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INTRODUCTION

The symposium on the geology and mineral
deposits of the Challis 1°X2° quadrangle, presented at
the Northwest Mining Association convention in Spokane,
Wash., on December 1-2, 1983, was the seventh public
meeting in which the results of studies made under the
Conterminous United States Mineral Assessment Program
(CUSMAP) have been discussed. The chapters in this
volume are slightly expanded, written versions of the talks
presented as part of the symposium.

CUSMAP was initiated in 1977 to provide an up-
to-date assessment of the mineral resource potential of
the lower 48 States. Under CUSMAP, more than 66,000
square miles in 12 states have been assessed to date, and
additional assessments will be completed on another
60,000 square miles in the near future.

One of the major objectives of CUSMAP is the
development and application of new concepts for the iden-
tification 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
our national minerals policy, for minerals exploration, and
for land-use planning by Federal, State, and local govern-
ments. The results of the CUSMAP assessments are
published in folio format. In addition to a mineral

resource appraisal report and map, a folio may include
geologic, geochemical, geophysical, and other maps and
reports. A summary report for each quadrangle is pub-
lished as a U.S. Geological Survey Circular. Basic data
developed during the studies are published in a wide range
of other technical reports.

The Challis CUSMAP project began in 1979. At
that time, modern geologic mapping was available for 15
percent of the quadrangle. Major emphasis, therefore, was
placed on improvement of the geologic data base, a
necessary prerequisite to a meaningful mineral resource
appraisal. A wide range of geologic settings is present;
41 mineral commodities have been produced or occur in
anomalous but subeconomic quantities.

The chapters in this volume are summaries of parts
of the work done on the Challis project prior to December
1983. In many respects, the chapters should be considered
progress reports because work on some of the topics
discussed is continuing. And, because the articles orig-
inated as scripts for oral presentation, not all the
customary conventions for formal written presentation
could be followed. For example, not all geographic terms
mentioned in the text are shown on the figures. However,
the text provides sufficient information about their loca-
tion to guide the interested reader.

Introduction v
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the lead-silver-antimony-tin veins in the Wood River For-
mation in the southern part of the quadrangle; tungsten-
antimony-gold deposits at Yellow Pine; stratabound and
vein uranium deposits near Stanley; vein fluorspar
deposits near Meyers Cove, Challis, and Stanley; mercury
vein-replacement deposits in roof pendants near Yellow
Pine; and many of the epithermal gold-silver vein deposits
in the quadrangle.

The source of the metals for the extensive Tertiary
mineralization is still an enigma. Did the Tertiary plutons,
much as the Idaho batholith, simply provide a driving
mechanism for convecting hydrothermal systems, or were
the plutons themselves metalliferous? Geochemical
evidence suggests that the Tertiary granites were enriched
in beryllium, uranium, thorium, molybdenum, and tin
(Bennett, 1980). However, as suggested by Howe and Hall
(chap. P, this volume), the sulfur isotopes indicate a
crustal source for the sulfur.

SPATIAL DISTRIBUTION OF
SELECTED MINERAL COMMODITIES

Examination of the distribution of the major com-
modities shows certain definite spatial associations with
major structural and stratigraphic features. These associa-
tions are discussed here by commodity, in order of
fluorspar, mercury, gold, silver, molybdenum, zinc, lead,
and copper.

Fluorspar

Fluorspar deposits are present in three major areas
in the Challis quadrangle, the Meyers Cove, Stanley, and
Challis-Bayhorse districts (fig. A9). Elsewhere throughout
the quadrangle fluorspar is a common gangue mineral
associated with both base- and precious-metal deposits.

In the Meyers Cove district (Anderson, 1943; Cox,
1954), the fluorspar deposits are tabular veins paralleling
fracture zones, with some stringers and lenses cutting
obliquely across the fracture zones. The deposits form
well-defined lodes along the fractures, generally with some
minor replacement. Individual lodes may be 8 to 30 m
long. The ore minerals are fluorite with or without minor
stibnite in a gangue of barite, calcite, and chalcedony. The
deposits are within a zone 1 km wide by 3 km long. Host
rocks are the 47-m.y.-old tuffs of Camas Creek.

In the Stanley district (Choate, 1962; Tschanz and
others, 1974) fluorspar is present in tabular zones con-
taining veins and stringers; individual veins are as much
as 1 m wide, and the composite width of veins and
stringers is as much as 5 m. All of the deposits are
associated with faults and shears and are spatially related
to rhyolite dikes. The veins are mostly open-space fillings
with minor replacement. Two main assemblages are

present: a quartz-pyrite-gold-fluorite assemblage, and
simply quartz and fluorite. The host rock for all of the
fluorspar deposits near Stanley is the Idaho batholith.

Fluorspar in the Bayhorse-Challis district is widely
distributed in dolomitic rocks and is controlled in part
by faults and in part by breccia zones (Snyder, 1978;
Hobbs, chap. K, this volume). Two types of fluorspar
deposits are present. The first type is fissure veins rang-
ing from small veinlets measured in centimeters to zones
several meters wide containing lodes tens of meters long;
the second type is stratabound zones of breccia a few tens
to several meters wide in a stratigraphic interval as much
as 7 m thick within the Ordovician(?) Bayhorse Dolomite.
The stratabound deposits have been interpreted as open-
space filling of collapse breccia (Snyder, 1978), and alter-
natively as Mississippi Valley/Appalachian-type deposits
modified by later igneous and tectonic events (Hoagland,
1979). The mineralogy of both the vein and stratabound
deposits is grossly similar; fluorite is present along with
earlier formed base-metal sulfides and sulfosalts of silver
and copper in a silica gangue.

Thus fluorspar is a fairly common gangue mineral
in both base- and precious-metal deposits throughout the
quadrangle, but, more important, the main fluorspar-
producing deposits are spatially separate from the major
base-metal deposits, as in the Meyers Cove and Stanley
districts. In the Bayhorse district base metals are common
but are markedly earlier than the fluorspar. Therefore,
fluorspar mineralization may have occurred separately and
later than the base- and precious-metal mineralization.
This event was probably the result of the emanations of
volatile elements late in the crystallization history of the
Tertiary magmas.

Mercury

Mercury occurs in several areas in the quadrangle,
including the Boulder Creek district where it is associated
with base- and precious-metal deposits, and the Stanley
area where trace amounts are associated with the uranium
vein deposits (fig. A10). However, the only district con-
taining mercury of economic significance is the Yellow
Pine area (Bailey, 1964) where cinnabar occurs as veins,
fracture coatings, and replacements in Precambrian rocks
adjacent to the Idaho batholith in ring fractures of the
Thunder Mountain caldera (Leonard, chap. H, this
volume).

Gold

The location and production of gold mines in the
quadrangle are shown on figure All. The Custer graben
(Johnson and Mclntyre, 1983) and the Thunder Moun-
tain caldera (Leonard, chap. H, this volume) have pro-
duced the bulk of the gold from the area. Gold is present

Summary of the Geology, Mineral Deposits and Resource Potential 15
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Figure A9. Fluorspar mines and prospects in the Challis quadrangle.

in several types of occurrences in a wide variety of geolog-
ical settings. The common deposit types (fig. A8) are: (1)
gold-silver veins containing subordinate base metals; these
occurrences are numerous in the quadrangle, and examples

16 Challis 1°x2° Quadrangle, Idaho

are the Lucky Boy and General Custer mines in the Custer
graben, the Yellowjacket mine in the Yellowjacket district,
the Mammoth mine in the Grimes Pass district, and the
Golden Day mine near Stanley; (2) stockwork veins and
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Figure A10. Mercury mines and prospects in the Challis quadrangle.

disseminated gold and silver in high-level rhyolites, such
as at the Sunbeam mine in the Custer graben, the Parker
Mountain and Snowshoe Creek deposits in the Twin Peaks
caldera, and the Singheiser mine in the Panther Creek

graben; (3) stratabound gold-silver replacement deposits
in volcanic rocks, the best example of which is the Sun-
nyside mine in the Thunder Mountain caldera; (4)
stratabound gold-silver replacement deposits in caldera-

Summary of the Geology, Mineral Deposits and Resource Potential 17



filling sediments, such as at the Dewey mine, also in the
Thunder Mountain caldera; (5) vein-replacement deposits
in argillized metasedimentary Precambrian rocks, such as
the West End deposit in the Yellow Pine district; and (6)
gold placer deposits, examples of which are the Yankee
Fork placers in the Custer graben, the Loon Creek placers,
and the Stanley Creek and Valley Creek placers near
Stanley.

Silver

As would be expected, the distribution of silver
within the quadrangle strongly resembles that of gold
(fig. A12). The main difference is in the relative propor-
tions of the two metals in a given deposit. Like gold, silver
occurs in a wide range of deposit types. In addition to
the types previously mentioned for gold, two other signifi-
cant occurrence types for silver are replacement deposits
in carbonate rocks containing predominant silver and
lead, the best example of which is the Clayton Silver mine;
and stratabound syngenetic deposits in argillic rocks, ex-
amples of which are the Livingston mine and the
vanadium-silver occurrences in the Salmon River assem-
blage in the Bayhorse district.

Molybdenum

Molybdenum is present in at least five types of oc-
currences in the Challis quadrangle (figs. A8 and A13).
These are: (1) Cretaceous porphyry deposits in
granodioritic to granitic rocks at the Thompson Creek
mine; (2) Cretaceous porphyry vein stockworks in
sedimentary rocks at the Little Boulder Creek deposit; (3)
skarn deposits with tungsten in roof pendants and adja-
cent to the Idaho batholith, such as the Virginia Beth oc-
currence; (4) Tertiary vein-fracture systems associated with
dike swarms, such as the Little Falls deposit; and (5)
disseminations and stockworks with gold and silver in
high-level rhyolites.

Base metals

Zinc in the quadrangle (fig. A14) occurs in replace-
ments in carbonate rocks, in veins, and in partly remobi-
lized stratabound syngenetic deposits. The remobilized
stratabound syngenetic deposits at the Livingston mine
and the Hall-Interstate vein were the two largest produc-
ing mines.

Lead occurrences are somewhat more scattered than
zinc but are strongly associated with the Paleozoic
sedimentary rocks (fig. A15). The largest producing mines
were the Ramshorn vein deposit in the Bayhorse district,
the remobilized stratabound deposit at the Livingston

18 Challis 1°x2° Quadrangle, idaho

mine, replacement deposits in the Seafoam district, and
the Hall-Interstate vein deposit (fig. A8).

Copper occurrences are widely scattered and appear
to be associated with the Paleozoic sedimentary rocks and
also with the Precambrian sedimentary rocks (fig. Al6).
The main producing mines were vein deposits in the
Bayhorse district and the Hall-Interstate mine, and also
vein replacement deposits in the Seafoam district.

METAL PRODUCTION IN RELATION
TO GEOLOGIC PROVINCES

The production of gold and silver from the major
structural and stratigraphic provinces within the quad-
rangle is shown on figure Al7. Production figures are plot-
ted on a logarithmic scale, and the total amount produced
is shown by the value at the top of each column. As can
be seen, the Thunder Mountain caldera (TMC, fig. Al7)
has produced the most gold, followed by the Custer
graben (CG), and then roof pendants (RP). The total
amount of gold produced from volcanic sources within
the Challis volcanic field, the first four columns on figure
Al7 totaled, is shown by the column labeled TV.

The production of silver shows a somewhat different
pattern. Mines within the Paleozoic sedimentary rocks
have produced by far the greatest amount of silver. The
combined total of the four volcanic provinces, the Pan-
ther Creek graben, the Twin Peaks caldera, the Thunder
Mountain caldera complex, and the Custer graben, is
about 10 times less than the amount produced from the
Paleozoic sedimentary rocks.

Production figures thus suggest that gold and lesser
amounts of silver are associated with volcanic provinces,
and silver with lesser amounts of gold are associated with
the Paleozoic sedimentary rocks.

Production data for copper, lead, and zinc from the
main geologic provinces in the quadrangle are shown on
figure A18. Three patterns are obvious: first, the greatest
production by far has come from the Paleozoic sedimen-
tary rocks (PS), by several orders of magnitude; second,
the roof pendants (RP) have produced significant
amounts of base metals; and third, production of base
metals from the volcanic provinces (PCG, TPC, TMC,
and CG) is insignificant. The relative proportions of base
metals produced from the volcanic provinces is interesting
to note. In the Paleozoic rocks, production from greatest
to least is lead, zinc, and copper; in the roof pendants the
order is zinc, lead, and copper; and in the Precambrian
sedimentary and metamorphic rocks the order is copper,
lead, and zinc. Copper has been produced from all of the
major volcanic provinces except the Twin Peaks caldera,
lead from all but the Panther Creek graben and the Twin
Peaks caldera, and zinc from all but the Panther Creek
graben, Twin Peaks caldera, and Thunder Mountain
caldera.
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RESOURCE POTENTIAL OF SELECTED
COMMODITIES BASED ON
RECENT GEOLOGIC STUDIES

In the followihg discussion the terms “moderate”
and ‘“high” resource potential are used as defined by

Summary of the Geology, Mineral Deposits and Resource Potential

Taylor and Steven (1983). A high mineral resource poten-
tial is deemed to exist where geologic, geochemical, and
geophysical characteristics favorable for resource ac-
cumulation are known to be present, or where enough of
these characteristics are present to give strong support to
genetic models favorable for resource accumulation and

19



116°

14°

Ti

Ki

Tv Tv

ru

°
o
x
X Ki
Ti tanley o
Qa
d Pzs
Ti x Ki -
W /“/\% /"XTI
0 40 MILES
} . : _
0 20 40 KILOMETERS
EXPLANATION
Qa QUATERNARY ALLUVIUM—Includes fiood plain, terrace, ——————— CONTACT
and alluvial-fan deposits e FAULT

Ti TERTIARY INTRUSIVE VOLCANIC ROCKS — Dikes, stocks,
and batholiths of dioritic, granitic, or rhyolitic compo-
sition

Tv TERTIARY EXTRUSIVE VOLCANIC ROCKS — Tuffs, lavas,
and volcanic sedimentary rocks of rhyolite, rhyodacite,
dacite, and andesite

Ki CRETACEOUS INTRUSIVE ROCKS OF THE IDAHO BATH-
OLITH — Tonalite, granodiorite, granite, muscovite-
biotite granite, and leucocratic granite

Pzs PALEOZOIC SEDIMENTARY ROCKS — Limestone, dolomite,
shale, siltstone, argillite, quartzite, sandstone, and
slate

Yms MIDDLE PROTEROZOIC METAMORPHIC AND SEDIMEN-
TARY ROCKS — Argillite, siate, quartzite, sandstone,
siltite, schist, and phyilite

ru ROCKS OF UNCERTAIN AGE—Argillite, carbonate, quartz-
1te, and phyllite

A& THRUST FAULT — Sawteeth on upper plate
CALDERA BOUNDARY
SILVER MINE SHOWING PRODUCTION IN OUNCES
>1,000,000
100,000-1,000,000
10,000-100,000
<10,000

X or &

Figure A12. Silver mines and prospects in the Challis quadrangle showing production to 1982.

where evidence shows that mineral concentration—
mineralization in the broad sense—has taken place. * * *
Moderate mineral resource potential exists where geologic,
geochemical, and geophysical characteristics favorable for
resource accumulation are known or can reasonably be

20 Challis 1°x2° Quadrangle, Idaho

interpreted to be present but where evidence for mineraliza-
tion is less clear cut or has not yet been found. A reasonable
possibility for the discovery of valuable mineral deposits
should exist in all areas rated as having moderate mineral
resource potential” (Taylor and Steven, 1983,p. 126).
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Much of the area along the trans-Challis fault
system (fig. A3) has moderate to high resource potential
for gold and silver. Gold and silver mines and prospects
are closely associated with the fault zone, especially along

the southeastern side. Metals associated with the fault
zone may be present in the rocks in a wide range of occur-
rence types, including epithermal gold-silver veins, high-
level rhyolites, and disseminated gold-silver stockworks.
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Figure A14. Zinc mines and prospects in the Challis quadrangle showing production to 1982.

Many areas in this zone are covered by forest, particular-
ly in the north along the bounding faults of the Panther
Creek graben (figs. Al, A2). Biogeochemical techniques
using the wood of Douglas-fir trees (Erdman and others,
chap. L, this volume; Leonard and Erdman, 1983) should
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yield information on the precious-metal potential of that
part of the fault zone.

Within the Challis volcanic field, the newly mapped
bounding structures of the various calderas must be con-
sidered favorable areas for the discovery of additional
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Abstract

Rocks making up the Atlanta lobe of the Idaho batholith,
in the western part of the Challis quadrangle, include tonalite,
hornblende-biotite granodiorite, porphyritic granodiorite, biotite
granodiorite, muscovite-biotite granite, and leucocratic granite.
The rocks were emplaced during the Late Cretaceous.

Tonalite, the oldest rock type, crops out near the western
and eastern margins of the batholith. Closely associated with
the tonalite are hornblende-biotite granodiorite and porphyritic
granodiorite, the latter characterized by unusually large
phenocrysts of potassium feldspar. Biotite granodiorite is
younger, is the most common rock, and is widely exposed.
Muscovite-biotite granite forms the core of the Atlanta lobe and
is mineralogically similar to the leucocratic granite, which in-
trudes the other Cretaceous plutonic rocks.

The Cretaceous plutonic rocks are intensively faulted and
intruded by numerous dikes and plutonic rocks of Tertiary age.
Principal faults strike north, northwest, and northeast. North-
west-trending faults terminate against the trans-Challis fault
system, a major set of northeast-trending faults that extends
across the quadrangle and beyond.

