quartz,,
magnetite). propvlitic. argillic. sericitic. sodic. advanced
argillic

Alteration Zoning: Central potassic. more distal propylitic
consisting of proximal actinolite. distal epidote-chlorite. and
regional chlorite-calcite: structurally controlled feldspar-
destructive intermediate argillic, sericitic/paragonitic. illitic.
and advanced argillic (pyrophyllite, andalusite, dickite,
diaspore, zunyite) alteration overprints potassic and inner
propylitic alteration

Major Ore Minerals and Assemblages: Bornite, chalco-
pyrite, pyrite: chalcopyrite-bomite and chalcocite-bomite-
digenite are common assemblages

Major Vein Types and Relative Ages: Early: A-veins, includl
ing quartz-magnetite-bomite. quartz-bomnite, quartz-magnetite
barren quartz (but in varving age relationships to each other):
Transitional age: B-veins and “AB" veins with quartz, £born-
ite. £chalcopyrite, £biotite, £chlorite, £magnetite: chalcopyrit
veins with chlorite-sericite haloes: Late: pynite-rich D-veins
Zchalcopyrite, bornite, and sphalerite: Latest: gypsum veins.

Major Stvle(s) of Mineralization: Disseminated. vein

Metal Zoning: Concentric zoning with central copper and
gold, proximal molybdenum, and distal lead. zine, gold. silver
and arsenic: iron is both proximal as magnetite and distal as
pyrite: Ag/Au varies from about | to 2 in central Cu-Au zone
to greater than 50 in outer Pb-Zn halo.

Depth of Ore Formation: 2-3.5 km
Post-Ore Deformation: NW-striking faults

Other Notable Features: Copper and gold grades are posi-
tively correlated with quartz vein density.

Important References:

Meldrum and others (1994). Clode and others (1999). Garwin
(2000, 2002). Anif and Baker (2004), Imai and Ohno (2005),
Idrus and others (2007), Setyandhaka and others (2008).



Name: Bingham Canyon, Utah
Location: 40.53°N.. 112.15°W.

Grade/Tonnage: Singer and others (2008): 3,230 Mt.
0.882 percent Cu, 0.38 g/t Au, 0.053 percent Mo, 3.3 g/t Ag

Associated Deposits: Cu-Au skams in surrounding carbonate
beds (Carr Fork and North Ore Shoot deposits): polymetal-

lic vein and replacement deposits (Ag-Pb-Zn: Lark and U S.
mines): distal sediment-hosted gold deposits (Barmeys Canyon
and Melco)

Regional Geologic Setting: Late Paleozoic siliceous and
carbonate sedimentary rocks overlain and intruded by Eocene
intermediate composition volcanic and intrusive rocks

Regional Tectonic Setting: Located on the western end of the
Ulinta axis, which is a suture between the Archean Wyoming
Province to the north and Proterozoic basement rocks to the
south. Area of thrusting and folding from the Late Cretaceous
Sevier Orogeny. Minor NNW-SSE-extension during nud-
Tertiary magmatism

Significant structural control on magma emplacement and
mineralization (Y/N): Yes, Eocene intrusions emplaced along
Unita axis and subparallel NE-striking extensional faults. Fold
axes and thrust faults related to the Sevier Orogeny were an
ore control.

Primary Host Rocks: Eocene equigranular to porphyry intru-
sions (Bingham stock and porphyry dikes)

Primary Associated Igneous Rocks: Monzonite. quartz
monzonite porphyry. latite porphyry, quartz latite porphyry,
biotite porphyry. quartz latite porphyry breccia. minette dikes
(57.5-59 weight percent Si0,), melanonephelenite (sodic with
low ALO,). shoshonite (52-59 weight percent S10,)

Inferred Mineralizing Intrusions: Bingham stock (quartz
monzonite porphyry)

Some contribution from latite porphyry. biotite porphyry,
quartz latite porphvry breccia, quartz latite porphyry

Age of Mineralization: 38.55£0.19 Ma (U-Pb zircon from
Bingham stock monzonite): 37.00£0.27 Ma (Re-Os on molyb-
denite): 37.57£0.11 to 37.07+0.21 Ma (Ar-Ar on hydrothermal
biotite)

Major Alteration Types: Potassic (quartz+potassium
feldspar+biotite), propylitic (epidote, chlorite, calcite, minor
potassium feldspar), sericitic, argillic

Alteration Zoning: Inner potassic and outer propylitic: late
argillic and sericitic

Major Ore Minerals and Assemblages: Barren core su-
rounded outward and upward by assemblages that gradation-
ally change from molybdenite + magnetite + pyrite: bornite

+ chalcopyrite £molybdenite: chalcopyrite + pyrite: pyrite +
chalcopyrite: pyrite:

Highest copper grade of deposit coincides with the bornite +
chalcopyrite zone.

Major Vein Types and Relative Ages: Oldest to voungest:
brown-green veins of biotite and sericite with bornite, chalcoc-
ite and chalcopyrite: biotite veinlets: stockwork quartz veins
(5 types) with increasing sulfide content with time: quartz-
molybdenite veins; pyritexquartz veins

Major Style(s) of Mineralization: Disseminated, stockwork
vein

Metal Zoning: Concentric with a low-grade core grading
upward and laterally to a molybdenite zone. copper shell,
pyrite halo. Pb-Zn-Ag zone. and an outer Au zone

Depth of Ore Formation: 2.5-3 km

Post-Ore Deformation: About 15° eastward tilting due to
Late Cenozoic Basin and Range extensional faulting

Other Notable Features: First porphyry copper deposit
mined by open pit methods

Important References:

Boutwell (1905). Hunt (1933). Lanier and others (1978).
Atkinson and Einaudi (1978). Bowman and others (1987).
Babcock and others (1995), Presnell (1997). Waite and others
(1997). Phillips and others (1997). Parry and others (2001),
Maughan and others (2002), Redmond and others (2004),
Cunningham and others (2004), Phillips and others (2005),
Landtwing and others (2005). Core and others (2006).

Name: Butte, Montana
Location: 46.017°N, 112.511°W.

