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PREFACE

The U.S. Geological Survey Conterminous United States Mineral Assessment Pro-
gram (CUSMAP) was initiated in 1977 to provide up-to-date assessments of the mineral
potential of the Nation's public lands in the conterminous United States. A major objective
of CUSMAP is the development and application of new concepts for the identification of
mineral resource potential in heretofore untested but possibly mineralized areas. CUSMAP
is providing new information on present and potential mineral supplies and is producing
important data to guide national mineral policy, land-use planning by Federal, State, and
local governments, and mineral exploration by the private sector.

This CUSMAP project was a cooperative venture with the Idaho Geological Survey
and the Departments of Geology at Idaho State University and the University of Idaho.
Project personnel interacted closely with concurrent research investigations in the area sup-
ported by National Science Foundation Grant RUIEAR 86-18629 and an Idaho State
Board of Education Economic Incentive Grant to Idaho State University. Project partici-
pants came from several branches of the U.S. Geological Survey, Idaho Geological Survey,
Idaho State University, University of Idaho, Boise State University, Bureau of Land Man-
agement, U.S. Forest Service, U.S. Bureau of Mines, Rice University, and Western Wash-
ington University.

Wayne Hall and Thor Kiilsgaard proposed the Hailey 1°x2° quadrangle as a CUS-
MAP project and as the founding fathers were sources of guidance and inspiration for all
who served on the project. Wayne spent many years prior to this CUSMAP project devel-
oping an understanding of the black shale terrane and associated mineral deposits (Hall,
1985). His work laid the foundation for studies in the black shale terrane, and his concepts
on the genesis of the mineral deposits provided the guidance for many of the studies
reported in volume 1 of this bulletin. Thor has actively studied the mineral deposits of cen-
tral Idaho for many years starting during a period when many of the mines were still oper-
ational (Anderson and others, 1950). His first-hand knowledge and understanding of the
important ore deposits in the region proved invaluable to the success of this project. In
recent years, Thor has been recognized as an expert on the Trans-Challis fault system and
on precious-metal deposits hosted by rocks of the Idaho batholith (Kiilsgaard and others,
1986). His work has provided new insight into this important class of mineral deposits and
provided the foundation for many of the studies that will be reported in volume 2 of this
bulletin.

Those who served include:

Ron Worl Earl Bennett Thor Kiilsgaard
Paul Link Reed Lewis Brian Mahoney
Sandy Soulliere Betty Skipp Kate Johnson
Wayne Hall Gary Winkler Falma Moye

Bill Hackett Cole Smith Anna Wilson
Jim Erdman Dean Kleinkopf Keegan Schmidt
Rick Sanford Nancy Milton Scott Southworth
Larry Snee Brad Burton Larry Snider
Barbara Eiswerth Dave Stewart Shelly Whitman

Larry Dee Joe Wooden Tony Gibbons
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Dan Bruner Ed Ratchford Craig Wavra
Ryan McDermott J.P. O'Brien John Montgomery
Micheline Doyle Norio Honjo Bill Leeman
Chris Clark Jeff Jones Bruce Doe
Mark Stowman Betty Bailey Bob Criss
Flint Hall Ann McCafferty Spencer Wood
Bob Darling John Blakley Helen Whitney
Marty Power Brenan Jordan Victoria Mitchell
Walt Baweic Dick Hardyman Kevin Kunkel
John Finnegsmeir Will Park Darlene Batatian
Audrey Huerta

And companions:
Blue Minos Nooky
Earl’s Yorkies Joe Gretchen
Annie Brittany Mollie
Zonker Minnie Moore Mutts  Basho Kitty

Investigations of the Hailey CUSMAP project expanded on previous mineral resource
assessments of nearby areas in Idaho and Montana. Studies in the Hailey CUSMAP project
began in 1986 and fieldwork was completed in 1989. Preliminary results were presented in
May 1988 during oral and poster sessions at the 41st Annual Meeting of the Rocky Moun-
tain Section, Geological Society of America, Sun Valley, Idaho (Link and Hackett, 1988),
and on December 7, 1989, at the Northwest Mining Association 95th Annual Convention
and Trade Show in Spokane, Washington (Winkler and others, 1989). A preliminary geo-
logic map of the Hailey quadrangle was jointly prepared and released by the U.S. Geolog-
ical Survey and the Idaho Geological Survey (Worl and others, 1991), and an aeromagnetic
anomaly map of the Hailey quadrangle and the western part of the Idaho Falls quadrangle
was released by the U.S. Geological Survey (McCafferty and Abrams, 1991).
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GEOLOGY AND MINERAL RESOURCES OF THE HAILEY AND IDAHO FALLS QUADRANGLES
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GEOLOGY AND MINERAL DEPOSITS—AN OVERVIEW A9

mineral deposit types are presented in the format of the min-
eral deposit models defined by Cox and Singer (1986), and
the applicable mineral deposit model of Cox and Singer is
indicated (referred to as USGS model analog). Examples of
deposits listed in the Hailey descriptive models are from
central Idaho; those examples within the Hailey quadrangle
and the western part of the Idaho Falls quadrangles are
referred to the relevant mineralized area. Table 2 lists all
mineral deposit types thought to be present in the study area.
Detailed descriptive models follow for deposit types for
which adequate information is available.

TUNGSTEN STOCKWORKS AND VEINS

Approximate Synonym
Quartz-wolframite veins

USGS Model Analog
Tungsten veins (15a) (Cox and Singer, 1986, p. 64)

Summary Description

Fissure-filled quartz veins, commonly in a stockwork
pattern, are along major fractures or in and just above felsic
porphyritic intrusions.

Commodities
Major —Tungsten
Byproducts.—Antimony, gold, silver, and molybdenum

Geologic Environment

Rock types—Deposits are in altered granitic plutons and
calcareous and quartzitic sedimentary and metasedimentary
rocks.

Depositional environment.—Tungsten was apparently
deposited within or just above small epizonal granitic plu-
tons that formed during the late stages of both the Cretaceous
and Tertiary episodes of plutonism.

Tectonic setting.—Deposition was as fissure fillings in
regional fracture systems.

Associated deposit types.—Related deposits include molyb-
denum stockworks and tungsten skarns. Cretaceous tungsten
stockworks and veins may be part of a family of vein depos-
its that includes Cretaceous polymetallic veins and polyme-
tallic quartz veins and lodes.

Deposits

Description—Quartz veins and stockworks contain local
concentrations of wolframite or scheelite. The economically
important deposits are above molybdenum stockwork depos-
its.

Mineralogy.—Ore minerals include wolframite (ferberite
and huebnerite) and some scheelite, molybdenite, stibnite,
gold, and silver. The bulk of the vein material is quartz; vari-
able amounts of fluorite, arsenopyrite, calcite, rhodochrosite,

Table 2. Mineral deposit types thought to be present in the
Hailey 1°x2° quadrangle and the western part of the Idaho Falls
1°x2° quadrangle, south-central Idaho.

[Deposit types enclosed in parentheses are those for which not enough is
known to develop descriptive models]

Age of
mineralization

Quaternary

Mineral deposit type

(Gold placers)
(Radioactive black-sand placers)
(Hot springs deposits)

(Tungsten skarn)

Tungsten stockworks and veins

(Stockwork deposits containing molybdenum,
tungsten, tin, or beryllium)

Copper skam

Polymetallic replacements

(Gold-bearing skarn)

Molybdenum stockworks

Epithermal precious-metal veins

Polymetallic veins

(Carbonate-hosted, jasperoid-associated, precious-
metal deposits)

(Antimony veins)

Polymetallic veins

Tertiary

Cretaceous (Tungsten skarn)

Tungsten stockworks and veins
Molybdenum stockworks
Polymetallic replacements
Polymetallic veins

Polymetallic quartz veins and lodes
Paleozoic (Sedimentary stratabound lead-zinc deposits)
(Stratabound barite)

sericite, feldspar, pyrite, sphalerite, chalcopyrite, tetrahe-
drite, galena, and cinnabar are also present. Manganese
oxide minerals are ubiquitous.

Texture/structure.—Deposits are in veins and veinlets of fis-
sure-filling massive quartz and as lenses and pods of sulfide
minerals.

Alteration.—Silicification, as shown by cavities lined with
chalcedonic quartz and drusy quartz, is common near the
deposits; argillic and sericitic alteration of feldspar is com-
mon in igneous host rocks.

Ore controls.—Deposits are in swarms of quartz veins in
fracture zones close to granite pluton contacts; important
deposits may be at intersections of major structures.

Age range—Both Cretaceous and Eocene deposits are
known.

Orebodies.—Individual orebodies are irregular in shape but
tend to be elongate along fracture systems or form envelopes
parallel with plutonic contacts. Orebodies range in size from
Iess than 2 ft in width and 100 ft in length to as much as 35
ft in width and 1,700 ft in length. Grades average 0.5-5 per-
cent WO3, 0.05-6.0 percent antimony, 0.01-0.10 ounces of
gold per ton, and 0.01-1.75 ounces of silver per ton.
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Geochemical Signature

A stream-sediment sample collected below the Ima mine
(Worl and others, 1989) contained anomalous concentra-
tions of copper, lead, antimony, and tungsten. A geochemi-
cal signature commonly associated with tungsten veins is W,
Mo, Sn, Bi, As, Cu, Pb, Be, and F.

Geophysical Signature

The deposits themselves have no geophysical expression,
but the major fracture zones and related intrusions corre-
spond to anomalies in regional magnetic and gravity data.

Examples

Most deposits in the Corral Creek mineralized area (fig. 1)
Big and Little Falls prospects (Summit mineralized area,
fig. 1)

Blizzard Mountain prospect (Lava Creek mineralized area,
fig. 1)

Ima mine (Mitchell and others, 1981)

Tungsten Jim (Mitchell and others, 1986)

Comment
These deposits probably could be separated into Cretaceous
and Tertiary types.

References
Callaghan and Lemon (1941)
Cook (1956)

TERTIARY MOLYBDENUM STOCKWORKS

Approximate Synonym
Calc-alkaline stockwork

USGS Model Analog
None

Summary Description
Vein stockworks and disseminations of molybdenite are in
or near hypabyssal rocks of Eocene age.

Commodities
Major.—Molybdenum
Byproducts.—Copper and tungsten
Trace.—Antimony

Geologic Environment

Rock types.—Host rocks include Paleozoic sedimentary
rocks of the black shale terrane, granodiorite of the Idaho
batholith, and Eocene hypabyssal intrusive rocks.
Depositional environment.—Deposits are within and above
late phases of multiple-phase intrusions.

Tectonic setting.—Deposits are localized along deep-seated
fracture systems, including the Trans-Challis fault system.

Associated deposit types.—Related deposits include fluor-
spar deposits and tungsten veins and skarns.

Deposits

Description—Two general deposit types are recognized:
deposits within and next to rhyolite dikes in shear zones and
deposits within small epizonal plutons. Stockworks of
molybdenite-bearing quartz veinlets and disseminations of
molybdenite are characteristic of both types. Most of the
molybdenite is in intrusive rock, although some extends
along fractures into country rock.

Mineralogy.—Ore minerals include molybdenite and chal-
copyrite and locally scheelite and stibnite. Gangue is quartz
and pyrite and locally pyrrhotite and arsenopyrite.
Texture/structure.—Deposits consist of flakes and rosettes
of molybdenite in veins and veinlets of quartz and as dissem-
inations in altered rock.

Alteration.—Intense alteration consisting of a siliceous core
surrounded by envelopes of argillized, sericitized, and chlo-
ritized rocks is common. Pyrite zone may overprint other
alteration types.

Ore controls.—Deposits are associated with rhyolite dikes
within major fractures of the Trans-Challis fault system or
with later phases of multiple-phase plutons.

Age range.—Deposits are Eocene or younger.
Orebodies.—The orebodies range from small isolated pods
of low-grade ore within intrusive bodies to orebodies con-
taining 0.1 percent MoS; and as much as 1 billion tons of ore.
Orebodies associated with rhyolite dikes are elongate in the
direction of the host shear zones and dikes.
Weathering.—Oxidized pyrite gives outcrops a reddish-
brown color.

Geochemical Signature

Stream sediments and soils contain anomalous amounts of
molybdenum and copper, and some stream sediments also
contain anomalous amounts of silver.

Geophysical Signature

The deposits themselves may be detectable using electrical
methods, and buried intrusions are detectable using aero-
magnetic data.

Examples

Rhyolite- and shear-zone-hosted deposits

Cumo prospect (Mitchell and others, 1986)

Little Falls prospect (Mitchell and others, 1986)

Red Mountain (Mitchell and others, 1986)

Pluton-hosted deposits

Walton-White Mountain prospect (Summit mineralized
area, fig. 1)

Ima mine (Mitchell and others, 1981)

References
Rostad (1967)
Tucheck and Ridenour (1981)
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TERTIARY POLYMETALLIC VEINS

Approximate Synonyms
Lead-silver-zinc-antimony-tin veins, base-metal veins

USGS Model Analog
None

Summary Description
Base- and precious-metal veins are hosted by several ter-
ranes in the vicinity of Eocene plutonic or volcanic rocks.

Commodities

Major.—Silver, lead, and zinc

Byproduct.—Gold

Trace.—Antimony, copper, tin, tungsten, and bismuth

Geologic Environment

Rock types.—Deposits are in many types of host rock includ-
ing sheared Cretaceous intrusive rocks; quartzite, argillite,
and carbonate beds of the black shale terrane; argillite and
carbonate beds of the flysch terrane; and carbonate beds of
the carbonate terrane.

Depositional environment.—Deposits formed in fracture
systems that also localized Eocene intrusions.

Tectonic setting.—Many deposits are in or near major shear
zones in Cretaceous intrusive rocks or regional faults in the
Paleozoic sedimentary rock terranes.

Associated deposit types.—Related deposits include Tertiary
polymetallic replacement deposits and epithermal precious-
metal veins.

Deposits

Description.—Deposits in base- and precious-metal veins
are characterized by open-space filling textures, cryptocrys-
talline quartz, trace to significant amounts of gold, silver,
lead, and zinc, and trace amounts of antimony, copper, tung-
sten, bismuth, and tin.

Mineralogy.—Ore minerals include galena, sphalerite, and
silver-bearing tetrahedrite in a gangue of quartz, siderite,
calcite, pyrite, arsenopyrite, pyrrhotite, and cryptocrystal-
line quartz. Locally the ore contains minor amounts of
bornite, bournonite, chalcopyrite, enargite, silver telluride
(hessite?), cassiterite, zincian stannite, and silver sulfanti-
monide minerals.

Texture/structure.—Deposits are characterized by sheared
and broken zones in which quartz bodies are broken and
pulled apart. Fault gouge and highly sheared rock are com-
mon.

Alteration.—Carbonate country rocks are metamorphosed to
hornfels and skarn, and most host rocks show some degree
of silicification.

Ore controls.—Fissures and shear zones provided perme-
ability for mineralizing solutions driven by Eocene volcanic
and plutonic activity.

Age range.—Most deposits are Tertiary or have a Tertiary
overprint.

Orebodies.—Deposits generally are small lenses, pods, or
irregular bodies along tabular linear veins. Size of individual
orebodies ranges from a few feet in length and depth to as
much as 200 ft in length, 300 ft in depth, and 7 ft in width.
Grades range from trace to 6 ounces of silver per ton, 2 to 8
percent lead, 2 to 5 percent zinc, and trace to 1 ounce of gold
per ton. Known deposits of this type in shear zones in Creta-
ceous intrusive rocks are small but may represent higher
grade zones in a large area of low-grade mineralized rock.
Weathering.—Zones that contain pyrite or pyrrhotite form
conspicuous gossans, but zones that contain only silver, lead,
and zinc minerals have inconspicuous outcrop. Secondary
lead, zinc, and antimony minerals are common in the weath-
ered zones.

Geochemical Signature

Rocks and stream sediments in the vicinity of deposits in the
black shale belt are anomalous in Sn, As, Sb, Cd, Zn, Pb, Au,
and Ag; the best geochemical indicators are probably Zn, Pb,
Sb, As, Ag, and Cu.

Geophysical Signature

The deposits themselves have no direct geophysical expres-
sion, but some intrusions and major structures can be recog-
nized by prominent anomalies and steep gradient zones in
the magnetic and gravity data.

Examples

Most deposits in the Galena, Boulder Basin, Lake Creek, and
Lead Belt mineralized areas and some deposits in the Mar-
shall Peak, Mackay, Copper Basin, Lava Creek, and Mul-
doon mineralized areas (fig. 1)

References

Anderson (1929, 1947a)
Anderson and Wagner (1946a)
Federspiel and others (1987)
Tucheck and Ridenour (1981)

EPITHERMAL PRECIOUS-METAL VEINS

Approximate Synonym
Epithermal gold (quartz-adularia)

USGS Model Analog
Comstock epithermal veins (25¢) (Cox and Singer, 1986,
p. 150)

Summary Description

Epithermal gold and silver quartz veins are within or close to
Eocene volcanic or hypabyssal rocks, commonly within
major deep-seated regional fracture systems.
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Commodities

Major.—Gold and silver
Byproducts.—Lead, zinc, and copper
Trace.—Antimony and bismuth

Geologic Environment

Rock types.—Host rocks include units of the Idaho batholith
and siliceous Eocene extrusive and intrusive rocks.
Depositional  environment.—Hydrothermal systems are
associated with Eocene calc-alkaline peraluminous volcan-
ism and associated intrusive activity.

Tectonic setting.—Major deposits are aligned along exten-
sional regional fracture systems, including the Trans-Challis
fault system.

Associated deposit types.—Related deposits include fluor-
spar veins, Tertiary antimony veins, and Tertiary polymetal-
lic veins and replacements.

Deposits

Description.—Deposits are in banded and crustified veins
and stockworks of veinlets that formed mainly by open-
space filling in altered and silicified rocks.
Mineralogy.—Ore minerals include auriferous pyrite, native
gold, native silver, electrum, tetrahedrite, pyrargyrite, prous-
tite, argentite, stephanite, galena, chalcopyrite, enargite,
sphalerite, and aikinite and other bismuth sulfide minerals.
Gangue includes quartz (cryptocrystalline to coarsely crys-
talline), pyrite, calcite, adularia, siderite, barite, pyrrhotite,
and arsenopyrite.

Texture/structure.—Veins are characterized by open-space-
filling textures in fissures and breccias; sheared rock and
fault gouge are common in and along ore shoots. Ore min-
erals are in clusters, thin layers, lenses, and disseminations.
Alteration.—Sericitized and silicified zones are closer to the
veins, and wide propylitized zones are farther away.

Ore controls.—Most of the deposits are along high-angle
fractures in the vicinity of hypabyssal dikes, stocks, and
plugs.

Age range.—Deposits are Eocene or younger.
Orebodies.—Deposits are generally small lenticular pods as
much as 100 ft in strike length, 100 ft in dip length, and 3 ft
or more in thickness. Ore values are very irregular even
within a single orebody and range from trace to 23 ounces of
gold per ton and trace to 2,500 ounces of silver per ton.
Weathering.—Weathering includes bleached country rock
and iron-stained outcrops.

Geochemical Signature

Bismuth is associated with gold in the Quartzburg, Idaho
City, Lava Creek and Champagne Creek mineralized areas
(fig. 1); heavy-mineral concentrates in some areas contain
anomalous amounts of Au, Ag, Sn, Ba, Bi, Cu, Mo, and Pb.

Geophysical Signature
The deposits themselves have no geophysical expression,
but the ore-controlling faults might be detected by detailed

magnetic surveys and intensely altered zones might be
detected by resistivity surveys. Regional magnetic data show
the northeast-trending structures of the Trans-Challis fault
system. Some mines are at intersections of strong east-west
and northeast linear magnetic trends.

Examples

Gold Hill mine (Quartzburg mineralized area, fig. 1)
Volcanic rock-hosted deposits in the Muldoon, Lava Creek,
and Champagne Creek mineralized areas (fig. 1)

Reference
Anderson (1929, 19474, b)

TERTIARY POLYMETALLIC
REPLACEMENTS

Approximate Synonyms
Distal skarn, irregular replacements of base- and precious-
metals

USGS Model Analog
Zinc-lead skarns (18¢) (Cox and Singer, 1986, p. 90)

Summary Description
Carbonate strata are partly to completely replaced by silicate
and sulfide minerals.

Commodities
Major.—Silver, lead, and zinc
Byproducts.—Copper, gold, and antimony

Geologic Environment

Rock types.—Host rocks are calcareous or dolomitic units in
flysch and carbonate terranes.

Depositional environment.—Deposits formed by replace-
ment of carbonate-bearing units by solutions following high-
angle and bedding-parallel fracture systems in the vicinity of
hypabyssal intrusive bodies.

Tectonic setting.—Deposits are generally near high-angle
faults that host hypabyssal bodies.

Associated deposit types.—Related deposits include Tertiary
polymetallic veins and epithermal precious-metal veins.

Deposits

Description—Deposits are tabular to elongate lenses or
ovoid, pipelike, stratabound bodies of silicate and sulfide
minerals.

Mineralogy.—Sulfide minerals include galena, sphalerite,
pyrite, chalcopyrite, arsenopyrite, marcasite, and complex
antimonide minerals. Oxidized zones contain cerussite,
anglesite, scorodite, malachite, and iron oxide minerals.
Gangue minerals include calcite, quartz, sericitized feldspar,
fluorite, and several calc-silicate minerals.
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Texture/structure.—Deposits are generally coarse grained
mosaics of silicate, sulfide, and carbonate minerals.
Alteration.—Alteration effects are not extensive in carbonate
rocks; they consist of some minor bleaching and silicifica-
tion. Extensive silicification and sericitic alteration are
present in siliceous igneous rocks.

Ore controls.—Deposits formed along permeable zones
within receptive host rock close to hypabyssal intrusive
bodies.

Age range.—Known deposits are probably Eocene.
Orebodies.—Numerous sulfide seams and stringers are in
bodies that are as much as 1,000 ft long, 120 ft wide, and 20
ft thick. Grades range from 6 to 12 ounces of silver per ton,
5 to 10 percent lead, 3 to 7 percent zinc, 0.1 to 1.0 percent
copper, and trace to 0.3 ounces of gold per ton. Some pockets
of high-grade ore were mined from the oxidized zone.
Weathering.—Secondary lead and zinc minerals are com-
mon in the weathered zone.

Geochemical Signature

Stream-sediment samples contain anomalous amounts of
Ag, As, Ba, Cu, Pb, Sb, and Zn. Most barren rock samples
from the same stratigraphic unit that hosts the orebodies
contain anomalous amounts of barium, and many contain
anomalous amounts of boron and zinc (Winkler and others,
this volume).

Geophysical Signature
No geophysical signatures are known, but local detailed
electrical surveys might detect individual orebodies.

Examples
Eagle Bird mine area (Muldoon mineralized area, fig. 1)
Phi Kappa mine (Summit mineralized area, fig. 1)

References
Anderson and Wagner (1946a)
Tucheck and Ridenour (1981)

COPPER SKARN

Approximate Synonyms
Base-metal skarn, polymetallic skarn

USGS Model Analog
Copper skarn (18b) (Cox and Singer, 1986, p. 86)

Summary Description
Chalcopyrite-rich lenses, pods, and disseminations of sulfide
minerals are in calc-silicate contact metasomatic rocks.

Commodities

Major.—Copper, lead, zinc, and silver
Byproducts.—Gold, molybdenum, and iron
Trace—Tungsten and fluorine

Geologic Environment

Rock types.—Host rocks are skarn composed of Ca-Fe-Mg-
Mn-silicate minerals within carbonate-bearing sedimentary
rocks at the contact with Tertiary granite and leucogranite
porphyry.

Depositional environment.—Deposits are in thermal and
chemical aureoles of Tertiary plutons intruding carbonate-
bearing rocks.

Tectonic setting.—Plutons are most commonly along north-
east- or northwest-trending regional structures. Deposits are
in faulted margins of plutons.

Associated deposit types.—Outer zones of these skarns con-
tain polymetallic veins and local iron skarns.

Deposits

Description.—Skarn deposits contain significant copper
minerals. The orebodies are pipelike, chimney-, or pod-
shaped and are along the contacts of intrusive rock and skarn,
along the contacts of skarn and carbonate-bearing sedimen-
tary rock, and along joints, breccias, faults, and bedding
planes within skarn. Peripheral to and, in some cases, over-
lapping the skarn deposits are replacement veins containing
silver, lead, and zinc minerals. The two deposit types are
genetically related.

Mineralogy.—Historic ore production was mainly from
oxidized ore containing chrysocolla, malachite, azurite, and
tenorite in a gangue of calc-silicate minerals and iron
hydroxide. Primary ore contains chalcopyrite, local concen-
trations of molybdenite, sphalerite, and bornite, and rare
fluorite and scheelite associated with pyrite, pyrrhotite, cal-
cite, quartz, magnetite, and specularite in a matrix of calc-
silicate minerals.