INTRODUCTION

The western part of the Challis quadrangle is
underlain by the Idaho batholith, an enormous body of
granitic rock that underlies most of central Idaho. The
batholith consists of two lobes, the northern, Bitterroot,
lobe and the southern, Atlanta, lobe, which are separated
by a narrow, northwest-trending belt of Precambrian
metamorphic rocks, the Salmon River arch (Armstrong,
1975a). Rocks of the Atlanta lobe were emplaced in Late
Cretaceous time, were extensively faulted, and were in-
truded by Tertiary plutonic rocks and swarms of Tertiary
dikes.

Although much has been written about various
aspects of the Idaho batholith, very little mapping of the
rock types that compose the Atlanta lobe (fig. B1) has
been done. Schmidt (1964), working in an area extending
from near Cascade east to Warm Lake, in the northwestern
part of the Challis quadrangle, separated Atlanta lobe
rocks into four types. Anderson (1947) separated Tertiary
plutonic rocks from older plutonic rocks of the Atlanta
lobe in the area south of the South Fork Payette River,
in the southwestern corner of the Challis quadrangle. Reid
(1963) and Kiilsgaard and others (1970) mapped part of
the .Sawtooth Range in the south-central part of the
Challis quadrangle.

As part of the Challis quadrangle study, we mapped
the southwestern quarter of the quadrangle to identify ex-
posed rock types and geologic structures, and to appraise
the mineral-resource potential of the area. We also used
mapping of other Challis quadrangle workers: Earl Ben-
nett and associates mapped 15-minute quadrangles north
of the southwestern quarter of the Challis quadrangle,
Wayne Hall mapped southeast of Stanley, and Paul Weis
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Figure B1. Index map of central Idaho showing location of the
Challis quadrangle with respect to the Atlanta lobe of the Idaho
batholith. Cretaceous plutonic rocks exposed within the quad-
rangle are light shaded; Tertiary plutonic rocks are dark shaded.

mapped along the western margin of the Challis quad-
rangle (Fisher and others, 1983).

The part of the Atlanta lobe studied in the Challis
quadrangle project consists generally of six rock types.
The rock types are tonalite, hornblende-biotite granodi-
orite, porphyritic granodiorite, biotite granodiorite,
muscovite-biotite granite, and leucocratic granite. Batho-
lithic rocks exposed in a small area in the northwestern
part of the quadrangle were not separated into specific
types and are referred to on the geologic map of the quad-
rangle as mixed rocks (Fisher and others, 1983).

THE CRETACEOUS ATLANTA LOBE
PLUTONIC ROCKS

Lithology

Tonalite

Tonalite grading to granodiorite is exposed along
the western edge of the quadrangle and in the central part
near the headwaters of Loon Creek (fig. B2). Smaller
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exposures of tonalite and granodiorite cap parts of some
of the high ridges north and northeast of Deadwood
Reservoir and east of Stanley. The rock is gray to dark
gray, medium to coarse grained, and equigranular to por-
phyritic. Andesine is the predominant mineral in the rock.
As much as 20 percent biotite gives the rock a dark color
and defines a foliation that varies from faint at some
localities to intense at others. Variable amounts of horn-
blende occur in the rock, and yellow-brown sphene as long
as 20 mm is common. Shredded flakes of secondary
muscovite are in some altered feldspars. Apatite, magne-
tite, allanite, and zircon are the principal accessory
minerals. Modal plots of 12 stained slabs and thin sec-
tions of the rock (fig. B3) show a mean composition of
30 percent quartz, 6 percent potassium feldspar, and 64
percent plagioclase.

The quartz diorite gneiss of Donnelly (Schmidt,
1964) is included in the tonalite unit. Other exposures of
quartz diorite and gneissic quartz diorite near the western
boundary of the Atlanta lobe (Anderson, 1934b, 1952;
Moore, 1959; Ross, 1963; Taubeneck, 1971) probably
would have been classed as tonalite had the classification
of Streckeisen (1973) been used (fig. B3). The gneissic
character of tonalitic rocks in marginal facies of the
batholith is discussed by Anderson (1942). Hyndman
(1983) described the western border zone of the Atlanta
lobe as being largely foliated tonalite or trondhjemite, in
which steep foliation parallels the inferred country-rock
contact.

Field evidence indicates that the tonalite is the oldest
of the batholithic rocks. Xenoliths of the foliated tonalitic
rock have been found in younger biotite granodiorite at
several localities in the western and north-central parts
of the quadrangle.

Hornblende-biotite granodiorite

Small, localized exposures of hornblende-biotite
granodiorite (fig. B2) are on the high ridges on both sides
of the upper reaches of the Deadwood River, and on high
ridges to the east. The rock is characterized by hornblende,
some of which occurs in such small crystals that it is
difficult to recognize in hand specimen. The rock varies
from gray to dark gray, depending on the biotite content,
which ranges from less than 5 percent to about 20 per-
cent and which defines a weak to strong foliation in the
rock. Sphene is abundant and allanite is common. The
study of 11 stained slabs and thin sections of the rock
show that it has an average modal composition of 27 per-
cent quartz, 20 percent potassium feldspar, and 53 per-
cent plagioclase.

Some exposures of the rock were mapped as tonalite
in the field, but subsequent microscopic study of the rock
showed it to be granodiorite. Nevertheless, the mineral
assemblage, foliation, and general appearance indicate
that the rock is closely associated to the tonalite unit.
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Porphyritic granodiorite

Although granitic rocks of the Idaho batholith are
commonly porphyritic, containing feldspar phenocrysts
as long as 15 mm (millimeters), only granodiorite con-
taining unusually large phenocrysts (megacrysts) was
mapped as porphyritic. The porphyritic granodiorite is
shown as one unit on the geologic map of the Challis
quadrangle (Fisher and others, 1983), but it may be sub-
divided into two varieties (fig. B2).

The most striking and by far the most extensive
variety of porphyritic granodiorite is a coarsely por-
phyritic granitoid rock, characterized by large feldspar
megacrysts as long as 10 cm (centimeters), which crops
out in a northwest-trending belt that extends more than
125 km (kilometers) across the quadrangle. The rock is
dark gray, medium to coarse grained, typically foliated,
and contains variable quantities of hornblende. The
megacrysts are poikilitic microcline, generally pink but
white in some places. They are euhedral in hand specimen;
under the microscope the grain boundaries are irregular.
Inclusions include anhedral embayed plagioclase and
subordinate quartz and biotite. Carlsbad twinning is well
developed in the megacrysts and clearly visible in outcrop.
Plagioclase is anhedral, has a composition of An 23-37,
shows weak normal or reverse zoning, has bent lamellae,
and has undergone moderate to extreme sericitization.
Epidote locally is present. Quartz is anhedral with well-
developed undulatory extinction. The rock contains as
much as 15 percent biotite that is pervasively altered to
chlorite. Biotite defines the foliation. Hornblende is as
much as 8 mm in maximum dimension, and in rare in-
stances has cores of clinopyroxene. Sphene is the most
common accessory mineral; other accessories include
apatite, allanite, zircon, and opaque minerals.

The foliated, hornblende-bearing, porphyritic
granodiorite contains many features of the previously
described tonalite and hornblende-biotite granodiorite; it
differs mainly in containing microcline megacrysts, the
distribution of which are so variable that modal estimates
are not consistent (fig. B3). The rock appears to grade
into biotite granodiorite and hornblende-biotite
granodiorite, but spatially it is mostly associated with the
latter rock.

The other variety of porphyritic granodiorite (fig.
B2) is light gray, contains less biotite, rarely contains horn-
blende and then only trace amounts, and the rare folia-
tion, where seen, tends to be weak. The light-gray por-
phyritic granodiorite crops out chiefly on high ridges in
the southwestern part of the quadrangle.

The origin of the microcline megacrysts is con-
troversial. The similarity of megacrysts over large areas
and the beltlike distribution and extent of the hornblende-
bearing, foliated, porphyritic granodiorite suggests that
the megacrysts are of primary origin but formed late in
the crystallization sequence. Most evidence, however,
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Figure B2, Map of the western part of the Challis quadrangle, showing hornblende-bearing and porphyritic rocks of the Atlanta

lobe, and roof pendants.

indicates that they formed from potassium metasomatism.
This origin is suggested by their poikilitic texture and
embayed inclusions. More convincing evidence is
numerous potassium feldspar-rich veinlets that cut the
rock and appear to have been a source of potassium-rich
fluid for the metasomatism. Megacrysts appear to have
grown from the source veinlets and diminish in number
away from the veinlets. Some megacrysts have grown
across the veinlets, indicating that they grew after forma-
tion of the veinlets under subsolidus conditions (Lewis,
1984). Along certain leucocratic granite dikes that have

intruded the porphyritic granodiorite, arrays of megacrysts
are crowded along the dike contacts (fig. B4). The mega-
crysts appear to have grown most intensely near the dikes,
and their number diminishes sharply away from the dike.

Roof pendants

Isolated roof pendants of metamorphosed sedimen-
tary rocks trend discontinuously northwest across the
quadrangle (fig. B2). Generally, they are near the eastern
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Figure B3. Modal analyses for samples of plutonic rocks of the Atlanta lobe of the Idaho batholith, Challis quadrangle. Analyses
normalized to 100 percent quartz (Q), potassium feldspar (A), and plagioclase (P). Open circles show mean values. A, rock classifica-
tion from Streckeisen (1973); B, tonalite; C, porphyritic granodiorite; D, biotite granodiorite; E, muscovite-biotite (two-mica) granite;

f, leucocratic granite.

limits of the Idaho batholith. Many are on ridge tops
where they commonly are surrounded by hornblende-
biotite granodiorite or by porphyritic granodiorite. Com-
mon rock types of the roof pendants include biotite schist,
quartzite, carbonate-rich quartzite, quartz-diopside mar-
ble, and calc-silicate gneiss. In a few places where foliated
granitic rocks could be seen in contact with schist, the
foliation of the two rock types is conformable. The con-
formable contacts and the location of pendants on ridge
tops suggest that the roof pendants mark the top or near
top of the batholith.

Biotite granodiorite

Biotite granodiorite is the most common rock type
of the Atlanta lobe, and it is exposed over a wide area
(fig. BS). Included in the unit is the granodiorite of Gold
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Fork (Schmidt, 1964), the quartz monzonite of Bear Valley
(Swanberg and Blackwell, 1973), and part of the rock
mapped by Anderson (1947) as quartz monzonite. The
rock is light gray, medium to coarse grained, and
equigranular to porphyritic. Plagioclase (oligoclase) is the
chief component of the rock, with lesser quantities of
quartz and potassium feldspar (fig. B3). Biotite averages
about 5 percent of the rock, although locally it is more;
it is pervasively altered to chlorite. Hornblende and
muscovite are present only in trace amounts. Sericite,
altered from feldspars, is widespread throughout the rock.
Accessory minerals include minute quantities of sphene,
allanite, zircon, monazite, and opaque minerals. Foliation
is rare in the rock, commonly only near the contacts. The
rock weathers readily, and fresh exposures, even on bluff
faces, are hard to find. Most of the surface area is covered
by grus.









Table B1. Mean values of major-element oxides of plutonic rocks of the Atlanta lobe, Challis quadrangle
[Values in weight percent. Analytical determination by X-ray fluorescence. Analysts: J. E. Taggart, J. S. Wahlberg, A. J. Bartel, J. D. Baker, L.
L. Jackson, G. R. Mason, D. B. Hatfield, F. E. Lichte, and H. G. Neiman, U.S. Geological Survey. <, less than]

No. of

Rock type Samples  Si0, Al,04 1Fe203 MgO Ca0 Na,0 Ko0 Ti0, P,05 MnO
Leucocratic granite--— 11 75.3 14.0 0.73 0.1 0.78 4,3 4,11 0.05 <0.1 <0.02
Muscovite-biotite

granite. 12 73.8 14.6 .92 .3 1.41 3.8 3.47 .10 <.l .03
Biotite

granodiorite. 22 71.9 15.2 1.55 b 1.91 4.1 3.30 21 <.l .02
Light-gray

porphyritic

granodiorite. 6 71.4 15.3 1.66 .5 2.46 3.95 2.76 .25 .07 .03
Hornblende-biotite

granodiorite. 3 66.5 15.5 3.79 1.70 3.98 3.32 2.97 .63 W21 .07
Tonalite———==———————=- 11 64.0 16.9 4,40 1.6 4,64 3.7 2.36 77 «26 .07

lTotal iron reported as Fe203.

135 m.y. (million years) (Larsen and others, 1958) to 43
m.y. (McDowell and Kulp, 1969). This spread in reported
ages has been narrowed by the efforts of subsequent
workers. Armstrong (1975b) pointed out that some of the
earlier uranium-lead dates are too high. Geologic mapping
has shown that some plutonic rocks previously considered
as components of the Atlanta lobe are younger (Reid,
1963; Kiilsgaard and others, 1970). Potassium-argon
dating of these younger intrusive rocks show them to be
of Eocene age (Armstrong, 1975b; Criss, 1980; Kiilsgaard,
1983; Bennett and Knowles, chap. F, this volume). Vast
areas of the Atlanta lobe have been affected by widespread
Eocene plutonism that reset the potassium-argon system
in older batholithic rocks (McDowell and Kulp, 1969;
Criss and others, 1982). Armstrong (1975b) has summar-
ized data on age determinations of Idaho rocks, and Arm-
strong and others (1977) noted that the Atlanta lobe of
the Idaho batholith was emplaced during the culmina-
tion of Cretaceous igneous activity about 75 to 100 m.y.
ago. The oldest ages have been obtained from rocks along
the western and eastern edges of the Atlanta lobe and the
youngest ages from rocks in the central part (Armstrong
and others, 1977; Criss and others, 1982).

In the Challis quadrangle, Cretaceous plutonic rocks
of the Atlanta lobe may be grouped into three categories,
each of which appears to have been emplaced at a dif-
ferent time.

1. A batholithic border facies of foliated tonalite grading
to hornblende-bearing granodiorite, xenoliths of which
are in contiguous biotite granodiorite and on high
ridges across the lobe in the west-central part of the
quadrangle.

2. A major central part of the batholith that consists of
biotite granodiorite in transitional contact with musco-
vite-biotite granite that forms the core of the batholith.
Crosscutting relationships of these two rock types have
not been found. The core location, transitional con-
tact, and potassium-argon ages (table B2) suggest that
the muscovite-biotite granite may be slightly younger.

Table B2. Potassium-argon ages of Cretaceous plutonic rocks
of the Atlanta lobe, Challis quadrangle

[Dated by R. F. Marvin, U.S. Geological Survey; except for four samples
dated by R. J. Fleck, U.S. Geological Survey]

No. of Age
Rock type Samples (m.y.)
Leucocratic granite~—-——==-=~——==——- 6 72-64
Muscovite-biotite granite——————-=-- 8 75-66
Biotite granodiorite=—=—-———===—==—- 10 82-69
Tonalite and porphyritic
granodiorite. 6 73-97

3. Stocks and dikes of leucocratic granite that intrude
all older rocks. Leucocratic granite crosscuts pegma-
tite dikes in biotite granodiorite, which indicates that
it was emplaced after crystallization of the biotite
granodiorite. Dikes of leucocratic granite along joints
in biotite granodiorite also indicate solidification of
the latter rock prior to dike intrusion.

The range in age of the rock types (table B2) in-
dicates overlapping time of emplacement, although the
time span for the different types is in general agreement
with geologic mapping results. Three of the leucocratic
granite samples are from hydrothermally altered areas, and
biotite from the samples gave ages ranging from 64 to 66
m.y., ages that may be too young due to argon loss. Biotite
from the other three leucocratic granite samples gave an
age of about 72 m.y., an age that may be more represent-
ative of the emplacement age of the rock. Muscovite-
biotite pairs in six samples of muscovite-biotite granite
gave concordant ages. Only biotite was dated in the 10
biotite granodiorite samples. Biotite also was dated in the
six tonalite and porphyritic granodiorite samples.

Zircon from a sample of porphyritic granodiorite
taken at milepost 201, U.S. Highway 75 east of Stanley,
lat 114°50’ N., long 44°20" E., was analyzed by Lynn
Fischer, U.S. Geological Survey, and the uranium-lead age
obtained was 88+6 m.y. This zircon age agrees with a
potassium-argon age of 87.7+2.7 m.y. obtained from
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hornblende collected at the same locality. Biotite from this
locality gave a potassium-argon age of 79.8+2.7 m.y. The
zircon age also agrees with a potassium-argon age of 90+3
m.y. obtained from hornblende from quartz diorite col-
lected near Donnelly on the western side of the Idaho
batholith (Armstrong, 1975b). Field evidence and radio-
metric ages indicate that the oldest plutonic rocks are in
the western and eastern border zones of the Atlanta lobe.

MAJOR REGIONAL FAULTS IN PLUTONIC ROCKS
OF THE CHALLIS QUADRANGLE

The plutonic rocks of the Atlanta lobe are exten-
sively faulted. Displacement along faults commonly can-
not be measured because of the absence of horizon
markers; thus, some estimates are based on topographic
relief. Some regional faults extend across the Challis quad-
rangle, and appear to have guided emplacement of Ter-
tiary plutonic rocks and dikes. In a general way, the
regional faults may be grouped in three sets: northerly
trending, northwest trending, and northeast trending.