Grade/Tonnage: Singer and others (2008): 5,220 Mt,
0.673 percent Cu, 0.042 g/t Au, 0.028 percent Mo, 8.6 g't Ag

Associated Deposits: Main stage veins (“Cordilleran-style™
polymetallic [Cu. Pb. Zn. Ag. Au. Mn] veins)

Regional Geologic Setting: Late Cretaceous composite Boul-
der batholith emplaced into Proterozoic sedimentary rocks of
the Paleoproterozoic Belt Supergroup and Archean crystalline
basement that are juxtaposed by the Paleoproterozoic Great
Falls tectonic zone

Regional Tectonic Setting: Boulder batholith emplaced dur-
g Late Cretaceous-early Tertiary (Laramide) Cordilleran
folding and thrusting. Boulder batholith emplaced along inter-
section of a northeast-trending Paleoproterozoic suture (Great
Falls tectonic zone) and a northwest-trending. multiply-reacti-
vated Mesoproterozoic fracture system (Lewis and Clark line)

Significant structural control on magma emplacement and
mineralization (Y/N): Yes, but varying interpretations. Butte
overlies an intersection of basement structures (Great Falls
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tectonic zone and Lewis and Clark line) that may have been
reactivated during emplacement of the Boulder batholith and
porphyry copper formation. Alternatively. it has been sug-
gested that Boulder batholith was emplaced along Laramide-
age frontal thrust belt within a pull-apart basin between two
east-striking transfer faults that were active as the thrust front
pushed east.

Primary Host Rocks: Late Cretaceous (74.5 Ma, U-Pb zir-
con) Butte Quartz Monzonite (part of Boulder batholith) and
younger quartz porphyry dikes (66.5 Ma. U-Pb zircon)

Primary Associated Igneous Rocks: Quartz porphyry dikes
(plagioclase-biotite-potassium feldspar-quartz phyric)

Inferred Mineralizing Intrusions: Quartz porphyry dikes

Age of Mineralization: Two centers of Pre-Main stage
porphyry copper-Mo mineralization. Anaconda (western) and
Pittsmont (eastern) domes. Pre-Main stage porphyry copper-
Mo mineralization: 66-64 Ma (Re-Os molybdenite. Ar-Ar
biotite): Pittsmont dome may be about I m.y, older than Ana-
conda dome; Main stage veins: about 61.5 Ma (Ar-Ar)

Major Alteration Types: Pre-Main stage: potassic, sericitic,
propylitic: Main stage: advanced argillic. sericitic. intermedi-
ate argillic. propyhine

Alteration Zoning: Pre-Main stage porphyry-related altera-
tion consists of broad. overlapping concentric shells bordering
centimeter-scale stockwork veins: alteration zoned outward
and upward in both Pittsmont and Anaconda domes: (1) BQ
(barren quartz) and QMB (quartz-molybdenite) mostly in deep
core of barren stockwork quartz + molybdenite + anhydrite
veins with narrow potassium feldspar envelopes, (2) EDM
(early dark micaceous) quartz-chalcopyrite-pyriteanhyvdrite

veins with biotite-potassium feldspar-sericite-pyrite envelopes,

(3) PGS (pale green sericite) quartz-chalcopyrite-magnetite-
pyrite veins with potassium feldspar-quartz-green sericite
envelopes, and (4) shallowest GS (gray sericitic) pyrite-quartz
veins with quartz-pynte-sericite envelopes. Outermost pre-
Main stage veins are pynite-spahalerite-galena-rhodochrosite-
chalcopynite-epidote veins in potassium feldspar-bearing
propylitic alteration. Pre-Main stage veins cut by Main stage
veins consisting of covellite-enargite-bomite-sphalerite-
galena-rhodochrosite-pyrite-chalcopyrite-quartz veins with
zoned alteration envelopes from inner advanced argillic to
sericitic to ntermediate argillic to outer propylitic

Major Ore Minerals and Assemblages: Pre-Main stage:
chalcopyrite. molybdenite: Main stage: covellite, enargite,
bornite, sphalerite, galena, chalcopyrite

Major Vein Types and Relative Ages: See “Alteration Zon-
ing” above: vein sequence from early to late generally EMB,
PGS. BQ/QMB. GS, Main stage

Major Style(s) of Mineralization: Stockwork veining. dis-
seminated as replacement of mafic phenocrysts

Metal Zoning: Two centers of pre-Main stage porphyry
copper-Mo mineralization (Anaconda and Pittsmont domes).
separated by 1.5-km-wide zone of pervasive gray sericitic
alteration. Main stage veins mostly lie above and west of
Anaconda dome. Main stage veins strongly zoned with mterior
copper-rich zone. to intermediate copper-zinc zone, to periph-
eral Mn-Pb-Zn-Ag zone

Depth of Ore Formation: Pre-Main stage: 6-9 km: Main
stage: mostly 4-5 km

Post-Ore Deformation: Pittsmont dome and porphyry Cu-Mo
mineralization cut and offset by north-striking. 55° west-dip-
ping Continental fault with about 1.250 m down-to-the-west
normal displacement

Other Notable Features:

Important References:

Sales (1914), Sales and Mever (1948). Meyer and others
(1968), Proffett (1973). Roberts (1975). Brimhall (1977.
1980), Hildenbrand and others (2001), Dilles and others

(2003). Lund and others (2007). Rusk. Reed, and Dilles

(2008), Rusk. Miller, and Reed (2008).

Name: Cadia district. New South Wales, Australia (includes
Cadia Hill. Ridgeway, Cadia Quarry, and Cadia East deposits)

Location: 33.467°S., 149°W.