Texture/structure.—The ore-bearing skarn is coarse to very
coarse grained and, in general, coarser grained than sur-
rounding barren skarn. Copper sulfide minerals are massive
to disseminated; the other sulfide minerals are disseminated
and interstitial to the calc-silicate minerals.
Alteration.—Skarn formation.

Ore controls.—Deposits are related to receptive carbonate-
bearing beds, Eocene felsic plutons, and permeable areas
within the metasomatic zone.

Age range.—All known occurrences are associated with
Eocene plutonic rocks.

Orebodies.—Individual orebodies are 15-200 ft long, 5-55
ft wide, and as much as 600 ft deep. Grades range from 2 to
6 percent copper in oxidized ore and are 2.5 percent or less
copper in sulfide ore.

Weathering.—Exposures have been described as calc-sili-
cate rock carrying disseminations and spongelike aggre-
gates of metallic minerals. Secondary copper and iron
minerals are common.

Geochemical Signature

Stream-sediment samples in the vicinity of the Empire
mine contain anomalous amounts of copper (Worl and
others, 1989).
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Geophysical Signature

Magnetic anomalies may indicate buried intrusive bodies in
Paleozoic carbonate rocks. Local detailed electrical surveys
might detect individual orebodies.

Examples
Most deposits in the Mackay and Copper Basin mineralized
areas (fig. 1)

Reference
Umpleby (1917)

CRETACEOUS MOLYBDENUM
STOCKWORKS

Approximate Synonym
Calc-alkaline stockwork

USGS Model Analog
Porphyry molybdenum, low-fluorine (21b) (Cox and Singer,
1986, p. 120)

Summary Description
Vein stockworks and disseminations of molybdenite are in
or near plutonic rocks of Cretaceous age.

Commodities
Major.—Molybdenum
Byproducts.—Silver and tungsten

Geologic Environment

Rock types.—The deposits are within or associated with
compositionally zoned stocks of Cretaceous biotite grano-
diorite and porphyritic biotite granite.

Depositional environment.—The intrusions are outliers of
the Idaho batholith and are within a late Mesozoic-Tertiary
magmatic arc in the western North American Cordillera that
hosts many economically significant molybdenum stock-
work deposits associated with fluorine-deficient, I-type,
compositionally zoned granitoid plutons that are probably
subduction related.

Tectonic setting.—Known deposits are on the eastern edge of
the Idaho batholith.

Associated deposit types.—Related deposits include tung-
sten veins and stockworks and tungsten skarn.

Deposits

Description.—Deposits are stockworks of veins and veinlets
of quartz, biotite, potassium feldspar, and white mica in
which sulfide minerals other than molybdenite are rare.
Mineralogy.—Ore minerals include molybdenite and locally
scheelite, chalcopyrite, galena, and silver minerals. Gangue
includes biotite, potassium feldspar, and white mica.
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Texture/structure.—Molybdenite is present as rosettes,
flakes, fracture fillings, intercalations with secondary micas,
and selvages.

Alteration.—Central potassic zone grades outward through
phyllic, argillic, and probably propylitic zones.

Ore controls.—Deposits are in quartz stockworks in and
above compositionally zoned plutons.

Age range.—Cretaceous.

Orebodies.—Mineralized areas range in size from a few feet
in diameter to bodies as much as 11,100 ft in length, 3,000 ft
in width, and more than 2,200 ft in thickness.
Weathering.—Yellow ferrimolybdite, after molybdenite, is
present locally.

Geochemical Signature

Stream-sediment and heavy-mineral-fraction samples in the
vicinity of the Thompson Creek mine contain anomalous
amounts of tungsten, molybdenum, bismuth, and copper;
stream sediments also contain anomalous amounts silver,
and the heavy-mineral fraction contains anomalous amounts
of lead, antimony, boron, and thorium (Worl and others,
1989). A reconnaissance biogeochemical survey in 1979
included wood samples from two Douglas fir trees from the
window overlying the orebody at Thompson Creek. These
samples yielded silver concentrations of 300 and 500 ppm,
as compared to a norm of about 20 ppm. Anomalous molyb-
denum concentrations were also measured (J. Erdman, U.S.
Geological Survey, unpublished data, 1992).

Geophysical Signature
Known deposits are on the flanks of positive magnetic
anomalies that probably indicate buried granitic plutons.

Examples

Thompson Creek mine (Mitchell and others, 1986)

Cabin Creek deposit (Mitchell and others, 1986)
Virginia-Beth deposit (Mitchell and others, 1986)

Little Boulder Creek (mainly a skarn deposit) (Mitchell and
others, 1986)

References
Cavanaugh (1979)
Hall and others (1984)

POLYMETALLIC QUARTZ VEINS
AND LODES

Approximate Synonym
Mixed base- and precious-metal veins

USGS Model Analog

Mixed base- and precious-metal veins (James D. Bliss, U.S.
Geological Survey, Tucson, Arizona, written commun.,
1991)



GEOLOGY AND MINERAL DEPOSITS—AN OVERVIEW AlS

Summary Description
Quartz veins and lodes locally enriched in precious- or base-
metals are within or close to the Idaho batholith.

Commodities

Major—Gold and silver; locally antimony, copper, lead or
zinc

Byproducts.—Gold and silver where other metals dominant
Trace.—Molybdenum and tungsten

Geologic Environment

Rock types.—Host rocks include all lithologic phases of the
Idaho batholith and siliceous and calcareous sedimentary
and metamorphic rocks near the batholith.

Depositional environment.—Mineralization occurred during
and directly following formation of the Idaho batholith and
prior to Eocene volcanism.

Tectonic setting.—Deposits are in fractures that formed dur-
ing cooling of the Idaho batholith; regionally, this was a
period of change from a dominantly compressive to a domi-
nantly tensional structural environment.

Associated deposit types.—These veins and lodes represent
the quartz-gold-rich end member of a family of vein deposits
that were emplaced during and directly following batholith
formation. The other end member of this family is represented
by the polymetallic veins that are present in the black shale
terrane next to the batholith. Cretaceous tungsten stockworks
and veins may also be part of this family of vein deposits and
closely related to the polymetallic quartz veins and lodes.

Deposits

Description.—The deposits are multistage quartz veins and
lodes within shear zones and fault fissures. They are spatially
and genetically related to the Idaho batholith and are in rocks
of the batholith and in nearby siliceous and calcareous rocks.
Several varieties of deposits are recognized; they reflect in
part gradations between the two end members and in part
mineral or metal zoning within the polymetallic quartz veins
and lodes. Subtypes include base-metal veins, gold veins,
antimony veins, and silver veins.

Base-metal veins are characterized by multistage quartz
and siderite or calcite gangue and locally abundant galena,
tetrahedrite, and sphalerite. The carbonate minerals com-
monly are present as fracture fillings in brecciated quartz and
the sulfide minerals as replacements of carbonate minerals.
Production from these veins was mainly for silver, lead, and
zinc. Examples are in the Croesus mine (Croesus stock min-
eralized area, fig. 1).

Gold veins are characterized by several stages of quartz
including early massive columnar and late vuggy cockscomb
varieties and generally minor amounts of pyrite, chalcopy-
rite, pyrrhotite, and (or) arsenopyrite. Sericite is present in
most veins and vein selvages. Production from these veins
was mainly for gold and locally for copper. Examples
include deposits in the Hailey gold belt, Rocky Bar, and
Atlanta mineralized areas (fig. 1).

Antimony veins are characterized by vuggy cockscomb
quartz and locally abundant stibnite; other sulfide minerals
may be present. Production from these veins was mainly for
antimony, but some veins may have significant precious-
metal content as well. Examples include deposits in the
Swanholm mineralized area (fig. 1).

Silver veins are characterized by vuggy banded
cockscomb quartz, ruby silver minerals, and an absence of
arsenopyrite, pyrrhotite, or sphalerite; stibnite may be
present. Production from these veins was mainly for silver.
The silver veins may grade into gold veins at depth. Exam-
ples include deposits in the Vienna mineralized area (fig. 1).
Mineralogy.—Quartz is dominant in all deposits. Other non-
sulfide gangue minerals include siderite, calcite, and sparse
barite, sericite, albite, adularia(?), epidote, magnetite, and
fluorite. Sulfide gangue minerals are mostly insignificant
and include pyrite, arsenopyrite, and pyrrhotite. Ore miner-
als are chalcopyrite, galena, sphalerite, tetrahedrite, pyrargy-
rite, stibnite, huebnerite, and scheelite. Silver is mostly
associated with galena, tetrahedrite, or pyrargyrite, and gold
is associated with chalcopyrite or pyrite.
Texture/structure.—The deposits include massive single
veins of quartz in fissures and zones of many veins, veinlets,
breccia fillings, and disseminations of quartz in large areas
of broken, sheared, and crushed country rock. Both syn- and
post-mineral deformation is evident in most deposits. Much
of the quartz is barren or metal-deficient massive and colum-
nar varieties. Generally, metal-enriched veins and lodes have
a late quartz stage with drusy, cockscomb, coliform, and
vuggy textures. Sulfide minerals are present as bands, pods,
and disseminations within the quartz.
Alteration.—Alteration is mostly confined to the zone of
broken, sheared, and crushed country rock. Argillic and
sericitic alteration is pervasive through the sheared zones,
and pyritic alteration and silicification are present next to the
veins and lodes.

Ore controls.—The deposits are in shear zones and fracture
systems, and groups of deposits commonly have similar ori-
entations, but there is no apparent regional control to their
location. Deposits in parts of the batholith are genetically
related to the muscovite-biotite granite phase. Deposits
formed at or near the edges or tops of batholith phases.

Age range—Deposits range from Late Cretaceous to Pale-
ocene in age.

Orebodies.—Individual veins and lodes are from tens of feet
to several miles in length, a few feet to a few tens of feet in
width, and hundreds to thousands of feet in depth. Individual
orebodies are lenticular pipelike ore shoots within the veins
or lodes and are characterized by consistency through large
vertical extents. Some of the larger orebodies have strike
lengths of as much as 300 ft, dip lengths of more than 700 ft,
and thicknesses of a few inches to 8 ft. Grades vary consid-
erably; recorded averages range from trace to 1 ounce of
gold per ton, trace to 15 ounces of silver per ton, 0.01 to 4.5
percent copper, 2 to 8 percent lead, and 4 to 9 percent zinc.
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Weathering.—Abundant quartz chips and placer gold con-
centrations are in soils and stream sediments; local minor
lenses of gossan, manganese-oxide stain, and malachite or
azurite stain are present.

Geochemical Signature

Anomalous amounts of arsenic, gold, silver, and antimony
and locally tungsten, lead, copper, and zinc are in stream-
sediment and heavy-mineral-fraction samples.

Geophysical Signature
High-angle shear zones and fractures, where mineralized, can
be mapped using detailed magnetic and electrical surveys.

Examples

Many deposits hosted by rocks of the Idaho batholith includ-
ing, in the Hailey quadrangle, most deposits from the
Atlanta, Rocky Bar, Black Warrior, Swanholm, Volcano,
Vienna, Hailey gold belt, and Croesus stock mineralized
areas (fig. 1)

References

Allen (1952)

Anderson (1939, 1943)
Anderson and others (1950)
Anderson and Wagner (1946b)
Kiilsgaard and others (1970)
Popoff (1953)

Ross (1927)

CRETACEOUS POLYMETALLIC VEINS

Approximate Synonyms
Wood River lead-silver veins, lead-silver-zinc-antimony
veins

USGS Model Analog
Polymetallic veins (22c) (Cox and Singer, 1986, p. 125)

Summary Description
Deposits are rich siderite-silver-lead veins in the Idaho black
shale belt.

Commodities

Major.—Silver
Byproducts.—Lead, zinc, and gold
Trace.—Antimony and copper

Geologic Environment

Rock types.—Carbonaceous micritic limestone and black
argillite are the most common hosts, but deposits are also
present in siltite, siltstone, shale, quartzite, and sandy lime-
stone.

Depositional environment.—Deposition was along major
fracture systems in the black shale terrane within the thermal
aureoles of Cretaceous granodioritic to granitic intrusions.
Tectonic setting.—Many deposits are in or near major
regional low-angle faults.

Associated deposit type.—These veins represent the siderite-
silver-lead-rich end member of a family of vein deposits
emplaced during and directly following batholith formation.
The other end member of this family is represented by poly-
metallic quartz veins and lodes hosted by rocks of the Creta-
ceous infrusive terrane.

Deposits

Description.—Deposits comprise multistage veins charac-
terized by siderite and quartz gangue. Deposits formed along
fracture systems in black shale terrane through a combina-
tion of open-space filling and replacement of carbonate beds.
Veins have simple mineralogy and contain few trace metals;
they are mainly in argillaceous rocks of the black shale ter-
rane, grade into polymetallic replacement deposits, and are
within the metamorphic and metasomatic influence of the
Cretaceous intrusive rocks.

Mineralogy.—Ore minerals are argentiferous galena,
sphalerite, and silver-bearing tetrahedrite in a gangue of sid-
erite, calcite, and quartz. Variable amounts of pyrite, arse-
nopyrite, and chalcopyrite are present in the ore.
Texture/structure—Coarse-grained sulfide minerals are
present as bands, pods, and disseminations within siderite
and crushed country rock.

Alteration.—The country rocks are metamorphosed and
metasomatized to hornfels and skarn. Alteration, mainly for-
mation of sericite, extends only a few inches from individual
fractures and is not a conspicuous feature.

Ore controls.—Fissures and shear zones close to Cretaceous
igneous rock intruding black shale terrane provided perme-
ability for metal-bearing solutions.

Age range.—Most deposits are probably Cretaceous and
Paleocene, although some may have an Eocene overprint.
Orebodies.—Small lenses, pods, or tabular veins and large
irregular bodies. Size ranges from a few tons to 200,000 tons
for a single orebody. Average grades range from 5 to 45
ounces of silver per ton, 5 to 20 percent lead, and 5 to 13 per-
cent zinc; trace amounts of gold are present. The very rich
ores resulted from secondary enrichment.
Weathering.—Zones that contain pyrite or pyrrhotite form
conspicuous gossans, but zones that contain only silver, lead,
and zinc minerals have inconspicuous outcrop. Secondary
lead, zinc, and antimony minerals are common in the weath-
ered zones. Reported gold production was from gossans
derived from pyrite-rich veins.

Geochemical Signature
Best geochemical indicators are probably Zn, Pb, Sb, As,
Ag, Cu, and organic carbon.
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Geophysical Signature

The deposits themselves have no direct geophysical expres-
sion, but some intrusions and major structures exhibit prom-
inent anomalies and steep gradient zones in the magnetic and
gravity data.

Examples

Livingston mine (Mitchell and others, 1986)

Hoodoo mine (Mitchell and others, 1986)

Triumph mine (Triumph mineralized area, fig. 1)

Minnie Moore mine (Minnie Moore mineralized area, fig. 1)
Most deposits in the Bullion mineralized area (fig. 1)

References

Anderson and others (1950)
Umpleby and others (1930)
Van Noy and others (1986)

CRETACEOUS POLYMETALLIC
REPLACEMENTS

Approximate Synonym
Irregular replacements of base- and precious-metals

USGS Model Analog
Polymetallic replacement deposits (19a) (Cox and Singer,
1986, p. 99)

Summary Description

Deposits formed by selective replacement by silicate and
sulfide minerals of carbonate strata in Paleozoic black shale
terrane.

Commodities
Major.—Silver, lead, and zinc
Byproducts.—Copper and gold

Geologic Environment

Rock types.—Host rocks are generally sandy or silty calcar-
eous or dolomitic rock interbedded with black carbonaceous
argillite of the black shale terrane.

Depositional environment.—Solutions emanating from Cre-
taceous intrusive rocks and moving along fracture systems
replaced receptive host rocks.

Tectonic setting.—Most of the richer deposits are at the inter-
sections of the host rocks and steep faults. Regional fold
structures and low-angle faults may have helped localize ore.
Associated deposit type.—Cretaceous polymetallic veins
commonly are in the same location, but they are thought to
be slightly younger.

Deposits
Description.—Deposits of tabular to irregular-shaped bodies
are in part stratabound but locally crosscut strata. In some

areas the deposits may represent local reconcentration of
metals.

Mineralogy.—Ore minerals include galena, sphalerite, tetra-
hedrite, and chalcopyrite; gangue includes siderite, quartz,
pyrite, and arsenopyrite. Deposits are characterized by the
presence of siderite gangue and jamesonite.
Texture/structure.—Deposits are generally coarse grained;
ore minerals are present as pods, veinlets, irregular masses,
and disseminations.

Alteration.—Dolomitization(?), silicification, and sericitiza-
tion occurred around some of the deposits.

Ore controls.—Mineralization was controlled by location of
major fracture systems cutting receptive carbonate rocks
within the influence of Cretaceous igneous intrusions.

Age range.—Deposits are mostly Cretaceous in age; they
may be Paleocene in part.

Orebodies.—Orebodies are generally irregular, discontinu-
ous, elongate lenses or ovoid pipelike bodies that follow bed-
ding in the host rock. Orebodies range from a few tons to
more than 200,000 tons. Grades range from a few percent
lead and zinc and less than an ounce of silver per ton to
30-40 percent lead and 40-60 ounces of silver per ton. Some
of the richer orebodies mined in the past were in the second-
ary enrichment zone.

Weathering.—Secondary lead and zinc minerals are com-
mon in the weathered zone.

Geochemical Signature

Stream-sediment samples from the vicinity of the Clayton
Silver mine (Mitchell and others, 1986) contain anomalous
amounts of B, Ag, Cu, Zn, Pb, and As, and heavy-mineral
concentrates contain anomalous amounts of B, Ag, Cu, Zn,
Pb, Ba, Mo, Cd, Sn, and W (Worl and others, 1989).

Geophysical Signature
No geophysical signature is known, but local detailed elec-
trical surveys might detect individual orebodies.

Examples

Some deposits in the Minnie Moore, Triumph, Bullion,
Rooks Creek stock, and Deer Creek stock mineralized areas
(fig. 1)

Clayton Silver mine (Mitchell and others, 1986)

References

Anderson and others (1950)
Hall and others (1978)
Ross (1937)

METALLOGENIC EVENTS

Mineralizing events recognized in the rocks of the
Hailey quadrangle and the western part of the Idaho Falls
quadrangle include (1) sedimentation in marine basins that
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were oxygen depleted during much of Paleozoic time, (2)
igneous and hydrothermal activity related to formation of the
Cretaceous Idaho batholith, (3) igneous and hydrothermal
activity during formation of Eocene granitic intrusions and
the Eocene Challis volcanic field, (4) hydrothermal activity
related to Miocene and younger volcanic activity, and (5)
Pleistocene to Holocene weathering and erosion. These
events are listed in table 3 and described below.

PALEOZOIC EVENTS

The earliest recorded event was stratabound concentra-
tion of metals in black shales during most of the Paleozoic,
especially during the Middle Devonian. Metals concentrated
include Ag, Ba, Cu, Mo, Va, Pb, Zn, and Ni. The metals
entered the basin as emanations directly onto the sea floor

and in detritus derived from weathering of pre-existing
deposits in the sediment source area (Sanford and Wooden,
this volume). Metal concentrations took the form of lenses,
stringers, and disseminations of sulfide minerals and proba-
bly metal-bearing nonsulfide minerals. The metal-enriched
rocks are mainly black carbonaceous argillite, siltite, shale,
and micritic limestone, which are shown as argillaceous
rocks within the black shale terrane on plate |. Known syn-
genetic metal deposits include stratabound zinc deposits at
the Hoodoo and Livingston mines in the Boulder Creek dis-
trict just north of the Hailey quadrangle (Hall, 1985) and
some of the stratabound zinc-lead orebodies in the Trinmph
mineralized area (Turner and Otto, this volume) (fig. 1).
Numerous other deposits in the black shale terrane are
thought to be stratabound in part. In addition to the stra-
tabound deposits that are known to be present or may be
present, the carbonaceous rocks (black shale) constitute an
enormous possible low-grade resource of metals.

Table 3. Metallogenic events in the Hailey 1°x2° quadrangle and the western part of the Idaho Falls 1°x2° quadrangle, south-central

Idaho.

Age

Metallogenic event(s)

Pleistocene and Holocene

Miocene to present
containing uranium.

Mechanical concentration of gold and heavy minerals into placer deposits.

Hydrothermal cells associated with volcanism developed hot springs deposits containing gold and locally

Mineralization associated with Eocene extensional and igneous activity included:

Veins and veinlets along major deep-seated, high-angle fault systems containing Au, Ag, Bi, Sb, Pb, Zn,

Disseminations and stockworks containing molybdenum and tungsten within and above granitic and

Replacement deposits including skarns and distal skarns containing Pb, Zn, Ag, W, and Au in the vicinity

Greisens and pegmatitic pods containing molybdenum, tungsten, beryllium, or tin in and just above the tops

Remobilization of pre-existing ores, mainly affecting vein and massive deposits of lead, silver, and zinc and

Mineralization during transition from dominantly compressional to dominantly extensional tectonism

developed a family of deposits characterized by several generations of quartz and containing some combination
of Au, Ag, Sb, As, Pb, Cu, W, and Zn. Deposits formed in Paleozoic black shale terrane were enriched in
silver, lead, and zinc and those formed in Cretaceous intrusive rocks and siliceous metamorphic rocks were

Intrusion of leucogranitic phase of Idaho batholith developed disseminations and stockworks containing

molybdenum, tungsten, and antimony(?) within and surrounding the plutonic bodies.

50-40 Ma

Cu, fluorspar, and Ba;

rhyolitic intrusions;

of granitic-rhyolitic intrusions;

of pink granite intrusions; and

massive quartz veins containing gold and silver.
78-57 Ma

enriched in gold and locally silver, antimony, or tungsten.

74(?) Ma
90-80 Ma

Intrusion of Idaho batholith border phases formed lead-, zinc-, and silver-enriched massive replacement bodies

in carbonate country rocks; metals were derived, in part, from older deposits and enrichments.

Late Pennsylvanian and Permian

Metalliferous sedimentation concentrated barium, lead, silver, and zinc in carbonaceous sediments; metals were

derived, in part, from detrital material from older deposits.

Early Mississippian

Middle and Late Devonian

Metalliferous sedimentation concentrated barium, lead, silver, and zinc in turbidite beds.

Significant concentration of silver, lead, and zinc in stratiform lenses and disseminations of sulfide minerals

interbedded with calcareous mudrock, chert, and limestone; the source of metals was metalliferous solutions

discharging on the sea floor.

Ordovician and Devonian
carbonaceous sediments.

Metalliferous sedimentation concentrated Pb, Ag, Zn, V, Mo, Ba, Cu, Ni, and possibly other metals in
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CRETACEOUS EVENTS

Emplacement of the Idaho batholith during Cretaceous
and Paleocene time resulted in many of the important min-
eral deposits in the area. Three physical types of deposits
formed during this event: replacement deposits, stockworks
of veinlets, and large veins and lodes. Polymetallic replace-
ment deposits, most notable in the Minnie Moore and Carri-
etown mineralized areas (fig. 1). have been mined for their
silver, lead, and zinc content. These are stratabound to irreg-
ular-shaped, massive deposits of galena and sphalerite that
formed by replacement of carbonate-bearing members of the
black shale sequence near its contacts with intrusive rocks of
the Idaho batholith and satellite bodies.

Stockwork deposits formed during this event concen-
trated molybdenum, tungsten, and some copper. Known
deposits of this type in the region include Thompson
Creek, a producing world-class molybdenum deposit north
of the study area in the Challis quadrangle, and the Little
Boulder Creek molybdenum prospect, just north of the
Hailey quadrangle.

A variety of vein deposits formed during the late stages
of batholith formation (about 78-57 Ma; L.W. Snee, U.S.
Geological Survey, 1992, unpublished data), during a period
of transition from dominantly compressional to dominantly
extensional tectonism. Two general types are recognized:
polymetallic veins and polymetallic quartz veins and lodes.
Cretaceous polymetallic veins, characterized by quartz-sid-
erite gangue, are mainly within the black shale terrane and
have produced silver, lead, and zinc. Notable examples are
in the Minnie Moore, Triumph, and Bullion mineralized
areas (fig. 1). Polymetallic quartz veins and lodes are char-
acterized by several generations of quartz and limited sulfide
minerals. They are mainly within rocks of the Idaho batholith
or in siliceous and calcareous sedimentary rocks within or
close to the batholith and have produced principally gold and
silver. Most deposits in the Atlanta, Rocky Bar, and Hailey
gold belt mineralized areas (fig. 1) are of this type.

EOCENE EVENTS

Tertiary igneous and hydrothermal activity and atten-
dant metallization started about 50 Ma during regional
extension characterized by deep-seated high-angle fractures
and rift structures. Metals introduced during this event
include Au, Ag, Mo, W. Be, Sn, Sb, Bi. F, Pb, Cu, and Zn.
Solutions transporting these metals also may have mobilized
and reconcentrated metals from earlier deposits. Tertiary
metal concentrations are of three general types: replacement
of sedimentary carbonate rocks, stockworks of veins and
veinlets, and vein systems.