Faults trending in a northerly direction

A set of major northerly trending faults crosses the
western part of the Challis quadrangle (Fisher and others,
1983). Two of these faults cross the upper reaches of
Scriver Creek north of Crouch; the western one, the Mid-
dle Fork Payette fault, extends north along the Middle
Fork Payette River, and the eastern one, the South Fork
Salmon fault, extends along the South Fork Salmon River
(fig. B6). Surface traces of both faults are clearly displayed
on LANDSAT imagery and are shown on the ground sur-
face by alignment of topographic features and local ex-
posures of sheared and crushed rocks. Muscovite-biotite
granite has been offset by left-lateral movement along
both faults (fig. BS).

The north-trending Boise Ridge fault (fig. B6) was
identified by Anderson (1947), the location determined
from the scarp along the east side of Boise Ridge and the
displacement of well-defined datum planes, including
basalt flows of the Miocene Columbia River Group. The
fault displacement proposed by Anderson was checked
by examining the 110-m-thick exposure of west-dipping
basalt that caps Hawley Mountain 2.5 km southwest of
the southwestern corner of the Challis quadrangle and
west of the fault. Exposures of basalt east of the fault
also were examined. Normal magnetic polarity meas-
urements were obtained from most of the basalt test sites
on both the eastern and western sides of the fault. Samples
of basalt from different exposures on both sides of the
fault were analyzed in the laboratory of Peter Hooper,
Washington State University, Pullman. Analytical data
resemble those of the Weiser Basalt, which overlies the
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Grande Ronde Basalt of the Columbia River Basalt
Group, (Hooper, oral commun., 1985). The Grande Ronde
Basalt is no older than 16.5 m.y. (Hooper, 1982). Magnetic
polarity and chemical data indicate that the same basalt
is on both sides of the fault. Accepting the base of the
basalt as a datum plane, measurements show that basalt
east of the fault has been downdropped a minimum of
490 m with respect to basalt west of the fault. The age
of initial movement along the fault cannot be determined
from the data on hand, but displacement of the basalt
cannot be older than 16.5 m.y.

The Boise Ridge fault enters Garden Valley east of
Crouch and probably extends north along the valley of
the Middle Fork Payette River, although near Crouch the
fault is concealed by alluvium. North of Crouch, sedimen-
tary rocks of the Payette Formation terminate against the
fault. Floral assemblages, collected from the probable up-
per part of the Payette, are of middle to early late Miocene
age (W. C. Rember, University of Idaho, written commun.,
1983) or about 13 my. old. The sedimentary rocks have
been tilted west by fault movement, and as they terminate
against the fault, displacement along the fault can be no
older than about 13 m.y., a fault-displacement age that
is probably the same for the basalt displacement east of
Hawley Mountain.

The Deadwood fault zone (fig. B6) is well exposed
along the west side of Deadwood River, north from its
junction with the South Fork Payette River. To the north,
near Deadwood Reservoir, the fault splits into several
strands that merge near the Deadwood mine and continue
north along Johnson Creek in Deadwood canyon (Fisher
and others, 1983). The fault zone has a distinct
topographic expression; the west side is upthrown. Foliated
hornblende-biotite granodiorite east of the fault zone and
near the Deadwood mine is about 500 m lower than
similar rock on the high ridge west of the fault, which
suggests fault displacement of at least that much.

Northwest-trending faults

Three major northwest-trending faults, Sawtooth,
Bear River, and Deer Park (fig. B6), are in the southern
part of the Challis quadrangle and terminate against the
trans-Challis fault system.

The Sawtooth fault extends more than 60 km along
the eastern side of the Sawtooth Range. Throughout most
of its projected length, the fault is masked by glacial
moraine or alluvium, but it is recognized by the linear
front of the range, truncated ridges, the towering rise of
the Sawtooth Range above Sawtooth Valley, and a linear
gradient in the aeromagnetic pattern (Kiilsgaard and
others, 1970, pl. 1; Mabey and Webring, chap. E, this
volume, fig. E5). South of the Challis quadrangle, along
the western side of the Salmon River, the fault juxtaposes
Paleozoic metasedimentary rocks and Eocene Challis
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Volcanics. Minimum displacement along the fault was
estimated by Reid (1963) as 1,200 ft (feet), the upthrown
side to the west.

The Bear River fault extends from the North Fork
Boise River to the South Fork Payette River, about 22 km
(Kiilsgaard, 1983). It is best exposed on the ridge north-
west of Bear River, where it forms a broad zone, tens of
meters wide, of crushed, sheared, and intensely altered
granite of Tertiary age (fig. M3, chap. M, this volume),
and southeast of Bear River where Tertiary granite is
displaced against biotite granodiorite of the Atlanta lobe.
The Bear River fault may be the offset segment of the
Montezuma fault, which extends more than 40 km along
the western flank of the Sawtooth Range south of the
Challis quadrangle. The Montezuma fault was first
mapped near Atlanta by Anderson (1939), who estimated
vertical displacement along the fault to be as much as
2,000 ft, the downdropped side to the southwest. The main
part of the Sawtooth Range was considered by Reid (1963)
to be a horst bounded on the west by the Montezuma fault
and on the east by the Sawtooth fault. The Montezuma

fault has been mapped northwest to the North Fork Boise
River, where it may terminate or be offset to the southwest,
continuing as the Bear River fault (fig. M3).

The Deer Park fault is generally parallel to the
Sawtooth and Bear River-Montezuma faults (figs. M3, B6)
and extends at least 40 km southeast of the southern
boundary of the Challis quadrangle. Anderson (1934a)
traced the fault southeast from the South Fork Payette
River chiefly by the displacement of an old summit ero-
sion surface. We do not think that the fault reaches the
South Fork Payette River but terminates about 1.5 km
southeast of the river against a strand of the trans-Challis
fault system (Fisher and others, 1983). Southeast of the
southern boundary of the Challis quadrangle, the fault
scarp forms steep slopes along the southwestern sides of
Goat Mountain and Swanholm Peak. Vertical displace-
ment in that locaiity, based on topographic relief, is at
least 2,600 ft, the downdropped block on the southwestern
side (Kiilsgaard, 1983).

A significant aspect of the northwest-trending
faults, Sawtooth, Bear River-Montezuma, and Deer Park,
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is that although they have strong topographic expression
and extend over considerable strike-length distances, they
terminate at the trans-Challis fault system. They do not
appear to have been truncated and displaced by the trans-
Challis fault system, as no evidence of them has been
found northwest of the fault system. The Sawtooth Range
appears to be a large upthrust block bounded on the east
by the Sawtooth fault, on the west by the Montezuma-
Bear River faults, and on the northwest by the trans-
Challis fault system. The topographic linearity of the
northwest-trending faults and the vertical displacement
along them suggests that they are deep faults, and initial
movement along them may predate the Idaho batholith.
Measurable displacement along them, however, postdates
the Idaho batholith. Tertiary gravel is displaced along the
Montezuma fault, which suggests post-Pleistocene fault
movement. Steep gradients along the North Fork Boise
River and Bear River across the scarp of the Deer Park
fault (fig. M3) also suggest recent fault movement. Move-
ment quite likely has recurred along the faults up to the
present time. Recurrence is suggested by displacement
along a similar northwest-trending fault during the Idaho
earthquake of Oct. 28, 1983. That fault extends along the
western base of the Lost River Range, and appears to be
a member of the above-described northwest-trending set
of faults.

Northeast-trending faults—the trans-Challis
fault system

A broad zone of northeast-trending high-angle
regional faults crosses the southwestern quarter of the
Challis quadrangle and aligns with the Panther Creek
graben (fig. B6). Only near the Van Horn Peak cauldron
complex (Ekren, chap. C, this volume) is there a break
in fault continuity, and even there the Custer graben, Twin
Peaks caldera, and part of the Van Horn Peak cauldron
complex are parallel to and presumably part of the same
tectonic feature. The faults and grabens make up a
regional fault system herein named the trans-Challis fault
system.

The trans-Challis fault system extends beyond the
Challis quadrangle. Faults of the system extend southwest
of the southern boundary of the quadrangle to beyond
Idaho City (fig. M5), where at least one of the faults passes
beneath the Holocene and Pleistocene Snake River Group.
The Panther Creek fault, part of the system, has been
mapped more than 30 km northeast of the northern
boundary; thus the length of the fault system in the Challis
quadrangle region is at least 220 km. The fault system is
very well aligned and appears to be continuous with the
Great Falls lineament, as proposed by O’Neill and Lopez
(1983), who projected the lineament northeast from Idaho
across Montana. The trans-Challis fault system therefore
appears to be part of a regional tectonic feature.
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In the southwestern quarter of the Challis quad-
rangle, the trans-Challis fault system is best exposed in
an area about 30 km west-northwest of Stanley, along the
upper reaches of Warm Springs Creek and on the divides
at the head of Eightmile Creek and the East Fork of Eight-
mile Creek (Luthy, 1981; Fisher and others, 1983). In that
area are several northeast-striking faults characterized by
white to tan, nonresistant fault gouge in bleached and
altered granitic rocks; these sheared zones commonly are
devoid of vegetation. Some zones of bleached and crushed
rock are more than 500 m wide, and within them the rocks
are so pulverized that few fragments are more than 30 cm
in diameter. Rocks in the more intensely sheared zones
are so altered that their original composition is difficult
to determine. Dike rocks in the sheared zones are not as
altered as the granitic host rock, but they generally are
broken by faults, which indicates recurrent movement
along the fault zones.

Faults of the trans-Challis fault system in the cen-
tral and northeastern part of the Challis quadrangle are
discussed by Bennett and Knowles (chap. F, this volume),
Mclntyre and Johnson (chap. I, this volume), Hardyman
(chap. G, this volume), and Ekren (chap. C, this volume).

Effect of faults on emplacement of Tertiary plutonic rocks
and dikes

The trans-Challis fault system has guided emplace-
ment of Tertiary dikes and Tertiary plutonic intrusive
rocks. This guidance is particularly evident in the north-
ern part of Boise Basin and along the South Fork Payette
River (fig. M5). The dike swarm in Boise Basin trends
more or less parallel to major faults of the trans-Challis
fault system, although dikes within the swarm strike in
various directions. The dikes range from diabase to
rhyolite in composition, most are porphyritic, and they
range from 0.5 to 60 m thick and to as long as 2 km. A
dioritic stock in the northern part of Boise Basin reaches
widths of more than 1.5 km and is more than 16 km long
(fig. M5). Biotite from a similar plutonic stock within the
trans-Challis fault system (fig. M5) gave a potassium-
argon age of 49.2 my. (Kiilsgaard and Bennett, chap. M,
this volume), and zircon from a rhyolite dike at the Little
Falls molybdenum deposit (fig. MS5) gave a fission-track
age of 29.3 m.y. (F. S. Fisher, oral commun., 1983).

Pink granite, intrusive into biotite granodiorite of
the Idaho batholith, is exposed along the trans-Challis
fault system in an area about 30 km west-northwest of
Stanley. The granite is lithologically comparable to Eocene
pink granite exposed in the Sawtooth Range and is con-
sidered to be of the same age. The exposure of granite
is elongated along the trans-Challis trend and is in part
fault bounded, but at the northeast and southwest ends,
it is displaced along northeast-trending faults. Swarms of
rhyolite and rhyodacite dikes, elongated along the trans-
Challis system, intrude the pink granite and the older



biotite granodiorite to the southwest and northeast. Near
the north end of Copper Mountain, in the Knapp Creek
graben (fig. B6), pink granite intrudes overlying intrusive
rhyolite in what appears to be an instance where a shallow
batholith has intruded its own hypabyssal-equivalent rock.
Hornblende from the pink granite gave a potassium-argon
age of 45.3+0.4 my. (R. J. Fleck, oral commun., 1983).
Intrusion of the rhyolite by pink granite is indicated by
(1) a chilled zone of fine-grained pink granite as much
as 9 m thick beneath the contact; (2) an uneven pink
granite-rhyolite contact, with pink granite protruding as
much as 30 m into the rhyolite, a small dikelet of pink
granite cutting the rhyolite, and foundered blocks of the
overlying rhyolite engulfed in the pink granite; (3) the
rather flat roof contact, which may be traced along a can-
yon wall for almost 1 km beneath the overlying rhyolite,
The intrusive character of the rhyolite is proven by the
way in which it cuts across the bedding of metasedimen-
tary roof pendants and by the low-angle contact it makes
with overlying biotite granodiorite of the Atlanta lobe that
forms the top of Copper Mountain. Xenoliths of biotite
granodiorite are in the intrusive rhyolite.

To the northeast, still within the Knapp Creek
graben, the intrusive rhyolite is in unconformable contact
with extrusive volcanic rocks ranging from flow-banded
rhyolite to rhyolitic lapilli tuff and vitrophyre. The rhyo-
litic rocks are characterized by phenocrysts of sanidine.
Well-developed flow banding is defined by alternating 1-2
mm reddish-white laminations composed of spherulites
(Lewis, 1984). A fossilized wood fragment was found in
the tuffaceous rocks. Sanidine from the extrusive rhyolite
gave a potassium-argon age of 39.0 m.y. (R. J. Fleck, oral
commun., 1984).

The extrusive rhyolitic rocks form a northeast-trend-
ing ridge about 10 km long, which rises more than 470
m above flanking valley floors, yet extrusive rocks are not
found beyond the flanking valleys. There is no surface
evidence that suggests a northeast-trending valley that
might have been filled by extrusive rocks, the remnants
of which account for the present ridge. Instead, the rocks
are preserved in the northeast-trending Knapp Creek
graben. The graben block apparently has been tilted to
the northeast because the volcanic rocks in the north-
eastern part of the graben give way to the shallow intrusive
rhyolite and pink granite exposed to the southwest.

Vertical displacement along the trans-Challis fault
system was not measured as there are no horizon markers.
There are few topographic breaks along the faults such
as the scarps along the northwest-trending faults and some
of the north-trending faults. Left-lateral displacement
along faults of the trans-Challis system is indicated at
several localities. Along the northwestern side of the
Knapp Creek graben, Eocene granite appears to be off-
set 2.9 km (Fisher and others, 1983). Southwest of the
Knapp Creek graben, an exposure of Tertiary granite is

offset about 800 m by left-lateral displacement along one
of the strands of the trans-Challis fault system (Luthy,
1981). Left-lateral movement along a trans-Challis fault
south-southwest of the Knapp Creek graben has displaced
Tertiary granite about 535 m.

Age of faulting

The age of initial movement along the trans-Challis
fault system is obscure, but evidence indicates that adjust-
ment along the system could have recurred from Precam-
brian to Holocene time. In the southwestern quarter of the
Challis quadrangle the indicated timespan of faulting,
based on field evidence, is rather short. Fault movement
displaced Cretaceous plutonic rocks of the Atlanta lobe
and guided emplacement of Eocene granitic rocks and
younger dikes. Subsequent movement along the faults
displaced the Eocene granitic rocks and the dikes. Many
Eocene rhyolites of the Challis Volcanics in the north-
eastern part of the quadrangle are elongated along the
trans-Challis system (Fisher and others, 1983), and their
emplacement obviously has been guided by faults of the
system. Holocene fault movement has disrupted stream ter-
races that contain glacial erratics of presumable Pleistocene
age. The densest distribution of recent earthquake epicen-
ters in Idaho is in the Challis quadrangle (Roy Brecken-
ridge, Idaho Geological Survey, written commun., 1983),
most of them plotting within the trans-Challis fault system.

Near the northern boundary of the Challis quad-
rangle the Middle Proterozoic Yellowjacket Formation is
displaced against Eocene volcanic rocks of the Challis
Volcanics in the Panther Creek graben, but about 16 km
farther northeast the Panther Creek fault offsets the con-
tact between Yellowjacket Formation and 1.4-by. (billion
years)-old plutonic rock (Lopez, 1981). At that locality, the
Panther Creek fault is marked by tight isoclinal folds in
the Yellowjacket Formation, and truncation of them by the
1.4-by-old plutonic rocks indicates Precambrian movement
along the fault (J. M. O’Neill and D. A. Lopez, written
commun., 1984).

The remarkable linearity of the trans-Challis fault
system for at least 220 km in the Challis quadrangle vicini-
ty, the grabens and calderas within the system, and the
linearity of intrusive and extrusive rocks along the system
all indicate crustal extension and deep faulting and rifting
that may have existed before intrusion of the Idaho batho-
lith. Fault-movement evidence now visible in the quadrangle
represents recurrent adjustment along faults of the system.
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DESCRIPTIONS

10. Rhyodacite tuff (contains dime- and quarter-size pumice lapilli): about 15 percent phenocrysts consisting of 60 percent plagioclase (0.1-3.0 mm), 10 percent quartz
(0.5-2.0 mm), 25 percent altered pyroxene, 5 percent altered hornblende; shards visible in groundmass.

11. Rhyodacite tuff (contains dime- and quarter-size pumice lapilli): about 10-15 percent phenocrysts consisting of 60 percent plagioclase (0.1-3.0 mm), 5 percent quartz
(0.5-2.0 mm), 35 percent altered pyroxene, 10 percent altered hornblende(?); shards visible in groundmass.

12. Rhyodacite lava: about 40 percent phenocrysts consisting of 65 percent plagioclase (0.1-8.0 mm), 35 percent oxidized, chloritized biotite and hornblende, possible
sparse altered pyroxene; dense trachytic groundmass.

