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Important definitions used in this report
High mineral resource potential (H) is assigned to areas where geologic, geochemical, and 
geophysical characteristics define a geologic environment favorable for resource occurrence, here 
interpretations of data indicate a high degree of likelihood for resource accumulation, where data 
support mineral deposit models indicating presence of resources, and where evidence indicates 
that mineral concentration has taken place. Assignment of high resource potential to an area 
requires positive knowledge that mineral-forming processes have been active in at least part of the 
area. 

Level D. Available information clearly defines the level of mineral resource potential; generally level 
D is used where geologic environments are clearly defined, activity or lack of activity of resource- 
forming processes can be ascertained, and data on expectable mineral-deposit types are well 
understood. 

http://pubs.usgs.gov/sir/2016/5089/c/sir20165089c.pdf
http://pubs.usgs.gov/sir/2016/5089/c/sir20165089c.pdf
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In copper-rich porphyry deposits, copper-bearing 
minerals are disseminated in host rock as well as in veins and 
breccia distributed in host rock. The deposits are large but the 
ore is of relatively low to moderate grade. Host rocks, 
including the genetically related intrusion and its country 
rocks, are broadly altered. Copper-rich zones are also 
commonly Mo-, Au-, and Ag-bearing, possibly with Bi, W, B, 
and Sr. Peripheral zones are commonly enriched in Pb, Zn, 
Mn, V, Sb, As, Se, Te, Co, Ba, and Rb. Mercury is present in 
some deposits. The deposits are also sulfur-rich, with sulfur 
mainly occurring in the form of pyrite (John and others, 2010).

Low-fluorine stockwork molybdenite deposits are closely 
related to copper-rich porphyry deposits, form in a similar 
tectonic setting, and are also large but with low ore grades. 
These deposits consist of stockwork, molybdenite-bearing 
quartz veinlets. Molybdenum, Cu, W, and F may be anoma-
lously high in host rocks close to and overlying mineralized 
zones; anomalously high levels of Pb, Zn, and Ag are in 
peripheral zones as far as several kilometers distant. Mo, W, F, 
Cu, Pb, Zn, and Ag may be anomalously high in stream 
sediments. Molybdenum, tungsten, and lead may be present in 
heavy mineral concentrates. The deposits are commonly 0.5–3 
km in diameter (Taylor and others, 2012).

High-fluorine porphyry molybdenum (Climax-type) 
deposits related to extension-related rhyolite and granite 
bodies may also be present near the north edge of the study 
area (but the names and specific locations are not provided in 
Ludington and Plumlee, 2009). These deposits are also large, 
but are relatively high grade for porphyry-type deposits. The 
deposits are characterized by quartz-molybdenite stock-work 
veins above and in the top of the intrusive body, and 
commonly enriched in fluorine, rubidium, nickel, and 
tantalum (Ludington and Plumlee, 2009).

Permissive Geology and Occurrences in Study Area

A northeast-striking porphyry copper and porphyry 
molybdenum belt crosses central Idaho into central Montana 
(Idaho-Montana porphyry belt of Rostad, 1978). In central 
Idaho, such porphyry deposits are hosted in both the Creta-
ceous Idaho batholith and the Eocene Challis plutons, showing 
that mineralizing processes of both Cretaceous and Eocene 
ages were active (Armstrong and others, 1978; Taylor and 
others, 2007). The porphyry systems overlie buried Paleo-
proterozoic juvenile crust in the Great Falls Tectonic Zone 
(O’Neill and Lopez, 1985) and the mineral endowments may 
have originated from the basement rocks (Klein and Sims, 
2007; Taylor and others, 2007). The porphyry belt extends 
along the north edge of the study area. Two porphyry deposits 
included in the belt—the Walton and Blue Jay deposits—are 
located in in the study area. The porphyry-related resource 
tracts determined in the present study are related to the Eocene 
plutons, the predominant age of granites in the study area 
(fig. 14).