Tertiary replacement deposits, including skarn, concen-
trated copper, lead, zinc, silver, and gold, formed in carbon-
ate-bearing sedimentary rocks around Tertiary intrusive

bodies. Replacement deposits in the Mackay mineralized
area (fig. 1) are typical copper skarns mined mainly for cop-
per. Replacement deposits in the Summit and Muldoon min-
eralized areas (fig. 1), hosted by the Drummond Mine
Limestone Member of the Copper Basin Formation (pl. 1),
have produced some lead and silver and may be distal zinc-
lead skarns.

Stockwork deposits of Eocene age concentrated molyb-
denum and tungsten within or close to plutonic bodies.
Examples are in the Summit mineralized area (fig. 1). Eocene
granite batholiths in this area are enriched in beryllium,
molybdenum, tungsten, and tin; it is possible that greisens
formed during some of the later crystallization stages (Smith,
this volume).

Hydrothermal activity, starting about 50 Ma and con-
tinuing intermittently to the present, produced a variety of
vein deposits. Polymetallic veins that have produced some
silver, lead, and zinc formed in open fractures and breccia
zones in the vicinity of Tertiary plutons in all terranes.
Examples in the Mackay mineralized area (fig. 1) are in car-
bonate terrane; those in the Lead Belt, Lava Creek, and Mul-
doon mineralized areas (fig. 1) are in flysch terrane; and
those in the Summit mineralized area (fig. 1) are in black
shale terrane.

Epithermal precious-metal veins, some of which have
been major gold producers, formed from hydrothermal cells
in areas of volcanism. Most of these deposits are hosted by,
or are closely associated with, Eocene volcanic and hypabys-
sal rocks. Examples are in the Quartzburg, Lava Creek, and
Burma Road mineralized areas (fig. 1).

MIOCENE AND YOUNGER EVENTS

A few gold- and uranium-bearing deposits that are
related to hot-springs systems formed during Miocene to
Holocene time. Examples are in the Magic and Elk Creek
mineralized areas (fig. 1). Hydrothermal solutions coursing
along major high-angle fracture systems formed large bodies
of jasperoid in Paleozoic carbonate, flysch, and black shale
terranes and in altered rock in Tertiary volcanic terranes.
Some of these solutions may have been metal bearing, in
which case large low-grade sediment- and volcanic-hosted
epithermal precious-metal deposits may have formed (Soul-
liere and others, this volume).

PLEISTOCENE TO HOLOCENE EVENTS

During Pleistocene and Holocene time, radioactive
black-sand and gold placers formed. Minerals concentrated
in the late-stage crystallization products of the Cretaceous
Idaho batholith and Eocene granitic plutons were the sources
for the minerals in the radioactive black-sand placer depos-
its. Lode deposits were sources for the placer gold.
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Structural Framework of Mineral Deposits Hosted by
Paleozoic Rocks in the Northeastern Part of the
Hailey 1°x2° Quadrangle, South-Central Idaho

By David W. Rodgers,! Paul Karl Link,! and Audrey D. Huerta!

ABSTRACT

The style, geometry, and timing of structures in the
northeastern part of the Hailey 1°x2° quadrangle, south-cen-
tral Idaho, has had a strong influence on mineralization of
Paleozoic rocks. Polyphase deformation has produced a
myriad of faults and folds and resulted in significant shorten-
ing, extension, and differential uplift. Devonian rift-related
faults may have influenced syngenetic silver-lead-zinc min-
eralization in the Milligen Formation. The Late Devonian
and Early Mississippian Antler orogeny was characterized
by folding and thrusting of lower Paleozoic siliceous deep-
water strata over coeval carbonate platform rocks. Crustal
warping probably related to the Middle Pennsylvanian
Ancestral Rockies orogeny is manifested by uplift of the
Copper Basin highland relative to the subsiding Wood River
Basin to the west.

During the Late Jurassic to Cretaceous Sevier orogeny,
folds and thrusts formed and the Atlanta lobe of the Idaho
batholith was emplaced. Open, upright, north-trending folds
are present in the Smoky Mountains, whereas tight, over-
turned, northwest-trending folds are present to the east in the
Pioneer and Boulder Mountains. Map-scale folds accommo-
dated at least 25 percent shortening, whereas pressure solu-
tion, small-scale folding, and shearing resulted in additional
unmeasured shortening. Of the many thrust faults previously
identified, only the Pioneer thrust fault and possibly the Trail
Creek fault are interpreted as major; these have inferred top-
to-the-east-northeast slip of several tens of kilometers. Silver-
lead-zinc veins in the Triumph mine formed in minor thrust
faults above inferred Late Cretaceous intrusive bodies. Vein
deposits of the Minnie Moore area are hosted by northwest-
striking, steeply dipping shear zones that formed shortly after
intrusion of plutons about 90 Ma. In the Carrietown mineral-
ized area, smaller shear-zone-hosted silver-lead-zinc veins
formed about 80 Ma adjacent to the Idaho batholith.

Department of Geology, Idaho State University. Pocatello, Idaho
83209.

During the Late Cretaceous to Eocene, the southeastern
Idaho batholith and adjacent country rock were exhumed
8-12 km, after which occurred an extended period of early
Eocene(?) to middle Oligocene deformation. In the early
stages of this tectonism top-to-the-northwest slip occurred
along low-angle faults including the Lake Creek and Trail
Creek faults in the Pioneer and Boulder Mountains. The
Lake Creek fault slipped about 18 km in a dextral-normal
sense; most slip occurred before 51-48 Ma. Shear zones
along the Lake Creek fault contain silver-lead veins, and in
the Triumph and Minnie Moore mineralized areas low-angle
faults offset Cretaceous veins. During and after eruption of
the main body of the Challis Volcanic Group (48-47 Ma),
northeast-striking high-angle faults and dikes formed; north-
west-southeast extension of perhaps 6-25 percent probably
was accommodated by faulting. Some fault zones near vol-
canic vents show silicification and alteration. In the middle
Eocene and middle Oligocene, the Pioneer Mountains meta-
morphic core complex was uplifted. Uplift was probably
associated with 17-23 km of top-to-the-northwest slip along
the Wildhorse detachment fault.

Neogene basin and range faulting produced northwest-
striking northeast-tilted fault blocks. The amount of south-
west-northeast extension is probably about 10-15 percent.
Existing mineral deposits were offset, but no new deposits
formed near the surface.

INTRODUCTION

The location of mineral deposits hosted by Paleozoic
rocks in south-central Idaho is influenced by structures that
formed during several orogenic events. Ore deposits are con-
centrated in joints, shear zones, fault zones, and the cores of
folds and are offset by high- and low-angle faults that have
meters to tens of kilometers of slip. The area is part of the
“central Idaho black-shale mineral belt,” as defined by Hall
(1985) to include carbonaceous mudrock of various ages
along the southeastern edge of the Idaho batholith.

B1



B2 GEOLOGY AND MINERAL RESOURCES OF THE HAILEY AND IDAHO FALLS QUADRANGLES

We focus herein on the structural framework of miner-
alized Paleozoic strata in the northeastern part of the Hailey
1°x2° quadrangle in south-central Idaho. The framework of
mineralization and the mineralized areas are described by
Worl and Johnson (this volume). Details of Paleozoic
stratigraphy are described by Link and others (this volume),
and more detailed discussions of mineral genesis and remo-
bilization are presented by Burton and Link (this volume),
Darling and others (this volume), Mahoney (this volume),
Turner and Otto (this volume), Winkler and others (this vol-
ume), Link and Worl (in press), Mahoney and Horn (in
press), and Park (in press).

The study area is bisected by the northwest-trending
Wood River valley, along which are the towns of Ketchum,
Hailey, and Bellevue. To the west of the Wood River valley
are the Smoky Mountains, to the north are the Boulder
Mountains, and to the northeast are the Pioneer Mountains.
The headwaters of the Salmon River are in the northern
Smoky Mountains, the headwaters of the East Fork Salmon
River are in the northern Boulder Mountains, and the Big
Lost River flows through the eastern Pioneer Mountains and
Boulder Mountains. Major mineralized areas include the Tri-
umph area in the western Pioneer Mountains near Hailey and
Ketchum, the Minnie Moore area west of Bellevue, the Bul-
lion area west of Hailey, and the Carrietown area in the
southern Smoky Mountains. The location of individual 7.5-
minute quadrangles in the study area is shown in figure 1.

The distribution of rocks in the study area is complex,
but a general northwest-trending outcrop pattern is shown
by most major rock units (plate 1). From southwest to
northeast, the major rock units are the Cretaceous Idaho
batholith, the upper Paleozoic Sun Valley Group (Dollar-
hide, Grand Prize, and Wood River Formations), lower
Paleozoic strata (Milligen Formation and unnamed Ordovi-
cian, Silurian, and Devonian strata), and the Mississippian
Copper Basin Formation. Overlying all these units is the
Eocene Challis Volcanic Group. Proterozoic to Paleozoic
metasedimentary rocks and Eocene plutons crop out in the
Pioneer Mountains metamorphic core complex in the cen-
tral Pioneer Mountains. Structurally, Paleozoic strata
throughout the area are involved in map-scale folds that
have north- to northwest-trending hinges. Four types of
map-scale faults are present: (1) thrust faults such as the
north-northwest-striking Pioneer thrust fault in the eastern
Boulder Mountains and northern and eastern Pioneer
Mountains; (2) dextral-normal faults including the north-
west-striking Lake Creek and Trail Creek faults in the
western Boulder and Pioneer Mountains and the arched
Wildhorse detachment fault of the Pioneer Mountains core
complex; (3) northeast-striking normal faults exposed
throughout the map area, most notably the White Mountain
fault within the south-central Pioneer Mountains; and (4)
north-northwest striking normal faults exposed throughout
the area.
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Figure 1. Index map showing location of 7.5-minute quadran-
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gles for the northeastern part of the Hailey 1°x2° quadrangle,
south-central Idaho.

Paleozoic strata of south-central Idaho record a pro-
tracted orogenic history that has been unraveled in large part
by previous workers (Lindgren, 1900; Umpleby and others,
1930; Anderson and others, 1950; Nilsen, 1977; Hall, Rye,
and Doe, 1978; Skipp and others, 1979; Dover, 1981, 1983;
Hall, 1985; Link and others, 1988). We briefly review this
history before describing the structural evolution of the area
in more detail.

Subsidence during the latest Proterozoic of Early Prot-
erozoic crystalline rocks and overlying Middle Proterozoic
strata (exposed in the core of the Pioneer Mountains) pro-
duced a west-facing passive continental margin that per-
sisted until the end of the Silurian. Isolated exposures of
lower Paleozoic shelf strata of this passive margin crop out
east of the Cretaceous Pioneer thrust fault, and coeval deep-
water (siliceous) strata are exposed west of the Pioneer thrust
fault from Trail Creek north to the North Fork of the Big Lost
River. A pulse of Devonian rifting, subsidence, and strati-
form syngenetic silver-lead-zinc mineralization is recorded
within the Milligen Formation, which is extensively exposed
east of the Wood River valley near Hailey and Ketchum and
in the Boulder Mountains. The Lower Mississippian part of
the Copper Basin Formation accumulated during and after
the Late Devonian—Early Mississippian Antler orogeny in a
foreland basin-flysch trough to the east of a thrusted Antler
highland, and the upper part of the formation is interpreted to
be a marginal-marine facies that represents filling of the
foreland basin. Pennsylvanian and Permian crustal warping,
possibly associated with formation of the Ancestral Rockies,
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is reflected by relative uplift of the area now east of the Pio-
neer thrust fault to form the Copper Basin highland and rel-
ative subsidence of the area now west of the Pioneer thrust
fault to form the epicratonic Wood River Basin in which the
Sun Valley Group was deposited.

During the Late Jurassic to Cretaceous Sevier orogeny,
Paleozoic and older strata were metamorphosed, folded,
thrust eastward, and intruded by granitoid rocks of the
Atlanta lobe of the Idaho batholith. North- to northwest-
trending, east-vergent folds accommodated most of the
shortening. A smaller, but unresolved amount of shortening
was accommodated along thrust faults, primarily the Pioneer
thrust. Late Cretaceous granitoid rocks are exposed in the
Smoky Mountains and include the Atlanta lobe and three sat-
ellite plutons (Rooks Creek, Deer Creek, and Croesus
stocks) near Hailey and Bellevue. The historically produc-
tive Minnie Moore and Triumph mines near Hailey contain
shear-zone-hosted silver-lead-zinc veins that formed during
late stages of Cretaceous intrusive activity.

Significant exhumation of the Atlanta lobe and adjacent
Paleozoic strata occurred during the Late Cretaceous and
early Tertiary. By the middle Eocene, rocks formerly at 8-12
km depth were at the surface.

Paleozoic rocks were extensively deformed in early
Eocene(?) to middle Oligocene time, before, during, and
after eruption of the middle Eocene Challis Volcanic Group.
Slippage occurred on several low-angle faults including the
Lake Creek and Trail Creek faults. Northeast-striking high-
angle normal faults and dikes throughout the area are struc-
turally parallel with the Trans-Challis fault system. The Pio-
neer Mountains metamorphic core complex formed during
this time and was episodically uplifted along the Wildhorse
detachment fault. Remobilization and introduction of metals
accompanied these deformational events.

Neogene development of the Basin and Range province
is manifested by differential uplift and northeast tilting along
north- to northwest-striking normal faults. The study area is
characterized by rugged topography that formed as a result
of erosion by Quaternary glaciers and streams and has a
present-day maximum elevation greater than 3,500 m.
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PALEOZOIC SYNGENETIC
STRATIFORM MINERALIZATION
AND THE ANTLER OROGENY

Fine-grained carbonaceous Devonian strata including
the Milligen Formation and correlative units (parts of the
Salmon River assemblage and unnamed Silurian and Devo-
nian units) were deposited over much of the eastern part of
the Hailey 1°x2° quadrangle and the eastern part of the Chal-
lis 1°x2° quadrangle to the north. Turner and Otto (this vol-
ume) and Link and others (this volume) describe the
stratigraphy of these Devonian rocks. At the Triumph mine
east of Ketchum (and at the Livingston and HooDoo mines
in the Challis quadrangle), these strata contain stratiform sil-
ver-lead-zinc mineral deposits that have demonstrable syn-
genetic texture (Hall, 1985). By comparison with other large
Devonian mineral deposits in Canada, these deposits are
thought to have formed in a transtensional or extensional
strain regime (Turner and Otto, this volume). In the Milligen
Formation, the stratiform ore deposits may have been con-
centrated in small fault-bounded deep-water basins that were
subject to exhalation of hydrothermal fluids enriched in met-
als (Hall, 1985; Turner and Otto, 1988, this volume). Turner
and Otto (1988, this volume) identified possible tuffs and
mafic sills in the Milligen Formation in the Triumph miner-
alized area; however, the absence of faults and Devonian
radiometric ages has so far prevented a direct tie between
these metal concentrations and sedimentary exhalative pro-
cesses. These stratiform deposits are broadly constrained as
Middle Devonian (Eifelian) in age (Link and others, this vol-
ume). Devonian ore deposits may be a significant source of
metals that were remobilized during Cretaceous and Eocene
magmatic activity and are now in Paleozoic rocks of various
ages in the black shale mineral belt (Hall, Rye, and Doe,
1978; Hall, 1985, 1987; Sanford and Wooden, this volume).

Based on recognition of soft-sediment folds of
inferred tectonic origin in the Milligen Formation (Turner
and Otto, 1988, this volume), Milligen deposition may have
been concurrent with, or closely followed by, early com-
pressional phases of the Late Devonian to Early Mississip-
pian Antler orogeny. The transition from basin formation
and associated rifting to compressional deformation and,
indeed, the details of Antler deformation in south-central
Idaho are not well understood.

The later phases of the Antler orogeny produced axial
planar cleavage and tight to isoclinal folds in the Milligen
Formation in the Triumph area and in the Boulder Moun-
tains (Davis, 1984; Turner and Otto, 1988, this volume),
complex folds in the Milligen Formation in the Lake Creek
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area (Burton and Link, this volume), and regional tilting of
the Milligen Formation below a Middle Pennsylvanian
unconformity in the northern Boulder Mountains (Batatian,
1991; Burton and Link, this volume). These structures are
attributed to the Antler orogeny because they have only
been found in pre-Mississippian rocks and were over-
printed by northeast-vergent folds during the Mesozoic
Sevier orogeny. Although some outcrop belts of Milligen
Formation west of the Trail Creek fault show clear polyde-
formational structures, only one fabric can be demonstrated
in other areas. Polydeformational fabrics have not been
identified east of the Trail Creek fault in the Lower Ordovi-
cian to Middle Silurian Phi Kappa Formation, Middle Sil-
urian  Trail Creek Formation, Devonian Milligen
Formation, and unnamed Silurian and Devonian units. Our
observation is that an Antler fabric is present in many, but
not all, outcrops of Devonian and older strata west of the
Trail Creek fault but is not present east of the fault. The
presence of an Antler fabric in central Idaho has been long
debated (Dover, 1980), and the nature of such a fabric
requires further study.

Based on the presence of a Mississippian-age flysch
trough (Copper Basin Formation) containing clasts derived
from the Milligen Formation, Skipp and Hall (1975) and
Nilsen (1977) suggested that the Milligen Formation was
thrust eastward to form a highland during the Late Devonian
to Early Mississippian Antler orogeny. The thrust fault that
accommodated this shortening cannot, however, be conclu-
sively located in south-central Idaho (Dover, 1980). If it is
present in the Hailey 1°x2° quadrangle. it may be concealed
beneath the outcrop belt of upper Paleozoic Wood River For-
mation in the Boulder Mountains (Roberts and Thomasson,
1964), or it may have been reactivated to become the Creta-
ceous Pioneer thrust fault (Wust, 1986) or the early
Eocene(?) Trail Creek fault. The Pioneer thrust fault is an
unlikely candidate because it contains Mississippian flysch
in its hanging wall (Link and others, this volume). We
observe that the Trail Creek fault forms the eastern boundary
of a demonstrable Antler fabric in the Milligen Formation
and that the fault zone shows several stages of deformation,
especially in its footwall where the Milligen Formation is
tightly folded and northwest of Trail Creek where the fault
zone is a mylonitic zone tens of meters wide (Dover, 1983).
Similar stratigraphic members of the Milligen Formation are
present in the footwall and hanging wall of the Trail Creek
fault (Bruner, 1991; Link and others, this volume), and thus
any Antler-age slip along the Trail Creek fault would be less
than the distance over which facies changes occurred in the
original Milligen basin.

Latest Devonian to Early Mississippian uplift of the
Antler highland in Nevada and Idaho produced a source for
clastics that formed a wedge of chert-rich flysch and molasse
which becomes finer grained and more carbonate-rich

eastward (Poole and Sandberg, 1991). Within central Idaho
these strata comprise the eastward-fining Mississippian Cop-
per Basin Formation, which was deposited in the foreland
basin east of the Antler highland. With the exception of a few
isolated exposures in the hanging wall of the Pioneer thrust
fault (Link and others, this volume), the Copper Basin For-
mation now crops out east of the Pioneer thrust fault (Nilsen,
1977, Skipp and others, 1979; Skipp and Hall, 1980; Dover,
1983; Link and others, this volume). Black and gray chert
and cleaved argillite clasts in the Copper Basin Formation
that were derived from the Devonian Milligen Formation
suggest that the Milligen was deformed prior to Early
Mississippian time and was part of the western Antler high-
land (Davis, 1984).

PENNSYLVANIAN-PERMIAN WOOD
RIVER BASIN

Middle Pennsylvanian to Early Permian subsidence of
the Wood River Basin produced a depositional site for
thick sequences (more than 3,000 m) of fine-grained mixed
carbonate-siliciclastic strata of the Sun Valley Group
(Mahoney and others, 1991). The Sun Valley Group con-
tains the Wood River, Grand Prize, and Dollarhide Forma-
tions, each of which on plate 1 is divided into lower and
upper units.

The Sun Valley Group contains two upward-fining
stratigraphic cycles interpreted to represent two periods of
tectonic subsidence (Mahoney and others, 1991). Subsid-
ence during the lower cycle (Desmoinesian to Missourian,
Middle to Late Pennsylvanian) provided accommodation
space for the Hailey Member and correlative strata that
make up the basal part of the Sun Valley Group. These
units were deposited in a southwest-flowing braid-delta
system and adjacent deep-water slope. The braid delta
drained the Copper Basin highland (now the eastern Pio-
neer Mountains) where the Copper Basin Formation
cropped out (Winsor, 1981). The Copper Basin highland
may have been uplifted along an east-dipping reverse
fault, as suggested by Mahoney and others (1991), but the
location of this fault has not been identified. Uplift of the
Copper Basin highland and coeval subsidence of the
Wood River Basin to the southwest was probably related
to the Ancestral Rockies orogeny (Skipp and Hall, 1980;
Kluth, 1986; Mahoney and others, 1991; Link and others,
this volume).

During the second cycle of subsidence (Virgilian to
Wolfcampian, Late Pennsylvanian to Early Permian), the
Copper Basin highland ceased to be a significant source of
sediment. Fine-grained carbonate detritus derived from the
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Snaky Canyon Formation (now exposed 100 km to the east)
may have washed over the site of the former highland on its
way to the Wood River Basin. This second phase of subsid-
ence may be related to crustal loading by thrust plates to the
west (Geslin, 1993) or, possibly, to accretion of terranes
along the western margin of the continent. Such loading may
have produced the Dry Mountain orogenic phase in east-cen-
tral Nevada (Trexler and others, 1991) that was synchronous
with the Virgilian-Wolfcampian time of most rapid subsid-
ence in the Wood River Basin (Mahoney and others, 1991).

MESOZOIC SHORTENING

Shortening of sedimentary rocks during the Late Juras-
sic to Cretaceous Sevier orogeny was accommodated by
folding and to a lesser extent by thrusting and cleavage
development. North-trending folds are upright to east-over-
turned, and slip along thrusts was generally top-to-the-east.
Shortening of rocks now exposed in the core of the Pioneer
Mountains metamorphic core complex is manifested by duc-
tile shear zones and folds of all scales. The geology of the
core of the Pioneer Mountains has been described by Dover
(1981, 1983), O’Neill and Pavlis (1988), and Silverberg
(1988, 1990a, b).

STRUCTURAL STYLE AND GEOMETRY

The presence of far-traveled Mesozoic thrust plates in
the study area has long been the accepted tectonic model
(Umpleby and others, 1930; Hal, Rye, and Doe, 1978; Hall,
1985; Link and others, 1988). Numerous faults have been
previously identified as thrusts based on the criteria of brittle
shear zones, gentle fault dips, and stratigraphic juxtaposi-
tion. Slip along the thrust faults was inferred to be perpendic-
ular to fold hinges, generally top-to-the-east-northeast.
Recent mapping (Mahoney and others, 1991; Worl and oth-
ers, 1991; Mahoney, 1992; Mahoney and Link, 1992; Stew-
art and others, 1992) and reconstruction of sedimentary
facies of the Sun Valley Group (Mahoney and others, 1991;
Link and others, this volume) indicate, however, that many
of these faults are not thrust faults but instead are (1) shear
zones with little slip, (2) gently dipping faults characterized
by normal and strike-slip displacement to the northwest, or
(3) facies transitions between formations of the Sun Valley
Group. With our improved understanding of the regional
geology, we now consider a fault a thrust only if it places
older rocks on top of younger rocks and (or) preserves evi-
dence of west-southwest—east-northeast slip. All thrust faults
shown on plate 1 show one or both of these criteria. Follow-
ing Silverberg (1990b), we have modified Dover’s (1981,
1983) mapping of the lower plate of the Pioneer Mountains
core complex to show only older-over-younger thrust faults.

The paucity of thrust faults shown on plate 1 represents a sig-
nificant reinterpretation of the structural geology.

The Pioneer thrust fault places the Ordovician and Sil-
urian Phi Kappa and Silurian Trail Creek Formations or the
Devonian Milligen Formation and correlative strata over the
Mississippian Copper Basin Formation (Skipp and Hall,
1975; Skipp and Hait, 1977; Dover, 1981, 1983; Link and
others, 1988). The fault strikes north, dips west, and is some-
what discontinuously exposed in the northeastern part of the
map area (plate 1). Along most of its exposed trace, the thrust
fault shows a hanging wall that is flat through the Phi Kappa
Formation; a buried footwall-flat most likely is present in the
same unit. Several faults immediately west of the trace of the
Pioneer thrust fault repeat lower Paleozoic strata and are
interpreted to be imbricate splays that merge into the Pioneer
thrust fault at depth (Dover, 1981, 1983). This imbricate sys-
tem of thrusts was shown by Dover as placing both older-on-
younger and younger-on-older strata, but based on the struc-
tural style to the west (see Wood River thrust discussion
below) we interpret younger-on-older juxtapositions near the
Pioneer thrust as locally sheared depositional contacts and
show a simpler imbricate system in cross section C-C’ (plate
1). The direction of slip along the Pioneer thrust fault is
assumed to be east-northeast, perpendicular to numerous
fold hinges in its hanging wall and footwall.