13. Rhyolite tuff (contains dime- and quarter-size pumice lapilli): 11 percent phenocrysts consisting of 46 percent plagioclase (as long as 2 mm), 22 percent alkali feldspar
(as long as 3 mm), 9 percent quartz (as long as 2 mm), 11 percent chloritized pyroxene, 7 percent altered hornblende, 5 percent oxidized biotite; considerable epidote
in altered feldspar and groundmass.

14. Rhyolite tuff (“lower Sunnyside”): 48 percent phenocrysts consisting of 39 percent alkali feldspar (as long as 4 mm), 28 percent plagioclase (as long as 4 mm),
23 percent quartz (as long as 3 mm), 4.8 percent oxidized biotite, 4.8 percent altered hornblende; probable lower part of a cooling unit.

15. Rhyolite tuff (“lower Sunnyside”): 34 percent phenocrysts consisting of 46 percent plagioclase (as long as 4 mm), 22 percent quartz (as long as 3 mm), 13 percent
alkali feldspar (as long as 4 mm), 11 percent chloritized biotite, S percent chioritized hornblende, 2 percent possible altered pyroxene; strong propylitic alteration;
feldspars albitized and partly replaced by zeolite.

16-20. Rhyolite (buff rhyolite): few phenocrysts; flow laminated, some laminae contain abundant tiny vapor-phase crystals. Rhyolite contains 3-5 percent small (0.5-2.0
mm) feldspar crystals that are principally plagioclase but are so replaced by albite and sericite that they are not easily distinguished from albitized sanidine; all
contain sparse altered hornblende and traces of altered biotite; patches of secondary quartz suggests silicification as well as albitization.
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Figure C10. Alkali-lime diagram for analyses of rocks from Thunder Mountain and Van Horn Peak cauldron complexes. Solid
squares, rocks from Thunder Mountain cauldron complex; Tbr, buff rhyolite; Tsl, lower Sunnyside tuff; Tdq, dime- and quarter-
size lapilli tuff; Tll, lower latite and dacite lavas. Open circles, rocks from Van Horn Peak cauldron complex; Tcr, tuff of Challis
Creek; Ttm, tuff of Table Mountain (same as inner core, Van Horn Peak); Tc, tuff of Camas Creek and Black Mountain; Tem,
tuff of Eightmile Creek; Te, tuff of Ellis Creek; Tdf, intermediate lavas at the base of the volcanic sequence. Correlations of ““lower

Sunnyside tuff”’ are tentative.

The third major event in the Thunder Mountain
cauldron complex was the eruption of the “lower Sunny-
side tuff!}” which consists of at least three composi-
tionally zoned cooling units of rhyolite and quartz latite
tuff. Each cooling unit grades upward from a rhyolite
base, rich in quartz and alkali feldspar, to a quartz latite
top, rich in plagioclase and mafic minerals (principally
biotite) and low in quartz and alkali feldspar. This is the
classic zonation of cauldron-forming tuffs (for example,
compare with the Miocene Timber Mountain Tuff of
Byers and others (1976), and with Lipman and others
(1966). These three units are each 100-300 m thick. They
are slightly to moderately hydrothermally altered.

The final major pyroclastic activity in the Thunder
Mountain cauldron complex was the emplacement of
megabreccia followed by the eruption of “upper Sun-
nyside tuff’” The breccia (at least 100 m thick) was

IThis informal unit, with the “upper Sunnyside tuff}” comprise the
informal Sunnyside rhyolite of Leonard and Marvin (1982).
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recognized only in the western part of the complex where
it consists of large blocks (in places as large as a small
house) of “lower Sunnyside tuff” in a matrix of “upper
Sunnyside tuff?’ This unit may have been formed by
landsliding concomitant with the early eruptions of “up-
per Sunnyside tuff” or it may have been extruded as tuff
extremely rich in lithic fragments. The “upper Sunnyside
tuff”’ is a multiple-flow compound cooling unit that is
the counterpart in the Thunder Mountain cauldron com-
plex of the tuffs of Castle Rock and Challis Creek in the
Van Horn Peak cauldron complex. The “upper Sunnyside
tuff” is rhyolitic and mostly red, reddish gray, and red
brown. It shows no obvious mineralogical zoning except
that the basal vitrophyre contains as many as four grains
of hornblende and eight grains of pigeonite per thin sec-
tion, whereas the upper devitrified part of the unit con-
tains only sparse biotite as a mafic constituent. The tuff
contains essentially no plagioclase, and the ratio of quartz
to alkali feldspar, although variable, does not show any
systematic variation from base to top.



CHEMICAL COMPOSITION OF THE
VOLCANIC ROCKS

Chemical analyses of the principal volcanic rocks
in the eastern half of the Challis quadrangle have been
published previously by Mclntyre and others (1982). Ad-
ditional analyses of the tuff of Challis Creek and related
rhyolite intrusive rocks are presented by Hardyman (chap.
G, this volume). Chemical analyses of 20 volcanic rocks
from the Thunder Mountain cauldron complex are shown
in table C2. The mineralogy and available chemical
analyses of rocks from the Van Horn Peak and Thunder
Mountain cauldron complexes show that the rocks are a
calc-alkaline suite, although a small amount of alkali
basalt is present in the eastern part of the quadrangle
(MclIntyre and others, 1982, table 1). The volcanic rocks
have an alkali-lime index (Peacock, 1931) of between 56
and 57 (fig. C10) and fall along the calc-alkaline trends
of Ringwood (1974) (fig. Cl11).

FeO + Fep, O3

Skaergaard,
Greenland

Thingmuli,
Iceland

Calc-alkaline trends
of Ringwood (1974)

NayO + K0 MgO
EXPLANATION

A ROCKS FROM THUNDER MOUN-
TAIN CAULDRON COMPLEX—
Correlations are tentative

Tbr, buff rhyolite

Tdg, dime and quarter-size lapilli
tuff

TH, lower latite and dacite lavas

© ROCKS FROM VAN HORN PEAK
CAULDRON COMPLEX
Ter, tuff of Challis Creek

Tc, tuff of Camas Creek — Black
Mountain

Tem, tuff of Eightmile Creek
Te, tuff of Ellis Creek

Tdf, intermediate lavas at base
of volcanic sequence

Figure C11. AFM plot of volcanic rocks from the Van Horn
Peak and Thunder Mountain cauldron complexes. Tholeiitic
trends from Skaergaard, Greenland, and Thingmuli, Iceland,
and calc-alkaline trends of Ringwood (1974) are also shown.

No peralkaline rocks were found, although the com-
position of some of the intrusive rhyolites of Hardyman
(chap. G, this volume) approaches the peralkaline field of
Shand (1947). Both Al,0,/Na,0+K,0 and Al,0,/Na,O
+K,0+CaO for those rocks nearly equal unity. The
buff rhyolite and related rocks in the Thunder Mountain
cauldron complex (table C2, samples 16-20) are alkali rhy-
olite and extreme alkali rhyolite according to the classifica-
tion of Young (in Segerstrom and Young, 1972) but, never-
theless, are not peralkaline (fig. C12). These rhyolites are
inferred to be older than the informal Sunnyside rhyolite
(Leonard and Marvin, 1982). Nevertheless, they are richer
in silica and alkalis than the “lower Sunnyside tuff” (table
C2, samples 14, 15). No chemical analyses are available
for the “upper Sunnyside tuff’ It contains more quartz
and alkali feldspar phenocrysts than the “lower Sun-
nyside]’ suggesting that it is richer in silica and alkalis and,
therefore, is chemically very similar to the buff rhyolite.
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Figure C12. Classification of principal volcanic rocks of the
Challis quadrangle using peralkaline-peraluminous-
metaluminous divisions of Shand (1947). Modified from Pallister
(1982). Sample numbers refer to analyses in table C2.
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Abstract

Limited outcrops of pre-Tertiary sedimentary rocks of Pro-
terozoic to Permian age are exposed mainly in the eastern half
of the Challis quadrangle, in the Bayhorse region, and extend
south into the Wood River region. They provide the only in-
formation on the early sedimentary history and structural com-
plexity of a great stack of allochthonous terranes. These rocks
indicate a long and varied sedimentary record from the Early
Proterozoic through the Paleozoic. Sedimentation was inter-
rupted by regional folding and faulting in the Cambrian and
Ordovician and was followed by extensive early Mesozoic fold-
ing, by extensive middle and late Mesozoic west-to-east thrust
faulting, and by late Mesozoic normal faulting. The Idaho
batholith intruded and engulfed the allochthonous sedimen-
tary sequences in the mid-to-Late Cretaceous, and the Challis
Volcanics blanketed the region in Eocene time.

The Bayhorse region contains six fault-bounded structural-
stratigraphic terranes, each of which is made up of a sedimen-
tary sequence that differs significantly from that of adjacent ter-
ranes. Four of the six terranes include stratigraphic units older
than Middle Ordovician that have not been definitely correlated
with rocks beyond the Bayhorse area, but Middle Ordovician
and younger units of three terranes are widespread far to the
east and south,

The physical properties, stratigraphic succession, and com-
position of the rocks in each terrane have profoundly influenced
the origin and localization of ore deposits. The Salmon River
lineament, a major northeast-trending fault or fault zone,
separates two of the terranes, and may have regional
significance for the distribution of mineral occurrences.

INTRODUCTION

The Bayhorse region in central Custer County,
Idaho, includes the rugged Salmon River Mountains
highland in its western part and the northern part of the
east-central Idaho Basin and Range Province to the east.
More than 35,000 ft (feet) of predominantly marine strata
of Paleozoic age or older occur within the area. These
strata were folded and thrust faulted during the late
Paleozoic and early Mesozoic by northeasterly directed
compressional forces and were subsequently cut by steep
normal faults during the late Mesozoic and Tertiary. A
major north-northeast-trending structural break, called
the Salmon River lineament, divides the area with signifi-
cant differences in lithology and structure on each side.

The pre-Tertiary sedimentary rocks now exposed in
the Challis 1°X2° quadrangle are but bits and pieces of
a once very extensive and locally very thick stratigraphic
record that was largely destroyed in the western half of
the quadrangle by the Cretaceous Idaho batholith and was
extensively buried in the eastern half by the Eocene Challis
Volcanics. These sedimentary rocks, or their metamor-
phosed equivalents, are exposed over less than 15 percent
of the Challis quadrangle, and their distribution and
general ages are shown on figure D1. The areas shown as
Precambrian contain Middle Proterozoic rocks but
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include some that are probably older and certainly some
that grade into the Late Proterozoic and maybe even the
early Paleozoic. Cambrian to Devonian strata include a
great diversity of rocks of various ages and facies that are
discussed in more detail later in this chapter. The
Mississippian through Permian strata make up two general
groups, one along the southern part of the eastern border
of the Challis 1°X2° quadrangle that represents the
predominantly carbonate cratonic facies and one farther
west in the drainage basin of the mainstem Salmon River
that comprises western continental margin-deep sea black-
shale facies. These groups are juxtaposed by extensive
thrust faulting. The Mesozoic and Tertiary plutonic rocks
make up the mid- to Late Cretaceous Idaho batholith and
the Eocene plutons and dike swarms that together large-
ly engulf the main mass of the sedimentary rocks in the
western half of the Challis 1°X2° quadrangle. Only scat-
tered roof pendants of the sedimentary rocks remain in
this area. Eocene Challis Volcanics, and Quaternary
deposits of great variety, bury extensive areas of both the
sedimentary rocks and the batholith.

The sedimentary rocks of the Challis 1°X2° quad-
rangle and adjoining areas are of specific interest because
of the close relation of the stratigraphic units to evalua-
tion of the mineral resource potential of the quadrangle.
Of equal importance are the physical characteristics and
the composition of the sedimentary section—porosity,
permeability, carbonate content, geochemistry, and other
factors that can be directly related to known ore deposits
and, consequently, are factors to be used in locating
deposits as yet unknown. Structure is also intimately
related to the origin and localization of ore deposits, and
only by careful geologic mapping can we hope to under-
stand the sedimentary and structural history. And most
exciting is the mounting documentation that points to the
origin of many ore deposits by the remobilization of
metals from sedimentary source rock and their concen-
tration in favorable structural settings. Details of some
of the source rocks are described by Hall (chap. J, this
volume).

TERRANES OF MIDDLE PROTEROZOIC
AND PALEOZOIC ROCKS

The Bayhorse area has been divided into five units
that are here termed structural-stratigraphic terranes, for
purposes of stratigraphic and structural description and
analysis (fig. D2). These terranes are generally bounded
by major faults, have consistent internal structural styles,
and consist of rocks that differ in significant ways from
those of other terranes. Although each terrane is an in-
tegral part of the geologic patchwork that is the whole
area, each shows a locally unique combination of geologic
features that raises serious and as yet unresolved problems
in relating one terrane to another and in the possible















than 400 ft thick, feathers out to the north and south in
to sandy facies of the basal Ramshorn.

Most of the Ramshorn Slate has a very well
developed slaty or axial-plane cleavage that gives the rock
a deceptively simple structural grain or false bedding. The
real bedding in the slate is deformed into irregular wavy
folds and locally well-developed isoclinal drag folds, all
of which are cut by the pervasive axial-plane cleavage. The
complex internal structure of the unit precludes accurate
measurement of thickness, but it probably totals at least
2,400 ft.

No part of terrane C is definitely dated, but small
shell fragments from several localities in the Bayhorse
Dolomite strongly suggest an early Paleozoic age, and this
evidence, together with general stratigraphic considera-
tions, makes an age of Early Ordovician or Late Cam-
brian for all of the section most probable. Furthermore,
none of the four formations that make up terrane C has
been conclusively identified outside of the Bayhorse area,
although Baldwin (1951), Ross (1937, 1947), and McCand-
less (1982) suggested possible correlations of certain units
in the Lost River Range and the southern part of the
Lemhi Range with the Ramshorn Slate, Bayhorse
Dolomite, and Garden Creek Phyllite.

Terrane D

Rocks of terrane D, although including units that
differ widely in lithology and age, make up a generally
conformable sequence of a major allochthon whose up-
per contact is with the thrust sheet of terrane E, and whose
lower contact, wherever seen, is with terrane B or the
Ramshorn Slate of terrane C.

Two contrasting groups of strata are within terrane
D: a lower, undated thick quartzite sequence, and an up-
per, well-dated Ordovician carbonate-quartzite sequence.
The lower quartzite of this terrane comprises more than
3,000 ft of heterogeneous, predominantly quartzitic strata
that are parts of at least two and possibly more separate
stratigraphic sequences that have been juxtaposed dur-
ing the complex structural history of the area. The most
prominent, thickest, and most widespread member is the
Ordovician Clayton Mine Quartzite (Hobbs and others,
1968) that can be traced or correlated with a fair degree
of certainty from its type section near Clayton over much
of the western half of the Bayhorse area (fig. D2).

Most of the Clayton Mine Quartzite is composed
of poorly sorted, coarse- to medium-grained feldspathic
quartzite that includes conglomerate layers, pebbly quartz-
ite in the upper part, and a few thin, discontinuous
dolomite layers near the base. Several siltstone intervals
and scattered shale partings are distributed in the lower
part of the section. Many of the thick quartzite layers are
cross-laminated. The color of these rocks ranges from
light gray, light yellowish orange, or light pink in the

western part to reddish gray, red, and purple to the east.
Most of the quartzite is medium to thin bedded with some
interbeds of siltstone. Feldspar is abundant, and much of
it is very coarse. This quartzite sequence is underlain by
the major thrust fault that overlies terranes B and C.

Two other quartzite units that are included in ter-
rane B are probably related to the Clayton Mine Quartz-
ite. One of these units is a quartzite sequence on upper
Cash Creek, east of terrane B, that has many of the at-
tributes of the Clayton Mine Quartzite but has pro-
nounced differences in lithology and structure that
preclude definite correlation. Most of the quartzite is thin
to medium bedded with thin interbeds of siltstone and
one siltstone interval at least 300 ft thick. Feldspar is
abundant, and much of it is very coarse. This quartzite
unit is underlain by a major thrust fault that is folded
into a broad antiform; the quartzite rests on Ordovician
carbonate at the exposures in upper Cash Creek and on
Middle Cambrian shale at the exposures west of Squaw
Creek.

A quartzite unit that is more questionably correlated
with the Clayton Mine Quartzite is a sequence that is
informally called the siltstone, sandy siltstone, and quartz-
ite of the Rob Roy mine area. These strata along Kinni-
kinic Creek near the Clayton Silver mine make up a thick,
heterogeneous sequence of various quartzite and siltstone
layers and, in its lower half, scattered beds of pure
dolomite.

The Clayton Mine Quartzite has been identified
beyond the Bayhorse area only in the central Pioneer
Mountains about 40 mi (miles) to the south-southwest.
Possibly the Proterozoic Wilbert Formation, as described
in the southern Lemhi Range by Ruppel and others (1975)
and as further described by McCandless (1982), may cor-
relate with some facies of the Clayton Mine Quartzite, but
direct evidence is lacking.

A disconformity separates the Clayton Mine
Quartzite from the overlying Ella Dolomite and represents
an unknown time interval. It is marked by a sharp, drastic
change in depositional regimes and by an apparent low-
angle unconformity.

The Middle Ordovician Ella Dolomite, the Middle
Ordovician Kinnikinic Quartzite, and the Middle Ordovi-
cian and younger (possibly lowermost Silurian) Saturday
Mountain Formation lie above the disconformity (Hobbs
and others, 1968). The Ella Dolomite is a massive,
medium- to thick-bedded, laminated dolomite at least
700 ft thick. The Kinnikinic is a fine-grained, pure, well-
indurated quartzite, and the Saturday Mountain comprises
more than 3,000 ft of impure dolomite and limestone with
some thick zones of black shale and a few quartzite beds.
These are all well-dated formations whose type localities
are within the Bayhorse area (Ross, 1937; Hobbs and
others, 1968). Both the Saturday Mountain Formation and
the Kinnikinic Quartzite correlate with units far to the
east and south of the Bayhorse area. Scattered roof
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pendants of metamorphosed calcareous and quartzitic
rocks in the Idaho batholith to the west and south of the
Bayhorse area are considered to be detached parts of these
formations.