Exploration and Mining History
The tracts defined in the study area have all had explora-

tion, some historic development, and production from deposits 
identified as porphyry-type mineral occurrences. Many of the 
occurrences with historic activity were explored or mined for 
porphyry-related vein or skarn deposits rather than to exploit 
the occurrences as large-volume, low-grade, porphyry-type 
mineralized systems.

Resource Assessment Tracts
Blackstone Tract H/D—There is high potential, with 

certainty level D, for porphyry-related Au-Ag-Cu-Pb-Zn 
polymetallic-vein deposits in the Blackstone tract (fig. 15), in 
the upper part of an Eocene pluton. The tract is in the Volcano 
Mining District, Elmore County, 36 km southwest of 
Fairfield, Idaho (fig. 1). The tract geometry is based on the 
location of the Blackstone mine and on exposure of the top of 
the Eocene granite pluton. The tract is trimmed to extend 1 km 
into valley fill, accounting for shallow burial of potentially 
mineralized rock.

The geology of the Blackstone tract is characterized by 
Cretaceous quartz monzonite and two-mica granite (approxi-
mately 90–80 Ma), as well as Eocene granodiorite, quartz 
monzodiorite, minor diorite, granite, and subvolcanic dacite 
stocks and dikes (approximately 52–45 Ma). These rocks are 
partly covered by Miocene rhyolite ignimbrite in the south and 
by Pliocene-Pleistocene basalt flows in the north. Quaternary-
aged unconsolidated alluvium overlies much of the northern 
part of the tract (Worl and Johnson, 1995).

Mineralization at the Blackstone and Revenue mines 
(Fernette and others, 2016a; San Juan and others, 2016) in the 
tract consists of northeast-striking mesothermal silver, 
telluride, base-metal, and manganese-oxide-bearing veins and 
stockworks hosted predominantly in Cretaceous granodiorite. 
However, mineralization is controlled by east-striking down-
to-the-north normal faults, and also spatially and temporally 
associated with east-northeast striking Eocene dikes (Allen, 
1952; Bennett, 2001). Alteration includes biotite after 
hornblende, sericite after plagioclase, and late albite, epidote, 
magnetite, and specular hematite. Mineralized zones at the 
Revenue mine contain chalcopyrite, galena, sphalerite, and 
molybdenite (Bell, 1930).

From 1902 to 1982, the Blackstone mine had intermittent 
production. A more intense mining effort took place between 
1982 and 1988 (Bennett, 2001). Blackstone currently has 
proven high-grade ore reserves of 35,500 tons of ore with 
grades of 0.106 oz Au, 23.58 oz Ag, 4.94 weight percent Cu, 
1.5 weight percent Mn, and 8.5 weight percent Zn per ton; low 
leach-grade ore reserves of 700,000 tons of ore with grades of 
0.078 oz Au, 2.11 oz Ag, 0.2 weight percent Cu, 2 weight 
percent Mn, 0.25 weight percent Pb, and 0.5 weight percent Zn 
per ton (Kucera and Egan, 2015). There are active lode claims 
adjacent to the study area; however, none are in the study area.
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There are no analyzed rock or heavy mineral concentrate 
samples in the geochemical databases for the Blackstone tract. 
Only one sediment sample is weakly anomalous for zinc and 
may be related to mineralization. Five sediment or soil samples 
in this tract are anomalous or weakly anomalous for uranium 
or thorium but these elements are probably not associated with 
porphyry mineralization (Smith and others, 2016).

Advanced Spaceborne Thermal Emission Reflection 
Radiometer (ASTER, Rockwell, 2016) satellite imagery 
shows small, local areas of ferric iron and sericite/smectite in 
the tract. Argillic minerals are exposed at the Blackstone open 
pit and the Ajax mine. A short-wave infrared (SWIR) scratch-
error region passes through tract (Rockwell, 2016), so some 
data are unreliable. 