Grade/Tonnage: Total district resources mcluding skarn
deposits: 1.212 Mt at 0.32 percent Cu and 0.75 g/t Au (Wilson
and others. 2007)

Associated Deposits: Fe-Cu-Au skam deposits (Big Cadia
and Little Cadia)

Regional Geologic Setting: Late Ordovician-Early Silurian
1sland-arc-related volcano-plutonic rocks (Macquarie arc)
overlying and intruding Ordovician volcaniclastic rocks

Regional Tectonic Setting: Eastern Lachlan Fold Belt
(700-km-wide belt of deformed Paleozoic deep and shallow
marine sedimentary rocks. cherts, and mafic volcanic rocks)

Significant structural control on magma emplacement and
mineralization (Y/N): Yes, deposits lie along WNW-trending
structure that appears to be part of crustal scale lineament
(Lachlan Traverse Zone): Cadia Hill and Cadia Quarry depos-
its appear localized by the intersection of north-striking faults
and WNW-trending structure

Primary Host Rocks: Ordovician volcaniclastic siltstone
(Weemalla Formation): Ordovician volcaniclastic conglomer-
ate, sandstone. minor limestone and shoshonitic volcanic rocks
(Forest Reefs Volcanics): Ordovician pyroxene-plagioclase-
phyric dikes; Late Ordovician-Early Silunan monzodioritic to
monzonitic intrusions (Cadia Intrusive Complex)



6;_:3)}&WJL~.NLSJJA Yoo

Primary Associated Igneous Rocks: Late Ordovician—Early
Silurian Cadia Intrusive Complex (high-potassium shoshonitic
gabbro. diorite. monzodiorite. quartz monzodiorite)

Inferred Mineralizing Intrusions: Monzonite to monzodio-
ritic intrusions (Cadia Intrusive Complex):

Age of Mineralization: 439+6 Ma (U-Pb)

Major Alteration Types: Potassic (orthoclase-biotite-quartz-
magnetite); calc-potassic (actinolite-biotite-orthoclase): propy-
litic (chlorite. calcite, albite, pyrite. prehnite, hematite): sodic
(albite-pyrite): sericitic (illite-muscovite-pyrite)

Alteration Zoning: Cores of potassic or calc-potassic
alteration with peripheral propylitic and sodic and late-stage
sericitic mostly in fault zones

Major Ore Minerals and Assemblages: Chalcopyrite,
bornite

Major Vein Types and Relative Ages: Early (includes quartz-
magnetite=actinolite. calcite, orthoclase. bomite. chalcopy-
rite): transitional (includes quartz-chalcopyrite +orthoclase.
pyrite. magnetite): late (quartz-pyritexsericite. chlorite). and
peripheral (includes epidote. chlorite. calcite. prehnite. pyrite,
quartz. chalcopyrite) stages

Major Style(s) of Mineralization: Ridgeway: Sheeted and
stockwork quartz-sulfide-magnetite-calcite veins: Cadia Hill
and Cadia Quarry: sheeted quartz-sulfide-calcite veins and
minor pegmatitic breccia; Cadia East: shallow stratabound
Cu-Au in volcaniclastic sedimentary rocks: deeper dissemi-
nated(?) Cu-Au in and around quartz monzonite porphyry
dikes

Metal Zoning: Ridgeway and Cadia East: bornite-rich cores
surrounded by chalcopyrite-rich haloes and peripheral pyrite
zones

Cadia Hill and Cadia Quarry: chalcopyrite-rich cores with
pyrite-rich haloes: Cadia Hill has shallow bornite-rich zone

Depth of Ore Formation: Unknown

Post-Ore Deformation: Post-Silurian reverse faulting has
locally dismembered parts of Cadia Hill deposit

Other Notable Features: Characteristic hematite dusting (red
stain) of feldspar phenocrysts in propylitic alteration: signifi-
cant sulfur isotope zoning

Important References:

Blevin (2002). Holliday and others (2002). Newcrest Min-
ing Staff (1998). Porter and Glen (2005). Washburn (2007).
Wilson and others (2003). Wilson. Cooke. Harper. and Deyell
(2007). Wilson. Cooke. Stein. and others (2007).

Name: El Salvador, Chile
Location: 26.25°S.. 69.55°W.

Grade/Tonnage: Singer and others (2008): 3.836.3 Mt.
0.447 percent Cu. 0.1 g/t Au. 0.022 percent Mo. 1.5 g/t Ag

Associated Deposits: Potrerillos (porphyry). Damiana
(exotic). Quebrada Turquesa (exotic). Exotica Alicia (exotic)

Regional Geologic Setting: Subduction-related. continental
magmatic arc

Regional Tectonic Setting: Eocene sinistral transpressive
deformation superimposed on earlier contractional faults

Significant structural control on magma emplacement and

mineralization (Y/N): Not obvious with this deposit, although
other porphyry deposits in the locale are controlled by NE and

NW faults subparallel to the orogen.

Primary Host Rocks: Paleocene and early Eocene volcanic
rocks

Primary Associated Igneous Rocks: High-potassium calc-
alkaline with high Fe,0,/FeO: four phases of granodiorite
porphyry. I-type

Inferred Mineralizing Intrusions: “X" porphyry is a weakly
porphyritic fine-grained granodiorite. The “K™ feldspar
porphyry has abundant plagioclase and mafic phenocrysts

and intrudes the “X" porphyry. The “L" feldspar porphyry

is younger than most of the mineralization and intrudes the
before-mentioned porphyries.

Age of Mineralization: Mineralized porphyries intruded from
42 to 41 Ma: about 42 Ma (Re-Os on molybdenite). Supergene
enrichment 36-23 Ma (K-Ar on supergene alunite)

Major Alteration Types: Propylitic. advanced argillic. potas-
sic (potassium feldspar and biotite). muscovite-andalusite
zone, muscovite zone, sericitic

Alteration Zoning: Central potassic with peripheral propyl-
itic formed early. Later andalusite with potassium feldspar or
muscovite surrounds the central porphyry. Latest argillic is
associated with pebble dikes around the central porphyry.

Major Ore Minerals and Assemblages: Chalcopyrite-
bornite. chalcopyrite-pyrite, pyrite-bornite-chalcopyrite.
pyrite-bornite-digenite. supergene chalcocite-covellite

Major Vein Types and Relative Ages: Early to late:
*A" veins; granular quartz-potassium feldspar-anhydrite-
sulfide with disseminated chalcopyrite-bornite.