The allochthon that consists of the D terrane is
folded in general conformity with the major folds of the
underlying B and C terranes. In detail, however, the strata
within the allochthon are locally very intensely folded and
deformed. The allochthon appears to terminate eastward
at the Salmon River lineament, and this boundary may
represent an uplifted block against which the allochthon
stalled or over which it rode. However, no extension of
this thrust plate has been identified east of the lineament.

Terrane E

Rocks that make up terrane E, in the southwestern
corner of the Clayton 7 1/2-minute quadrangle, are but
a very small part of an extensive allochthon of strati-
graphically and tectonically complex strata that has been
transported for an unknown distance from the west to its
present position where it overlies the Ordovician units of
terrane D (fig. D2). These strata, described by Nilsen
(1977) as the Salmon River sequence and redesignated the
Salmon River assemblage in this chapter, consist of
generally dark-gray to nearly black argillite, calcareous
siltstone, siltstone, turbidite, and lesser amounts of fine-
grained quartzite with some relatively pure limestone.
Much of the assemblage in the Bayhorse area is thin to
medium bedded and consists of interlaminated siliceous-
facies argillite, siltstone, fine-grained sandstone, and local
limestone turbidites. Small-scale current structures, sole
markings, and local contortion produced by syndeposi-
tional slumping are abundant. Farther to the west and
south the allochthon includes less sand and silt and more
laminated siliceous-facies black argillite with interlayered
calcareous siltstone and local fine-grained quartzite. Most
of the beds dip steeply to the west, and many have inter-
nal structures that indicate that tops are to the east. The
structure within the allochthon, however, is very complex,
and the great apparent thickness that is exposed westward
from the Bayhorse area can most reasonably be explained
by isoclinal folding, thrust faulting, and the attendant
duplication of section that has not everywhere been
recognized. The western edge of the allochthon is intruded
by the Idaho batholith, overlapped by higher thrust plates
of Pennsylvanian and Permian strata, or covered by
Challis Volcanics (Hall, chap. J, this volume).

Although the strata of terrane E have much in com-
mon with the Lower Mississippian Copper Basin Forma-
tion of Ross (1962a), they include lithologies and faunas
that contrast qGuite significantly in some places with those
of the Copper Basin Formation. The Late Mississippian
age of the Salmon River sequence (Nilsen, 1977) was based
on two collections of fossils derived from float material
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discovered at two localities. One of these faunas was in
a single, semirounded float block that was collected in
Deerspring Gulch, an informally named drainage on the
northern side of the Salmon River opposite the mouth
of Slate Creek, near the southern edge of the Thompson
Creek 7 1/2 minute quadrangle. This material (USGS loc.
no. 24408-PC) was examined by J. T. Dutro, Jr., in
consultation with W. J. Sando, who reported (written
commun., 1971) that “This collection is Mississippian in
age, most probably middle or Late Mississippian. The
large fragment of the spiriferoid brachiopod, Anthra-
cospirifer, is most useful because that genus is now known
to range from late Early Mississippian to Middle Penn-
sylvanian. Other elements of the fauna, though not
diagnostic, are compatible with the Mississippian age
assignment?’

Conodonts from the same material were studied by
J. W. Huddle (written commun., 1971) who reported that
several diagnostic species “* * * occur with Apatognathus
in the upper part of the St. Louis Limestone in the
Mississippi Valley. This collection could be as old as late
St. Louis time or as young as early Chesterian time.” An
abundant calcareous Formaniferal fauna was reported by
Betty Skipp (written commun., 1972) to be “* * * a3 mid-
dle Visean (late Meramecian) fauna which represents F.Z.
13-15 of the Mamet Foraminiferal zonation. These zones
are present in the St. Louis and Ste. Genevieve Limestones
of the midcontinent region; the fauna is typical of the
lower part of the Scott Peak Formation of south-central
Idaho (Mamet and others, 1971)" Although the strati-
graphic section on the ridge above this specimen locality
contains widely scattered carbonate beds in the
predominantly argillite-siltite sequence, no fossils were
found in place. The closest known fossil-bearing carbonate
section of comparable age is the Scott Peak Formation,
a part of terrane F where exposed in the southeastern cor-
ner of the Bayhorse area (fig. D2).

Material from a second faunal locality, in the lower
part of Mill Creek near the northern boundary of the Liv-
ingston Creek 7 1/2-minute quadrangle, comprises a large
angular float block that contains an abundant megafauna
(USGS loc. no. 27036-PC). This block, found about 1 mi
southeast of the Deerspring Gulch locality, is roughly at
the same stratigraphic horizon and of similar age. It has
also been reported on by J. T. Dutro, Jr. (written com-
mun., 1979), who stated, “The excellent silicified fossils
are identifiable as an assemblage characteristic of Upper
Mississippian strata in the northern Rocky Mountains.
The assemblage is of probable late, but not latest,
Chesterian age, approximately a correlative of Mamet
Foraminiferal Zone 18. Beds of about this age occur also
in the Surrett Canyon Formation of Idaho, the Horseshoe
Shale Member of the Amsden Formation of Wyoming,
and the Big Snowy Group of central Montana. The most
diagnostic species is Anthracospirifer shawi shawi Gor-
don, which occurs in Zone 18 equivalents in Wyoming



(Gordon, 1975)” No similar material has been found in
undisturbed outcrops anywhere else in terrane E.

Subsequent sampling of several well-defined car-
bonate and calcareous sandstone and siltstone horizons
at five localities within the predominantly siltstone and
calcareous siltstone parts of terrane E has produced con-
odonts whose ages range from Late Cambrian to Late
Devonian. Two of these localities have been collected from
by F. G. Poole, W. E. Hall, and S. W. Hobbs in the lower
reaches of Thompson Creek in the Thompson Creek 7
1/2-minute quadrangle. The first locality (USGS loc. no.
11020-SD), on the west bank of Thompson Creek about
2 mi above its mouth, was reported by J. E. Repetski to
contain conodonts of Late Devonian age. Material from
the second locality, about 0.5 mi south of the first and
on the same side of Thompson Creek, includes three
samples, two of which were collected by Poole and Hall
(USGS loc. nos. 9851-CO and 9852-CO), and the third
by Hobbs (USGS loc. no. 9618-CO). Conodonts from
these three collections were studied by J. E. Repetski, who
reported that two were of Late Cambrian age and the third
“Most likely latest Cambrian to earliest Ordovician®’
Samples from outcrops in a roadcut on State Scenic Route
75 about 1.1 mi west of the mouth of Thompson Creek
were collected by F. G. Poole (USGS loc. nos. 10736-SD
and 10737-SD) and examined by A. G. Harris, who
reported them to be Middle Devonian. The remaining two
known localities are in the lower valleys of Sheephead
Creek and Last Chance Creek, which are west-side
tributaries to Slate Creek about 4 mi and 5 mi, respect-
ively, above its junction with the Salmon River, and in
the west-central part of the Livingston Creek quadrangle.
The sample from Sheephead Creek was collected by Poole
and Hall (USGS loc. no. 11021-SD) from detrital
limestone float blocks on the north side of the valley and
less than 0.5 mi above its junction with Slate Creek, and
reported by J. E. Repetski to have an age of “Middle Or-
dovician to Middle Devonian”. Similar material from the
north side of Last Chance Creek about 1,000 ft above its
junction with Slate Creek was reported by Repetski to be
Late Devonian.

Several aspects of the terrane E allochthon, includ-
ing the widely different ages of strata, the documented
structural complexity, and the variations in lithologic
character, make the use of the term ‘“‘sequence” inap-
propriate, as applied to these strata. It is here proposed
that the strata that make up terrane E be called the Salmon
River assemblage. No connotation as to origin is implied.

Terrane F

All the Paleozoic strata east of the Salmon River
lineament (fig. D2) are included in this terrane, which is
but a small part of the very extensive east-central Idaho
Basin and Range Province. In the Bayhorse area the strata

are largely of middle and late Paleozoic age, are
predominantly carbonate, and represent parts of the
stratigraphic sections that are mostly absent in the ter-
ranes to the west. The stratigraphic section exposed here
is an extension of the stratigraphy studied in the Lost River
Range by Ross (1947) and Mapel and others (1965), and
across southeastern Idaho and southwestern Montana by
numerous other workers.

The Kinnikinic Quartzite of Ordovician age is the
oldest unit in terrane F, and both it and the overlying
Saturday Mountain Formation consist of significantly dif-
ferent facies and thicknesses than those described in ter-
ranes west of the lineament. In terrane F, the Saturday
Mountain Formation grades stratigraphically upward in-
to rocks that are equivalent to the Roberts Mountains
Formation of Nevada. Succeeding strata make up the
predominantly carbonate succession of the upper
Paleozoic eastern facies that includes the Silurian Lake-
town Dolomite, the Devonian Beartooth Butte Formation,
Grand View Dolomite, Jefferson Dolomite, and Three
Forks Formation, and the Mississippian McGowan Creek,
Middle Canyon, and Scott Peak Formations.

The structural pattern of terrane F, although
containing many elements of the prevailing patterns in
terranes B, C, and D, is dominated by an extensional
regime of post-Eocene age that produced well-developed
block-fault ranges with wide intermontane basins. The
N.-30° W. regional trend of the basins and ranges and in-
ternal structures in the major fault blocks is distinctly dif-
ferent from the predominantly northern trends of fold
axes and steep faults of the other terranes to the west.

THE SALMON RIVER LINEAMENT

A major fault or fault zone that I have called the
Salmon River lineament marks the boundary between ter-
rane F and terranes C and D, just west of it (fig. D2). This
structure merits special attention in a description of the
geology of the Bayhorse area because it stands out as a
consistent, linear structural and stratigraphic boundary.
Although poorly exposed and ill defined, the pronounced
differences in structural trends, deformation, and strati-
graphic facies across the linecament are strong evidence for
its possible regional significance. It can be clearly iden-
tified only in the north-central part of the map area (fig.
D2) where a north-northeast-trending zone of very com-
plex faulting that separates terrane D from terrane F is
present. The structure is buried by Challis Volcanics and
Quaternary deposits to the north and south.

Of the three main differences that distinguish the
geology on one side of the lineament from that on the
other, the stratigraphic record is the most compelling. The
heterogeneous Ordovician and older lithologies to the west
contrast markedly with the very thick and predom-
inantly carbonate Ordovician, Silurian, Devonian, and
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Mississippian sections that predominate east of the linea-
ment. The Saturday Mountain Formation and the Kin-
nikinic Quartzite, however, are present as a part of the
stratigraphic section on both sides, and notable facies
changes within these units across the boundary are fur-
ther cogent evidence of the structural significance of this
break. West of the lineament the Kinnikinic Quartzite,
although folded and faulted, is estimated to be 500 to 800
ft thick. It contains partings and interbeds of black shale
and siltstone, anomalous irregularities of bedding and
grain size, and impurities that impart an uncharacteristic
dark color to much of the unit. Kinnikinic Quartzite east
of the lineament is significantly thicker, more massive, and
Very pure.

The Saturday Mountain Formation on opposite
sides of the lineament shows an even more striking con-
trast both in composition and in thickness. The western
facies consists of a thick heterogeneous section of massive
dolomite, sandy dolomite, silty limestone, calcareous silt-
stone, black shale, and a few beds of dolomitic quartzite.
The total thickness of the western facies of the Saturday
Mountain Formation near Squaw Creek is estimated to
be about 3,000 ft. The eastern facies that spans the same
age range consists of a continuous section of relatively
pure, medium- to thin-bedded dolomite that is less than
1,000 ft thick.

Although the regional significance of the Salmon
River lineament remains obscure, these substantial facies
changes, which occur within a distance of a few miles,
together with compelling evidence for tectonic shorten-
ing and structural discontinuities across the structure,
indicate that the Salmon River lineament is a major tec-
tonic feature. One notable aspect of the feature is the near
absence of ore deposits east of this line in the Bayhorse
area, as well as throughout the entire Lost River Range
from Challis to Arco; this absence contrasts sharply with
the numerous mines and prospects to the west.

SUMMARY

The six terranes as described above include strata
of widely diverse source areas, environments of deposi-
tion, and, to some extent, structural style. Terranes A, B,
and C have no exposed basal thrust faults, but work in
many of the surrounding areas provided strong evidence
that all rocks in central Idaho from Middle Proterozoic
through Permian have been thrust from the west as a series
of imbricate allochthons, and that the resulting structural
pattern in the Bayhorse area has been further complicated
by younger steep normal faults and the enigmatic Salmon
River lineament. These various structural-stratigraphic ter-
ranes that have a complex geologic history and varied
composition and that have been invaded by a series of
igneous rocks of several ages provide a prime environment
for the generation and localization of ore deposits, not
only in the Bayhorse area, but throughout central Idaho.
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Figure E6. Profiles of magnetic and gravity data, and model
showing variations in physical properties of rocks along line A-
A’, Challis quadrangle. Line of profiles shown in figures E4 and
E5. Dashed lines indicate poorly resolved boundaries.

an interior low on the southeast, over the Twin Peaks
caldera. This anomaly is caused partly by the low-density
fill in the cauldren complex but may also be caused part-
ly by underlying low-density intrusive bodies. The highest
amplitude magnetic anomaly in the Challis quadrangle
lies near the southeastern edge of the Twin Peaks caldera.
The anomaly can be produced by a tabular, steeply dip-
ping mass that is modeled as a ring-fracture intrusive
body.

Profile C-C’ (fig. E8) shows a magnetic high over
the Sawtooth batholith. Modeling of this anomaly in-
dicates that part of the Sawtcoth batholith is downfaulted
under Sawtooth Valley. The gravity and magnetic lows that
coincide approximately with the valley appear to reflect
both the low-density basin fill and a weak reverse
magnetization of the Sawtooth batholith. East of
Sawtooth Valley, at 110 km from the western end of
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profile C-C' (fig. E8), a prominent magnetic high occurs
over the White Cloud Peaks stock. The large magnetic
low over the adjoining cutcrep of Eccene volcanic rocks
indicates reverse remanent magnetization. Gravity and
magnetic highs coincide approximately with the Bayhorse
anticline where it is intersected by the profile. The gravi-
ty high is offset slightly tc the west and the magnetic high
to the east. The axis of the gravity high closely follows
the axis of the anticline, but the magnetic high dces not.
The eastern edge of the gravity high ccincides approx-
imately with the Salmon River lineament of Hobbs (chap.
D, this vclume).

CONCLUSIONS

The regional gravity and magnetic data for the
Challis quadrangle indicate that the part of the Idaho
batholith in the quadrangle is a low-density mass and is
relatively weakly magnetic. Eccene intrusive masses ap-
pear to be more extensive in the subsurface than at the
ground surface. The geophysical data generally confirm
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Magnetic
Body Densitg su@neptik%lity Rock
no. (gm/cm”) (cgsx10 7) characteristics

1 2,47 1,18 Thunder Mountain cauldron complex;
volcanic rocks.

2 2.56 1.89 Casto pluton; granitic rocks.

3 2.50 -.56 Twin Peaks caldera; weak reverse
remanent magnetization.

4 2,35 -1.10 Twin Peaks caldera; surface layer,
reverse remanent magnetization.

5 2.39 4.7 Twin Peaks caldera; ring-fracture
intrusion, highly magnetic.

6 2.67 1 Bayhorse anticline; Paleozoic
sedimentary rocks.

7 2.45 1 Combination of alluvial valley fill

and volcanic rocks.

the structures defined by surface mapping of the Thunder
Mountain and Van Horn Peak cauldron complexes. A
regicnal magnetic high in the northeastern corner of the
quadrangle is produced by magnetite-rich zones in
Precambrian sedimentary rocks. The high average
topographic altitude of the quadrangle is an isostatic
response tc a mass deficiency at depth.
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The geophysical data can be used to define several
blocks of crust within the Challis quadrangle. These
blocks appear to have distinctive lithologies and different
geologic histories.

The regional geophysical data can be used to
develop exploration strategies and to identify broad targets
for more intensive exploration. For example, the magnetic
and gravity anomalies can be used to infer the location
and three-dimensional geometry of some of the large in-
trusive bodies that are related to mineral occurrences, and
subtle magnetic lows appear to indicate areas of alteration.
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Abstract

The Tertiary plutonic rocks in the Challis quadrangle are
a bimodal suite consisting of 42- to 45-m.y. (million years)-old
epizonal granite and 45- to 50-m.y.-old quartz monzodiorite.
Both rock types are best exposed in the central one-third of
the quadrangle. Each plutonic type has an associated hypabyssal
intrusive equivalent, which collectively are known as the Idaho
porphyry belt, and other dike swarms. Areal distribution and
similarity of rock type suggest that each of the hypabyssal units
has a volcanic equivalent that is part of the Eocene Challis
Volcanics.

The Tertiary granite and quartz monzodiorite complexes
are generally found near each other. These rocks have many
of the characteristics of anorogenic (A-type) granite and are
probably genetically related to intracontinental rifting or
extension.