Radiometric mapping over the felsic volcanic and 
intrusive rocks does not image a Late Cretaceous pluton. A 
magnetic anomaly is suggestive of a concealed Eocene pluton, 
mostly north and east of the tract. Mineral occurrences in a 
magnetic low could indicate the presence of a concealed Late 
Cretaceous pluton or of hydrothermal alteration (Anderson 
and Ponce, 2016). 

This Blackstone tract is in the area of a previous USGS 
mineral-resource potential assessment (Parks and others, 
2016) and ranked as permissive for porphyry, Comstock, and 
hot-spring deposits (U.S. Geological Survey National Mineral 
Resource Assessment Team, 1998).

Empire Tract H/D—There is high potential, with 
certainty level D, for porphyry-related Cu-Zn ± Pb-Ag-Au 
skarn deposits in the Empire tract (fig. 16) of the Alder Creek 
Mining District in Custer County, 6 km west of Mackay, 
Idaho (fig. 1). The tract encompasses an area of many 
porphyry and porphyry-related occurrences in the roof zone of 
an Eocene plutonic system. The Empire tract includes 
Mississippian carbonate roof rocks, particularly on the 
northeast side (top) of the northeast-tilted pluton. In all, the 
tract size approximates the average geometry of porphyry 
deposits (John and others, 2010; Taylor and others, 2012). The 
tract is trimmed 1 km into hanging-wall rocks along normal 
faults bounding both the northwest and southeast sides. The 
Empire tract lies in a larger tract (Mackay tract, see below) 
that has polymetallic/replacement/skarn potential.

The geology of the Empire tract is characterized by 
intensely folded Mississippian White Knob Limestone that 
was intruded by the Eocene Mackay Granite and numerous 
syn- and post-mineral dikes (Skipp and Kuntz, 2009). The 
Mackay Granite is exposed in a horst bounded by east-north-
east striking normal faults (Skipp and Kuntz, 2009). From 
both regional geologic maps and from mine maps (Chang and 
Meinert, 2008; Skipp and Kuntz, 2009), it can be determined 
that this block was also tilted to the northeast.

There are a total of 87 active lode claims present in 
17 sections near the Empire mine, in the Empire porphyry 
tract. Porphyry-related skarns are located around the northern 
and northeastern margins of the Mackay Granite. In the 
eastern part of the tract the deposits are associated with granite 

porphyry, the chilled upper margin of the pluton. Garnet, 
pyroxene, wollastonite, and amphibole endo- and exo-skarns 
are developed in the roof zone of the pluton (Chang and 
Meinert, 2008). The Copper Queen, Easlie, Hanni, Horseshoe, 
Phoenix, Tiger Group, Vaught, and White Knob historic 
mines, several unnamed prospects, and the Empire deposit 
represent porphyry-related occurrences (Umpleby, 1917; 
Ross, 1956; Fernette and others, 2016a).

Production initiated at the Empire mine in 1884; it 
operated continuously from 1902 to 1930, and sporadically 
thereafter into the 1980s (Chang and Meinert, 2008; Nelson 
and Ross, 1968). In 1997, the Empire deposit had combined 
production and estimated resources of 17,832,000 metric tons 
at 0.5 grams per ton (g/t) Au, 15 g/t Ag, 0.6 weight percent 
Cu, and minor Pb and Zn credits (tables 7, 9). Active explora-
tion is currently underway and a prefeasibility/scoping study 
reports a reserve base of 1,823,000 metric tons at 0.48 g/t Au, 
13.5 g/t Ag, 0.49 weight percent Cu, and 0.19 weight percent 
Zn. Tungsten and molybdenum are also present at the Empire 
mine (Hatch, 2006).

There are no analyzed samples of heavy mineral concen-
trates in the USGS geochemical databases for the Empire 
tract. Rock samples collected in this tract contain anomalously 
high concentrations of Ag, As, B, Ba, Bi, Cd, Cu, Mo, Pb, Sb, 
Sn, W, and Zn. Sediment or soil samples are anomalous for 
copper and weakly anomalous for zinc. See Smith and others 
(2016) on how the data were processed.