“B” veins: quartz-anhydrite-sulfide with molybdenite-chalco-
pyrite. Coarse-grained quartz.

*“C™ veins: abundant sulfide with sericite, biotite, anhydrite
and minor quartz.

“D" veins: sulfide-anhydrite with minor quartz. Predominant
pyrite with chalcopyrite. bornite. enargite. tennantite, sphaler-
ite and galena.

Major Style(s) of Mineralization: Supergene enrichment.
exotic. minor veining
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Metal Zoning: Central bornite-chalcopyrite surrounded by
pyrite-chalcopyrite to a pyrite fringe. Increasing Cw/Fe inward
and decreasing S/Cu+Fe downward.

Depth of Ore Formation: About 2 km
Post-Ore Deformation: Minor southerly tilting

Other Notable Features: Rich supergene ore (340 Mt.
1.5 percent Cu)
Immportant References:

Gustafson and Hunt (1975). Gustafson and Quiroga (1995),
Gustafson and others (2001). Mote and others (2001). Wata-
nabe and Hedenquist (2001). Sillitoe and Perello (2005).

Name: El Teniente. Chile
Location: 34.09°S.. 70.34°W.

Grade/Tonnage: CODELCO 2007 annual report: 20.031 Mt
at 0.56 percent Cu (0.2 percent Cu cutoff grade). 0.02 percent
Mo

Singer and others (2008): 20.731 Mt. 0.62 percent Cu.
0.005 g/t Au. 0.019 percent Mo. 0.52 g/t Ag

Associated Deposits: Los Pelambres (megabreccia/porphyry).

Rio Blanco-Los Bronces (megabreccia/porphyry)

Regional Geologic Setting: Andean Cordillera of central
Chile. subduction-related

Regional Tectonic Setting: Contractional deformation

Significant structural control on magma emplacement and
mineralization (Y/N): Yes. the Codegua fault and the north-
east strike-slip Teniente fault zone. Also. localized stresses
from emplacement of a large pluton caused concentric and
radial vein orientations.

Primary Host Rocks: Mid-late Miocene Farellones Forma-
tion: principally andesites and dacite intrusions

Primary Associated Igneous Rocks: I-type. calc-alkaline
dacites and other felsic to intermediate intrusions. No consis-
tent trend toward more mafic or felsic compositions with time,

Inferred Mineralizing Intrusions: Dacite pipes and dacite
porphyry dike. latite: or a large mafic magma chamber at
greater depth responsible for the mineralization

Age of Mineralization: dacite and latite intrusions

5.7-4.8 Ma (U-Pb): molybdenite mineralization 5.89—4.7 Ma
(Re-0s): late hydrothermal mineralization continued until
4.37+£0.05 Ma (Ar-Ar and K-Ar)

Major Alteration Types: Potassic (biotite). propylitic.
sericitic
Alteration Zoning: Central potassic, transitional potassic-

propylitic. peripheral propylitic: sericitic overprints the transi-
tional zone: sericitic locally overprints potassic

Major Ore Minerals and Assemnblages: Bornite. chalcopy-
rite. molybdenite. pyrite. chalcocite

Major Vein Types and Relative Ages: “Type 1™ veins are
premineralization and composed of magnetite + quartz +
anhydrite + actinolite + plagioclase or quartz veins with vari-
able tourmaline. sericite. chlorite.

“Type 2" veins are late magmatic stage and are typically
quartz + anhydrite + sulfide. but many vein subtypes with vari-
able composition occur at this stage.

“Type 3" veins are of the principal hydrothermal phase and are
composed of quartz. anhydrite and sulfide.

“Type 4" veins are late hydrothermal phase and are commonly
carbonate with various gangue and sulfide minerals.

Major Style(s) of Mineralization: Vein. stockwork. super-
gene enrichment, breccia

Metal Zoning: A barren core surrounded by concentric zoning
of bomite greater than chalcopyrite greater than pyrite

Depth of Ore Formation: The current depth to which copper
mineralization extends to is still unknown.

Post-Ore Deformation:

Other Notable Features: This is the world’s largest known
Cu-Mo deposit. Skewes and others (2005) classify this deposit
as a megabreccia copper deposit and stipulate that the breccia-
tion. mineralization. and felsic porphyry emplacement were
all generated and caused by a large mafic laccolith at greater
depth.

Important References:

Lindgren and Bastin (1922). Howell and Molloy (1960),
Skewes and others (2002. 2005). Cannell and others (2005).
Sillitoe and Perell6é (2005). Stern and Skewes (2005). Skewes
and Stern (2007). CODELCO (2007).

Name: Far Southeast, Philippines
Location: 16.86°N.. 120.78°E.

Grade/Tonnage: Singer and others (2008): 650 Mt at
0.65 percent Cu. 1.33 g/t Auand 0.93 g/t Ag

Associated Deposits: Lepanto (high sulfidation epithermal
Au-Ag). Bulalacuao (porphyry). Guinaoang (porphyry). Santo
Tomas II (porphyry). Santo Niiio (porphyry). Lobo-Boneng
(porphyry). Victoria (intermediate sulfidation epithermal
Au-Ag)

Regional Geologic Setting: Island-arc setting

Regional Tectonic Setting: Luzon Central Cordillera is
affected by major left-lateral ranscurrent faulting.

Significant structural control on magma emplacement
and mineralization (Y/N): Yes. quartz diorite porphyry
and Pliocene-Pleistocene volcanic rocks are localized by the



NW-striking Lepanto fault which is a splay of the Abra River
fault that is part of the Philippine fault system.