Many of the intrusive rocks in the north-central and
eastern parts of the map area are along major northeast-trend-
ing faults that are related to Focene extension. One of these
structures is named the trans-Challis fault system. The system
extends across Idaho and possibly Montana. Major north-
west-trending basin-and-range structures in the southern Atlanta
lobe terminate against the trans-Challis fault system. The system
and similar northeast-trending structures are complicated by
regional uplift that has been more extensive in the western part
of the Idaho batholith, where plutonic rocks of Cretaceous are
forming the core of the Atlanta lobe are exposed.

The Tertiary plutons, including the Sawtooth batholith and
others in the Hailey 1°X2° quadrangle, south of the Challis
quadrangle, are exposed in a series of rhomboid-shaped fault
blocks formed by the intersection of major northwest- and north-
east-trending faults. The northwest-trending faults are basin-
and-range structures that produced a series of horsts and
grabens. Erosion of the horst blocks has exposed the Tertiary
plutons; grabens contain older plutonic units of the Idaho
batholith.

INTRODUCTION

Geologic mapping and related laboratory studies
conducted as part of the Challis 1°X2° quadrangle
CUSMAP (Conterminous United States Mineral Assess-
ment Program) project have produced new information
about the plutonic, hypabyssal, and volcanic rocks of Ter-
tiary age in central Idaho. The bimodality of the plutonic
suite and the close relationship between the plutonic rocks
and equivalent hypabyssal and volcanic units is a major
finding of the study (table F1).

Acknowledgments—The following University of
Idaho students assisted in the field work for this study:
W. B. Strowd, R. S. Lewis, M. J. Barber, E. A. Kaufman,
D. J. Shiveler, Ted Cammarata, P. C. Rogers, T. M.
Scanlan, and D. A. Cockrum.
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PREVIOUS WORK

The pioneering study in the Challis quadrangle was
of the Casto 30-minute quadrangle by C. P. Ross (1934).
He mapped and named the Casto pluton (fig. F1, area
12) and several diorite bodies (fig. F1, areas D, F). He also
described and subdivided the Challis Volcanics and the
Casto Volcanics. Cater and others (1973) mapped part of
the diorite along the Rapid River (fig. F1, area H) and
noted that the Casto Volcanics are probably altered units
of the Challis Volcanics; he abandoned the name “Casto
Volcanics?’

Olson (1968) first described the Idaho porphyry belt,
a series of hypabyssal dikes that extends from the Boise
Basin to the Casto quadrangle. Hyndman and others
(1977) recognized that the dike swarm appeared to trun-
cate northwest-trending basin-and-range structures in
eastern Idaho. The Sawtooth batholith (fig. F1, area 26)
was mapped by Reid (1963). Tschanz and others (1974)
described Tertiary units in the Sawtooth National Recrea-
tion Area (fig. Fl1, areas 32, 33, Q, R).

Studies that were made of the Tertiary plutonic
rocks in general include those by Anderson (1952) and
Ross (1928, 1963). Armstrong (1975) published numerous
age dates on the Tertiary plutonic rocks and interpreted
these dates. Swanberg and Blackwell (1973) summarized
the state of knowledge about the Idaho batholith and
noted the high radioactivity associated with the Tertiary
granite. Also, they first described and named the Twin
Springs pluton (fig. F1, area 29). Bennett (1980a) described
the Tertiary granite in Idaho and noted the similarities
between numerous individual granite bodies. Criss (1981)
and Criss and Taylor (1983) interpreted oxygen isotope
data and age dates in the Tertiary granite in the Atlanta
lobe of the Idaho batholith.

LITHOLOGY OF THE PLUTONS AND
RELATED ROCKS

The Tertiary plutonic rocks in central Idaho are a
bimodal suite of granite and quartz monzodiorite, as in-
dicated by the modes and norms calculated from studies
of samples of the rocks in the Challis quadrangie
(fig. F2). This bimodality is similar to other Tertiary ig-
neous systems in the western United States (Lipman and
others, 1972). Rock names used are from the IUGS (In-
ternational Union of Geological Sciences) classification
(Streckeisen, 1976).

In many places the monzodiorite bodies are inti-
mately mixed with numerous hypabyssal rhyodacite-dacite
bodies. These mixed rocks are called monzodiorite in















Table F1. Tentative correlation of plutonic, hypabyssal, and volcanic rocks of Tertiary age in the Challis quadrangle, Idaho
[Based in part on Mclintyre and others (1982), Ekren (chap. C, this volume}, and Hardyman (chap. G, this volume)].

Plutonic unit Hypabyssal unit

Volcanic unit

Pink granite-----—-===--- Rhyolite dikes——=—————mm=m

Monzodiorite—=——=—=—m=—- Dacite-rhyodacite dikes
(green and gray).

Unknown==-—==——me—==————— Rhyodacite-andesite sills

Rhyolite flows and tuffs; includes rocks related to the Twin
Peaks caldera. Explosive origin (Hardyman, chap. G, this
volume).

Tuff of Eightmile Creek, tuff of Ellis Creek, tuffs of Camas
Creek and Black Mountain; centered on Van Horn Peak cauldron
complex. Explosive origin (Ekren, chap. C, this volume).

Dacite, andesite, rhyodacite; mostly flows from localized

Nonexplosive origin (McIntyre and others, 1982).

¢ A major component of the granite is potassium feld-
spar, which imparts a distinctive pink color to the rocks.

¢ The composition is in the granite field of the IUGS
classification system (fig. F2).

e Most granite has vertical jointing that results in rugged

topography such as on the Sawtooth batholith (fig. Fl,

area 26).

Miarolitic cavities indicate epizonal emplacement (prob-

ably within a few kilometers or less of the surface).

Most rocks average two to three times more uranium,

thorium, and potassium-40 than the Cretaceous Idaho

batholith, as measured with a gamma-ray spectrometer.

Smoky quartz crystals that line miarolitic cavities are

a product of this high radioactivity. Many areas of

granite are clearly delineated on the National Uranium

Resource Evaluation (NURE) airborne gamma-ray spec-

trometry surveys in Idaho.

® Most granite has a high content of large-cation elements,
including tin, tungsten, uranium, thorium, molybden-
um, and other elements such as niobium, zirconium,
some lead, zinc, and beryllium. Beryl crystals were found
in the Sawtooth batholith, the Dismal Swamp stock, and
the Crags pluton (fig. F1), according to Reid (1963) and
Pattee and others (1968). Anomalous amounts of these
elements are common in stream-sediment samples col-
lected from Tertiary granite terranes (Kiilsgaard and
others, 1970; Cater and others, 1979; Coxe and Toth,
1983; Kiilsgaard, 1983a).

® Microprobe analyses for fluorine in biotite from selected
Tertiary granite and Cretaceous plutonic rocks (table F2)
show a high fluorine content in the Tertiary granite.
High fluorine indicates that these rocks formed from
dry melts that were able to rise to within a few kilometers
of the Earth’s surface before crystallizing. Fluorite and
topaz occur in miarolitic cavities in the Sawtooth
batholith and other Tertiary granite plutons.

¢ Analyses of biotite show high iron-magnesium ratios
(table F2). Biotite in the Tertiary granite is much closer
in composition to annite, the iron-rich end member of
the biotite series, than to phlogopite, the magnesium-
rich end member. Biotite in the Knapp Peak stock (fig.
F1, area 14) is almost pure annite.

The high iron content may contribute to the

positive aecromagnetic expression of the Tertiary granite.

Fayalite, the iron-rich end member of the olivine series,
occurs as inclusions in the Sawtooth batholith and the
Knapp Peak stock.

Perthitic potassium feldspar seen in thin section in-
dicates that the granite has, in part, hypersolvus tex-
ture. Well-developed intergrowths of myrmekite and
granophyric textures are common. Some phases of the
Tertiary granite plutons contain two kinds of feldspar
and no indication of hypersolvus texture. In others,
large perthitic potassium feldspar grains are in a finer
grained groundmass of plagioclase and quartz, in-
dicating quenching of the magma by release of
volatiles. In general, textures indicate high-temperature
crystallization complicated by quenching.

Oxygen isotope studies indicate that large hot-water
convective systems composed of meteoric water, rather
than magmatic water (based on oxygen and hydrogen
isotope studies), circulated around the Tertiary granite
bodies (Criss and Taylor, 1983).

The Tertiary granite in Idaho is slightly peraluminous
by Shand’s (1927) classification, having A/CNK
(aluminum/alkali) ratios of greater than 1.0 (table F3).
The granite is probably alkali-calcic to calc-alkaline
according to Peacock’s (1931) classification, although
this classification is difficult to apply as the Tertiary
granite does not form a differentiated suite. The
Reynolds and Keith (1982) scheme classifies
peraluminous granite as alkaline or subalkaline using
K,0Ca0/Si0, or Ca0/SiO, variation diagrams. The
boundary between the two fields approximates the calc
alkalic-alkali calcic boundary of Peacock (1931). Idaho
Tertiary granite plots in the alkaline field on both varia-
tion diagrams.

Whole-rock chemical analyses (table F3) show
that the Tertiary granite contains less ALO,, MgO,
and CaO; more K,O and SiO,; and about the same
Na,0O as the Cretaceous granite and Australian
S- and I-type granitoid rocks (table F3). This composi-
tion is probably typical of anorogenic granite
worldwide as indicated by the similarity to the average
composition of Australian A-type granite.
Preliminary data indicate that the Tertiary granite is
lower in strontium and higher in rubidium than
Cretaceous granitic rocks (table F4).
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Table F2. Microprobe analyses of iron, magnesium, fluorine,
and chlorine in biotite samples from Tertiary and Cretaceous
intrusive rocks and stoichiometric annite and phlogopite
[Values in percent; leaders (--), amounts less than 0.1 percent detec-
_tion limit]

Sample source Fe Mg F Ccl
Sawtooth batholith (Tertiary)=———- 3.8 3.7 -
Twin Springs pluton (Tertiary)- 8.3 4.2 -
Crags pluton (Tertiary)~=w—-—eee=——m—me- 21.6 3.5 1.7 -
Knapp Peak stock (Tertiary)=—-————=m==—- 29.0 .1 1.2 0.43
Annite (stoichiometric)=w—=w=—m==————ee- 33.9 0 == -
Phlogopite (stoichiometric)===—===m===m .0 18.3 -- -
Diorite of Rapid River (Tertiary)——==—- 16.5 6.9 o4 -
Two-mica granite (Cretaceous)———=——=———- 19.8 2.8 7 -
Granodiorite {Cretaceous)——=——=~———em—— 18.7 4,8 9 S
Pat Hughes (Thompson Creek) stock

(Cretaceous). 14.7 6.2 1.0 ==
White Cloud stock (Cretaceous )=——=—-— - 14,6 7.9 1.2 -

The hypabyssal equivalent of the granite is
numerous rhyolite dikes. These dikes are throughout the
Challis map area but are concentrated in the trans-Challis
fault system. )

The Knapp Peak stock (fig. F1, area 14) is interesting
because it contains features of both granite and rhyolite.
Most of the stock is very fine grained and in places looks
like rhyolite. Its upper part, however, is typical Tertiary
granite. The fine-grained part of the stock is similar to
other rhyolite plugs and stocks that intrude faults in the
trans-Challis fault system (fig. F4). These intrusive bodies,
in turn, connect to rhyolite flows that are part of the

Challis Volcanics (Hardyman, chap. G, this volume). Also
on Copper Mountain at the north end of the Sawtooth
batholith, granite becomes intrusive rhyolite through a
short distance (Kiilsgaard and Bennett, chap. M, this
volume). The intrusive rhyolite is overlain by rhyolite flows
between Beaver and Knapp Creeks, in the Knapp Creek
graben (fig. A2). The graben is also within the trans-
Challis fault system.

Other volcanic rocks

Major units of the Challis Volcanics, including the
tuff of Ellis Creek, the tuffs of Camas Creek and Black
Mountain (formerly called the Casto Volcanics), and
rhyolite in the trans-Challis fault zone, are related to the
diorite stocks and dikes and granite plutons. The lower
units of the Challis Volcanics, dacite, rhyodacite, and
andesite, do not appear to be related to the bimodal Ter-
tiary plutonic rocks. These rocks are called the rhyodacite-
andesite unit in this chapter. Ekren (chap. C, this volume)
describes the rhyodacite-andesite unit and identifies
numerous small volcanic centers for these rocks. These
rocks are mostly flows and are not related to explosive
volcanism, as are the volcanic rocks that are related to
the bimodal plutonic rocks. The rhyodacite-andesite unit
has a different composition and covers a much broader
area than the other units of the Challis Volcanics. The
rhyodacite-andesite unit has not been related to any ma-
jor plutonic bodies.

Table F3. Whole-rock chemical analyses of samples
[Leaders (---), no data; A/CNK,

1 2 3 4 5 6 7 8 9 10
§10,==—-- 75.22  77.11  74.83  75.20  73.31  73.22  77.33  75.69  75.88 76.30
AL 0y-—=  13.07  12.54  13.50 12,90  13.50 1417  12.75  13.01  13.22 12.81
Fey03---= .67 .21 47 1.55 .89 .96 .35 .24 .27 .23
FeQ-—m=-x .79 .25 .53 - 1.04 .91 .41 .28 .24 .20
Mg0--———- .25 .24 .12 .20 .20 .30 .26 .23 .27 .10
Ca0=---=- .69 .35 .63 .55 .57 1.30 .13 .49 .21 .24
Nay0-——- 3.56 3.78 3.46 3.34 3.14 3.42 3.58 3.50 4.5 3.89
Ky0-==== 4.70 4.52 4.93 5.02 5.01 5.20 4.87 5,01 4.99 4.71
Ti0,~m=m .15 .09 .04 24 .24 .24 .20 .04 .09 .05
Py0g~— .07 .06 .05 .10 .05 .08 .02 .03 .04 .01
MnO--———- .03 .05 .02 .02 .06 204 .02 .02 .05 .03
A/ONR=—=== 1,19 1.07 1.06 1.08 1.17 1.12 1.22 1.08 1.05 1.07

. Sawtooth batholith, average of nine analyses.

. Dismal Swamp stock, average of two analyses.

. Granite of Cape Horn Lakes (Lewis, 1984), average of six analyses.

. Running Creek pluton (Coxe and Toth, 1983), average of 52 analyses.

. Lolo batholith, one analysis.

. Bungalow stock, one analysis.

. Twin Springs pluton, two analyses.
. Steel Mountain stock, one analysis.
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SAMPLE

. Whistling Pig pluton, (W. E. Motzer, University of 1daho, written commun., 1985), average of 12 analyses.
Painted Rock pluton, northern part (W. E. Motzer, University of Idaho, written commun., 1985), average of six analyses.



In the Loon Creek area the rhyodacite-andesite
rocks are the extrusive equivalent of andesite sills and
dikes. Hundreds of sills intrude roof pendants of
Paleozoic rocks and fill joints in batholithic rocks just
west of the General, a 10,300-ft (foot)-high peak west of
Mayfield Creek. These sills and a vent complex described
by Foster (1982) probably fed rhyodacite-andesite flows
south of the General in the Mt. Jordan area.

STRUCTURAL SETTING OF THE
TERTIARY PLUTONS

Several Tertiary plutons and related units are within
the trans-Challis fault system, a major structural feature
that crosses the Challis quadrangle. South of this north-
east-trending fault system, Tertiary granite is exposed in
upthrown blocks between major northwest-trending basin-
and-range faults.

The trans-Challis fault system and related features

The trans-Challis fault system is a major north-
east-trending structural zone that crosses the Challis quad-
rangle (figs. A2, F4-F6; chaps. B, M). A northeast-trend-
ing structural zone was first suggested by Hyndman and
others (1977), who recognized that the Idaho porphyry
belt appears to truncate northwest-trending basin-and-
range mountains like the Beaverhead Mountains and

from Tertiary plutons in ldaho and comparative rocks
alumina-alkali ratio]

Lemhi and Lost River Ranges in eastern Idaho. The fault
zone was delineated by mapping done as part of the
CUSMAP study. The fault zone includes the Custer
graben, the Panther Creek graben, and the Knapp Creek
graben (figs. A2, F6). Confinement of rhyolitic volcanic
rocks to the Custer graben is apparent. The rhyodacite-
andesite volcanic units, Paleozoic rocks, and underlying
batholithic rocks are exposed in upthrown fault blocks
near the margins of the trans-Challis fault system.

The trans-Challis fault system is a southwestern
extension of the Great Falls lineament, a major structural
zone that trends northeast across central Idaho, from the
Panther Creek area in the northeast corner of the Challis
quadrangle to the Canadian border and perhaps beyond.
O’Neill and others (1982) and O’Neill and Lopez (1983)
described the lineament and showed that it passes just west
of the Boulder batholith in Montana (fig. FS). The linea-
ment is not only a significant regional structure but also
largely controlled emplacement of Tertiary plutonic and
volcanic rocks and related mineralization (Kiilsgaard and
Bennett, chap. M, this volume).

The tuffs of Camas Creek and Black Mountain and
the tuff of Ellis Creek, related to the monzodiorite com-
plexes, and eruptive centers in the Van Horn Peak
cauldron complex (Ekren, chap. C, this volume), are most-
ly confined to the trans-Challis fault system. Likewise,
many rhyolite intrusions and related rhyolitic volcanic
rocks, including the Twin Peaks caldera (Hardyman, chap.
G, this volume), are in this fault system.