ASTER satellite imagery shows intense argillic, ferric 
iron, and (or) phyllic alteration 1 km northwest of the Drum-
mond copper mine. Sericite/smectite surrounds zones of 
argillic and (or) phyllic alteration. Weak advanced argillic 
alteration is located 1.5 km west of the Drummond mine. 
Extensive sericite is mapped along ridgelines, most likely 
related to specific lithologies in Mississippian sedimentary 
rocks. The tract also contains small, local expressions of 
argillic alteration ± ferric iron. See Rockwell (2016) for how 
these data are processed. 

Radiometric mapping distinguishes both Challis igneous 
and older sedimentary rocks. The aeromagnetic maps (see 
Anderson and Ponce, 2016) image the exposed Eocene 
Mackay pluton and suggest that it extends beneath the cover 
of older rocks 5 km south and west of the tract.

Previous USGS mineral-resource-potential assessments 
(Parks and others, 2016) rank this area as permissive for 
copper, zinc-lead, gold skarn deposits, porphyry deposits, and 
polymetallic-replacement deposits (U.S. Geological Survey 
National Mineral Resource Assessment Team, 1998) and 
moderately to highly favorable for polymetallic skarn and 
vein deposits (Worl and others, 1989; rendered in digital form 
in Carlson and others, 2007).

Latest Out Tract H/D—There is high potential, with 
certainty level D, for porphyry-related Ag-Pb-Zn ± Cu 
polymetallic-replacement and vein deposits in the Latest Out 
tract (fig. 17) in the Texas and Spring Mountain Mining 
Districts located near the town of Gilmore in Lemhi County, 
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Figure 15. Inset map showing mineral-resource-potential tracts for porphyry-type and porphyry-related type deposits in context of 
permissive geology and porphyry-deposit occurrences in the western part of the study area for the North-Central Idaho Sagebrush 
Focal Area. 
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Radiometric data document the location of Challis 
igneous and older sedimentary rocks. Magnetic mapping 
shows the presence of an Eocene pluton beneath Paleozoic 
sedimentary and Eocene Challis Volcanics rocks. The pluton 
may extend 3.5 km north and south of the tract.

Previous USGS mineral-resource-potential assessments 
(Parks and others, 2016) mark the northern sector of the tract 
as permissive for porphyry copper and zinc-lead skarn 
deposits, and moderately favorable for both polymetallic skarn 
over the entire tract and stockwork molybdenum deposits over 
the northern part of the tract (Worl and others, 1989; rendered 
in digital form in Carlson and others, 2007).

Porphyry Low Tract L/B—There is low potential, with 
certainty B, for porphyry deposits across a broad part of the 
study area (fig. 14). This tract is based on the presence of 
permissive geology in the form of both Cretaceous Idaho 
batholith and Eocene Challis granitic plutons. The tract is 
based on exposures of these plutons from geologic maps and 
extended into country rocks using a 10-km buffer to account 
for the generalized mapping and shallow burial beneath older 
roof/wall rocks or younger cover. 

Economic Analysis of the Deposit Type
The North-Central Idaho Sagebrush Focal Area has high 

mineral-resource potential in three tracts (Blackstone, Empire, 
and Latest Out) and moderate mineral-resource potential 
in four tracts (Blue Jay, Copper Basin, Lava Creek, and 
Muldoon) for porphyry-type deposits. This type of deposits 
is characterized by enrichment in copper, molybdenum, gold, 
and silver. For economic analysis of these commodities, see 
Bleiwas (2016).

Polymetallic Replacement, Veins, and Skarns
Deposit Type Description

Polymetallic-vein, replacement, and skarn deposits are an 
assemblage of deposits that are found in felsic plutons or 
adjacent to them in their sedimentary (commonly carbonate), 
metamorphic, and volcanic country rocks (Lefebure and 
Church, 1996). Polymetallic-vein type deposits include both 
those that are associated with the porphyry mineral deposit 
type and those for which data are insufficient to relate them 
with porphyry-related type deposits (see above).