The Glide Mountain thrust of Dover (1981, 1983)
places coarse-grained siliciclastic facies of the Copper Basin
Formation (unit Mcu, plate 1) over approximately coeval,
finer grained, more carbonate rich facies of the Copper Basin
Formation (unit Mecl, plate 1). Dover showed the Glide
Mountain thrust fault as a continuous structure to the north,
east, and south of the Pioneer Mountains core complex, but
the fault as mapped is unusual because it cuts both up- and
down-section in all directions and eliminates and repeats
section and because the fault surface displays irregular
changes in orientation. To explain these features, Dover
invoked map-scale folding before and after thrusting. An
alternative interpretation prepared by Wilson (1992, 1994)
and Wilson and Rodgers (1993), based on new mapping, is
that the mapped Glide Mountain thrust of Dover is not a
regionally extensive fault. It is, instead, a depositional con-
tact in Muldoon Canyon (just east of the map area) and Phi
Kappa Creek, a thrust fault having about 200 m of east-
northeast slip along the East Fork of the Big Lost River, and
a gently northwest-dipping normal fault having about 800 m
of top-to-the-northwest slip in Big Fall Creek. In Big Fall
Creek the Glide Mountain fault decapitates the 48-Ma Sum-
mit Creek stock, indicating a 48-Ma or younger age of move-
ment. Plate 1 shows the Glide Mountain fault as mapped and
interpreted by Wilson (1994).

The Wood River thrust fault of Hall, Rye, and Doe
(1978) and Dover (1983) was placed by them at the contact
between the Devonian Milligen Formation and overlying
Pennsylvanian and Permian strata of the Wood River
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Formation, about 5—15 km west of the Pioneer thrust fault,
but we do not show it on plate 1. Reinvestigation of the
contact (Skipp and others, 1986; Link and others, 1988;
Burton and others, 1989; Mahoney and others, 1991; Worl
and others, 1991; Burton and Link, this volume) suggests
instead that at least three geologic relations are present
across it (see cross sections, plate 1): (1) an undisturbed
unconformity with the Milligen Formation depositionally
overlain by the Hailey Member or the Eagle Creek Mem-
ber; (2) an unconformity across which the Hailey Member
has been sheared, boudinaged, and locally eliminated, with
east-northeast-trending striations and mineralized quartz
veins locally preserved along the shear zones; and (3) a
dextral-normal fault characterized by stratigraphic elimina-
tion, typically with Eagle Creek and Wilson Creek Mem-
bers of the Wood River Formation placed over Milligen
Formation (Trail Creek and Lake Creek faults, cross sec-
tions C—-C’, D-D', plate 1). Thus, only where the Wood
River-Milligen contact is sheared to the east-northeast
could it be a thrust fault (having a hanging wall-flat over
footwall-flat geometry), but even this type of contact could
be the result of flexural slip during folding. We do not
recognize the Wood River thrust fault.

The Trail Creek fault (plate 1) is present from the
North Fork of the Big Lost River southeastward to the Pio-
neer Mountains core complex. In the eastern Boulder
Mountains, the fault places little-deformed Wilson Creek
Member of the Wood River Formation on complexly
folded Devonian and older strata. Dover (1983) mapped
this younger-on-older fault relation as part of the “Wood
River thrust system.” At least two interpretations are possi-
ble for this fault. First, it may be a thrust fault of Sevier age
that was reactivated as an Eocene dextral-normal fault
(whose structural style is described later). This possibility
is suggested by the intensity of folding in the footwall
(interpreted to reflect unusually high strain near the thrust
fault), as well as by the present relation of younger rocks on
older. Alternatively, it may be only an Eocene dextral-nor-
mal fault, and the intense folding of footwall rocks may be
unrelated to slip along the fault. Detailed study of the fault
is needed to clarify its kinematic history.

Several thrust faults having older-on-younger strati-
graphic relations are present west of the Pioneer thrust fault
in its hanging wall, but they have relatively short fault traces
and minor amounts of slip. The Deer Creek and Murdock
Creek thrust faults are in the cores of map-scale folds; if this
structural style is typical, then unrecognized blind thrust
faults may be associated with other east-vergent folds. Iden-
tified minor thrust faults include:

1. The Deer Creek thrust fault west of Hailey, which
places the lower member of the Dollarhide Formation on the
Eagle Creek Member of the Wood River Formation (Skipp
and others, 1994).

2. The Boulder Peak thrust fault in the southern Boul-
der Mountains, which places the Milligen Formation over
the Eagle Creek Member of the Wood River Formation
(Ratchford, 1989).

3. The Washington Basin thrust fault, near the north-
western corner of the map area (plate 1), which places the
Eagle Creek Member of the Wood River Formation over
member 2 of the Grand Prize Formation (Mahoney, this
volume).

4. The Murdock Creek thrust fault, exposed in the
southern Boulder Mountains between the East Fork of the
North Fork of the Wood River and Eagle Creek, which places
the Milligen Formation above the Eagle Creek Member of
the Wood River Formation, and passes southeastward into
the core of a northeast-overturned anticline (Batatian, 1991).

5. Four thrust faults that repeat sections of the Milli-
gen Formation in the Triumph area (Turner and Otto, this
volume).

Shortening during the Sevier orogeny was accommo-
dated by northwest- to north-northeast-trending map-scale
folding. Folds are open to tight; anticlines are tighter and
more angular than synclines, and fold wavelengths are com-
monly several kilometers. Folds are generally symmetric and
upright west of the Wood River valley but asymmetric and
east-vergent east of the Wood River valley (cross sections
C-C', D-D’, plate 1). Mesoscopic folds are uncommon in the
coarser grained Grand Prize and Wood River Formations,
more common in the fine-grained Dollarhide and Milligen
Formations, and quite common in lower Paleozoic strata
near the Pioneer thrust fault. These differences suggest that
folding was facilitated by high strain, deep burial depths, and
large variations in lithology and hence rheology.

Map- and outcrop-scale fold hinges trend north-north-
east to northwest and plunge gently to subhorizontally north
or south (plate 1, fig. 2). Three general variations in fold ori-
entation were recognized within the Pennsylvanian and Per-
mian Sun Valley Group. First, within the Carrietown
mineralized area (Dollarhide Mountain quadrangle, fig. 2)
isoclinal folds and cleavage are present in the lower member
of the Dollarhide Formation adjacent to the southeastern
edge of the Idaho batholith (Whitman, 1990, this volume).
The folds are tight to isoclinal, and their hinges plunge mod-
erately to the east-northeast, orthogonal to the regional trend
of fold hinges. A first cleavage is sparsely preserved,
whereas a second cleavage is well preserved and axial planar
to numerous mesoscopic folds. The anomalous trend of fold
hinges is interpreted to be the result of high shear strain, in
which fold hinges having an initial northwest trend were pas-
sively rotated to an east-northeast trend, parallel with the
overall shear strain direction (Whitman, 1990, this volume).
Formation of the isoclinal folds only adjacent to the batholith
suggests that the high strain resulted from lower rock
strength during contact metamorphism.

A second variation in fold-hinge trend is a counterclock-
wise rotation from west to east, from S. 4° E. in the Boyle
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others, this volume) include Triumph, Minnie Moore, Bul-
lion, Bellevue, Hailey gold belt, Bunker Hill, Deer Creek
stock, Rooks Creek stock, Croesus stock, Carrietown,
Vienna, and Washington Basin.

Host structures for the Cretaceous vein deposits
include:

1. Thrust faults and sheared areas along the uncon-
formity between the Milligen Formation and the Hailey
Member of the Wood River Formation. In the Triumph
area, much of the lead-silver-zinc ore was produced from
shear-zone-hosted veins along thrust faults. The mineral-
ized Fissure fault at the Triumph mine and the ore zone at
the North Star mine are interpreted to be the same structure
offset by a normal fault (Turner and Otto, this volume). In
the Triumph mineralized area the mineralized thrusts are
intruded by granitic (quartz porphyry) and andesitic dikes
(Kiilsgaard, in Anderson and others, 1950) that are dis-
placed by low-angle normal faults, including the Triumph
Shaft flat fault (Turner and Otto, this volume). The sheared
unconformity between the Milligen and Wood River For-
mations hosts quartz veins that contain small lead-zinc
deposits in the Wood River and Lake Creek mineralized
areas (Burton and Link, this volume).

2. Northwest-striking high-angle normal faults.
These control locations of veins in the Minnie Moore and
Bullion mineralized areas, west of Bellevue and Hailey
(Link and Worl, in press). These faults. though generally
parallel with earlier fold axes, cut the Croesus and Deer
Creek stocks (intruded about 90 Ma) and may represent a
period of extension during initial uplift of the stocks. The
shear-zone-hosted veins are interpreted as Cretaceous in
age because they contain mesothermal mineral assemblages
and fluid inclusions and because there are no Eocene intru-
sive rocks exposed nearby.

3. High-angle faults and minor fractures parallel with
Mesozoic fold hinges. These are especially important in the
Rooks Creek stock mineralized area (Park, 1990, in press)
and the Washington Basin area (Mahoney, this volume). In
the Rooks Creek mineralized area, the mineralized veins
strike northeast and contain sericite dated by “0Ar/%Ar at
about 91 Ma (Park, in press).

Mineralization of the Carrietown, Vienna, and Marshall
Peak mineralized areas is associated with intrusion of the
main-phase batholith about 80 Ma (Darling and others, this
volume; Mahoney and Horn, in press). The Marshall Peak
and Vienna areas are not shown on plate 1 but are directly
west and north of Galena Summit, in the northwestern part
of the map area. The host structures are northwest- and
northeast-striking shear zones that developed after intrusion
of the batholith in the Vienna area but may have been inher-
ited from the pre-intrusion compressional structures in the
Carrietown area.

CRETACEQOUS TO EOCENE
EXHUMATION

Exhumation of the Atlanta lobe and adjacent country
rock occurred during Late Cretaceous to Eocene time, dur-
ing and (or) after folding, thrusting, and batholith emplace-
ment. Evidence for exhumation includes isotopic and
geochronologic data from the batholith (Jordan, 1994) and
the unconformable contact of the Challis volcanic group on
batholith rocks. Distinct lateral and vertical trends have been
observed in both the alteration and the apparent K-Ar ages
of biotite from Cretaceous plutons in the southern Atlanta
lobe, mostly just west of the study area (Criss and others,
1982). These trends were attributed to postemplacement
exhumation and reheating of the batholith, including exhu-
mation during the Late Cretaceous to early Paleogene at a
rate of about 120 m/m.y., arching during the middle Eocene
(and perhaps earlier) about a north-trending axis in the east-
central part of the batholith, and reheating during the middle
Eocene, with the intensity of reheating increasing toward the
east-central part of the core, with depth, and near individual
Eocene plutons. Second, in the Smoky Mountains the Idaho
batholith was emplaced at a depth of 8-12 km (Whitman,
1990), but basal lavas of the Eocene Challis Volcanic Group
unconformably overlie the batholith and its country rock.
Thus a cumulative uplift of 8—12 km occurred between 84
Ma, the minimum age of metamorphism and mineralization
(Darling, 1987; Whitman, 1990, this volume), and 51 Ma,
the approximate age of initial eruption of Challis volcanic
rocks (Moye and others, in press).

Exhumation is indirectly indicated by Upper Creta-
ceous to Eocene sedimentary deposits. In the Boulder and
Pioneer Mountains, the conglomerate of Smiley Creek
(Paull, 1974) is sparsely preserved beneath the basal Challis
lavas (on plate 1 the Smiley Creek is included with the
Challis Volcanic Group). The conglomerate is an alluvial fan
deposit containing clasts of subjacent Paleozoic formations
that suggests well-developed topographic relief within the
area. Paull (1974) and Dover (1981, 1983) suggested that the
conglomerate could be as old as Cretaceous or as young as
Eocene. Burton and Blakley (1988) documented a
conformable transition from conglomerate to tuffaceous
sandstone and lahar deposits of the Eocene Challis Volcanic
Group that suggests deposition occurred just prior to Eocene
volcanism, about 51 Ma. The lack of a sedimentologic tie
between the Idaho batholith and the conglomerate of Smiley
Creek makes it unclear, however, if this deposit reflects
uplift of the batholith. In Oregon and California, Eocene
arkosic sandstone is interpreted to reflect exhumation of the
Idaho batholith. The Idaho batholith and Eocene Tyee
Formation of western Oregon show similar Nd-Sm, Rb-Sr,
K-Ar, 180-160, and D/H isotopic values (Heller and others,
1985), evidence that the batholith was the major source of
sediment for the Tyee Formation (although the isotopic
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variation of the batholith is not sufficient to uniquely identify
which lobe provided sediment). Similarly, the Upper Creta-
ceous to lower middle Eocene Montgomery Creek Forma-
tion of northern California contains detrital muscovite that
has Cretaceous to Eocene 40Ar/3%Ar ages unlike those from
nearby crystalline rocks but similar to those in the Idaho
batholith (Renne and others, 1990).

Based on the relatively long duration and slow, steady
rate of Late Cretaceous to Paleogene exhumation, Criss and
others (1982) proposed that exhumation was related to
regional isostatic uplift. Late Cretaceous to Paleogene
drainage patterns and pollen indicate that mountains once
capped the Idaho batholith (Axelrod, 1968; Heller and oth-
ers, 1985; Renne and others, 1990), mountains that proba-
bly formed in response to crustal heating and thickening.
Erosion of the mountains and consequent isostatic uplift
would have caused exhumation of the deep-seated batholith
(England and Molnar, 1990; Jordan, 1994). In contrast,
Eocene exhumation may reflect more localized isostatic
uplift that was a response to more localized Challis magma-
tism and extension (Criss and others, 1982).

EARLY EOCENE(?) TO OLIGOCENE
DEFORMATION

Most faults in the study area are normal and strike-slip
faults that accommodated northwest-southeast slip during
the Paleogene. Major fault sets and associated structures
include low-angle faults, high-angle normal faults, dikes,
and the Pioneer Mountains metamorphic core complex.
Recent studies by Kim (1986), Wust (1986), O’Neill and
Pavlis (1988), Silverberg (1988, 1990a, b), Huerta (1992),
and Wilson (1994) significantly improve our kinematic
understanding of these structures and reveal that tectonic
activity occurred episodically for more than 15 m.y., before,
during, and after eruption of the middle Eocene Challis Vol-
canic Group. In the following section we discuss low-angle
faults first because available age constraints indicate that
movement on most low-angle faults occurred prior to forma-
tion of the other structures.

EARLY EOCENE(?) DEXTRAL-NORMAL
FAULTING

Several northwest-striking, gently southwest dipping
faults that accommodated dextral-normal slip formed at
some time after Cretaceous folding and prior to or during the
carly stages of Eocene Challis volcanism. We infer that most
slip occurred in the early Eocene, but more data are needed
to document the precise age(s) of faulting.

STYLE AND GEOMETRY OF FAULTS

Several low-angle faults are exposed in the Boulder,
Pioneer, and Smoky Mountains (Kim, 1986; Burton, 1988;
Batatian, 1991; Worl and others, 1991; Burton and Link, this
volume). The faults generally strike northwest and dip
4°-45° SW. A concentration of fault striations that trend and
plunge gently west-northwest to northwest indicate predom-
inantly strike slip displacement, and along at least one fault,
the Lake Creek fault, the sense of slip is dextral (Huerta,
1992). The faults have strike lengths of from 1 to more than
40 km and are typically characterized by stratigraphic elim-
ination. The faults are expressed as sharp contacts or brecci-
ated zones several centimeters to meters thick, and in some
places, notably at the head of Lake Creek and Trail Creek in
the Boulder Mountains, the fault zones are filled with -2 m
of quartz veins.

Two major low-angle, top-to-the-northwest faults, the
Trail Creek and Lake Creek faults, in the northern Boulder
Mountains (plate 1) (Batatian, 1991; Burton and Link, this
volume) were previously mapped as Mesozoic thrust faults
by Umpleby and others (1930) and Dover (1981, 1983) but
have been reinterpreted by us as dextral-normal faults
because they cut across folds, generally eliminate strati-
graphic section, and locally have northwest-trending stria-
tions. The trace of the better studied Lake Creek fault
extends for more than 40 km from the central Boulder Moun-
tains to the western Pioneer Mountains (plate 1). The fault
strikes N. 45°-52° W. and dips 20°-30° SW. (Huerta, 1992).
In most places the fault places younger rocks on older rocks,
but in a few places the reverse is true because the rocks were
folded prior to faulting.

Numerous other low-angle faults having northwest slip
have been identified within the study area. Kim (1986) mea-
sured northwest-trending striations on the Pioneer thrust
fault system, the Glide Mountain thrust of Dover (1983), and
several unnamed low-angle faults north and west of the core.
The Glide Mountain fault north of Summit Creek clearly dis-
plays a top-to-the-northwest fabric (Wilson, 1992, 1994).
Turner and Otto (this volume) mapped four subhorizontal
faults having northwest striations that cut Challis volcanic
rocks in the Triumph mineralized area just west of the
exposed core complex. In the central and southern Smoky
Mountains low-angle normal faults have been mapped in
several places, including in the Mahoney Butte quadrangle
(Skipp and others, 1994), in Colorado Gulch southwest of
Hailey (Link and others, 1988; Link and Worl, in press), and
in the central Smoky Mountains near Baker Peak (Stewart,
1987; Stewart and others, 1992). The low-angle Rockwell
fault displaces the Minnie vein in the Minnie Moore mine
(Anderson and others, 1950; Link and Worl, this volume),
and a low-angle fault places Wood River Formation above
Dollarhide Formation in the Bullion mineralized area (Skipp
and others, 1994; Link and Worl, in press).
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In order to determine if the gentle dips of low-angle
faults are due to superimposed tilting, the attitudes of other
structures and contacts were compared to their expected ini-
tial attitudes. Middle Eocene volcaniclastic rocks are vari-
ably tilted as much as 20°, more consistently northeast than
other directions (Worl and others, 1991), and the regional
outcrop patterns of subplanar volcanic and hypabyssal con-
tacts (for example, Mahoney, 1987) suggest that 10°-15° of
tilting to the northeast has occurred, probably in association
with basin and range faulting. North-northwest-trending
Cretaceous fold hinges consistently plunge less than 16° (fig.
2), except near the Idaho batholith and just south of the Pio-
neer Mountains core complex, and northeast-striking middle
Eocene dikes throughout the region and rare northwest-strik-
ing dikes are subvertical. These attitudes are typical of those
for untilted hinges and dikes. Finally, the deformational style
along major low-angle faults does not vary along strike. For
instance, along its 40-km length (subparallel with its slip
direction) the Lake Creek fault shows no evidence of ductile
shear, though ductile fabrics would be expected if the fault
had been tilted southeast by more than about 15°. Taken
together, the data suggest that low-angle faults have been
tilted less than 15°, making them originally low-angle faults.

AMOUNT OF OFFSET

The offset on most low-angle faults has not been
determined. One exception is the Lake Creek fault, the off-
set of which was determined by restoring piercing points
defined by the intersection of a map-scale synclinal trough
and the fault surface (Huerta, 1992). Devonian and Penn-
sylvanian-Permian strata within both the hanging wall and
footwall of the fault are folded into northwest-trending,
map-scale, overturned synclines (plate 1). The synclines
extend along the entire length of the fault, but the fault cuts
obliquely across them. Two piercing points are located
where the planar contact of the Wilson Creek and Eagle
Creek Members of the Wood River Formation is folded
into a linear trough and intersects the Lake Creek fault sur-
face (fig. 3). The vector between these piercing points
trends N. 50° W, plunges 2° NW., and is 18 km long. This
slip vector is corroborated by the unique geometries of the
synclines. To the northwest both synclines are overturned,
whereas to the southeast both synclines are upright, and
restoration of 15 km slip juxtaposes overturned parts and
upright parts of the folds (fig. 3). The calculated slip vector
indicates that displacement along the Lake Creek fault
involved significant dextral slip and minor normal slip.

Turner and Otto (this volume) estimate a minimum of
several hundred meters of northwest-directed slip along low-
angle faults near the Triumph mine southeast of Ketchum.

TIMING OF FAULTING

The age of dextral-normal faulting is bracketed by
crosscutting relations with the Challis Volcanic Group.
Regionally, intermediate volcanism occurred from 51 to 48
Ma and silicic volcanism occurred from 48 to 44 Ma (Moye
and others, in press; L.W. Snee, U.S. Geological Survey,
unpublished data, 1992).

1. The low-angle normal fault near Big Fall Creek
previously identified as the Glide Mountain thrust fault by
Dover (1981, 1983) was thought by Dover to be pinned by
the Summit Creek stock. New mapping by Wilson (1994)
indicates that the fault decapitates the stock, which was
emplaced 48.5+2.0 Ma (K-Ar, homblende) (Zartman,
unpublished data in Silverberg, 1990b). Porphyroblasts in
the contact aureole of the stock are sheared in the normal
fault zone, further evidence that some slip occurred after
stock emplacement (Wilson, 1992).

2. Near their northern terminations the Lake Creek
and Trail Creek faults encounter a dacite-rhyolite hypabys-
sal center that was uplifted 450 m along a steeply south
dipping normal fault (plate 1, cross section A-A”) (Batatian,
1991). The hypabyssal center extends across the low-angle
faults, indicating that emplacement the center broadly post-
dates slip along the faults. Within the center all rhyolite
dikes pin the faults, whereas many dacite dikes are offset a
few to at least several tens of meters (Batatian, 1991; oral
commun., 1992). Dacite was dated at 50.2+1.8 Ma using
the K-Ar technique (Fisher and others, 1983), and horn-
blende from a rhyolite porphyry 2 km north of the center
was dated at 47.2 Ma using the K-Ar technique (Dover,
1981). This, and the fact that the Lake Creek fault to the
south is overlain by undated Eocene volcanic breccia, is
interpreted to indicate that most slip along the Lake Creek
and Trail Creek faults occurred prior to Challis volcanism
but that minor slip was coeval with early Challis volcanism.

3. Near Baker Peak a low-angle fault is intruded by
dacite porphyry dikes 48 m.y. old (K-Ar age, whole rock)
(Stewart and others, 1992, in press).

4. Low-angle normal faults cut dacite lava in the Tri-
umph area southeast of Ketchum (Turner and Otto, this vol-
ume) and at several other locations, and they cut dacite and
rhyolite volcanic rocks in the Easley Hot Springs quadrangle
(Ratchford, 1989).

In summary, it is likely that the majority of movement
on the Lake Creek and Trail Creek faults was prior to inter-
mediate volcanism (51-48 Ma), that movement on other
faults was at some time prior to silicic volcanism (48-44
Ma), and that movement on a few faults was after silicic vol-
canism. We theorize that the pre-Challis dextral-normal
faults formed just prior to Challis magmatism, not well
before it, because in the Challis 1°x2° quadrangle northwest-
striking dextral strike-slip faults are associated with a north-
west alignment of early Challis volcanic vents (Mclntyre and
others, 1982).
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MIDDLE EOCENE TO OLIGOCENE
EXTENSION

Widespread middle Eocene to middle Oligocene exten-
sion is manifested by high-angle faults, ductile shear zones,
boudinage, and dike swarms. Extension was coeval with and
postdated the main phase of eruption of the Challis Volcanic
Group and resulted in uplift of the Pioneer Mountains meta-
morphic core complex.

STRUCTURAL STYLE AND GEOMETRY

Dike swarms associated with Challis volcanism have
been mapped in several places, notably in the northern Boul-
der Mountains (Tschanz and others, 1986; Batatian, 1991;
Schmidt, 1994; Moye and others, in press) and in the Smoky
Mountains west of the area of plate 1 (Worl and others, 1991;
Stewart and others, in press). Individual dikes are present
throughout the study area but are too small to show on plate
1. Dike swarms are more common to the west and east of the
study area, where substantial exposures of plutonic and vol-
canic rocks are present. All dike swarms and most individual
dikes strike northeast and dip almost vertically.

Normal faults that strike northeast, dip moderately to
steeply southeast or northwest, and extend for several hun-
dreds to several thousands of meters are present throughout
the study area (plate 1). Stratigraphic juxtapositions indicate
dip-slip displacements of a few hundred to rarely a few thou-
sand meters. Most of these faults are unnamed, but one, the
White Mountains fault, forms the southeast boundary of the
Pioneer Mountain core complex (Dover, 1981, 1983) (plate
1, cross section A-A”). Because the high-angle fault set is dis-
tributed throughout the study area and is parallel with the
Trans-Challis fault system in central Idaho (Bennett, 1986),
it is inferred to be part of that system.