11 12 13 14 15 16 17 18 19 20
73.74 75.22 73.60 67.98 69.08 70.42 72.00 65.57 70.13 59.30
14,17 13.39 12,69 14.49 14.30 15.44 15.30 15.27 15.36 18.30

1.13 49 .99 1.27 .73 .92 1.35 1.61 1.05 1.62

1.29 56 1.72 2.57 3.23 1.42 -— 2.35 1.21 4.71

73 022 .33 1.75 1.82 .87 W43 2.12 1.13 5.53
.95 «25 1.09 3.78 2.49 2.56 1.80 3.22 2.76 7.70
3.72 3.37 3.54 2.95 2.20 3.70 4.01 3.81 3.87 3.34
4,85 5.27 4.51 3.05 3.63 3.19 3.80 3.84 3.75 3.14
.27 .09 .33 W45 .55 .39 .17 .62 .36 91
.08 .01 .09 W11 .13 .13 .08 222 .15 .38
.05 .03 .06 .08 .06 .04 .03 .07 .05 W12
1.08 1.14 1.03 0.97 1.25 1.09 1.07 0.94 1.00 0.80
DESCRIPTIONS

11. Mackay stock, one analysis.

12. Crags pluton, one analysis.

13. A-type granite (White and Chappell, 1983), average of 31 analyses.
14. I-type granite (White and Chappell, 1983), average of 532 analyses.
15. S-type granite (White and Chappell, 1983), average of 316 analyses.
16. Granodiorite of Atlanta lobe, average of 45 analyses.

17. Granodiorite of Bitterroot lobe (Cox and Toth, 1983), average of 69 analyses.

18. Diorite of Jackson Peak, average of four samples.
19. Diorite of Trinity Mountain, one analysis.
20. Diorite of Cape Horn Lakes (Lewis, 1984), average of six analyses.

Tertiary Plutons and Related Rocks in Central Idaho 89



Table F4. Values of rubidium and strontium in samples of
plutonic rocks in the Challis quadrangle and the Bitterroot lobe
of the Idaho batholith

[Values are in parts per million. Challis quadrangle data is preliminary,
from Robert Fleck (U.S. Geological Survey, written commun., 1983);
Bitterroot lobe data is from Hyndman (1984); Do., ditto]

Sample Rubidium Strontium
Tertiary granite:
Sawtooth batholith (Tenmile)--==--- 167.7 83.9
Do. 143.2 345.0
Red Mountain stock (near Knapp
Peak stock). 160.0 129.0
Sawtooth batholith (near 154.0 133.0
Stanley Lake).
Atlanta lobe rocks (average):
Granodiorite (7 samples)=—=—w==——=== 74.1 803.0
(36-156)1  (610-1,517)}
Two-mica granite (1 sample)-———- - 80.2 785.0
Leucogranite (2 samples)========-— 86.3 750.0
Bitterroot lobe rocks (average):
Granodiorite (12 samples)~=—==w=w=-- 83.1 896.9
(66-99)!  (583-1,080)!

lRange of values in samples.

West of the trans-Challis fault system are many Ter-
tiary intrusive bodies. A broad area of northeast-trend-
ing dike swarms, including the Pistol Creek swarm,
together form the Idaho porphyry belt. This name should
perhaps be used only for the area west of the fault system,
as there are numerous other dike swarms throughout the
southern part of the Atlanta lobe, outside of the Idaho
porphyry belt. The Thunder Mountain cauldron complex
(fig. A2), the Casto batholith (fig. F1, area 12), the diorite
of Rapid River (fig. F1, area H), and other related in-
trusive bodies are also just west of the fault system. The
Idaho porphyry belt and the Tertiary intrusions represent
a deeper zone of exposure than that in the fault system,
because the two-mica granite core of the Atlanta lobe west
of the fault system has been uplifted relative to the fault
system (Kiilsgaard and Lewis, chap. B, this volume).

Regional structural elements in central Idaho in-
clude lineaments parallel to the trans-Challis fault system
bounding the northern side of the eastern Snake River
Plain (Mabey and Webring, chap. E, this volume) and
extending from Sun Valley, Idaho, to just north of Dillon,
Mont., and beyond. The Sun Valley-Dillon lineament may
have formed the straight eastern side of the Boulder
batholith (Ruppel, 1982).

Northwest-trending structures

Well-known northwest-trending structures in the
Challis quadrangle include the faults bordering the
Beaverhead Mountains and the Lemhi and Lost River
ranges (Ruppel, 1982). As noted, these faults abruptly ter-
minate at the trans-Challis fault system. In addition, other
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faults parallel to these major ranges cut through the
southern Atlanta lobe, to the west. They include the
Sawtooth, Montezuma, Deer Park, Trinity Mountain,
Boise Front, and several unnamed faults (fig. F5). These
faults produced a series of horsts and grabens in the Atlan-
ta lobe rocks similar to the basin-and-range type horsts
and grabens to the east. These faults also terminate against
the trans-Challis fault system; for example, the Deer Park
fault ends abruptly at the South Fork of the Payette River
(Kiilsgaard, 1983b). The Tertiary granite and monzodiorite
are exposed in horsts between the northwest-trending
faults. Intervening grabens contain older batholithic rocks
that were mineralized during the Tertiary (Kiilsgaard and
Bennett, chap. M, this volume).

The intersection of northwest-trending basin-and-
range structures and northeast-trending Eocene exten-
sional structures may be important loci for earthquake
activity. The intersection of the Sun Valley-Dillon linea-
ment and the Lost River Range fault marks the epicenter
of the magnitude-7.2 earthquake of Oct. 28, 1983, just
north of Mackay, Idaho.

The simple horst and graben structure in the Atlanta
Iobe could be related to either basin and range extension
or to a scheme of block faulting, along basement-rock-
cored block faults proposed by Ruppel (1982). We believe
that exposures of Tertiary rocks in the southern Atlanta
Iobe are a result of possible Precambrian structures reac-
tivated during basin-and-range extension. In the southern
part of the Atlanta lobe, the simple horst-and-graben
structure is complicated by a series of poorly exposed
northeast-trending fault segments that parallel the trans-
Challis fault system. The Atlanta dike swarm that lies just
north of Atlanta, Idaho, may be in one of these fault
zones, as may the Middie Fork of the Boise River. The
southern end of the Sawtooth batholith may be truncated
by one of these zones (fig. F7). The northeast-trending
faults combined with the northwest-trending faults that
produced the horst-and-graben structure have broken the
southern Atlanta lobe into rhomboid-shaped blocks that
have moved up and down relative to each other. The
Sawtooth batholith is the most elevated block, and Atlanta
Hill is the most downthrown block recognized so far.

Although the northwest-trending faults have not
been observed in the western part of the Atlanta lobe in
the Challis quadrangle, and in places terminate against
the trans-Challis fault system, they may possibly have ex-
tended farther to the northwest at one time. Altered por-
phyritic granodiorite trends northwest across the Atlanta
lobe (fig. FS; Kiilsgaard and Lewis, chap. B, this volume).
These rocks may be related to ancestral northwest-trend-
ing basement faults. Traces of most of the north-
west-trending faults in the western half of the quadrangle
may have been destroyed by the uplift of the Atlanta lobe
and related faulting, such as the Deadwood fault, plus
the development of the trans-Challis fault system and
related volcanic activity.
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Abstract

The Twin Peaks caldera formed about 45 my. ago with
the eruption of large volumes of ash-flow tuff that formed an
extensive outflow sheet and ponded within the collapse struc-
ture to a thickness of more than several hundred meters. Follow-
ing this initial caldera-forming cycle, additional collapse took
place in the northern half of the structure, concomitant with
renewed eruption of ash-flow tuff. An extensive megabreccia,
consisting of caldera-wall slump debris, is intercalated with this
tuff, and together these rocks have buried much of the collapsed
northern structural block. The youngest magmatic event to af-
fect the caldera was the emplacement of many rhyolite intru-
sions within the failed northern structural block and along the
northern ring-fracture system.

Hydrothermal activity was localized along the caldera ring-
fracture system and within the northern structural block. Rocks
of the southern structural block of the caldera, however, were
little affected by hydrothermal solutions. Hydrothermal solu-
tions have zeolitically altered an extensive zone of intracaldera
rocks separating the two structural blocks of the caldera. In ad-
dition, hydrothermal solutions, that may in part be temporally
related to intrusive rhyolites in the northern structural block,
have altered some of these intrusions. Precious-metal deposits
have been mined from the Parker Mountain district on the
western margin of the caldera.

INTRODUCTION

The Twin Peaks caldera, approximately 13 km (kilo-
meters) northwest of Challis, Idaho, is a Valles-size caldera
with dimensions of 20 by 14 km. It formed about 45 m.y.
ago with the eruption of approximately 320 km? (cubic
kilometers) of alkali-rhyolite ash-flow tuff, the tuff of
Challis Creek. It is the youngest recognized collapse struc-
ture of the Van Horn Peak cauldron complex, which was
the source area for most of the pyroclastic rocks of the
Challis volcanic field in the eastern half of the Challis
quadrangle.

The caldera was first recognized through geologic
mapping in 1979 as part of the CUSMAP (Conterminous
United States Mineral Assessment Program) study of the
Challis quadrangle. A brief description of the caldera and
the intracaldera pyroclastic rocks, together with an inter-
pretation of its collapse history, has been presented
elsewhere (Hardyman, 1981, 1983). This chapter reviews
the structural setting of the caldera and discusses the
precious-metal mineral deposits and hydrothermally
altered rock associated with the caldera.

GEOLOGIC SETTING

The Twin Peaks caldera is a roughly elliptical col-
lapse structure, about 20 km in longest dimension, which
lies at the northeastern end of the Custer graben and along
the southern margin of the Van Horn Peak cauldron com-
plex (fig. Gl). These structures lie within a regionally
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extensive, northeast-trending zone of normal faults,
grabens, and caldera segments of the Van Horn Peak
cauldron complex that collectively are elements of the trans-
Challis fault system (Kiilsgaard and Lewis, chap. B, this
volume; Fisher, chap. A, this volume, fig. Al). The fairly
linear southern margin, and especially the northern margin
of the caldera may have formed by collapse along pre-
existing northeast-trending faults in the pre-Tertiary base-
ment rocks (Hardyman, 1981, p. 322).

The caldera is approximately centered on Twin Peaks,
two similar glaciated peaks more than 10,300 ft (feet) (3,139
meters) in elevation (lat 44°36’N., long 114°27'W.) that
were carved from intracaldera ash-flow tuff. The tuffs of
Challis Creek are the youngest pyroclastic rocks of the
Challis Volcanics in this region and cap many of the high
peaks near the caldera to the north and west. Erosional
remnants of the tuff of Challis Creek are preserved on the
crest of the Pahsimeroi Mountains, about 24 km east of
the Twin Peaks caldera, and remnants have been identified
as far as 40 km southeast of the caldera along the Salmon
River (McIntyre and others, 1982) and as far as 20 km west
of the caldera.

Extreme and abrupt thickness changes of the rhyo-
lite tuffs of Challis Creek, together with arcuate faults that
juxtapose very dissimilar ash-flow tuffs and other volcanic
rocks, define the caldera margins (Fisher and others, 1983).
In addition, intermediate to silicic intrusive rocks and loca-
lized deposits of caldera-wall slump debris clearly delineate
the caldera margins. Older rhyodacitic lavas and intrusions,
for the most part, bound the caldera on the south and east,
and older pyroclastic rocks of the Van Horn Peak cauldron
complex bound the caldera on the west and north. Pre-
Tertiary basement rocks are exposed about 5 km east of
the caldera and about 2 km south. Plutonic rocks of the
Idaho batholith crop out about 10 km west of the western
margin of the caldera.

STRUCTURAL ELEMENTS OF THE CALDERA

The Twin Peaks caldera is divisible into three parts:
(1) an earliest collapse segment at the southwestern end;
(2) a southeastern structural block; and (3) a northwestern
structural block. Together these structural elements record
a complex history of collapse and concomitant volcanism.
Geologic relations just west of the southwestern margin
of the caldera proper suggest a collapse segment that I in-
terpret to record the earliest subsidence of the Twin Peaks
caldera. The southeastern and northwestern structural
blocks within the caldera are separated by a north-
east-trending line along the northern flanks of Twin Peaks.

Earliest Collapse Segment

A 10-mGal (milligal) negative gravity anomaly is
associated with the Twin Peaks caldera and is one part
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Chapter H

Ore Deposits Related to the Thunder Mountain

Caldera Complex
By B. F. LEONARD

Abstract

Mined deposits of gold, silver, mercury, antimony, and
tungsten are structurally related to subsidence of the Eocene
caldera complex and to superposed regional strain shown by
north-striking right-lateral shear zones and northeast-striking ex-
tension fractures. Gold deposits of the Thunder Mountain min-
ing district are in the pyroclastic and volcaniclastic filling of
Challis Volcanics in the central, youngest caldera. All the other
mined deposits are outside the youngest caldera, within or close
to silicified zones that cut plutonic and metamorphic rocks of
the Idaho batholith. The extra-caldera deposits are near the
intersection of discontinuous ring and radial fractures of the
subsided complex. Ring fractures at %4, %, %, %, and & of the
30-km radius of the cauldron (superstructure bounding the
caldera complex) are favored loci for the extra-caldera deposits,

most of which are xenothermal, virtually lacking in regional
zoning of metals, and derived from metal sources only broadly
referable to Tertiary magmatic processes. The distribution of
many prospects fits the hypothesis that relates extra-caldera min-
ed deposits primarily to large subsidence structures and super-
posed shear zones. Though cauldron subsidence (about 47 my.
ago) and regional strain (superposed about 44 my. ago) are
databie events, and though extensive silicification is by inference
not older than about 44 my., the age of metallization remains
uncertain. Interpretation of the Eocene structures and the
mineral deposits within them is further complicated by
widespread block faulting that has affected rocks of Miocene
and Holocene age. Despite these uncertainties and complex-
ities, the relations of large structures of Eocene age, together
with local patterns of wallrock alteration, help narrow the search
for concealed ore deposits related to the caldera complex.
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Dickens-Lucky Boy mines area (fig. I3). Both areas are
surrounded by broad haloes of propylitic alteration. The
rocks near the deposits commonly are intensely altered
to clay minerals and quartz. Supergene leaching caused
by weathering of pyrite adds to the bleached appearance
of rocks exposed near the ore deposits.

The rocks in large zones encompassing the two
mineralized areas are characterized by depletion of
oxygen-18 (1*0). Ratios of *O to 0O are lowest near
clusters of ore deposits and increase systematically away
from the deposits; the areas affected are larger than those
having strong visible alteration (Criss and others, 1985).
The O depletion occurred during alteration and
mineralization when the rocks interacted with meteoric-
hydrothermal fluids of moderate temperature and low
80 content that were circulating around shallow-level
silicic intrusions (Criss and others, 1985).

Most of the early-day production in the district
came from the high-grade gold-silver veins. Typically, as
at the General Custer and Sunbeam mines, the ore
minerals in these veins are so fine grained as to make iden-
tification of ore minerals difficult or impossible, although
bunches of coarse-grained gold and silver-bearing minerals
were found in the early-day operations at some of the
mines (Anderson, 1949). The gangue most commonly is
fine-grained quartz, generally white but often gray, blue,
or bluish gray because of the finely disseminated, dark
metallic minerals it contains. One exception is the Lucky
Boy mine, where the gangue is about half calcite and half
quartz. Pyrite is ubiquitous and often is the only iden-
tifiable metallic mineral in the veins. Anderson (1949)
identified under the microscope pyrite, chalcopyrite,
sphalerite, tetrahedrite, arsenopyrite, enargite, galena,
stephanite, miargyrite, pyrargyrite, argentite, aguilarite,
gold, and electrum.

The largest producing mine in the Yankee Fork
district (fig. 14) was the General Custer mine, where ero-
sion stripped most of the hanging wall from a north-
west-trending vein, vastly reducing mining costs. The vein
filling at the General Custer is fine-grained quartz in
which the ore minerals occur as dark-colored blotches.
The gold was largely free, and silver occurred as native
silver, argentite, and cerargyrite. The ore is reported to have
contained 80 to 90 ounces of silver for each ounce of gold
(Anderson, 1949).

Production from other properties in the district
was small compared to that from the General Custer
mine. Other mines in the district reporting much more
silver than gold include the Lucky Boy, McFadden, and
a host of small producers. The Montana and Sunbeam
produced more gold than silver. Sunbeam ore is said 10
have had a gold-silver ratio of 2.5 to 1 (Lockard and Rice,
1971).

A broad zone of disseminated gold and silver sur-
rounds the high-grade veins at the Sunbeam mine. The
host rocks are variably argillized and silicified rhyolite and
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Figure 13. Map showing principal mines and prospects, Yankee
Fork mining district, Custer graben.

silicic tuff. A similarly altered zone in andesite surrounds
the General Custer vein. The zone is controlled in part
by many small faults known from mining exploration in
the area but not shown on figure I1. Both deposits were
being explored in 1983.

The principal gold-silver-base metal occurrence in the
district is at the Charles Dickens mine (fig. 13). The Dickens
produced more silver than gold; only minor amounts of
copper, lead, and zinc were produced. The base metals oc-
cur in chalcopyrite, covellite, galena, and sphalerite. The
veins rich in base metals may have been deposited at greater
depth than those containing only gold and silver.