Primary Host Rocks: Late Cretaceous to middle Miocene
metavolcanic and volcaniclastic rocks. Miocene tonalite intru-
sion. Pliocene Imbanguila homblende dacite

Primary Associated Igneous Rocks: Pliocene-Pleistocene
calc-alkaline intermediate composition volcanic rocks and
intrusions

Inferred Mineralizing Intrusions: NW-elongated quartz
diorite porphyry dikes and irregular intrusions

Age of Mineralization: Age of alteration minerals range from
1.45 to 1.22 Ma, suggesting 300 kyr of hydrothermal activity:
biotite 1.45+0.04 Ma (K-Ar): illite 1.22+0.06 Ma (K-Ar)

potassic alteration 1.41+0.05 Ma (average of 6 biotite K-Ar
ages): quartz-alunite alteration 1.42 =£0.08 (average of 5 K-Ar
ages)

Major Alteration Types: Potassic (biotite-
magnetitetpotassium feldspar). sericite-clay-chlorite-hematite
(SCC). sericitic. advanced argillic (pyrophyllite and quartz-
alunite). propylitic (epidote-calcite-chlorite)

Alteration Zoning: Potassic core overprinted by sericite-
clay-chlorite (SCC). grading outward and upward
sericitic=pyrophyllite. to pyrophyllite-quartz-anhydrite-
kaolinite/dickite, and uppermost quartz-alunitexanhydrite-
dickite-diaspore-pyrophyllite that formed over top of porphyry
system: potassic, SCC, and pyrophyllite alteration fringed by
propylitic alteration

Major Ore Minerals and Assemblages: Early: bornite, chal-
copyrite. native Au. pyrite: later: pyrite-hematite-chalcopyrite

Breccia pipe: chalcopyrite-gold-molybdenite

Major Vein Types and Relative Ages: Early anhedral vitre-
ous quartz and quartz-anhydrite veins associated with potassic
alteration: intermediate age euhedral quartz veins containing
anhydrite-white mica-hematite-pyrite-chalcopyrite-bormnite
with sericite/illite envelopes: later euhedral quartz veins
Zanhydrite-dickite-diaspore-pyrophyllite precipitated in dilat-
ant fractures and reopened veins

Major Style(s) of Mineralization: Breccia. stockwork and
sheeted vein

Metal Zoning: Concentric Cu-Au zoning around quartz dio-
rite porphyry dikes and irregular intrusions

Depth of Ore Formation: =1.5 km
Post-Ore Deformation: Later faulting on the Lepanto fault

Other Notable Features: Porphyry copper mineralization
temporally and spatially associated with the Lepanto high
sulfidation epithermal Au-Ag deposit. suggesting a genetic
relationship between the two different deposits

Important References:

Arribas and others (1995). Hedenquist and others (1998). Imai
(2000). Claveria (2001). Sajona and others (2002).

Name: Grasberg. Indonesia
Location: 3.82°S.. 137.23°E.

Grade/Tonnage: van Leeuwen (1994) 4.000 Mt at 0.6 percent
Cu. 0.64 g/t Au: minable: 675 Mt at 1.45 percent Cu. 1.87 g/t
Au

Singer and others (2008): 4.000 Mt at 0.6 percent Cu. 0.64 g/t
Au, 2 g/itAg

Associated Deposits: Ertsberg and Ertsberg East (Cu-Au
skarn). Dom (Cu-Au skarn). Big Gossan (Cu-Au skarn).
Wanagon (epithermal). West Grasberg (epithermal)

Regional Geologic Sefting: Postsubduction magmatic arc
overlying continental crust

Regional Tectonic Setting: Magmatic arc emplaced into
foreland fold and thrust belt (Papuan Fold Belt) formed dur-
ing Miocene collision and subduction of Australian continent
beneath Melanesian island arc complex. Pliocene-Pleistocene
transpressional tectonic enviromment followed cessation of
subduction and facilitated formation of dilational zones around
intersections of frontal thrust faults and orogen-transverse
faults thereby allowing emplacement of postsubduction
mantle-derived magmas. Rapid uplift and exhumation of fold
and thrust belt immediately prior to mineralization.

Significant structural control on magma emplacement and
mineralization (Y/N): Yes. intrusive contacts and intersec-
tions of faults. especially with the strike-slip Meren Valley
fault and the Ertsberg #1 fault.

Primary Host Rocks: Pliocene Grasberg Igneous Complex
emplaced into Cretaceous and Tertiary siliciclastic and carbon-
ate rocks

Primary Associated Igneous Rocks: High-potassium calc-
alkaline to K-alkaline (shoshonitic) Grasberg Igneous Com-
plex (quartz diorite to quartz monzonite)

Inferred Mineralizing Intrusions: Dalam diatreme. Main
Grasberg stock. South Kali dikes

Age of Mineralization: Intrusive rocks: 3.06=0.03 Ma (biotite
Ar-Ar): hydrothermal biotite: 3.33 =0.12 to 3.01 £0.06 Ma
(Ar-Ar): molybdenite veins: 2.88 = 0.01 Ma (molybdenite
Re-0s)

Major Alteration Types: Early potassic (potassium feld-

spar. biotite, and magnetite stages). sericitic. sericitic-argillic
(muscovite-illite-kaolinite: “white clay-illite™). advanced argil-
lic (andalusite). insignificant propylitic occurs in igneous rocks
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Alteration Zoning: Interior potassic grading outward into
sericitic (heavy sulfide) along margins of intrusive complex.
Sericitic-argillic developed mostly along steeply dipping struc-
tures. Advanced argillic is locally developed at deep levels
within the sericitic-argillic alteration.

Major Ore Minerals and Assemblages: Chalcopyrite-
bomite<+native gold: bornite-chalcopyrite-pyrite: mixed
copper sulfide consisting of chalcopyrite-borite-nuku-
ndamite-digenite-covellite-pyrite: covellite-enargite-pyrite:
covellite-pyrite/marcasite-chalcopyrite

Major Vein Types and Relative Ages: (Early to late): prem-
ineralization ptygmatic quartz and quartz-magnetite-potassium
feldspar: granular quartz-anhydrite with potassium feldspar-
biotite-amphibole-bornite-chalcopyrite-pyrite: molybdenite:
chalcopyrite-bornite=native gold-hematite-minor quartz (Gras-
berg Cu-Au veins): quartz-sericite; massive pyrite with quartz
veins (heavy sulfide): vuggy quartz-anhydrite(?): quartz-car-
bonate: covellite-pyrite/marcasite-sericite-chalcopyrite: sulfur:
sphalerite-galena

Major Style(s) of Mineralization: Stockwork. disseminated:
lacks significant supergene

Metal Zoning: Central core of Cu-Au ringed by Cu: deep Mo
Depth of Ore Formation: About 2 to more than 3.5 km
Post-Ore Deformation: Rapid uplift of the Papuan Fold Belt

Other Notable Features: Three separate mineralizing phases
occurred: (1) Grasberg Cu-Au: (2) heavy sulfide (mostly pyrite
with minor chalcopyrite): (3) mixed copper sulfide (high-
sulfidation Cu)

Iimportant References:

MacDonald and Arnold (1994). Van Leeuwen (1994). Paterson
and Cloos (2005a. 2005b). Pollard and Taylor (2002). Pollard
and others (2005). Cloos and Housh (2008).