Figure 3 (facing page). Map view showing structure contours
and slip vector of the Lake Creek fault. Contour interval 300 ft (91
m); contours are dashed where extrapolated. Slip vector of N. 50°
W., plunge 2°, and 18 km long is based on displacement of pierc-
ing points where trough of a Mesozoic syncline pierces the fault
surface. Solid circles indicate well-constrained locations; x's indi-
cate poorly constrained locations. Bar and ball on fault line indi-
cates minor normal fault. Cross sections show geometry of Lake
Creek fault and of contact between the Wilson Creek Member of
the Wood River Formation (Pwu) and the Eagle Creek and Hailey
Members of the Wood River Formation (PPwl) (not shown in
map view) in the hanging wall (A-A’, B-B’) and the footwall
(AA-AA’, BB-BB'’) of the fault. Stacking of cross sections shows
the inferred fold geometry after restoration of 18 km of slip along
fault. Modified from Huerta (1992).

PIONEER MOUNTAINS METAMORPHIC
CORE COMPLEX

The Pioneer Mountains metamorphic core complex
includes a core of Early Proterozoic gneiss separated by the
Hyndman ductile shear zone from Middle Proterozoic and
lower Paleozoic metasedimentary rocks and intruded by
Cretaceous(?) and Tertiary plutons. The core is separated by
the Wildhorse detachment fault from overlying, internally
faulted Paleozoic and Eocene rocks (plate 1). Dover (1981,
1983) mapped the core and surrounding cover rocks, and Sil-
verberg (1988, 1990a, b) studied the metamorphic, struc-
tural, and geochronologic history of the core. Wust (1986)
studied the Wildhorse detachment fault, and O’Neill and
Pavlis (1988) studied the detachment kinematics in some
detail. Kim (1986), Burton (1988), Burton and others (1989),
Huerta (1992), Wilson (1994), and Burton and Link (this
volume) described the geometry and kinematics of faults in
the upper plate. We refer the reader to these studies for
detailed discussions of the core and here only briefly review
the structural geology of the detachment and upper plate.

The Wildhorse detachment fault (plate 1) is a brittle
fault zone several meters thick that flanks the core on three
sides (Dover, 1981, 1983; Wust, 1986). The fault surface is
not planar but takes the shape of a map-scale kink fold that
plunges northwest. The kink axis is along the northwest cor-
ner of the core and plunges about 25° NW., whereas the sides
of the fault dip 45°-70° to the northeast and southwest, away
from the core (Wust, 1986). In all places, the detachment
fault shows west-northwest- to northwest-trending striations
(Wust, 1986), making it a dextral-normal or sinistral-normal
fault, except along the kink axis where it is a dip-slip normal
fault. The fault overlies and (or) cuts across a 5—100-m-thick
ductile shear zone, characterized by mylonitic gneiss, mar-
ble, and quartzite, that has kinematic indicators also indicat-
ing top-to-the-northwest shear strain (Wust, 1986; O’Neill
and Pavlis, 1988; Silverberg, 1990b). *0Ar/3°Ar analysis of
minerals in the shear zone indicates that the zone cooled rap-
idly during the early Oligocene (36-33 Ma); Silverberg
(19904, b) interpreted the cooling to reflect tectonic unroof-
ing due to slip along the shear zone.

The upper plate of the Pioneer Mountains core complex
extends in all directions away from the core and has no def-
inite outer boundary. The upper plate contains two main sets
of Eocene(?) to Oligocene faults having northwest-southeast
slip. Previously described low-angle faults (Trail Creek, and
Lake Creek faults) accommodated top-to-the-northwest slip
after Cretaceous folding and before the main phase of Chal-
lis volcanic activity. The previously described northeast-
striking high-angle normal fault set was active during and
(or) after the middle Eocene. The role of these faults in core
complex formation and uplift is not clear. The Pioneer and
Trail Creek faults are cut by the Wildhorse detachment fault
(Dover, 1981, 1983) (plate 1), whereas the crosscutting rela-
tion between the detachment fault and the Lake Creek fault
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is not known. High-angle normal faults may be temporally
related to core complex development, but the small offset
accommodated by them contrasts with upper plate fault pat-
terns typical of core complexes. Upper plate rocks in the
study area are not significantly tilted by faulting, in contrast
to many other core complexes where upper plate strata are
strongly tilted by domino-style faulting. At this point in our
studies we have not documented significant upper plate
extension that is temporally related to uplift of the core com-
plex.

AMOUNT OF EXTENSION

Slip along the Wildhorse detachment fault was esti-
mated by Wust (1986) as at least 17 km based on two lines
of evidence: first, upper plate rocks in the Boulder Moun-
tains northwest of the core originated southeast of the core,
and second, the Summit Creek stock north of the core might
be the beheaded equivalent of an Eocene pluton in the east-
ern half of the core. There is no stratigraphic evidence, how-
ever, that strata northwest and southeast of the core were
originally contiguous, and a gravity study of the Summit
Creek stock was unable to resolve whether the stock is
rooted (Wust, 1986). Silverberg (1990a, b) presented evi-
dence that the core rose as much as 8.4 km during the middle
Eocene and proposed 23 km of horizontal displacement
along the Wildhorse detachment fault, if it accommodated
the 8.4 km of uplift and dipped 20° NW.

Slip along most high-angle faults has not been mea-
sured, but the steep dips and relatively small displacements
of the faults suggest that the faults individually accommo-
dated small amounts of extension as compared to that along
more gently dipping faults. However, because of the large
number of high-angle faults, the total northwest-southeast
extension accomplished along them may be significant. As
an estimate of the approximate cumulative extension, each
fault is assumed to dip 70° and show dip-slip displacement
of 100 m. If the faults are spaced at a 250-m interval across
a fault zone 100 km wide (measured northwest-southeast),
the total northwest-southeast extension is about 14 km.,
Slightly modifying these assumptions (dips of 60°-80°, slips
of 50-200 m, fault spacing of 200-400 m) yields estimates
of extension ranging from 5 to 20 km, a cumulative exten-
sion of from 6 to 25 percent across the fault zone.

TIMING OF MAGMATISM AND EXTENSION

The ages of most structures are incompletely known at
this time, but age constraints indicated by crosscutting tex-
tures and radiometric dating include the following:

1. Northeast-trending Challis dikes are dated, or
served as feeders to volcanic flows that are dated, between

51-48 Ma for intermediate compositions and 48-44 Ma for
silicic compositions (Moye and others, in press).

2. High-angle normal faults associated with the Trans-
Challis system cut most dikes and rocks of the Challis Vol-
canic Group and cut low-angle faults having dextral-normal
or indeterminate slip directions (Kim, 1986). The high-angle
White Mountains fault cuts the Wildhorse detachment fault.

3. Silverberg (1988, 1990a, b) used 4CAr/3Ar geo-
chronology on the lower plate of the Pioneer Mountains
metamorphic core complex to document two phases of rapid
cooling, at 48-45 Ma and at 36-33 Ma. The first phase was
associated with 8.4 km of uplift, but the fault(s) that accom-
modated uplift is not known. The second phase reflects 4 km
of uplift along the Wildhorse detachment fault.

According to these data, northwest-southeast exten-
sion occurred in the middle Eocene and the middle Oli-
gocene. In the middle Eocene, dikes formed and one or
more low-angle faults (the Wildhorse detachment?) must
have slipped to produce 8 km of lower plate uplift. The Pio-
neer Mountains core complex was uplifted in two stages;
the Wildhorse detachment fault was active during at least
the second stage. The age(s) of high-angle faulting is not
certain: the structurally parallel Trans-Challis fault zone
formed in the middle Eocene (Bennett, 1986), but at least
one high-angle fault in the study area cuts the middle Oli-
gocene Wildhorse detachment fault.

EARLY EOCENE(?)-OLIGOCENE
MINERALIZATION

Mineralized areas affected by hydrothermal cells gen-
erated during Challis magmatism and associated faulting
include much of the Galena, Boulder Basin, Lake Creek,
Smoky Mountains, Summit, and East Fork Salmon River
areas. Regionally in south-central Idaho, Eocene gold-bear-
ing epithermal ore deposits are associated with silicifica-
tion along Trans-Challis fault zones formed during
northwest-directed crustal extension. Generally the depos-
its are associated with extensive argillic and sericitic alter-
ation of wallrock.

Most Eocene mineral deposits in Paleozoic rocks of the
northeastern Hailey 1°x2° quadrangle are in the Boulder and
Smoky Mountains. The deposits are associated with
hypabyssal intrusive rocks, especially granite and rhyolite,
that make up the final Eocene intrusive phase, dated about
48-44 Ma (L.W. Snee, U.S. Geological Survey, unpublished
data, 1992; Stewart and others, in press).

Deposits in the Summit mineralized area of the northern
Pioneer Mountains are associated with Eocene granodiorite
of the Summit Creek stock and include skarns and veins in
the Phi Kappa mine, molybdenum stockwork deposits in the
Summit Creek stock in Fall Creek, and epithermal veins in
unnamed Silurian and Devonian units in the East Fork of
Trail Creek and Bear Canyon (Bruner, 1991).
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The Lake Creek mineralized area in the Boulder Moun-
tains (Burton and Link. this volume) contains silver-lead-
zinc veins at the Homestake and Long Grade prospects.
These veins are in northwest-striking normal faults inter-
preted to be splays of the underlying Lake Creek dextral-nor-
mal fault. Intrusive rocks in the area include Eocene dacite
porphyry dikes; larger stocks may be present at depth.

A variety of mineral deposits in the Boulder Basin,
Galena, and Smoky Mountains areas are associated with
Eocene silicic intrusive complexes. Deposits contain poly-
metallic veins and replacements in calcareous wallrock of
the Milligen Formation and Sun Valley Group (Ratchford,
in press).

The main period of mineralization in the Triumph min-
eralized area was interpreted by Kiilsgaard (in Anderson and
others, 1950) to have occurred in the early Tertiary. The min-
eralization was interpreted to have been postbatholith and
prevolcanic and associated with postbatholith andesite dikes.
In contrast, Umpleby and others (1930), Hall, Rye, and Doe
(1978), and Turner and Otto (this volume) interpreted the
main period of mineralization to have been associated with
Cretaceous intrusive activity and Eocene intrusive rocks in
the Triumph mineralized area to postdate mineralization.

NEOGENE BASIN AND RANGE
EXTENSION

Neogene tectonic activity in the Wood River area is
manifested by the development of northwest-striking basin
and range normal faults. No near-surface remobilization of
metals can be attributed to these faults, although they influ-
ence the locations of active hot springs and possible metal
remobilization and deposition at depth. The young faults also
cut mineral deposits, locally terminating minable ore shoots.

STRUCTURAL STYLE AND GEOMETRY

In the Smoky and Boulder Mountains, Neogene basin
and range faults have broken the crust into gently northeast
tilted blocks (plate I, cross section B~B’) (Mahoney, 1987;
Stewart and others, in press). The faults have north to north-
west strikes, steep to moderate dips, and relatively long con-
tinuous map traces and cut across almost all other faults,
folds, and pre-Quaternary rocks. Major faults include the
Sun Valley fault zone, which strikes north along the east side
of the Wood River valley (plate I, cross sections B—B’, C-C,
D-D’) and cuts Quaternary sediments near Sun Valley (Hall,
Batchelder, and Tschanz, 1978), the Boulder front fault,
which strikes northwest along the front of the Boulder
Mountains (Tschanz and others, 1986; Mahoney and Link,
1992), and the Big Smoky fault, which strikes north through
much of the Smoky Mountains along Big Smoky Creek

(plate 1, cross section B~B’) (Mahoney, 1992; Stewart and
others, 1992). Offset along these faults was accompanied by
10°-15° of tilting to the northeast, as shown by regional out-
crop patterns of subplanar volcanic and hypabyssal contacts
(for example, Mahoney, 1987) and a few measurements of
the attitudes of Challis Group volcaniclastic rocks.

Field observation (Umpleby and others, 1930) and anal-
ysis of aerial photographs and satellite imagery (Southworth,
1988) demonstrate two prominent sets of lineaments, trend-
ing northeast and north-northwest, that control topography
and cut rocks of all ages in the study area. One prominent
northeast lineament is aligned with the East Fork of the
Wood River. Turner and Otto (this volume) describe north-
ecast-striking, steeply dipping faults, having tens of meters of
apparent right-lateral displacement, that may be related to
the formation of northeast-trending lineaments. Although
the northeast-striking faults and lineaments are oriented per-
pendicular to basin and range faults, crosscutting relations
suggest at least some postdate basin and range faults (Turner
and Otto, this volume).

AMOUNT AND TIMING OF EXTENSION

The amount of northeast-southwest extension accom-
modated by basin and range faults is about 10 percent, if
basin and range faults in cross section B-B’ or C-C’ (plate 1)
are restored. Other unmapped faults having lesser offsets are
present, making this estimate a minimum, but the true
amount of extension probably is not substantially larger.

Little is known about the age of basin and range exten-
sion in the study area. The age of initial basin and range
extension is not known because the oldest sediments in the
Wood River valley are concealed beneath younger basin fill.
Some recent slip is indicated by a fault scarp in Quaternary
sediments near Sun Valley (Hall, Batchelder, and Tschanz,
1978). In southern Idaho. basin and range faulting probably
began in the early Miocene and continued sporadically to the
present (Allmendinger, 1982; Rodgers and others, 1990),
and a similar age span is likely for the northeastern part of
the Hailey quadrangle.
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Stratigraphic Setting of Sediment-Hosted Mineral Deposits
in the Eastern Part of the Hailey 1°x2° Quadrangle and
Part of the Southern Part of the Challis 1°x2° Quadrangle,
South-Central Idaho

By Paul Karl Link,1 J. Brian Mahoney,2 Daniel J. Bruner,3 L. Darlene Batatian,3
Eric Wilson,> and Felicie J.C. Williams*

ABSTRACT

The central Idaho black-shale mineral belt includes
most of the outcrop area of Paleozoic strata in the eastern part
of the Hailey 1°x2° quadrangle and part of the southern part
of the Challis 1°x2° quadrangle. Syngenetic deposits of sil-
ver, lead, and zinc are present in the Devonian Milligen For-
mation, unnamed Silurian and Devonian strata, and the
Devonian part of the Salmon River assemblage. Remobiliza-
tion of these metals during Cretaceous and Eocene deforma-
tion and magmatism produced a variety of epigenetic mineral
deposits including shear-zone-hosted veins, replacement
deposits, and skarns. The most important time of mineraliza-
tion probably was the Late Cretaceous (about 90-80 Ma),
when folding and thrust faulting within the Sevier orogenic
belt temporally and spatially overlapped intrusion of the
Atlanta lobe of the Idaho batholith and satellite plutons to the
east. Structures that host silver-lead-zinc veins include
sheared unconformities, northwest- and northeast-striking
Cretaceous high-angle faults, northwest-striking low-angle
oblique-slip Paleogene faults, and northeast-striking high-
angle normal Eocene faults associated with the Trans-Challis
fault system. Replacement deposits are present in calcareous
rocks that are adjacent to mineralized structures and along
silicification fronts produced during fluid migration. Skarn
deposits are hosted by calcareous rocks adjacent to plutons.

'U.S. Geological Survey and Department of Geology, Idaho State
University, Pocatello, [daho 83209.

2U.S. Geological Survey and University of British Columbia, Van-
couver, British Columbia V6T 17Z4.

*Department of Geology, Idaho State University, Pocatello, Idaho
83209.

*Westmont Mining Inc., N. 10220 Nevada Street, Suite 140, Spokane,
Washington 99218.

Mapping of informal members within the Devonian
Milligen Formation (lower argillite, quartzite of Cait,
argillite of Triumph, limestone of Lucky Coin, and
sandstone of Independence) suggests that the formation is
present in the Minnie Moore, Bellevue, Triumph, Lake
Creek stock, and Summit mineralized areas where the Mil-
ligen Formation is interpreted to pass by facies change into
unnamed Silurian and Devonian strata. Because the same
stratigraphic units are present from west to east within the
Mesozoic Pioneer thrust plate, it is doubtful that the plate
contains an older (Antler) thrust fault having significant
(tens of kilometers) displacement.

The Mississippian Copper Basin Formation contains
west-derived siliciclastic turbidite and east-derived calci-
clastic turbidite strata. The formation is present east of the
Pioneer thrust fault and also in apparent stratigraphic conti-
nuity with rocks of the Pioneer thrust plate. Calciclastic silty
turbidites of the medial Drummond Mine Limestone Mem-
ber are host to skarn and vein deposits in the Phi Kappa mine
area south of Summit Creek.

The Pennsylvanian and Permian Sun Valley Group
(Wood River, Dollarhide, and Grand Prize Formations)
includes strata previously thought to be present in different
thrust plates. The contacts between these formations are
generally facies changes rather than structural contacts. The
basal Hailey Member of the Wood River Formation hosts
vein deposits along its sheared unconformity with the
underlying Devonian Milligen Formation. This relationship
was previously mapped as the “Wood River thrust.” The
medial Eagle Creek and the upper Wilson Creek Members
of the Wood River Formation host vein, replacement, and
skarn deposits adjacent to the Rooks Creek stock and in
several areas east of the Wood River valley. Carbonaceous
micritic siltstone of the lower and upper members of the
Dollarhide Formation contains shear-zone-hosted veins in
the Minnie Moore, Bullion, Deer Creek stock, Bunker Hill,
and Smoky Mountains mineralized areas. In the Deer Creek
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stock area, the lower member of the Dollarhide Formation
contains a laminated barite deposit. In the Carrietown area,
adjacent to the Atlanta lobe of the Idaho batholith, mineral-
ized veins are near the contact between foliated banded
quartzite and carbonaceous marble within the lower
member of the Dollarhide Formation. The four members of
the Grand Prize Formation are host to skarn, replacement,
and vein deposits in the Washington Basin, Smiley Creek,
and Galena mineralized areas in the White Cloud Peaks,
Smoky Mountains, and northern Boulder Mountains.

INTRODUCTION

This report provides a synthesis of the stratigraphic
setting of sediment-hosted mineral deposits in the eastern
half of the Hailey 1°x2° quadrangle and part of the south-
ern part of the Challis 1°x2° quadrangle (fig. 1, plate 1) and
a summary of the present understanding of the Paleozoic
stratigraphy of the area. The sediment-hosted mineral
deposits are in the “central Idaho black-shale mineral belt”
of Hall (1985) and have produced primarily silver, lead,
and zinc and small amounts of gold. The deposits are
included within mineralized areas defined by Worl and
Johnson (this volume) (fig. 1).

Research summarized in this report has resolved some
long-standing problems of stratigraphy but only scratched
the surface of others. In particular, we understand the Penn-
sylvanian and Permian part of the stratigraphic section far
better than we understand the lower Paleozoic units, espe-
cially the Silurian, Devonian, and Mississippian units. We
therefore present this summary as a progress report.

Acknowledgments—Work on the Paleozoic rocks of
south-central Idaho was supported by the Hailey project of
the U.S. Geological Survey Conterminous United States
Mineral Assessment Program (CUSMAP), Idaho State
Board of Education Grant 89-56 to P.K. Link, and the Idaho
Initiative project of the Idaho Geological Survey. This
manuscript benefitted from review by S.J. Soulliere, Betty
Skipp, David Seeland, and B.R. Burton.

PREVIOUS WORK

The mineral deposits of the Wood River area were first
documented by Lindgren (1900) and have been more
recently described by W.E. Hall and colleagues of the U.S.
Geological Survey (Hall and Czamanske, 1972; Hall and
others, 1978; Hall, 1985; Howe and Hall, 1985; Hall, 1987a,
b; Hall and Hobbs, 1987). Hall concluded that many of the
deposits were formed by hydrothermal circulation systems
developed during both Cretaceous and Tertiary magmatism.
These hydrothermal systems were thought to have derived
metals from a country rock source (the lower Paleozoic
black shales of the Milligen Formation and Salmon River
assemblage). In the Wood River area, ore mineral deposition
was thought to be localized near intrusive bodies and below
regional thrust faults that acted as a permeability barrier to

mineralizing solutions. Hall (1985) also suggested that the
Paleozoic black shales hosted syngenetic stratabound
mineral deposits, particularly in the Paleozoic Salmon River
assemblage at the Hoodoo mine (plate 1), the Devonian Mil-
ligen Formation in the Triumph mineralized area, and the
Middle Pennsylvanian to Lower Permian Dollarhide Forma-
tion at the Deer Creek barite deposit, 12 km west of Hailey.

Recent work has modified some facets of these models.
Syngenetic stratabound mineral deposits are believed to be
present mainly in lower Paleozoic, primarily Devonian,
strata but not in upper Paleozoic rocks. Lead isotope data
suggest that the source of the metals in polymetallic vein
deposits is remobilized Devonian syngenetic sulfide deposits
and Precambrian continental crust (Sanford and Wooden,
this volume). The concept of ore concentration below
regional thrust faults is rejected. Many contacts previously
mapped as thrust faults are now mapped as stratigraphic con-
tacts, sheared unconformities, or low-angle oblique-slip
faults (Skipp and others, 1986; Burton and others, 1989;
Mahoney and others, 1991; Burton and Link, this volume;
Rodgers and others, this volume).

This report is a synthesis of the stratigraphic setting of
mineral deposits in the eastern part of the Hailey 1°x2° quad-
rangle. For studies of individual mines and mineral districts
that include maps, the reader is referred to Lindgren (1900),
Umpleby (1915), Umpleby and others (1930), Anderson and
others (1950), Tuchek and Ridenour (1981), and Van Noy
and others (1986) and to reports in this volume and the sec-
ond volume of this bulletin (in press).

STRATIGRAPHY

This report contains a summary of Paleozoic stratigra-
phy of the eastern part of the Hailey and part of the southern
part of the Challis 1°x2° quadrangles and emphasizes new
developments. We discuss only the Paleozoic rocks structur-
ally above the Wildhorse detachment fault, which forms the
upper boundary of metamorphic and intrusive rocks of the
Pioneer Mountains core complex (fig. 1). Proterozoic and
Paleozoic metasedimentary strata of the core are discussed
by Dover (1969, 1981, 1983). Our work is grounded in, but
differs in detail from, the reports of Hall and others (1974),
Skipp and Hall (1975, 1980), Sandberg and others (1975),
Skipp, Sando, and Hall, (1979), Dover (1981, 1983), Hall
(1985), Hall and Hobbs (1987), Mahoney and Sengebush
(1988), and Link and others (1988).

Allochthonous Ordovician through Lower Permian
strata in the eastern part of the Hailey 1°x2° quadrangle are
generally of three lithologic types: dark-colored carbon-
aceous argillite, light-colored calcareous sandstone, silt-
stone, and limestone, and pebble and cobble conglomerate.
Because the rocks are mostly unfossiliferous and lithologi-
cally similar, formations of different ages have been difficult
to differentiate with confidence. Age assignments have been,
and remain, contentious.

































STRATIGRAPHIC SETTING OF SEDIMENT-HOSTED MINERAL DEPOSITS Ci13

are also present in lead-zinc sulfide minerals in the lower
argillite member of the unnamed Silurian and Devonian
rocks in the Miller Canyon area, as described later (Bruner,
1991). In addition, epigenetic polymetallic veins are present
in the Milligen Formation and correlative units and in
younger formations that are in stratigraphic or structural con-
tact with lower Paleozoic strata.

Mineral exploration activity has been sporadic, and
continues, in the Slate Creek, Washington Basin, and North
Fork of the Big Lost River drainages (fig. 1). Unnamed Sil-
urian and Devonian strata in the Summit mineralized area
near Miller Canyon (fig. 1) host sulfide-mineralized rocks.
Structurally complex areas near Miller Canyon have been
explored since the mid-1980’s for syngenetic stratabound
silver-lead-zinc mineral deposits. Bruner (1991) docu-
mented textures in polished sections and in hand samples
indicative of both syngenetic sedimentary exhalative and
epigenetic sulfide mineralization. These textures are
described in the section on mineral deposit models.

MISSISSIPPIAN COPPER
BASIN FORMATION

The Lower and Upper Mississippian Copper Basin For-
mation crops out extensively in the northeastern part of the
Hailey 1°x2° quadrangle, in the headwaters of the East and
North Forks of the Big Lost River (fig. 1). The Copper Basin
Formation was named by Ross (1962) for a thick sequence
of coarse-grained siliciclastic strata in the Pioneer Moun-
tains. Paull and others (1972) raised the formation to group
rank and defined six formations within the Copper Basin
Group. Paull and Gruber (1977) revised the definition of the
Copper Basin Group. Nilsen (1977) and most subsequent
workers (Skipp, Sando, and Hall, 1979; Dover, 1981, 1983)
recognized stratigraphic and structural complications within
these Mississippian strata, including structural repetition by
the Glide Mountain thrust fault, and retained the name Cop-
per Basin Formation after Ross (1962) (fig. 2). Wilson
(1994) questioned the premise that the Copper Basin Forma-
tion occupies two thrust sheets and reaffirmed that, in the
type area, the stratigraphy is essentially as described by Paull
and others (1972) and Paull and Gruber (1977). Wilson and
othes (1994) reviewed the stratigraphy and facies relations of
the Copper Basin Formation.