Polymetallic-replacement (manto) deposits can form 
either proximal or distal to small, high-level felsic plutons. 
The deposits are generally irregularly shaped and conform-
able to layering in host rocks. Replacement deposits form 
as massive lenses or as pipes in limestone, dolostone, or other 
soluble rock near intrusions. They are possibly distal to 
porphyry and skarn deposits. The replacement deposits 
contain silver, lead, zinc, and copper minerals, including 
sphalerite, galena, pyrite and other sulphides and sulphosalts. 
On a district-wide basis, polymetallic-replacement deposits 
commonly are zoned outward from a copper-rich central area 
through a wide lead-silver intermediate zone, to a zinc- and 
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manganese-rich fringe. Geochemical anomalies in gold, 
arsenic, antimony, and bismuth are commonly related 
to the deposits.

Polymetallic-vein deposits form in volcanic and plutonic 
rocks, and also in sedimentary and metamorphic country 
rocks, particularly carbonate rocks. In igneous rocks, veins are 
commonly in fracture sets. The deposits hosted in sedimentary 
or metamorphic rocks may form proximal or distal relative to 
hypabyssal felsic plutons. In sedimentary and metamorphic 
rocks, veins commonly fill fractures and (or) cleavages 
developed in folds. Veins are generally narrow, tabular, or 
splayed sets of parallel, intersecting, and offset veins. Indi-
vidual veins vary from centimeters to more than 3-m wide and 
can be followed from a few hundred to more than 1,000 m in 
length and depth; they can widen to tens of meters in stock-
work zones. Veins are composed of quartz-carbonate gangue 
and are sulfide rich, containing sphalerite, galena, silver, and 
sulphosalt minerals. The primary commodities are Au, Ag, Cu, 
Pb, Zn, and Fe. Anomalous geochemical signatures include 
Zn, Cu, Pb, As, Au, Ag, Mn, and Ba. Anomalous metals 
are commonly zoned outward from Cu-Au to Zn-Pb-Ag to 
peripheral Mn (Lefebure and Church, 1996).

Copper skarn deposits form in thermally metamorphosed 
zones in calcic- and (or) magnesium-rich carbonate rocks near 
felsic intrusive rocks. These skarns are commonly copper 
dominant, generally containing chalcopyrite-predominant 
sulfide mineralogy. Rock geochemical results may show 
zoning from Cu-Au-Ag-rich inner zones grading outward 
through gold-silver zones with high gold:silver ratios to 
an outer Pb-Zn-Ag zone. There are Co-As-Sb-Bi-Mo-W 
geochemical anomalies present in the more reduced copper 
skarn deposits. Commodities are Cu, Au, Ag, Mo, W, and 
magnetite (Lefebure and Church, 1996).

Permissive Geology and Occurrences in Study Area

Most of the polymetallic-replacement, vein, and skarn 
tracts (fig. 18) are proximal to Eocene Challis granite plutons. 
Some replacement and vein tracts are distal to known Eocene 
plutons or to such plutons inferred from aeromagnetic data to 
exist at depth. Polymetallic-replacement, vein, and skarn 
deposits in the central parts of the study area are commonly 
hosted by the Mississippian limestone units that were deposits 
in the foreland basin setting. Many of the tracts in this study 
area, particularly those in the southeastern part of the area, 
contain polymetallic veins in areas that are distal to plutons; 
some are located tens of kilometers from the nearest known 
pluton. In these, the primary commodities are silver, lead, and 
zinc with lesser copper and iron. The polymetallic- replace-
ment and vein deposits in the eastern parts of the study area 
are primarily hosted by Ordovician to Devonian dolostone 
units that were deposited in a continental shelf setting. For 
many of the polymetallic-replacement and vein tracts in 
the eastern part of the study area, there is evident structural 
preparation, including (1) Cretaceous thrust faults and folds, 
and (2) post-Cretaceous steep- to shallow-dipping normal 
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