Name: La Escondida, Chile
Location: 24.27°S.. 69.07°W.

Grade/Tonnage: Singer and others (2008): 11.158 Mt at
0.77 percent Cu. 0.25 g/t Au. 0.0062 percent Mo. 5 g/t Ag

Associated Deposits: Zaldivar (porphyry). Escondida Norte
(porphyry)

Regional Geologic Setting: Subduction-related continental
magmatic arc

Regional Tectonic Setting: Mesozoic extension. Late Creta-
ceous compression. Eocene to Miocene transcurrent tectonics

Significant structural control on mmagma emplacement and
mineralization (Y/N): Yes. transtensional pull-apart structures
at the intersection of the Archibarca lineament (NW trending)
and the West Fissure zone (N-S strike-slip fault)

Primary Host Rocks: Eocene Escondida stock and Paleocene
to early Eocene andesite

Primary Associated Igneous Rocks: quartz monzonitic to
granodiorite (4 phases of the Escondida stock):

1st: Colorado Grande intrusion

2d: Escondida intrusion

3d: a porphyry-breccia

4th: narrow granodioritic dikes

Later rhyolite porphyry

Inferred Mineralizing Intrusions: Escondida stock

Age of Mineralization: Colorado Grande intrusion

37.9=1.1 Ma (U-Pb zircon). Escondida intrusion 37.7+0.8 Ma:
rhyolite porphyry 35.7+0.3 — 35.2£0.3 Ma (Ar-Ar alunite:
postdates first two hydrothermal/veins/alteration events)

Stage 1 biotite about 36 Ma (Ar-Ar)
Stage 3 molybdenite 33.7+0.3 Ma (Re-Os)

Supergene blanket formation 18 — 14.6 Ma (K-Ar on super-
gene alunites)

Major Alteration Types: potassic (mainly potassium feldspar
with phlogopite in the Mg-rich volcanic rocks)

Alteration Zoning:

Stage 1: Potassic (potassium feldspar in porphyry, biotite in
surrounding andesite) out to broad propylitic zone

Stage 2: Sericitic with quartz-sericite in core and chlorite-
sericitexquartz in surrounding andesite

Stage 3: Advanced argillic

Major Ore Minerals and Assemblages: Chalcopyrite, pyrite.
bornite. chalcocite. molybdenite. covellite. digenite

Magnetite-bornite-chalcopyrite, pyrite-chalcopyrite, bornite-
chalcopyrite-pyrite. pyrite-molybdenite

Major Vein Types and Relative Ages:

Stage 1 veins: barren quartz veins, quartz with bornite-
chalcopyrite. quartz-orthoclase=biotitexanhydrite

Stage 2 veins: thin sulfide veins, pyrite=chalcopyrite veins,
quartz sulfide

Stage 3 veins: banded veins starting with quartz and followed
by bornite-chalcopyrite. pyrite-chalcopyrite. chalcopyrite-
covellite-chalcocite. enargite, pyrite. sphalerite-chalcopyrite-
tennantite. galena. and alunite

Major Style(s) of Mineralization: Supergene. disseminated.
vein

Metal Zoning:



Depth of Ore Formation:

Post-Ore Deformation: Unmineralized (post-ore) intrusion of
quartz-monzonite dikes at 31.5+2.8 Ma (K-Ar on sericite) and
31.0+2.8 Ma (whole rock).

Uplift and erosion. sinistral movement on the West Fissure
zone

Other Notable Features:

Important References:

Alpers and Brimhall (1989). Padilla Garza. and others (2001).
Richards and others (2001), Porter (2005).

Name: Morenci. Arizona
Location: 33.10°N.. 109.36°W.

Grade/Tonnage: Singer and others (2008): (Morenci-Metcalf)
6.470 Mt at 0.524 percent Cu. 0.028 g/t Au. 0.0095 percent
Mo. 1.6 g/t Ag

Associated Deposits: Metcalf (porphyry). Modoc skam
Regional Geologic Setting: Laramide feature

Regional Tectonic Setting: Located in the transitional zone
between the stable Colorado Plateau and the extensional Basin
and Range province.

Significant structural control on magma emplacement and
mineralization (Y/N): Yes. NE-trending fissures

Primary Host Rocks: Mainly quartz monzonite porphyry:
also weakly mineralized granite porphyry. Precambrian gran-
ite, diabase dikes, and extends into surrounding sedimentary
rocks about 500 meters.

Primary Associated Igneous Rocks: Monzonite porphyry.
granite porphyry

Inferred Mineralizing Intrusions: Quartz monzonite-granite
porphyry

Age of Mineralization: 55.8£0.9 Ma (Re-Os on molyb-
denite): mineralizing intrusion 57.4+1.7 Ma (unspecified
method): hypogene chalcopyrite mineralization at 56-55 Ma.

Major Alteration Tvpes: Potassic (quartz-potassium feldspar-
biotitexsericite=siderite). sericitic (quartz-sericite). propylitic.
argillic

Alteration Zoning: Central potassic surrounded by sericitic
surrounded by propylitic. Supergene argillic overprints the
upper sericitic and potassic.