The Copper Basin Formation contains graded beds of
cobble and pebble conglomerate, as well as sand- and silt-
size siliciclastic turbidite and argillite. Clasts in conglomer-
ate include dark-colored chert and argillite similar to rocks of
the Devonian Milligen Formation, as well as a large propor-
tion of light-colored quartzite clasts of uncertain provenance.

The lower part of the Copper Basin Formation is of
Early Mississippian age (Kinderhookian and Osagean) and
is at least 3,000 m thick. As mapped by Nilsen (1977) and
Dover (1981, 1983), these Lower Mississippian strata are
exposed in two thrust sheets separated by the Glide Moun-
tain thrust fault. Detailed examination of the Glide Mountain

thrust fault by Wilson (1994; Wilson and others, 1994) sug-
gests that the mapped structure is variously a stratigraphic
contact (locally sheared), a normal fault, and thrust fault. For
further discussion see Rodgers and others (this volume).

According to Wilson (1994), in the Hailey 1°x2° quad-
rangle the exposed Copper Basin Formation is solely of
Early Mississippian age. Because the formation is internally
sheared and locally tightly folded, thickness estimates are
structural. The basal contact drapes older rocks in the Wild-
horse inlier. As divided on plate 1, the formation consists of
a lower interval (unit Mcl) that contains a basal of dark-gray
argillite, siltite, and granule conglomerate turbidite (the Lit-
tle Copper Member, from 0 to more than 660 m thick) over-
lain by a discontinuous, but generally eastward thickening
wedge of fine-grained mixed carbonate-siliciclastic turbidite
(Drummond Mine Limestone Member, 0-910 m thick). An
upper unit (unit Mcu) of pebble and cobble conglomerate,
sandstone, and argillite (more than 1,150 m thick) is mapped
on plate 1. This upper unit includes the Scorpion Mountain
Formation of Paull and Gruber (1977), the lower part of the
Muldoon Canyon Formation of Paull and Gruber (1977), and
the beds mapped as Green Lake Limestone Member of Cop-
per Basin Formation north of Dry Canyon along the East
Fork of the Big Lost River by Dover (1981).

The upper part of the Copper Basin Formation (Upper
Mississippian, Meramecian and Chesterian) is not exposed
in the map area of plate I. In figure 2 it is shown as the upper
Copper Basin Formation and includes at least 580 m of shal-
low-water sandstone and mudstone exposed in the western
part of the Idaho Falls 1°x2° quadrangle (Skipp, Sando, and
Hall, 1979; Skipp, 1989) and including the Iron Bog Creek
Formation of Paull and Gruber (1977) (fig. 2).

The siliciclastic parts of the Copper Basin Formation
contain rare marine fossils. The primary age control on the
Copper Basin Formation is from the intervals of limestone
turbidite (the Drummond Mine Limestone Member and the
lenticular Green Lake Limestone Member), which have
yielded several identical assemblages of upper Kinder-
hookian conodonts (Sandberg, 1975; Skipp, Sando, and
Hall, 1979; Dover, 1981; Wilson, 1993). Deep-water ichno-
fossils in these mixed carbonate-siliciclastic turbidites
include Taenidium, Phycosiphon, Phyllodocites, Cos-
morhaphe, and Chondrites.

The upper part of the Copper Basin Formation along
Iron Bog Creek in the Idaho Falls 1°x2° quadrangle, 17 km
east of the east edge of the Hailey quadrangle, is dated as
Chesterian in age by several macrofossil collections (Skipp,
Sando, and Hall, 1979; Skipp, 1989).

The Copper Basin Formation is thought to represent
Lower Mississippian flysch and overlying Upper Mississip-
pian molasse that filled a foreland basin east of an emergent
highland of the Antler orogenic belt (Poole, 1974; Nilsen,
1977; Poole and Sandberg, 1977, 1991). Paleogeographic
reconstructions (Poole and Sandberg, 1991) show that the
Copper Basin Formation mainly represents deposits of a
westward-derived, siliciclastic Scorpion Mountain—Brockie
Lake submarine fan system, although recent work (Wilson
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and others, 1994) suggests that a fault-bounded southern
source area provided the bulk of the coarse detritus to unit
Mcu. During a relative sea-level highstand in late Kinder-
hookian time the eastward-derived calciclastic Drummond
Mine fan or ramp system prograded westward into the
basin. The Upper Mississippian part of the formation is
interpreted to be a marginal-marine facies that represents
filling of the Antler foreland basin (Nilsen, 1977; Skipp,
Sando, and Hall, 1979).

The majority of the Copper Basin Formation is exposed
east of the Pioneer thrust fault, though there are small out-
crops west of the Pioneer thrust fault (Rodgers and others,
this volume). The Pioneer thrust fault places Lower Ordovi-
cian to Middle Silurian Phi Kappa and Middle Silurian Trail
Creek Formations and an unnamed Silurian and Devonian
argillite unit over the upper part of the lower Copper Basin
Formation. The Pioneer thrust fault is the westernmost major
Mesozoic thrust fault in south-central Idaho (Dover, 1981,
1983; Rodgers and others, this volume) (fig. 1).

West of the Pioneer thrust fault (from the East Fork of
Trail Creek north across the North Fork of the Big Lost
River) are several outcrops of undated conglomeratic rocks
mapped as Copper Basin Formation (Dover, 1983). A poorly
exposed contact west of the East Fork of Trail Creek sepa-
rates undated argillite and quartzite mapped as undifferenti-
ated Silurian and Devonian argillite (unit Dsa of Dover,
1983) from overlying undated argillite, siltstone, fine-
grained lithic wacke, quartzite, and channel-fill conglomer-
ate mapped as Copper Basin Formation (plate 1). Although
Dover (1983) mapped this contact as a thrust fault, the con-
tact probably is gradational because bedding attitudes are
consistent across it and stratigraphic tops are consistently to
the west (Huerta and others, 1991). This relation implies that
in Early Mississippian Osagean (?) time the western part of
the Copper Basin flysch trough may have onlapped Devo-
nian argillaceous rocks in stratigraphic continuity with Mil-
ligen Formation strata thought to have composed the Antler
highland. The relation is consistent with the identification of
terrigenous and shallow-water facies in western outcrops of
the Copper Basin Formation (Dover, 1981). Below this con-
tact, approximately 300 m to the east, is the Lower Ordovi-
cian Basin Gulch Quartzite Member, the basal unit of the Phi
Kappa Formation. This relation indicates that several hun-
dred meters of Devonian and (or) Silurian strata has been
faulted out, but the stratigraphic location of this fault is
unclear. More detailed geologic mapping and biostrati-
graphic study is needed to adequately document this relation.

East of the Pioneer thrust fault, in the Dry Canyon and
Wildhorse inliers of the northeastern part of the Hailey 1°x2°
quadrangle, lower Paleozoic shelf carbonate rocks are
exposed beneath the Copper Basin Formation. The contacts
were interpreted to be thrust faults by Dover (1981, 1983),
low-angle normal faults by Kim (1986), and locally sheared
angular unconformities by Wilson (1994). To the southeast,
in the Idaho Falls 1°x2° quadrangle, the Middle Devonian
Carey Dolomite unconformably underlies the Copper Basin
Formation near Garfield Canyon (Kunkel, 1989) and the
Upper Devonian Picabo Formation unconformably underlies

the Copper Basin Formation near Fish Creek Reservoir (Link
and others, 1988). Farther to the east, in the White Knob
Mountains, the Copper Basin Formation of the Copper Basin
plate is thrust over finer grained coeval strata (Lower Missis-
sippian McGowan Creek Formation) of the Grouse thrust
plate (Link and others, 1988; Skipp and others, 1990) (fig. 2).

In at least two locations, strata of the Copper Basin For-
mation have been transported along Eocene low-angle nor-
mal faults. In the headwaters of Summit Creek, a block of
Copper Basin Formation conglomerate lies in low-angle nor-
mal fault contact above Wood River Formation and
unnamed Devonian strata (Huerta and others, 1991). This
contact was shown as a thrust fault by Dover (1983). Tec-
tonic slices of Mississippian-age siltstone are also present
between the Middle Pennsylvanian and Lower Permian
Wood River Formation and the Devonian Milligen Forma-
tion in the Rock Roll Canyon quadrangle (C.M. Tschanz,
U.S. Geological Survey, unpublished data, 1987).

MINERAL DEPOSITS IN THE
COPPER BASIN FORMATION

Lead-silver skarn, replacement, and vein deposits are
present in laminated calc-turbidites of the Drummond Mine
Limestone Member in the Summit mineralized area (fig. 1)
in the Phi Kappa mine (Winkler and others, this volume) and
at several locations in the Idaho Falls 1°x2° quadrangle to
the east. Characteristics of these deposits are summarized in
the section on mineral deposit models.

PENNSYLVANIAN AND PERMIAN
SUN VALLEY GROUP

Hall (1985) recognized three lithologically similar
upper Paleozoic formations in south-central Idaho: the
Wood River, Dollarhide, and Grand Prize Formations. Each
of these consists of generally fine grained, locally carbon-
aceous, mixed carbonate-siliciclastic strata. Link and others
(1988) proposed that these strata were deposited in the epi-
cratonic Wood River Basin during Pennsylvanian and Per-
mian time. Mahoney and others (1991) formally defined the
Sun Valley Group to include these formations and, using
new paleontological collections, established that all three
formations are of Middle Pennsylvanian to Early Permian
age (figs. 6, 7).

Hall (1985) proposed that the formations now included
in the Sun Valley Group belonged to distinct thrust com-
plexes or tectonic stacks and that their mutual boundaries
were everywhere thrust faults of significant lateral displace-
ment. Recent geologic mapping and measurement of strati-
graphic sections (Mahoney and others, 1991; O’Brien, 1991;
Worl and others, 1991) demonstrate that boundaries between
formations of the Sun Valley Group in most places represent
facies changes rather than structural contacts (fig. 8). Faulted
contacts are also present (plate I). The three formations of the
Sun Valley Group are mappable lateral variations of origi-
nally continuous strata deposited in the Wood River Basin.
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Figure 6. Generalized stratigraphic columns of the Sun Valley Group, south-central Idaho. Numbers next to Wood River Formation
column indicate informal units of Hall and others (1974). Modified from Mahoney and others (1991, fig. 3).
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Figure 7 (facing page). Correlation chart for Middle Pennsylva-
nian to Lower Permian rocks of the Sun Valley Group, south-central
Idaho. Modified from Mahoney and others (1991, fig. 2). Bars with
numbers indicate ranges of previously published and new biostrati-
graphic collections. Ranges for fusulinids are based on Loeblich and
Tappan (1988). Circled numbers indicate stratigraphic position of
the collection. Identified taxa and name of biostratigrapher are as
follows. Grand Prize Formation: 1, Conodont elements of Adeto-
gnathus sp., elements of Hindeodus cf. H. Ninutus (Ellison), ele-
ments of Idiognathosus sp., (late Morrowan to Wolfcampian),
Member 2? or 3?, Peach Creek, identified by A.G. Harris (Hall,
1985, p. 125); 2, Conodont Neogondelella idahoensis (middle and
late Leonardian), member 3 or 4, Pole Creek, identified by B.R.
Wardlaw (Hall, 1985, p. 125). Wood River Formation: 3, Wedekin-
dellina (late Atokan(?) to Desmoinesian), Hailey Member lime-
stone, north of Seamans Creek in principal reference section,
(Bostwick, 1955) and Pseudozaphrentoides (Middle Pennsylvanian
brachiopod), Eagle Creek Member (unit 3), Wilson Creek section
(Thomasson, 1959); 4, Beedeina and numerous brachiopods (Des-
moinesian), Hailey Member limestone, north of Seamans Creek in
principal reference section (Bostwick, 1955; Hall and others, 1974,
p- 91); 5, Beedeina (Desmoinesian), Eagle Creek Member (unit 3),
north of Seamans Creek in principal reference section (Hall and oth-
ers (1974, p. 91); 6, Triticites, Pseudofusulinella sp. and Triticites
sp. aff cullomensis Dunbar and Condra (Virgilian), Eagle Creek
Member (unit 4), Seamans Creek in principal reference section
(Hall and others, 1974, p. 92); 7, Triticites sp. (Missourian to Wolf-
campian), Eagle Creek Member (unit 5), north of Seamans Creek in
principal reference section (Hall and others, 1974, p. 93.); 8, Schu-
bertella and Staffella, unit 6 north of Seamans Creek in principal
reference section (Hall and others, 1974, p. 94), as well as Triticites
cullomensis (Wolfcampian), Eagle Creek Member, mid-upper unit
6, Wilson Creek Ridge type section (Burton, 1988), identified by
C.A. Ross (1988); 9, Pseudofusulinella (Desmoinesian to Wolf-
campian), Eagle Creek Member, limestone at top of unit 6, Wilson
Creek Ridge type section (Burton, 1988), identified by C.A. Ross
(1988); 10, Triticites confertus, T. pinguis, T. meeki, T. cellamag-
nus, Pseudofusulinella utahensis, P. grandensis, P. elkoensis,
(Wolfcampian), Wilson Creek Member, lower unit 7, Basin Gulch
type section (Burton, 1988), identified by C.A. Ross (1988); 11,
Pseudofusulina grandensis, P. elkoensis, P. wellsensis, Schwageri-
na, Paraschwagerina (Wolfcampian), Wilson Creek Member, up-
per unit 7 or 8, Basin Gulch type section (Burton, 1988), identified
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by C.A. Ross (1988): this collection is thought to be from the same
upper limestone bed tentatively assigned to Leonardian and Guad-
alupian(?) by Hall and others (1978, p. 581); 12, Bioclastic lime-
stone east of summit of Kent Peak (Batatian, 1991). The unit
yielded conodont collection Neogondolella sp. (not N. idahoensis),
Drepanodus-like sp., and Sweetognathus sp. indicating a Late
Pennsylvanian to Early Permian age (D. Van Hofwegan, C. Spin-
soa, written commun., 1991) and macrofossils including Chaetetes
sp. indicating a Desmoinesian (Middle Pennsylvanian) age (D.E.
Fortsch, oral commun., 1991). Elevation 10,800 ft, ridge northeast
of the summit of Kent Peak, Ryan Peak quadrangle, lat 45°53'35”
N., long 114°23'32” W. Dollarhide Formation (14 through 18 are
reported in Mahoney and others (1991) and O’Brien (1991): 13,
Conodonts Idiognathodus delicatus (Gunnell) and Neognathodus
dilatus (Stauffer and Plummer), Desmoinesian (Middle Pennsylva-
nian), lower member Dollarhide Formation, NW4SW sec. 25, T.
3 N., R. 17 E., Mahoney Butte 7.5-minute quadrangle. Blaine
County, Idaho, lat 43°33.75' N., long 114°24.00' W., collected by
Betty Skipp, identified by R.G. Stamm and B.R. Wardlaw (written
commun., 1990, in Skipp and others, in press). USGS collection
number 31400-PC; 14, Fusulinids, possibly Triticites (Missourian
to Wolfcampian), lower member?, Sky Ranch flat, west of Belle-
vue, collected by P.K. Link, identified by R.C. Douglass (written
commun., 1988); 15, Fusulinids Schwagerina sp. (Wolfcampian to
mid-Leonardian), lower member, Sky Ranch flat, west of Bellevue,
two collections, by P.K. Link and R.S. Lewis, identified by C.A.
Ross (written commun., 1988) and D.A. Myers (written commun.,
1989); 16, Fusulinids, possibly Pseudofusulina (Wolfcampian to
Leonardian), lower member, Wolf Tone Creek, R.C. Douglass
(written commun., 1978, in Hall, 1985, p. 124); 17, Fusulinids sug-
gestive of Schwagerina (Virgilian and Wolfcampian), elevation
8,640 ft on ridge at northern headwaters of Deer Creek, SEY sec.
29, T. 3 N., R. 16 E., Buttercup Mountain 7.5-minute quadrangle,
collected by J.P. O’Brien, identified by D.A. Myers (written com-
mun., 1989); 18, Fusulinid Bartramella sp. Eelevation 8,640 ft on
ridge at northern headwaters of Deer Creek, SE% sec. 29, T. 3 N.,
R. 16 E., Buttercup Mountain 7.5-minute quadrangle, collected by
R.S. Lewis, identified by D.A. Myers (written commun., 1989). Be-
cause this locality yielded both Bartramella and Schwagerina (col-
lection 15 above), the collection may be B. heglarensis, which is
associated with Schwagerina sublettensis (Wolfcampian) in the
Sublett Range of southern Idaho (Thompson and others, 1958).
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Table 2. Descriptions of type sections for three members of the Wood River Formation, south-central Idaho—Continued.

[Modified from Mahoney and others (1991, table 2)]

TYPE SECTION OF THE WILSON CREEK MEMBER OF THE WOOD RIVER FORMATION
Measured southwest to northeast across ridge northeast of the head of Lake Creek; from 9,200 ft elevation across 10,200-foot ridge
crest to 9,200-foot knob on ridge southwest of 9,677 ft, north of Basin Gulch; starts in NW¥4 sec. 3, T. 5 N., R. 18 E. and continues into
NEY sec. 34, T. 6 N, R. 18 E., Rock Roll Canyon quadrangle (Burton, 1988) (section W3, fig. 2).

Thickness
(meters)
Top of measured section: hinge of tight syncline
Unit 7 of Hall and others (1974)
Fine sandy micrite, medium-brown, weathering dark-brown, thin-bedded, partly silicified and dolomitic;
arranged in fining-upward cyclic packets 8—17 m thick of massive siliceous micrite in lower 2-3 m, overlain
by thin-bedded dolomicrite containing trough cross and convolute laminae, overlain by intensely
bioturbated carbOnaceous SIItY MICHLE. ......ccccirerurriieieiiiiiiciriie et se s eseert oo rs et srtes st sa e as et re s 175
Sandy and coarse silty micrite, thin-bedded, siliceous, trough cross- and convolute-laminated; mottled gray
0range t0 BIOWN BIACK; NEORETEILES. ..............coeiiiiieiiiieii ettt bbbt bbbt eas 180
Allochemic sandy micrite, medium- to dark-gray; bioclasts include crinoid columnals, scaphopods?,
cephalopods, bryozoa, fUSULINIAS. ........c.cciiieiie ettt et s 30
Micritic mudshale, very dark brown, silty, bioturbated; Neonereites, Phycosiphon, Paleophycus?........................ 20
Fine micritic sandstone (quartzarenite), medium-gray, weathering brown, calcareous, thick-bedded to massive .... 20
Interbedded coarse silty micrite and fine micritic sandstone, medium-gray to brown, silty micrite parts
DIOLUIDALEA .....cvvenieeceietriitie ettt ab e s re st s e et s s s s e s s e e b s beseb e s R s ot s e bbb b eara b et ek s ebe st e b s et ens 67
Micritic mudshale, very dark brown, silty, bioturbated; Neonereites, Phycosiphon, Paleophycus?.................c...... 8
Silty micrite and very fine sandy micrite, medium-gray, weathering light-gray to yellow-brown; arranged in
thinning- and fining-upward sequences (15-25 m thick) containing complete turbidites at the base passing
upward to partial (base-cutout) T, and T, turbidites and to thin, very dark brown, intensely silicified
T ef turbidites at the top; basal sequences are intensely bioturbated...........cccoeivvireeiriirienniinii 252
Silty micrite and micritic sandstone, medium-gray to light-brown; medium beds contain T, silt turbidite
sequences; Neonereites, Scalarituba, Phycosiphon, Zoophycos, Planolites...............ccccovvvvviiniiinininininnnens 35
Fine sandy micrite, medium-gray, weathering medium-brown, thin- to medium-bedded, brown micritic
MUASEONE PAMTIIES ... vtveriteetreeniie et ete st eeests bt teeetetest et aaaetasese b eseaareese shesenesbebeabebsbeatee st eae e b e bbb s s sesae b st et orerssnssess 8
Fine micritic sandstone, medium-gray, thin-bedded, micritic mudstone partings, load casts, Scalarituba............... 5
Conformable contact, top of Eagle Creek Member (micritic sandstone, unit 6 of Hall and others, 1974)
Total thickness Wilson CIeek MEMIDET ..........cvcveiirmiiieieecireniiiiierinsissssseetetarasseeesesenseessesesasstassesssssomensisssssinssssssesens 800+

fold hinges. Silver-lead-zinc vein deposits are present locally
along this sheared unconformity (Burton and Link, this vol-
ume). The upper contact of the Hailey Member is placed at
the first appearance of the distinctive light-purple silty
micrite of the Eagle Creek Member (table 2, fig. 6). The age
of the Hailey Member is Desmoinesian, based on the bios-
tratigraphy of coral, fusulinid, and phylloid green algae
occurrences (Bostwick, 1955; Hall and others, 1974) (fig. 9).

The Eagle Creek Member of the Wood River Formation
(upper Desmoinesian to Wolfcampian) is 880-1,300 m thick
and consists of 260 m of light-purple silty micritic limestone
overlain by 620-1,140 m of light-brown micritic sandstone,
light-gray sandy micritic limestone, and subordinate quartz-
arenite (fig. 6). The Eagle Creek Member forms the bulk of
the outcrop area of the Wood River Formation both east and
west of the Wood River. It is best exposed on the high ridges
of the Boulder Mountains (fig. 9).

About 250 m of anomalous carbonate-rich facies
assigned to the Eagle Creek Member by Batatian (1991)
crops out just east of the summit of Kent Peak. The rock is

coarse-grained carbonaceous bioclastic limestone and
resembles bioclastic beds in the Wilson Creek Member
(David Seeland, U.S. Geological Survey, written commun.,
1992). The unit yielded conodonts (collection 12, fig. 7) that
indicate a Late Pennsylvanian to Early Permian age and
macrofossils, including Chaetetes sp., that indicate a (Middle
Pennsylvanian) Desmoinesian age (D.E. Fortsch, Idaho State
University, oral commun., 1991). If the Desmoinesian age is
correct, the beds may be the carbonaceous equivalent of
limestone in the upper part of the Hailey Member. The facies
resembles bioclastic parts of the Bloom Member of the
Snaky Canyon Formation (Chesterian to Missourian)
exposed 55 km to the east across several thrust faults in the
Lost River Range (Skipp, Kuntz, and Morgan, 1979) (fig. 7).

The Wilson Creek Member (Wolfcampian to Leonard-
ian) consists of more than 800 m of dark-gray carbonaceous
siltstone and sandstone, thin-bedded light-brown graded
silty micritic limestone, light-brown silty micritic lime-
stone, light- to dark-gray sandy micritic limestone, and sub-
ordinate light-brown medium-bedded micritic sandstone
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Table 3. Measured stratigraphic reference sections of the Pennsylvanian and Permian Sun Valley Group, south-central Idaho.
[Diagrammatic stratigraphic columns for these sections are shown in Mahoney and others (1991, figs. 4-6). Locations of sections listed below are
shown in fig. 2)]

Wood River Formation
Section W1 Murdock Creek (unconformable base of Hailey Member to hinge of syncline in upper part of Wilson Creek
Member, described by Burton, 1988). Measured in northeast-dipping beds on the ridge between Murdock Creek
and the East Fork of the North Fork of the Wood River, Amber Lakes 7.5-minute quadrangle, starting just
southwest of peak 8,635 and proceeding northeastward along long ridge line to peak 9,783. NE% sec. 27,
through sec. 23, to SW¥% sec. 13, T. 6 N. R. 17 E,, Blaine County, Idaho. Base of section lat 43°40'23" N, long
114°24'22" W,

Section W2 Lake Creek section (unconformable base of Hailey Member to hinge of fold in lower part of Wilson Creek
Member, described by Burton, 1988). Measured southwest to northeast along ridge between Lake and Eagle
Creeks in northeast-dipping beds, Rock Roll Canyon 7.5-minute quadrangle; from 9,040 to 9,000 ft elevation,
across peak 9,675; NWY sec. 8 to NE% sec. 5, T. 5 N., R. 18 E., Blaine County, Idaho. Base of section lat
43°46'56" N., long 114°20'34" W,

Section W3 Basin Gulch section; includes type section of Wilson Creek Member (unconformable base of Hailey Member to
hinge of syncline in upper part of Wilson Creek Member, described by Burton, 1988). Measured southwest to
northeast along ridge northeast of the head of Lake Creek in northeast-dipping beds, Rock Roll Canyon 7.5-
minute quadrangle; measured from 7,960 ft elevation to peak 9,677, across 10,200 ft ridge crest; SW¥% sec. 3, T.
6 N.,R. 18 E. and NEY sec. 34, T. 6 N., R. 18 E., Blaine County and Custer Counties, Idaho. Base of section
lat 43°47'58" N., long 114°18'45" W.

Section W4 Wilson Creek Ridge; includes type section of Eagle Creek Member (unconformable base of Hailey Member to
hinge of syncline in upper part of Eagle Creek Member, described by Burton, 1988). Measured from southwest
to northeast on the ridge between Wilson Creek and Trail Creek in northeast-dipping beds, Phi Kappa Mountain
and Rock Roll Canyon 7.5-minute quadrangles. Hailey Member measured about 500 m east of the base of the
ridge on the west bank of Wilson Creek, NW4 sec. 13, T. 5 N., R. 19 E. Eagle Creek and Wilson Creek
Members measured along the ridge from 6,600 ft elevation to swale at 9,000 ft elevation in NE% sec. 14 and
SWi sec. 12, T. 5 N, R. 18 E. Blaine County, Idaho. Base of section lat 43°46'13" N., long 114°16'18" W.

Section W5 Bellevue (principal reference section of the Wood River Formation and type section of Hailey Member),
unconformable base of Hailey Member to topographic surface in upper part of Wilson Creek Member, described
by Hall and others (1974). Composite section; units 1-6 (Hailey and Eagle Creek Members) measured
southwest to northeast along ridge north of Seamans Creek, Seamans Creek 7.5-minute quadrangle, from 6,390
ft elevation to top of ridge; base of section lat 43°29'30" N., long 114°14'00" W.; unit 7 (Wilson Creek Member)
measured on Quigley Creek in sec. 21, T. 3 N,, R. 19 E,, starting 2,300 ft north of the southwest corner of
section 21 and measured toward the east up the ridge from 6,640 to 7,300 ft elevation, base of section lat
43°34'30" N, long 114°12'30" W. Blaine County, Idaho.

Grand Prize Formation

Section G1 Hoodoo Mine section (lower part of member 2 to lower part of member 3). Measured on east flank of peak
10,050, west of Hoodoo Lake in west-dipping beds; section measured from 8,820 to 10,050 ft, Robinson Bar
7.5-minute quadrangle, Custer County, Idaho. Base of section lat 44°10'35" N, long 114°38'15" W.

Section G2 Fourth of July Creek section (composite reference section, unconformable base of member 1 to topographic
surface in upper part of member 4; also shown in Mahoney and Sengebush, 1988). Composite section. Interval
from O to S00 m measured in east-dipping beds, Strawberry Basin, north of Blackman Peak, from 9,800 to
10,111 ft elevation, Washington Peak 7.5-minute quadrangle; base of section lat 44°04'28"N, long 114°39'32"
W. Interval from 550 to 2,500 m measured from west to east in steeply west dipping overturned beds on ridge
north of Fourth of July Creek, from 7,800 to 9,200 ft elevation, Obsidian and Washington Peak 7.5-minute
quadrangles, Custer County, Idaho. Base of section lat 44°03'18"N, long 114°43'48" W.

Section G3 Washington Basin section (sheared base of member 1 to topographic surface in lower part of member 3).
Measured from east to west in steeply west dipping beds on east flank of peak 10,519, section starts at 10,200 ft
and goes along sawtooth ridge to top of peak 10,519, Washington Peak quadrangle, Custer County, Idaho. Base
of section lat 44°15'00", long 114°39'38".
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Table 3. Measured stratigraphic reference sections of the Pennsylvanian and Permian Sun Valley Group, south-central Idaho—

Continued.

Grand Prize Formation—Continued

Section G4

Section G5

Section G5b

Section G6

Champion Lakes section (lower part of member 2 to topographic surface in upper part of member 4). Measured
on ridge south of Champion Lakes Basin, measured from east to west in steeply west dipping beds; section starts
at 9,920 ft, southeast of peak 10,167, and continues along ridge to west side of Champion Lakes Basin, to north
of peak 10,081, Horton Peak and Washington Peak 7.5-minute quadrangles, Custer County, Idaho. Base of
section lat 43°58'53"N, long 114°40'00" W.

Contains two sections (G5a and G5b of Mahoney and others, 1991) repeated across normal fault and containing
parts of members 3 and 4. Comprises the type section of Grand Prize Formation of Hall (1985). Measured in
northwest-dipping beds on north side of Pole Creek, near its confluence with Grand Prize Gulch, on south flank
of peak 10,166, from 7,970 to 9,560 ft elevation, Horton Peak 7.5-minute quadrangle, Custer County, Idaho.
Base of section lat 43°56'27" N., long 114°41'00" W,

Pole Creek section 2, separated from Pole Creek section 1 by low-angle fault. Type section of Hall (1985)
crosses this fault, Section continues from 9,560 to 10,166 ft elevation above section G5a, Horton Peak 7.5-
minute quadrangle, Custer County, Idaho. Base of section lat 43°56'28" N., long 114°41'00" W.

Salmon River Headwaters section (partial sections of members 2 and 3, described in Mahoney, 1987).
Measured on west side of Salmon River, on east flank of peak 9,423 in northwest-dipping beds, from 7,800 to
9,423 ft elevation, Frenchman Creek 7.5-minute quadrangle, Camas County, Idaho. Base of section lat
43°48'45" N, long 114°46'33" W.

Dollarhide Formation

Section D1

Section D2

Section D3

Willow Creek section (principal reference section, intrusive contact at exposed base of lower member to
topographic surface in upper part of upper member) described by Geslin (1986) and O'Brien (1991). Measured
from southwest to northeast in northeast-dipping beds along ridge due west of Cup knob (benchmark 9,147);
lower part measured from 7,245 ft (contact with Idaho batholith) to fault at knob 7,856, S¥2 sec. 36, T. 3 N,, R.
15 E.; base of section lat 43°32'49" N., long 114°37'00" W. Upper part of section measured 0.6 mi to the north
of peak 7,856, from elevation 7,000 ft in creek bottom to knob 7,852, NEV sec. 36 to SE% sec. 25, T.3 N., R.
15 E. (O'Brien, 1991), Buttercup Mountain 7.5-minute quadrangle, Camas County, Idaho. Base of section lat
43°33'35" N., long 114°37'25" W. Lower section may be continued above knob 7,856 into the middle and upper
members up to knob "Cup" 9,147, although it is structurally thickened.

Dry Gulch-Bear Gulch section (intrusive contact in upper part of lower member to axis of syncline in upper
member, described by O'Brien, 1991). Composite section. Lower 400 m measured on north slope of Dry Gulch,
in northeast-dipping beds from contact with Cretaceous stock at 7,000-8,380 ft elevation; NEY sec. 3, NW
sec. 4, T.2N,, R. 16 E. and SW4 sec. 35, T. 3 N,, R. 16 E., Buttercup Mountain 7.5-minute quadrangle, Blaine
County, Idaho. Base of section lat 43°32'25" N., long 114°31'35" W. Upper 900 m measured in west-dipping
beds in the central headwaters of Bear Gulch, on the east side of knob "Cup” (9,147) from 7,400 ft elevation to
core of syncline at 8,900 ft, NY22 sec. 32, T. 3N., R. 16 E. Base of section lat 43°34'38" N, long 114°32'50" W.

Wolf Tone Creek section (covered interval in lower part of lower member to poorly exposed interval near top of
middle member, described by Wavra and others, 1986). Measured along northwest side of Wolf Tone Creek in
southwest-dipping beds. Section starts at stream fork at 6,058 ft and proceeds upstream to 6,280 ft, opposite
prominent stream entering Wolf Tone Creek from the south; SW% sec. 8, SE% sec. 7, and NE% sec. 18, T. 2N,
R. 17 E., Mahoney Butte 7.5-minute quadrangle, Blaine County, Idaho. Base of section lat 43°31'25" N., long
114°27'33" W.




C24 GEOLOGY AND MINERAL RESOURCES OF THE HAILEY AND IDAHO FALLS QUADRANGLES

(fig. 6). The member forms slopes and is sparsely exposed
east of Bellevue and Hailey, although it is well exposed in
alpine ridges of the Boulder Mountains northeast of
Ketchum (figs. 1, 9, plate 1). The fine-grained, thin-bedded
silty micritic limestone of the Wilson Creek Member
weathers to a characteristic reddish-brown regolith. The
upper part of the member is dolomitic in part and contains
diagenetic chert. The Wilson Creek Member contains a
diverse assemblage of bathyal trace fossils that has been
interpreted to reflect oxygenation levels controlled by tur-
bidite depositional facies (Burton and Link, 1991). The
upper contact of the Wilson Creek Member is eroded below
an unconformity with the Eocene Challis Volcanic Group
or the present-day topographic surface (fig. 8).

MINERAL DEPOSITS IN THE WOOD RIVER FORMATION

A variety of mineral deposit types are present in the
Wood River Formation. The Hailey Member hosts zinc-
bearing veins in the Lake Creek mineralized area (Burton
and Link, this volume) (fig. 1). Brittle sandstone of the
Eagle Creek Member hosts vein deposits in the Boulder
Basin (Ratchford, 1989), Galena, and Lake Creek areas
(fig. 1). Limestone of the Eagle Creek Member hosts
replacement deposits in the Wood River area (fig. 1). Car-
bonaceous siltstone of the Wilson Creek Member hosts
shear-zone vein deposits in the Lake Creek area (Burton
and Link, this volume) (fig. 1).

DOLLARHIDE FORMATION

The Dollarhide Formation comprises the southern and
southwestern exposures of the Sun Valley Group. Com-
plexly folded Dollarhide Formation is intruded by the Idaho
batholith and associated stocks in the Smoky Mountains,
west of the Wood River (Whitman, 1990, this volume; Dar-
ling and others, this volume) (fig. 1, plate 1). The formation
was named by Hall (1985) for a sequence of dark-colored
(“sooty”) carbonaceous limestone, siltite, fine-grained
quartzite, and granule conglomerate exposed on Dollarhide
Summit, west of Ketchum (plate 1), but a type section was
not designated. Mahoney and others (1991) and O’Brien
(1991), following Wavra (1985), Geslin (1986), and Wavra
and others (1986), recognized three informal members and
designated the principal reference section for the Dollar-
hide Formation to be east of Willow Creek (section D1,
plate 1). Other reference sections for the Dollarhide Forma-
tion are south of Wolf Tone Creek (lower and middle mem-
bers, section D3, plate 1) and at the head of Deer Creek
north of Buttercup Mountain {middle and upper members,
section D2, plate 1).

Skipp and Hall (1980), Geslin (1986), Darling (1988),
and Link and others (1988) described the metasedimentary

“Carrietown sequence” as being in thrust contact below the
lower member of the Dollarhide Formation in the Smoky
Mountains near the edge of the Idaho batholith (fig. 1, plate
1). Whitman (1990, this volume) recognized that this con-
tact is not structural but is a lithologic change accentuated
by metamorphism. These metasedimentary rocks are now
interpreted as foliated parts of the lower member of the
Dollarhide Formation, marginal to the Idaho batholith
(Whitman, 1990, this volume; Mahoney and others, 1991;
Darling and others, this volume). The name “Carrietown
sequence” is abandoned.

The lower member of the Dollarhide Formation (Des-
moinesian to lower Wolfcampian) is at least 800 m thick and
consists of rhythmically interbedded dark-gray carbon-
aceous silty micritic limestone and very fine grained light-
gray to light-brown micritic sandstone and subordinate
medium- to thick-bedded light-brown micritic sandstone and
light- to dark-gray lenticular conglomerate containing
mainly intrabasinal clasts of siltstone and bioclastic lime-
stone. Extrabasinal clasts (vitreous quartzite and fine-
grained sandstone) are rare. The lower member of the Dol-
larhide Formation includes at the base a minimum of 175 m
of quartzite, phyllite, and calc-silicate hornfels formerly
assigned to the “Carrietown sequence.” The lower member
is exposed in the southern Smoky Mountains, where it forms
dark-colored slopes punctuated by thin ridges of resistant
micritic sandstone. The base of the lower member either is a
fault or is masked by the Idaho batholith, and the upper con-
tact is placed above a mappable dark-gray carbonaceous
limestone and below thick light-brown micritic sandstone of
the middle member (O’Brien, 1991) (fig. 6).

The middle member of the Dollarhide Formation
(lower Wolfcampian) consists of about 300 m of fine-
grained light-brown micritic sandstone and light-gray sandy
micritic limestone and subordinate dark-gray to black car-
bonaceous siltstone and lenticular conglomerate (fig. 6). The
middle member forms prominent light-colored cliffs
throughout the central and southern Smoky Mountains.
North of Deer Creek (plate 1) it is interpreted to grade into
thick sandstone beds of the Eagle Creek Member of the
Wood River Formation.

The upper member of the Dollarhide Formation (Wolf-
campian and Leonardian) is approximately 900 m thick and
is composed of thin-bedded to laminated dark-gray carbon-
aceous siltstone and light-gray silty micritic limestone and
minor light-brown micritic sandstone and conglomerate (fig.
6). The upper member gradationally overlies the middle
member, and the upper boundary is not recognized due to
erosion. The upper member weathers to a dark-gray regolith,
is poorly exposed, and forms slopes throughout the Smoky
Mountains, which, as a result, contain large areas of sparsely
vegetated “black-shale” regolith (Wavra and Hall, 1989)
(fig. 1, plate 1).
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MINERAL DEPOSITS IN THE DOLLARHIDE FORMATION

The lower member of the Dollarhide Formation hosts
vein and replacement mineral deposits in the Bullion, Carri-
etown, and Deer Creek stock mineralized areas (fig. 1) and a
laminated barite deposit in the northern part of the Bullion
area. Sheared vein and replacement mineral deposits are
present in the upper member of the Dollarhide Formation in
the Bunker Hill and Carrietown mineralized areas (fig. 1).
The middle member of the Dollarhide Formation, dominated
by sandstone or quartzite, does not host mineral deposits.

Wavra and Hall (1989) designated most dark-colored
outcrops of Paleozoic rocks in the southern Smoky Moun-
tains as upper member, Dollarhide Formation (including
rocks we map as Milligen Formation in the Minnie Moore
mine area) and presented a model whereby the upper mem-
ber is host to syngenetic mineral deposits including the Deer
Creek barite deposit (plate 1). Recent work based on mea-
sured sections of the Dollarhide Formation and recognition
of distinctive members of the Milligen Formation at the Min-
nie Moore mine (O’Brien, 1991; Worl and others, 1991;
O’Brien and others, 1993; Skipp and others, 1994; Link and
Worl, in press) suggests that restriction of mineral deposits
to the upper member of the Dollarhide Formation is incor-
rect. Mineral deposits in the southern Smoky Mountains are
hosted by the Milligen Formation, as well as by the lower
and upper members of the Dollarhide Formation.

GRAND PRIZE FORMATION

The Grand Prize Formation comprises the northern
exposures of the Sun Valley Group and is exposed primarily
north of Pole Creek in the White Cloud Peaks area (fig. 1,
plate 1). The formation was named by Hall (1985) for a
1,450-meter-thick sequence of light-brown fine-grained
quartzite, brown limy siltstone, banded light- and dark-gray
siltite, and dark-gray to black carbonaceous silty limestone
exposed north of Grand Prize Guich, a tributary to Pole
Creek (section G5, plate 1). Rocks of the Grand Prize Forma-
tion had previously been included in the Pole Creek
sequence (Skipp and Hall, 1980; Fisher and others, 1983;
Sengebush, 1984) or the Wood River Formation (Tschanz
and others, 1986). Mahoney and Sengebush (1988)
expanded and revised Hall’s definition of the Grand Prize
Formation, subdivided the formation into four informal
members, and designated a composite reference section for
the formation north of Fourth of July Creek (section G2, fig.
6, plate 1). Mahoney and others (1991) slightly modified
member boundaries within the Grand Prize Formation and
described additional reference sections (plate 1) for the for-
mation near the Hoodoo mine (section G1), west of Wash-
ington Basin (section G3), above Champion Lakes north of
Pole Creek (section G4), and at the headwaters of the Salmon
River (section G6).

Member 1 (Desmoinesian) of the Grand Prize Forma-
tion is 0—400 m thick and consists of 0-350 m of light-brown
to light-gray polymict conglomerate and sandstone overlain
by 30-50 m of medium-gray bioclastic limestone (fig. 6).
Member 1 is resistant and forms conspicuous cliffs and
ledges. The lower contact of member 1 is an erosional
unconformity with the underlying Paleozoic Salmon River
assemblage. This contact was strongly sheared during Meso-
zoic compression, and the original stratigraphic thickness of
the basal conglomerate is generally not preserved.

Member 2 (Desmoinesian to Wolfcampian) of the
Grand Prize Formation consists of 500-1,100 m of thick-
bedded to massive light-brown micritic sandstone and subor-
dinate light-gray sandy micritic limestone and gray carbon-
aceous siltstone. Member 2 gradationally overlies member 1;
the contact is placed above the bioclastic limestone of mem-
ber 1. Member 2 forms discontinuous cliffs and ledges in the
northern Smoky Mountains and in the White Cloud Peaks.
Member 3 (Wolfcampian to Leonardian) of the Grand Prize
Formation consists of 650-1,700 m of fine-grained sand-
stone and siltstone arranged in rhythmically interbedded
couplets 30 cm-3 m thick. The distinctive banded appear-
ance of the member is produced by these couplets of light-
gray fine-grained micritic sandstone gradationally overlain
by dark-gray carbonaceous siltstone. Interbedded with the
couplets is thick-bedded light-brown micritic sandstone and
light-gray sandy micritic limestone (fig. 6). Member 3 gra-
dationally overlies member 2. Member 3 has an irregular
weathering pattern; the sandier intervals are exposed in bold
relief against the more easily weathered finer grained inter-
vals. The member forms distinctly banded light-gray cliffs
throughout the White Cloud Peaks area.

Member 4 (Wolfcampian to Leonardian) of the Grand
Prize Formation consists of more than 450 m of thin- to
medium-bedded carbonaceous siltstone, sandy to silty
micrite, and minor micritic sandstone (fig. 6). Carbonaceous
siltstone of member 4 gradationally overlies banded sand-
stone and siltstone of member 3. Member 4 weathers to a
dark-gray regolith and forms slopes in the southern part of
the White Cloud Peaks area.

MINERAL DEPOSITS IN THE
GRAND PRIZE FORMATION

Members 1, 2, and 3 of the Grand Prize Formation host
polymetallic vein deposits in Washington Basin (fig. 1).
Member 3 hosts a tungsten skarn deposit in the Smiley Creek
drainage of the Smoky Mountains mineralized area (fig. 1).
Micritic sandstone and sandy micrite of members 2 and 3
host replacement deposits in the Pole Creek and Washington
Basin areas (fig. 1). Limestones of member 4 also have
potential for replacement deposits in the Galena area.
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RELATIONS BETWEEN FORMATIONS
OF THE SUN VALLEY GROUP

Our work suggests that the formations of the Sun Val-
ley Group in most places grade laterally and vertically into
each other by facies change (fig. 8, plate 1) rather than occu-
pying thrust-fault bounded allochthons. We recognize that,
in places, contacts shown as facies changes on figure 2 may
appear on the ground to arbitrarily punctuate gradual transi-
tions in color, grain size, or type of cement. Specific relation-
ships between formations are outlined following (after
Mahoney and others, 1991).

The Dollarhide Formation-Wood River Formation con-
tact may be observed at five locations:

1. In the Picabo Hills, dark-gray limestone and silt-
stone of the upper part of the lower member of the Dollar-
hide Formation grade eastward over a distance of about 2
km into light-gray silty limestone of the Eagle Creek Mem-
ber of the Wood River Formation, across a set of south-
west-vergent folds.

2. Along Deer Creek west of Hailey (Skipp and oth-
ers, 1994), dark siltstone and limestone of the lower member
of the Dollarhide Formation are thrust over light-brown
sandstone and limestone of the Eagle Creek Member along
the Deer Creek thrust fault.

3. On Kelly Mountain, at the head of Wolf Tone
Creek, a section of silicified quartzarenite and light-gray
silty limestone of the Eagle Creek Member of the Wood
River Formation, several hundreds of meters thick, lies
above dark- and light-gray siltstone and sandstone of the
middle and lower members of the Dollarhide Formation on
a low-angle normal fault.

4. North of Deer Creek, the middle member of the
Dollarhide Formation is mapped south of the Challis Volca-
nic Group near Mahoney Butte, but the Eagle Creek Member
of the Wood River Formation is mapped in probably contin-
uous strata to the north. In this area, the middle member of
the Dollarhide Formation is a tongue of partially silicified
micritic sandstone, petrographically identical to micritic
sandstone of the Eagle Creek Member (fig. 8).

5. North of Baker Creek, light-brown calcareous
sandstone of the Eagle Creek Member overlies dark-gray
siltstone and limestone of the lower member of the Dollar-
hide Formation along a low-angle normal fault (Stewart,
1987, Stewart and others, 1992).

The Wood River Formation grades northward into the
Grand Prize Formation. This contact may be observed in
two places and is shown as a line of facies change on plate 1.

1. North of Pole Creek, massive micritic sandstone of
the Eagle Creck Member intertongues with thick-bedded
micritic sandstone assigned to member 2 of the Grand Prize
Formation. This relation was previously shown as a thrust
fault by Hall (1985).

2. In Galena Gulch, medium-bedded micritic sand-
stone, thin-bedded sandy micritic limestone, and silty

micritic limestone of the Wilson Creek Member of the Wood
River Formation are gradationally overlain by black carbon-
aceous siltstone and sandy to silty micrite assigned to mem-
ber 4 of the Grand Prize Formation (fig. 8).

The contact between the upper member of the Dollar-
hide Formation and member 4 of the Grand Prize Formation
is obscured by an Eocene dacite porphyry intrusive body
west of the headwaters of the Salmon River (Mahoney,
1992) (plate 1). The upper member of the Dollarhide Forma-
tion and member 4 of the Grand Prize Formation are litho-
logically identical carbonaceous siltstone and are interpreted
as lateral equivalents (fig. 8).

MINERAL DEPOSIT MODELS
APPLICABLE TO PALEOZOIC ROCKS
OF THE EASTERN PART OF THE
HAILEY 1°x2° QUADRANGLE

GEOLOGIC COMPLEXITY

The deformational and magmatic history of the eastern
part of the Hailey 1°x2° quadrangle is complex (Rodgers and
others, this volume). Mineral deposits hosted by Paleozoic
strata are of three distinct ages: (1) Devonian syngenetic
stratabound deposits, (2) Cretaceous polymetallic veins and
skarns associated with intrusion of the Idaho batholith, and
(3) Tertiary polymetallic veins and skarn deposits associated
with the Challis magmatic episode.

Probable syngenetic metal deposits are in the Devonian
Milligen Formation, the Salmon River assemblage, and
unnamed Silurian and Devonian strata east of the Boulder
Mountains (Hall, 1985, 1987b; Turner and Otto, 1988, this
volume; Bruner, 1991; Sanford and Wooden, this volume).
These deposits may have formed by hydrothermal circula-
tion systems and normal faults that developed during early
phases of the Devonian and Mississippian Antler orogeny
(Turner and Otto, this volume).

Magmatically driven hydrothermal systems were active
in Late Cretaceous and Eocene time. These hydrothermal
systems caused epigenetic recrystallization and remobiliza-
tion of metals first concentrated in Devonian time. They also
tapped new sources of metals in Precambrian granitic base-
ment (Sanford and Wooden, this volume). Several genera-
tions of Mesozoic and Tertiary faults cut Paleozoic strata,
and ore deposits in almost all districts are cut by postminer-
alization faults.

MINERAL DEPOSIT MODELS

Several of the mineral deposit models compiled in
Cox and Singer (1986) and modified by Worl and Johnson
(this volume) are applicable to the central Idaho black-shale
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mineral belt. The following discussion, although neither a
rigorous coverage of the models nor a mine-by-mine
review of each mineral district, is meant to summarize
present understanding. Complete descriptions of mines and
production are contained in Lindgren (1900), Umpleby
(1915), Umpleby and others (1930), Anderson and others
(1950), Tuchek and Ridenour (1981), Van Noy and others
(1986), Mclntyre (1985), and Fisher and Johnson (1987).

SKARN DEPOSITS

Skarns have not been major ore producers in the Wood
River area, but gold, lead-zinc, and tungsten skarn deposits
are present in several places where Paleozoic limestone is
intruded by Tertiary or Cretaceous stocks.

At the June Day mine, in Parker Gulch of the Triumph
mineralized area (fig. 1), southeast of Ketchum, a gold-bear-
ing skarn is developed in the limestone member of Lucky
Coin in the Milligen Formation. The silicified limestone
“tactite” contains diopside, garnet, wollastonite, scapolite,
clinozoisite, zoisite, and vesuvianite and hosts disseminated
gold (Anderson and others, 1950). The intrusive rock is an
Eocene dacite porphyry stock.