Major Ore Minerals and Assemblages: Chrysocolla, pyrite.
chalcopyrite. molybdenite. sphalerite, galena. gold. silver,
chalcocitexcovellite in supergene ore

Major Vein Types and Relative Ages: Oldest to young-
est: potassium feldspar+quartz. quartz+molybdenite,
quartz+pyrite=chalcopyrite. quartz-+chalcopyritexpyrite

Major Styvle(s) of Mineralization: Stockwork veins and frac-
tures. supergene. disseminated

Metal Zoning: Gold and silver are more abundant in less
altered areas away from high-temperature molybdenite-
chalcopyrite mineralization. Chalcopyrite-rich core is sur-
rounded by pyrite envelope which is surrounded by protore.

Depth of Ore Formation: Unknown

Post-Ore Deformation: Predominantly NW-striking normal
faulting

Other Notable Features: Acidophilic iron-oxidizing bacteria
contributed to leaching of copper. and this bacteria is common
in acidic environments,

This deposit is one of the largest supergene porphyvry copper
deposits in the world.

Important References:
Moolick and Durek (1966). Langton (1973). McCandless and

Ruiz (1993). Holick and Wood (1999). Enders (2000). Melchi-
orre and Enders (2003). Enders and others (2006).

Name: Mount Polley. British Columbia. Canada
Location: 52.55°N., 121.64°W.

Grade/Tonnage: (1995) 293 Mt at 0.23 percent Cu and 0.30
g/t Au at 0,20 percent Cu equivalent cutoff

Singer and others (2008): 293 Mt at 0.23 percent Cu, 0.3 g/t
Au, 0.001 percent Mo. 4 g/t Ag

Associated Deposits: Rayfield River (porphyry). Afton
(porphyry). Ajax (porphyry). Crescent (porphyry). Pothook
(porphyry). Big Onion (porphyry)

Regional Geologic Setting: Located within the Quesnellia
terrane. which is an intraoceanic island arc-terrane

Regional Tectonic Setting: Intermontane

Significant structural control on magma emplacement and
mineralization (Y/N): Likely. as the intrusive units are elon-
gate along the NNW-trending normal Polley fault.

Primary Host Rocks: Diorite intrusion. plagioclase porphyry

Primary Associated Igneous Rocks: Oldest to youngest: dio-
rite (about 49 weight percent SiO,. higher total Fe. MnO. MgO
and P,0,). plagioclase porphyry (about 59 weight percent
Si0,. lo“ total Fe, MnO. MgO and P,O,). postmineral porphy-
ritic. augite monzodiorite (about 48-49 weight percent SiO,.
higher total Fe. MnO. MgO and P,0O.,). postmineral potassmm
feldspar phyric monzonite (about 59 weight percent SiO,. low
total Fe. MnO. MgO and P,0,). postmineral dikes of augite
porphyry (about 48 ue:ght percent SiO,. higher total Fe. MnO.
MgO and P,0,) and biotite lamprophyre All are alkaline.

Inferred Mineralizing Intrusions: Plagioclase porphyry.
monzonite
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Age of Mineralization: Diorite host 201.6+0.5 Ma (unspeci-
fied method)

Hydrothermal biotite 184+7 Ma (K-Ar)

Major Alteration Types: Potassic (with a biotite zone, actino-
lite zone and potassium feldspar-albite zone). garmet-epidote-
albite-potassium feldspar. garnet-epidote-pyrite-albite-calcite,
propylitic (albite-epidote-pyrite-calcite-magnetite)

Alteration Zoning: Potassic and sodic core. intermediate
calc-potassic (garnet) alteration, surrounded by extensive
propylitic alteration

Major Ore Minerals and Assemblages: Chalcopyrite. pyrite.
bomite

Major Vein Types and Relative Ages: Oldest to youngest:
actinolite-diopside-chalcopyrite-magnetite. magnetite-chalco-
pyrite-trace diopside-trace pyrite. magnetite-bornite-chalcopy-
rite. epidote-calcite-pyrite, albite. quartz. calcite-zeolite

Major Style(s) of Mineralization: Mostly vein and dissemi-
nated within hydrothermal breccia

Metal Zoning: Relatively constant Cu:Au ratio. but higher
concentrations in the core grading to lower grade margins.
Mineralogy zones outward to increasing pyrite-dominated.

Depth of Ore Formation: Unknown, but shallow inferred
from abundant brecciation

Post-Ore Deformation: Faulting and synclinal folding: accre-
tion of host terrane to North America

Other Notable Features: Similar to other alkaline porphyry
systems, argillic and sericitic alteration are absent.

Deposit formed within Quesnellia exotic terrane and was later
accreted to North America

Important References:

Hodson and others (1976). Fraser and others (1993. 1995).
Cassidy and others (1994). Lang and others (1995). McMillan
and others (1995). McMillan and Panteleyev (1995).

Name: Oyu Tolgoi. Mongolia
Location: 43.00°N.. 106.87°E.

Grade/Tonnage: Ivanhoe Mines (2010): Measures + indicated
resources: 1.387 Mt at 1.33 percent Cu and 0.47 g/t Au

Inferred resources: 2.367 Mt at 0.78 percent Cu and 0.33 g/t
Au

Singer and others (2008): 3.107.1 Mt at 0.676 percent Cu.
0.24 g/t Au

Associated Deposits: Hugo Dummett (porphyry)
Regional Geologic Setting: Paleozoic island-arc setting

Regional Tectonic Setting: Regional compression and uplift

Significant structural control on magma emplacement and
mineralization (Y/N): Likely. several major faults and linea-
ments traverse the area. although the local structure is poorly
constrained. Sheeted NW-trending veinlets are also noted with
their orientation likely structurally caused.

Primary Host Rocks: Augite basalt flow. dacitic ash-flow
tuffs, dacitic block-ash tuff. quartz monzodiorite

Primary Associated Igneous Rocks: Late Devonian quartz
monzodiorite intrusions. postmineral basalt to rhyolite, syenite
dikes

Inferred Mineralizing Intrusions: Multiple quartz monzo-
diorite intrusions: high-potassium calc-alkaline. I-type

Age of Mineralization: Dacitic ash-flow tuff 365+4 Ma
(U-Pb zircon); synmineral quartz monzodiorite 378+3 Ma.
371£3 Ma. 362+2 Ma (U-Pb zircon from the SW Oyu Tolgot)

Molybdenite 372=1.2 and 373=1.3 Ma (Re-Os)

Supergene enrichment 117-93 Ma (K-Ar on supergene
alunite)

Major Alteration Types: Extensive argillic, early potassic
(biotite with potassium feldspar in groundmass). possible
earlier sodic based on augite altered to actinolite. propylitic
(epidote-chlorite-illite-pyrite), magnetite alteration. musco-
vite alteration. albite alteration. chlorite alteration. carbonate
alteration (siderite. vein calcite. vug-filling dolomite)

Alteration Zoning: Potassic zoned outward to propylitic

Major Ore Minerals and Assemblages: Chalcopyrite and
bornite are the dominant copper minerals. gold. chalcocite:
pyrite-covellite, bornite-chalcopyrite

Major Vein Tvpes and Relative Ages: Early dismembered
magnetite veins. high temperature quartz veins that underwent
ductile deformation: dickite veins within the argillic zone

Major Style(s) of Mineralization: Disseminated. stockwork
and sheeted veins, breccia. supergene

Metal Zoning: Bornite core outwards to chalcopyrite: upward
to pyritexenargite and covellite at shallower depth

Depth of Ore Formation: Unknown

Post-Ore Deformation: Semiductile deformation of sulfides:
Late Paleozoic rifting

Other Notable Features: This system contains five individual
deposits (South. Southwest. and Central Oyu Tolgoi and North
and South Hugo Dummett) with the majority of the resource
found within the Hugo Dummett deposits.

Important References:

Perell6 and others (2001). Khashgerel and others (2006.
2008). Ivanhoe Mines Ltd. (2010).



Name: Valley Copper. British Columbia. Canada
Location: 50.49°N., 121.05°W.

Grade/Tonnage: (2002) 833.5 Mt at 0.432 percent Cu and
0.0067 percent Mo at 0.25 percent Cu cutoff grade

Singer and others (2008): 833.5 Mt at 0.432 percent Cu.
0.006 g/t Au. 0.0067 percent Mo. 1.9 g/t Ag

Associated Deposits: Bethlehem (porphyry). JA (porphyry).
Highmont (porphyry). Lomex (porphyry)

Regional Geologic Setting: Deposit formed in an island-arc
setting prior to accretion with North America

Regional Tectonic Setting: Located in the Quesnellia island-
arc terrane was later accreted to North America.

Significant structural control on magma emplacement and
mineralization (Y/N): Yes. N- and NW-striking faults.

Primary Host Rocks: Calc-alkaline porphyritic granodiorites
and quartz monzonite (Guichon Creek batholith-Bethsaida
phase). porphyries

Primary Associated Igneous Rocks: Calc-alkaline
granodiorite

Inferred Mineralizing Intrusions:

Age of Mineralization: Guichon Creek batholith 210+3 Ma
(U-Pb zircon). 20510 Ma (Rb-Sr). 202+8 Ma (K-Ar)

Mineralization formed 202-192 Ma
Hydrothermal sericite 198+4 to 1868 Ma (K-Ar)

Major Alteration Tvpes: propylitic. potassic (potassium
feldspar). silicic. sericitic: quartz. sericite. potassium feldspar,
kaolinite. chlorite, epidote. limonite. malachite

Alteration Zoning: Potassic enveloped laterally and upwardly
by sericitic surrounded by propylitic. Argillic is present with
sericitic and potassic.

Early potassic in core with weak peripheral propylitic. Ser-
icitic and argillic then overprint and dominate the intermediate
region. Silicic cuts into all other zones as a “re-entrant™.

Major Ore Minerals and Assemblages: Bornite. chalcopy-
rite. molybdenite. pyrite: molybdenite-chalcopyrite

Major Vein Types and Relative Ages: Quartz veinlets with
alteration envelopes (associated with mineralization) and
quartz veinlets without alteration envelope. Postmineral gyp-
sum, anhydrite. kaolinite and fluorite veinlets.

Major Style(s) of Mineralization: Mostly in fractures. veins,
faults or breccia bodies

Metal Zoning: A relatively barren core is surrounded by areas:
with the highest copper concentration. Surrounding this is a
region of highest molybdenum and highest zinc surrounds
that.

Depth of Ore Formation:

Post-Ore Deformation: Collision of the host terrane with
North America: faulting

Other Notable Features:

Important References:

Ostapenko and Jones (1976). McMillan and others (1995).
McMillan (2005). MINFILE (2008).

Name: Yerington Mine and Ann-Mason Pass. Nevada. United
States

Location: 38.98°N.. 119.2°W.

Grade/Tonnage: Ann-Mason Pass (1982 resource): 495 Mt at
0.4 percent Cu, 0.01 percent Mo

Yerington Mine (past production): 162 Mt at 0.55 percent Cu

Associated Deposits: Casting Copper (skarn). Douglas Hill
(skam). Bluestone (skarn). Mason Valley (skarn). McConnel
Mine (skarmn). MacArthur (porphyry). Bear-Lagomarsino (por-
phyry). Buckskin Mine (Au-Cu veins), Ludwig Mine (carbon-
ate replacement/skarn)

Regional Geologic Setting: Andean-type magmatic arc
setting

Regional Tectonic Setting:

Significant structural control on magma emplacement and
mineralization (Y/N): No

Primary Host Rocks: Yerington batholith

Primary Associated Igneous Rocks: Yerington batho-

lith (three phases oldest to youngest: McLeod Hill quartz
monzodiorite. Bear quartz monzonite. Lulr Hill Granite).
55-69 weight percent SiO,. high-potassium. rocks sit at bound-
ary between alkali-calcic and calc-alkaline

Inferred Mineralizing Intrusions: Granite porphyry dikes
within the cogenetic Luhr Hill Granite

Age of Mineralization: Mineralizing granite dikes
168.5+0.4 Ma (U-Pb zircon)
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