The Phi Kappa mine of the Summit mineralized area
(fig. 1) contains zinc-silver skarn deposits in the Drummond
Mine Limestone Member of the Copper Basin Formation
(Winkler and others, this volume). Skarn minerals include
diopside and grossularite. Sulfide minerals, present in tactite
zones, include, in order of decreasing abundance, galena,
sphalerite, pyrite, and chalcopyrite (Tuchek and Ridenour,
1981). These skarns are associated with granodiorite of the
Eocene Summit Creek stock, which crops out to the west
across Phi Kappa Creek.

Tungsten skarn deposits hosted by members 2 and 3 of
the Grand Prize Formation are in the Ura group prospects on
Smiley Creek (Mahoney and Horn, in press) (fig. 1). Tactite
is composed of red garnet, epidote, wollastonite, quartz, and
fine-grained scheelite (Van Noy and others, 1986).

Gold-bearing skarns may be present, associated with
gold-bearing veins and gossan, in the Black Rock claims of
the Washington Basin area (Van Noy and others, 1986) (fig.
1). Granodiorite, of probable Cretaceous age, intrudes lime-
stone, micritic sandstone, and sandy micrite of Grand Prize
Formation members 1, 2, and 3 near these claims (Mahoney,
this volume).

Skarns are present west of Hailey and Bellevue in the
Bunker Hill, Deer Creek stock, and Rooks Creek stock
mineralized areas (fig. 1). Silver-lead-zinc deposits in these
areas formed during intrusion of Late Cretaceous (about 90
Ma) potassium-rich plutons (Rooks Creek stock, Deer
Creek stock, Croesus stock (fig. 1, plate 1) (Link and Worl,
in press; Park, in press). These plutons were emplaced east
of, and earlier than, the main Atlanta lobe of the Idaho
batholith to the west (Lewis, 1989). Tactite in contact

metamorphic deposits in the Wood River and Dollarhide
Formations contains argentiferous galena in a gangue of
grossularite and epidote (Lindgren, 1900; Umpleby and
others, 1930; Anderson and others, 1950). Skarns in the
Rooks Creek stock area contain disseminated gold and
sphalerite in a gangue of garnet and pyroxene (Anderson
and others, 1950; Park, in press).

POLYMETALLIC REPLACEMENT DEPOSITS

Calcareous strata in several formations are hosts for
replacement deposits. The limestone member of Lucky Coin
(Milligen Formation) hosts polymetallic replacement ore in
the Triumph and Minnie Moore mineralized areas (fig. 1)
(Turner and Otto, this volume; Link and Worl, in press).
These lode deposits contain sphalerite, galena, tetrahedrite,
and chalcopyrite. They are localized in calcareous beds suit-
able for replacement and proximal to a fault that acted as a
pathway for mineralizing fluids (Kiilsgaard, 1950).

The Dollarhide Formation hosts replacement deposits
in several areas west of the Wood River. In the Carrietown
mineralized area (fig. 1), the host rock is limestone of the
lower member of the Dollarhide Formation (Darling and oth-
ers, this volume). In the Bunker Hill mineralized area (fig. 1)
the host is limestone of the upper member of the Dollarhide
Formation. Ore minerals in these areas, both in replacement
and vein deposits, are galena, sphalerite, tetrahedrite, pyrite,
arsenopyrite, pyrrhotite, and chalcopyrite.

In the Boulder Basin mineralized area on the west side
of the Boulder Mountains (fig. 1), the replaced host is calcar-
eous sandstone or quartzite of the Eagle Creek Member of
the Wood River Formation. Intrusion of Eocene dikes prob-
ably generated ore-bearing circulation systems that depos-
ited pyrite, galena, tetrahedrite, chalcopyrite, and sphalerite
(Van Noy and others, 1986; Ratchford, 1989, in press).

In the northern part of the Galena mineralized area,
along Pole Creek (fig. 1), calcareous sandstone of member 3
of the Grand Prize Formation is replaced. Gossan provides
an exploration guide. Ore minerals include sphalerite,
galena, and chalcopyrite (Van Noy and others, 1986).
Micritic sandstone and sandy micrite of members 2 and 3 of
the Grand Prize Formation host replacement deposits con-
taining detrital quartz grains within a fine-grained to apha-
nitic galena matrix in the Washington Basin area (Mahoney,
this volume) (fig. 1).

Replacement deposits may be present in any calcareous
stratum. Thus, such deposits potentially could be present in
the limestone member of Lucky Coin of the Milligen Forma-
tion, the lower member of the Dollarhide Formation, Grand
Prize Formation members | to 4, the Hailey, Eagle Creek
and Wilson Creek Members of the Wood River Formation,
and the Drummond Mine Limestone Member of the Copper
Basin Formation.
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POLYMETALLIC VEINS

Polymetallic vein mineral deposits in the eastern part of
the Hailey quadrangle are commonly associated with, and
locally difficult to distinguish from, polymetallic replace-
ment deposits. Vein deposits have been the largest producers
and are present throughout the black-shale mineral belt.
Generally, veins hosted by carbonaceous siltstone and argil-
lite (“black shale”) have siderite gangue, whereas veins in
sandstone and quartzite host rock have quartz gangue. Gen-
erally, wallrock is not much altered, although some bleach-
ing occurred with formation of sericite and addition of
carbonate and pyrite.

CRETACEOUS VEIN DEPOSITS

In general, shear-zone-hosted veins of the Ketchum-
Hailey-Bellevue area follow fault systems or shear zones of
Cretaceous age and are associated with Cretaceous plutonic
activity. The polymetallic veins west of the Wood River
were formed by hydrothermal systems driven by heat from
the Late Cretaceous plutons that are border phases of the
Idaho batholith (Lewis, 1989). These hydrothermal systems
derived metals from remobilization of Devonian stratabound
syngenetic mineral deposits and from underlying Precam-
brian crust (Sanford and Wooden, this volume).

In the East Fork Wood River, Bellevue, Minnie Moore,
and Triumph mineralized areas (fig. 1), silver-lead-zinc vein
deposits of probable Cretaceous age are present in black
argillite of the argillite member of Triumph and limestone
member of Lucky Coin of the Devonian Milligen Formation
(Turner and Otto, 1988, this volume). In the Minnie Moore
mineralized area, including the Minnie Moore and Silver
Star Queens mines, shear-zone-hosted veins contain galena,
pyrite, sphalerite, chalcopyrite, and arsenopyrite in a gangue
of siderite, quartz, calcite, and crushed country rock (Ander-
son and others, 1950). These veins occupy northwest-strik-
ing reverse faults or shear zones that apparently formed
shortly after intrusion of the adjacent Croesus quartz diorite
stock about 90 Ma (Link and Worl, in press).

In the Bullion mineralized area (fig. 1), including the
Mayflower and Red Elephant mines, northwest-striking Late
Cretaceous veins are hosted by the lower member of the Dol-
larhide Formation (Link and Worl, in press). The most com-
mon ore minerals, in order of increasing abundance, are
galena, sphalerite, and tetrahedrite. The most common
gangue minerals are siderite, calcite, and quartz. Siderite
gangue is associated with ore deposition (Fryklund, 1950).

Many of the areas listed above as containing replace-
ment deposits also contain vein deposits. In general, ore min-
erals in veins are argentiferous galena, more or less abundant
sphalerite and tetrahedrite, and subordinate and variable
amounts of pyrite, arsenopyrite, and chalcopyrite (Umpleby
and others, 1930; Anderson and others, 1950). The gangue

consists of altered and crushed country rock, siderite, calcite,
and quartz.

Veins are hosted by both the upper and lower members
of the Dollarhide Formation in the Carrietown mineralized
area and by the upper member of the Dollarhide Formation
in the Bunker Hill mineralized area (fig. 1.

In Washington Basin (fig. 1), polymetallic veins of
probable Cretaceous age are present in northeast-trending
shear zones or fractures localized along the axial plane of an
east-vergent anticline (Mahoney, this volume).

EOCENE VEIN DEPOSITS

North and east of Ketchum, vein deposits of the Smoky
Mountains, Galena, Lake Creek, and Summit mineralized
areas (fig. 1) probably formed during Eocene plutonism. In
the Galena district, mineralized silver-lead-zinc veins follow
Tertiary shear zones that strike northeast and dip northwest.
In the Lake Creek area, veins are within northwest-striking
normal faults in the upper plate of a Paleogene detachment
fault (Burton and Link, this volume). In both cases associ-
ated igneous rocks are dacite and rhyolite porphyry of
Eocene age.

The ore-bearing vein and associated replacement
deposits of the Livingston mine on Big Boulder Creek in the
Challis 1°x2° quadrangle (plate 1) contain metals likely
remobilized from syngenetic stratabound minerals first
deposited in the Salmon River assemblage during Devonian
time (Hall, 1985). Eocene rhyolite porphyry dikes are asso-
ciated with the veins. Ore minerals are jamesonite, galena,
sphalerite, and tetrahedrite (Van Noy and others, 1986). The
gangue is quartz that is locally iron stained.

SYNGENETIC STRATABOUND
SILVER-LEAD-ZINC DEPOSITS

An ultimate syngenetic origin for many of the ore met-
als in the Wood River valley is suggested by location of
mines in and near probable source rock of the Devonian
Milligen Formation and correlative units, as well as by ore
textures and isotopic data (Hall and others, 1972; Hall,
1985; Howe and Hall, 1985). Sanford and Wooden (this
volume) use lead-isotope data to suggest that the lead in
mineral deposits of the Hailey 1°x2° quadrangle was sup-
plied both from syngenetic stratabound deposits within the
Milligen Formation and Salmon River assemblage and
from Precambrian crust, but not from detrital lead in Paleo-
zoic black shale.

DEVONIAN MILLIGEN FORMATION

Turner and Otto (this volume) describe mineral depos-
its from the Milligen Formation in the Triumph mineralized
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area (fig. 1), which is the best-documented example of syn-
genetic stratabound mineralization in the black-shale min-
eral belt. The Triumph stratiform sulfide bodies are within or
at the top of the limestone member of Lucky Coin and are
associated with limestone turbidite and diamictite. Hall
(1985, p. 130) described the stratabound syngenetic ore from
the Triumph mine as “fine-grained, thinly-bedded, dark-
gray, carbonaceous, micritic, silty limestone containing
minute grains of sphalerite, galena, arsenopyrite, and pyrite
disseminated along the bedding.” The complex intrusive and
deformational history of the region has produced a variety of
epigenetic mineral deposits by remobilization of these stra-
tabound Devonian sulfide deposits.

SALMON RIVER ASSEMBLAGE

Carbonaceous units of the Salmon River assemblage
contain as much as 10,000 ppm V. At the Hoodoo mine on
Slate Creek stratabound syngenetic deposits of zinc and bar-
ite are present in these rocks (Hall, 1985; Van Noy and oth-
ers, 1986). The extensive workings follow a mineralized
zone along the contact between Salmon River assemblage
and member 1 of the Grand Prize Formation (designated as
Hailey Conglomerate Member of the Wood River Formation
by Van Noy and others, 1986, p. 262). Sphalerite and minor
galena form concordant massive lenses from 0.3 to 12 m in
thickness. Disseminations and veinlets in brecciated argil-
lite, limestone, and quartzite are cemented by quartz and cal-
cite. Smithsonite is the most abundant secondary mineral.
Hall (1987b) speculated that during the time of sedimenta-
tion the belt of Salmon River assemblage now exposed along
Slate Creek was downdropped and zinc-rich hydrothermal
brines were concentrated there. Sphalerite and some galena
and pyrite were deposited from these brines.

At several locations, original stratabound syngenetic
sulfide deposits within the Salmon River assemblage are
thought to have been recrystallized and remobilized by Cre-
taceous granodiorite plutons (Hall and Hobbs, 1987). Ore at
the Livingston mine contains highly deformed black sili-
ceous argillite containing bedded sphalerite, pyrite, and
minor galena and jamesonite (Hall, 1985). These minerals
are interpreted, based on light-stable-isotope characteristics,
to have been syngenetic sulfides deposited with the black
argillite (Howe and Hall, 1985). The rock was subsequently
shattered and minerals remobilized during emplacement of
Eocene rhyolite porphyry dikes. The minerals now occupy
small veinlets and matrix between argillite fragments.

ORE TEXTURES IN SILURIAN AND
DEVONIAN STRATA, MILLER CANYON AREA

Syngenetic textures suggesting sedimentary exhalative
(SEDEX) mineralization are present in diamictite within
the lower argillite unit (unit DSal-2 of figs. 3, 4), the

unnamed Silurian and Devonian rocks in the Miller Canyon
area (Bruner, 1991).

Two types of pyrite were identified in polished sec-
tions: (1) dark, brassy, spongy looking pyrite having collo-
form, orbicular, and framboidal textures and (2) bright,
subhedral to euhedral pyrite. The first type of pyrite is
thought to be syngenetic because it is present (1) as concen-
trations in the matrix of breccias and (2) within broken argil-
lite clasts. Its dark, spongy character is attributed to poor
crystal development due to rapid growth in open spaces.
Such textures are produced by syngenetic precipitates on the
ocean floor or in epigenetic veinlets. The presence of these
textures in sulfide-bearing argillite clasts in diamictite is
strong indication of their syngenetic origin.

The second type of pyrite is thought to be epigenetic
because it is present (1) as overgrowths on colloform and
framboidal pyrite, (2) in massive occurrences lacking open-
space filling textures, and (3) within calcite and quartz vein-
lets that crosscut all other fabrics in polished section.

Sphalerite, the second most abundant sulfide mineral,
forms (1) colloform bands within colloform pyrite and
galena and (2) reddish-brown blebs as much as 1.5 cm
across within calcite veinlets. Micron-size chalcopyrite
blebs are common within the sphalerite and are probably
hydrothermal in origin, perhaps remobilized from synge-
netic mineral deposits.

Galena, the third most abundant sulfide mineral, forms
(1) colloform bands with spongy pyrite and (or) sphalerite in
orbicular masses in sedimentary breccia clasts, (2) concor-
dant and discordant veinlets, and (3) isolated anhedral blebs.
Large blebs and veinlets of galena have curved cleavage
planes that provide evidence of deformation. Deformed
galena may have a magmatically driven hydrothermal origin,
likely remobilized from syngenetic mineralization.

Pyrrhotite, the fourth most abundant sulfide mineral,
forms (1) microscopic veinlets with quartz and (2) small
blebs within quartz veinlets. Veinlets containing pyrrhotite
crosscut all other sulfide mineral occurrences, indicating that
it has a probable magmatically driven hydrothermal origin.

POSSIBLE SYNGENETIC MINERAL DEPOSITS
IN THE DOLLARHIDE FORMATION

Hall (1985) and Wavra and Hall (1989) suggested that
the presence of laminated barite in the northern part of the
Bullion mineralized area (north of Deer Creek) indicates that
syngenetic shale-hosted precious-metal deposits are present
in the upper member of the Dollarhide Formation. Geologic
mapping (Skipp and others, 1994) suggests that the Deer
Creek barite deposit contains a lensoidal body of syngenetic
or remobilized-syngenetic barite hosted by the lower mem-
ber of the Dollarhide Formation. Sulfate analysis of the bar-
ite (Howe and Hali. 1985) yields a value close to Permian
and Pennsylvanian seawater sulfate.
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EXPLORATION PROSPECTS

The complex tectonic, magmatic, and hydrothermal
systems operative since Paleozoic time in the eastern part of
the Hailey 1°x2° quadrangle make exploration for Devonian
syngenetic ore deposits difficult but afford the possibility
that large mineral deposits remain to be discovered. Some
recent models for exploration in the Milligen Formation, the
Salmon River assemblage, and correlative unnamed Silurian
and Devonian argillite invoke the presence of synsedimen-
tary Devonian fault-bounded “third-order” basins, which
during Devonian time were subject to restricted circulation
of oceanic water and coeval hydrothermal activity (Turner
and Otto, 1988, this volume; Bruner, 1991). Detailed strati-
graphic analyses, including biostratigraphic studies, are
needed to document Devonian basin evolution.
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Mineral Deposits of the Muldoon—Star Hope Area,
Southern Pioneer Mountains, South-Central Idaho

By Gary R. Winkler,! Kevin W. Kunkel,2 Richard F. Sanford,! Ronald G. Worl,3
and Falma J. Moye*

ABSTRACT

Devonian and Mississippian carbonate and clastic rocks
of the Milligen(?) Formation, Carey Dolostone, and Copper
Basin Formation in the southern Pioneer Mountains host
many vein, replacement, and distal skarn deposits of silver-
lead-zinc (+copper). In several places, the silver-base metal
deposits are associated with stratabound veins and replace-
ments of barite. Base- and precious-metal veins also are
present locally in Eocene stocks that intrude the Paleozoic
sequence and in rocks of the comagmatic Challis Volcanic
Group that overlie the Paleozoic sequence.

The deposits are included in the Little Wood River
and Copper Basin mining districts, which were formed in
the early 1880’s when the first significant discoveries and
initial production occurred. The richest metal deposits were
mined principally in the 1880’s and 1890’s and again in the
1940’s and 1950’s. The richest barite bodies were mined
only in the 1950’s and 1960’s. No mining has taken place
in either district for the past 25 years; however, substantial
resources have been identified or inferred, and exploration
has been renewed in the middle 1970’s, the early 1980’s,
and the late 1980’s.

The locations of the silver-base metal deposits are gov-
erned by the presence of carbonaceous pelitic source rocks,
chemically reactive calcareous trap rocks, concordant and
discordant structures that provided channelways for solu-
tions, and intrusive rocks that provided heat and fluids for
metasomatism. Argillaceous rocks of the Little Copper
Member of the Copper Basin Formation, which are signifi-
cantly enriched in barium and slightly enriched in several
metals, host numerous small and discontinuous veins that

1U.S. Geological Survey, Denver Federal Center, Denver, Colorado
80225.

2Department of Geology, Idaho State University, Pocatello, Idaho
83209.

3U.S. Geological Survey, W. 904 Riverside Avenue, Spokane, Wash-
ington 99201.

“Box 1145, Challis, Idaho 83226.

show spotty values for silver, lead, zinc, copper, and gold.
The best examples are in the vicinity of the Mutual mine;
however, such veins seldom were mined. The largest and
richest metal deposits are polymetallic replacements or
skarns in impure calcareous rocks of the Drummond Mine
Limestone Member of the Copper Basin Formation, which
overlies the Little Copper Member. The deposits are at sev-
eral stratigraphic horizons and generally are within 1-3 km
of quartz monzonite stocks or swarms of dikes. The best
example is the Eagle Bird mine, where high-grade material
remains underground in tabular lenses extending 100 m or
more along bedding. In addition to the silver, lead, zinc, cop-
per, and gold, some replacements and skarns also contain
significant antimony or tin, but none is known to have been
produced. Where polymetallic replacements are cut at high
angles by faults or fractures, they generally have associated
veins. Veins at the Solid Muldoon and Star Hope properties
were unusually rich in silver and thus were mined during the
early years in the districts.

Significant resources of base- and precious-metals and
barite remain in the Muldoon-Star Hope area. Although
most individual occurrences are likely to be small, they may
be of high grade and closely spaced. Thus, the metal values
of a group of occurrences might constitute collectively a
minable resource in the future. Furthermore, lower grade
resources, particularly of barite, but also of metals, may be
relatively widespread in the Copper Basin Formation. Favor-
able areas for additional exploration include several (or all)
of the following features: (1) calcareous, or mixed calcare-
ous and siliceous host rocks; (2) Eocene leucocratic intrusive
rocks; (3) carbonaceous pelitic rocks having elevated metal
values; (4) ground structurally prepared by steep faults, par-
ticularly where associated with bedding-plane flexures or
faults; (5) widespread geochemical anomalies of precious-
and base-metals and associated elements; and, if available,
(6) elevated electrical conductivity measurements, which
might indicate the presence of metal-bearing sulfide miner-
als at shallow depth.
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INTRODUCTION

In the Muldoon Creek, Garfield Canyon, and Star Hope
Creek areas of Blaine and Custer Counties in south-central
Idaho (fig. 1), Devonian and Mississippian carbonate and
clastic rocks of the Milligen(?) Formation, Carey Dolostone,
and Copper Basin Formation host numerous polymetallic
deposits containing silver, lead, zinc, copper, and gold.
Base- and precious-metal veins also are present in porphy-
ritic quartz monzonite stocks that intrude Paleozoic sedi-
mentary rocks in Muldoon Creek and Garfield Canyon and
in rocks of the Eocene Challis Volcanic Group that overlie
the Paleozoic sedimentary rocks at the confluence of Copper
Creek and Blackspar Canyon. The deposits are present on
both flanks of the southeastern Pioneer Mountains, which
divide tributaries of the Little Wood River from those of the
East Fork of the Big Lost River in Copper Basin. The pre-
cious- and base-metals are in vein, replacement, skarn, and
stratabound deposits that in several places are associated
with stratabound veins and replacements of barite.

HISTORICAL PERSPECTIVE
PAST PRODUCTION

Although prospecting apparently began in the area in
the 1860’s, the first significant deposits were located in
1881, with the discoveries of silver-base metal deposits at
the Muldoon (or Solid Muldoon) and Star Hope claims (fig.
2) on opposite sides of the drainage divide (Umpleby,
1917). Within a few seasons, numerous additional discov-
eries were made nearby in both drainages. The claims were
included in the separate Little Wood River and Copper
Basin mining districts, inasmuch as normal access to them
was by seasonal roads from Bellevue (or Carey) and
Mackay, respectively. Most production in the districts was
in the 1880’s and again in the 1940’s and 1950’s, although
U.S. Bureau of Mines records indicate some production in
every decade from the 1900’s through the 1960°s (Tuchek
and Ridenour, 1981). No mining has taken place in either
district for the past 25 years.

LITTLE WOOD RIVER DISTRICT

Most deposits in the district are in a northwest-trending
belt about 2 km wide that extends from near the mouth of
Muldoon Creek to a short distance north of Little Copper
Creek (fig. 2). Clusters of silver-base metal deposits are
along upper Muldoon Creek, in Garfield Canyon, in Deep,
Boundary, and Mutual Guiches, in the Little Copper Creek
drainages, and in Argosy Creek. Base- and precious-metal
veins in rocks of the Challis Volcanic Group along Copper
Creek and Blackspar Canyon are west of this belt.

The Solid Muldoon claims were located in 1881 and
patented in 1886. A concentrating mill and two 40-ton

smelters were erected near the claims in late 1881 and early
1882 (E.H. Finch, in Umpleby, 1917). About $200,000 in
silver-lead ore was produced from the claims between 1881
and 1884 (Wells, 1983). Additional ore-grade material was
stockpiled intermittently until 1908, when completion of a
new 100-ton mill allowed minor additional production from
1908 to 1911. By late 1911, Muldoon’s mining machinery
was consigned to another mill near Ketchum (Wells, 1983);
however, U.S. Bureau of Mines records show minor addi-
tional production until 1948, which probably was chiefly
from reprocessed tailings (Tuchek and Ridenour, 1981).

The Idaho Muldoon property on the east side of Mul-
doon Creek was located in 1908 and was rehabilitated in the
1940’s (Anderson and Wagner, 1946). No production
records exist, although small shipments of lead-silver ore
were sent to mills in Utah for testing. High-grade material
remains in underground workings and in surface cuts that
extend more than 100 ft south from the main portal (Ander-
son and Wagner, 1946).

The Eagle Bird claim in Garfield Canyon was located in
1883 and patented in 1889. Numerous nearby claims were
located (and some were patented) during the same decade.
From 1929 to 1965, the Eagle Bird and nearby claims pro-
duced lead, zinc, silver, copper, and gold worth approxi-
mately $130,000 (Tuchek and Ridenour, 1981); value of
earlier production, if any, is unknown. High-grade material
remains in underground workings, and known shoots have
not been explored extensively downdip. There are no records
of production of base- or precious-metals from the numerous
claims between the Solid Muldoon and Eagle Bird mines in
Deep, Boundary, and Mutual Gulches. Minor production is
likely inasmuch as several dumps are quite extensive, and
material apparently has been removed from stopes under-
ground (Tuchek and Ridenour, 1981).

Little published information exists on the Black Spar
properties, at the confluence of Blackspar Canyon with Cop-
per Creek. The deposit was discovered in 1887, and more
than 300 tons of ore had been mined through 1888 (Wells,
1983). No records of subsequent production exist; however,
the survey for patent of 19 claims in 1923 indicates that there
are more than 4,500 ft of underground workings, including
two shafts, but apparently no stopes (J.J. Jones, U.S. Forest
Service, written commun., 1988). There are no records of
post-1900 production, although at least one of the tunnels
was rehabilitated in the 1960’s.

During a renewed pulse of exploration in the Mul-
doon-Star Hope area in the late 1950’s. and 1960’s, barite
deposits in Deep Gulch were discovered, and a large ship-
ment was made to the Atomic Energy Commission’s
research facilities near Arco for use as shielding material in
nuclear reactors (Tuchek and Ridenour, 1981). Nearby
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