ORE GENESIS

Exceptionally long-lived movement along two north-
east-trending fault zones, one in the Sunbeam mine-Estes
Mountain area and the other in the Charles Dickens-Lucky
Boy mines area, was a controlling factor for ore localiza-
tion within the Custer graben. Movement on these faults
began with initial graben subsidence, and, as noted above,
locally influenced depositional environments within the
graben. These and other fault zones within the graben
localized intrusion of rhyolite and the granodiorite-quartz
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Figure 14. Value of total production of precious metals from
mines during 1882 to 1959 in the Yankee Fork mining district,
Custer graben.

monzonite stock. Continued fault movement and repeated
renewal of fracture permeability in these fault zones
permitted establishment of extensive, long-lived hydro-
thermal convection cells within each fault zone.
Hydrothermal convection was driven by heat from the
silicic intrusions. These processes continued long enough
to permit formation of ore-grade deposits. Cooling of the
silicic intrusions brought hydrothermal circulation to an
end. Fault movement continued after hydrothermal cir-
culation and ore deposition had ceased.

The source of the metal ions is not known with cer-
tainty. The Grand Prize Formation, which underlies the
graben within the mining district, is a likely source for base
metals and silver because, elsewhere in the region, it is known
to be intrinsically rich in these metals (Hall, chap. J, this
volume). The contribution of the silicic magmas to the metal
content of the ore deposits in the graben is not known.

ORE PRESERVATION

Graben subsidence and further burial after ore
deposition helped protect the deposits from erosion, which
probably has continued with little interruption from late
Eocene to the present. As indicated above, the area may
have been covered by a blanket of lavas of intermediate
composition. How thick or how extensive these or other
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postmineralization cover rocks may have been is speculative
because no trace of them now remains.

There is some evidence that not all the deposits
originally formed have been preserved. At Mount Jordan,
at the northwestern margin of the graben, there is an occur-
rence of anomalous copper and other base metals in the
volcanic rocks (Foster and Cooley, 1982). This occurrence
may represent a lower level of a hydrothermal system that
deposited precious metals at a higher level, now removed
by erosion. Vertical zonation, with base metals below
precious metals, occurs within the graben at Estes
Mountain.

Not all the precious metals from eroded lode deposits
escaped the area. Rich placer deposits in Quaternary gravels
along Jordan Creek and Yankee Fork were mined exten-
sively before 1952 (Choate, 1952). Several small-scale placer
operations were underway in 1983.

CONCLUSIONS

The Custer graben contains epithermal ore deposits
because of a combination of favorable characteristics.
Paleozoic sedimentary rocks that form the basement
beneath the mining district are a potentially rich source
of a variety of metals. Rhyolite and granodiorite-quartz
monzonite magmas also may have been sources for metals.
The heat that accompanied intrusion of these silicic
magmas drove extensive hydrothermal circulation systems
in which meteoric water was the predominant component.
Faults that remained active during and after graben
formation provided pathways for the fluids and sites for
ore deposition. In parts of the graben where there was little
faulting or no silicic intrusive activity, there also are no
known ore deposits and few prospects.

Another critical factor for the presence of epither-
mal ore deposits is preservation. This is one of the major
reasons why Tertiary volcano-tectonic subsidence structures
are good exploration targets. Subsidence and infilling
of a graben or caldera preserves ore deposits that have
been formed within them. Otherwise, epithermal deposits,
especially those as old as Eocene, would long since have
been lost to erosion, which is probably what happened
to deposits that formed in areas adjoining the graben
margin but on the upthrown side of the graben-bounding
faults.
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Abstract

A belt of highly mineralized, black, siliceous-facies sedimen-
tary rocks of Late Cambrian to Permian age crops out on the
eastern side of the ldaho batholith in central Idaho. All of the
Paleozoic rocks are allochthonous and occur in imbricated struc-
tural plates separated by regional thrust faults. The structural
plates are stacked, younger formations over older, in most places.
The value of past production of metals from this belt is $65
million; a conservative estimate of the total known resources is
$6 billion. The most intensely mineralized zones are in black
argillite and micritic limestone beds of the Milligen Formation
(Devonian) and the Salmon River assemblage (Upper Mississip-
pian, Upper Devonian, and Upper Cambrian) and the Dollarhide
Formation (Permian) below regional thrust faults near biotite
granodiorite stocks of Cretaceous age.

Mineral resources include: (1) many small to moderate-size,
high-grade lead-silver-zinc vein deposits; (2) an area containing
tin associated with lead-silver vein deposits in the Galena and
Boulder Basin districts; (3) skarn tungsten veins; (4) two large
molybdenum stockwork deposits; and (5) stratabound deposits
of zinc, barite, vanadium, and possibly lead and silver. As much
as 6 weight percent tin occurs in ore at Boulder Basin in a min-
eralogic and chemical assemblage (Pb-Zn-Sb-Ag-Au-Sn-Se) similar
to Bolivian-type tin deposits. These deposits occur in limy sand-
stone of the Pennsylvanian and Permian Wood River Formation
near Eocene hypabyssal intrusive bodies; all other lead-silver vein
deposits are in black argillite sequences near Cretaceous stocks.

The black shale beds contain and probably are the source
of metals for the vein deposits. Also, some of the productive
deposits are stratabound and are syngenetic. Recent mining ac-
tivity has concentrated on exploration for the stratabound
syngenetic deposits in the black-shale mineral belt and on
development and bringing into production the Thompson Creek
molybdenum stockwork deposit.

INTRODUCTION

A belt of highly mineralized, black siliceous-facies
sedimentary rocks, 145 km (kilometers) long in a north-
northwest direction and 15 to 45 km wide, of Late Cam-
brian to Permian age crops out on the eastern side of the
Idaho batholith, from the Salmon River in the south-
central part of the Challis quadrangle south to Bellevue,
Idaho, in the Hailey quadrangle (fig. J1). This area is called
the central Idaho black-shale mineral belt in this report.
The belt extends east to the Bayhorse district, which is
discussed by Hobbs (chaps. D and K, this volume). This
chapter presents a preliminary overview of the stratigraphy,
structure, and ore deposits of the belt.

The value of past production of metals, mostly lead
and silver, from the central Idaho black-shale mineral belt
is $65 million; a conservative estimate of the total known
resources, most of which are in two molybdenum stock-
work deposits, is $6 billion. Mining districts within the
belt include, from north to south, the Slate Creek, Little
and Big Boulder Creeks, Germania Creek, Fourth of July
Creek, East Fork, Galena, Boulder Basin, Carrietown,
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Triumph-Parker mineral belt, and Wood River
(fig. J2).

Most of the production from the black-shale mineral
belt was from lead-silver deposits mined during the late
19th century and World War II. Early descriptions of the
geology and ore deposits were by Anderson and others
(1950), Ross (1937), Umpleby (1915), and Umpleby and
others (1930). Recently, the geology of the black-shale
mineral belt has been reinterpreted; all the fine-grained,
carbonaceous Paleozoic formations are now recognized to
be allochthonous, and many of the ore deposits are
syngenetic. A partial listing of recent references includes:
Dover (1969, 1981), Hall and Czamanske (1972), and Hall
and others (1978, 1984).

The geology of the central Idaho black-shale mineral
belt (figs. J3 and J4) was mapped by the author in the
south-central part of the Challis quadrangle south of the
Salmon River and in the Wood River area, and by S. W.
Hobbs north of the Salmon River (Fisher and others, 1983;
Hobbs and others, 1975). The geology (fig. J1) in both the
northern and southern parts of the belt is simplified from
detailed mapping. The geology in the central part of the belt,
in the Galena and Boulder Basin mining districts, is based
on only three east-west traverses made to trace the Paleozoic
formations and thrust faults between the areas of detailed
mapping. Many Tertiary porphyry intrusions in the
Paleozoic rocks were not mapped in making these traverses.

GEOLOGY

The sedimentary rocks in the central Idaho black-
shale mineral belt are predominantly black, fine-grained,
siliceous-facies argillite, siltite, limy sandstone, shale, and
siltstone of Late Cambrian to Permian age. All of the
Paleozoic rocks are allochthonous and occur in imbricated
structural plates separated by major thrust faults. The
structural plates are stacked with predominantly younger
Paleozoic sequences over older ones. All of the formations
are tectono-stratigraphic units. Different names are applied
to essentially coeval rock units on separate thrust plates
if the lithology, internal structures, degree of sorting and
roundness of clasts, and composition of clasts make each
unit lithologically distinctive. The Paleozoic rocks are in-
truded by granitic plutons of Late Cretaceous and Eocene
age and by dikes and sills of porphyritic dacite and
rhyodacite and rhyolite of Eocene age. Thick sequences of
the Eocene Challis Volcanics unconformably overlie the
Paleozoic and Cretaceous rocks.

Sedimentary Rocks
Ordovician to Devonian Rocks, Undivided

The undivided Ordovician to Devonian rocks (fig.
J3, map unit DSOu) include the Phi Kappa (Ordovician)







































vein. At the time of intrusion of the dikes, the lead-silver
minerals were locally remobilized, forming crosscutting
veinlets and filling or replacing the matrix between the
shattered argillite fragments (fig. J7). The remobilized
Iead-silver minerals formed some of the highest-grade ore
bodies at the intersections of the rhyolite dikes and the
Livingston vein. Brecciation continued after intrusion of
the rhyolite porphyry dikes, and veinlets of galena cut
rhyolite. Fluid-inclusion and isotopic evidence for a syn-
genetic origin of the stratabound ore is given by Howe
and Hall (chap. P, this volume).
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Abstract

Major mineral commodities produced from the Bayhorse
region include lead, zinc, silver, gold, molybdenum, tungsten,
and fluorspar. Mineral commodities of unknown potential in-
clude tin, copper, vanadium, uranium, and barite.

Three factors dominate the placement of ore deposits in
this region: (1) the sedimentary sections—their depositional
history, composition, physical characteristics, and general
chemical composition; (2) the structural evolution of the area
and the resulting pattern of folds and faults; and (3) the
associated intrusive rocks that supplied some of the ore-forming
elements but mainly supplied energy to mobilize hydrother-
mal fluids throughout the stratigraphic section.

Deposition of most of the fluorite and some of the lead-
zinc-silver minerals in occurrences that flank the Bayhorse
anticline was largely controlled by an extensive zone of solu-
tion, brecciation, and collapse structures that makes up a
paleokarst horizon developed beneath an ancient erosion sur-
face cut on Bayhorse Dolomite, which is now capped by the
impervious Ramshorn Slate. Steep faults that intersect this zone
were channels for ore solutions from some subjacent source
into a porous, reactive environment of deposition. Similar steep
faults that cut other carbonate units at the Clayton Silver mine
and mines on Squaw Creek also have been channels to replace-
ment ore bodies of considerable size. At the Ramshorn and
Skylark mines, steep faults in the Ramshorn Slate controlled
the location of sulfide-bearing quartz-siderite veins that are in
places controlled by bedding as well.

Intrusive rocks served both as the source of mineralizing
solutions in contact-metamorphic aureoles and, more signifi-
cantly, as the source of energy to circulate connate and meteoric
waters that mobilized sparse syngenetic metals and carried them
to favorable sites of deposition.

INTRODUCTION

The Bayhorse area in the east-central part of the
Challis quadrangle (fig. D1, Hobbs, chap. D, this volume)
is a small, economically important area in which a varie-
ty of mineral deposits and occurrences have been mined
or are known. The earliest recorded mineral discovery in
the Bayhorse area was in 1887 at the Riverview mine on
Bayhorse Creek. Other discoveries followed quickly, and
by 1900 most of the major deposits in the area had been
developed. Continued interest in mineral deposits led to
geological investigations by many workers, from the earlier
studies of Umpleby (1913), Ross (1937), Anderson (1954),
and others, to the more recent work of the U.S. Geologi-
cal Survey (Hays and others, 1978; Hobbs, 1980; Hobbs
and others, 1975; McIntyre and Hobbs, 1978; McIntyre
and others, 1982), Idaho Bureau of Mines and Geology,
and many students, and the very detailed and concentrated
" exploration activities of numerous geologists with min-
ing companies.

The major mineral commodities of the Bayhorse
area and environs include lead, zing, silver, tungsten, gold,
molybdenum, and fluorspar. Secondary commodities that
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are known either within the Bayhorse area or nearby, and
that may have potential for future mining development
include tin, copper, barite, uranium, and vanadium.

Two periods of mineralization, one related to the
middle Late Cretaceous Idaho batholith and the other to
the Eocene Challis Volcanics and their coeval granitic
plutons, were recognized by Ross (1931) during his early
studies of the Bayhorse area and adjacent areas. More re-
cent studies have identified ore deposits related to other
periods of mineralizing activity. Accumulating evidence
indicates that the mineralizing processes and the plumb-
ing systems that controlled the localization and deposi-
tion of ore deposits were active for a long time.

Many of the basic concepts of ore genesis and con-
trol of ore deposition in central Idaho are presented by
Hall (chap. J, this volume). This chapter (K) expands these
concepts, emphasizing the localization of ore deposits in
the Bayhorse area and describing several modes of occur-
rence that have been recognized in this mining district that
could serve as guides for future discovery of mineral
deposits.

Three factors that seem to control the location of
ore deposits in central Idaho are:

1. The sequence of sedimentary rocks; its deposi-
tional history, composition, physical characteristics, strata-
bound and syngenetic ore-mineral content, and minor-
element chemical composition.

2. The structural features; the pattern of folds and
faults that resulted from a long history of deformation.

3. The intrusive rocks; the possible source of cer-
tain ore elements and the source of energy for the move-
ment of metal-bearing fluids through the country rock.

One or more of these factors has influenced the
localization of the major ore deposits in the Bayhorse
area.

MINERAL DEPOSITS NEAR THE RAMSHORN
SLATE-BAYHORSE DOLOMITE CONTACT

One of the stratigraphic terranes that comprise the
basic geologic elements of the Bayhorse area (Hobbs,
chap. D, this volume) includes terrane C, a sequence of
lower Paleozoic strata that is folded into a major
north-trending anticline in the central part of the area (fig.
K1). This sequence is composed of the Ramshorn Slate
at the top, underlain by the Bayhorse Dolomite, both of
Ordovician(?) age, the Cambrian(?) Garden Creek
Phyllite, and a lower dolomite also of Cambrian(?) age
(fig. K2A4). The stratigraphy and sedimentary history that
is illustrated by these strata influenced the localization of
deposits of lead, zinc, and fluorspar in the Bayhorse area.
Several major mines and numerous prospects are in the
Bayhorse Dolomite along and near its contact with the
overlying Ramshorn Slate. This contact is a major ero-
sional disconformity, and an unknown thickness of























































































(fig. M5) on the South Fork Payette River is another
molybdenum deposit at which stockwork veinlets of mo-
lybdenite cut across rhyolite dikes. Zircon from a rhyolite
dike at the Little Falls deposit gave a fission-track age of
29.3+1.7 my (F. S. Fisher, oral commun., 1983).

Accumulated field evidence indicates that vein depos-
its of the Boise Basin are in fractures related to regional
northeast-trending faults. The mineralized deposits are in
dikes but in some places are cut by dikes, thereby indicating
a close genetic relationship. If the zircon dating at the Lit-
tle Falls deposit may be taken as a measure, the deposits
are younger than 29 m.y., or no older than Miocene, an
age proposed by Ballard (1924, p. 41).

GOLD-SILVER DEPOSITS ALONG OR NEAR
THE TRANS-CHALLIS FAULT SYSTEM

The broad zone of northeast-trending regional faults
described by Kiilsgaard and Lewis (chap. B, this volume)
as the trans-Challis fault system, a name proposed by Earl
Bennett, exerts a control on the location of many gold-
silver deposits within or near the Challis quadrangle (fig.
M6). The previously described Boise Basin deposits are
within the fault system. The Banner mine (fig. M6, no. 28),
east of the Boise Basin district and within the trans-Challis
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fault system, produced silver ore valued at about $3,000,000.
Anderson and Rasor (1934, p. 372) described the north-
east-striking Banner veins as accompanied by porphyry
dikes. They noted that one of the veins passes through a
rhyolite dike, but a lamprophyre dike is in a fissure with
the Banner vein and is altered but not mineralized. The
unmineralized character of the lamprophyre dike indicates
that it was intruded shortly after vein formation, soon
enough to be altered by thermal solutions passing through
the mineralized zones. Granodiorite host rock near the
Banner veins is intensely altered and thoroughly sericitized.
The Miller Mountain gold mine (fig. M6, no. 23) in
sec. 17, T. 9 N,, R. 8 E., about 8 km northeast of Lowman,
was the only lode mine producing gold in the southwestern
quarter of the Challis quadrangle in 1978-80. A limited
tonnage of ore was being mined by A. W. Josue, Lowman,
Idaho, and was processed through a small stamp mill. The
mineralized material was highly altered granodiorite of
the Idaho batholith in which pyrite was the only sulfide
mineral seen. The mineralized zone extends along the hang-
ing wall of an andesite dike that strikes N. 80°E., and fault
gouge on the dike hanging wall suggests that a fault older
than the dike guided emplacement of the dike and the gold
mineralization. A prospect 1.2 km west appears to be the
strike extension of the Miller Mountain gold deposit.
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Figure M6. Map showing the location of mines and prospects with respect to the trans-Challis fault system, Challis quadrangle.
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The Specimen gold mine (fig. M6, no. 24), about
2.4 km southwest of the Miller Mountain gold mine, is
in highly altered granodiorite of the Idaho batholith. An
abandoned mill at the mine site processed gold ore from
the mine, but the amount of gold produced is not known,
and the mine workings were inaccessible in 1979.

The Branson mine, formerly known as the Idaho
Birthday mine (fig. M6, no. 22), is south of the mouth
of Eightmile Creek, about 19 km east of Lowman. Gold
production from the mine reportedly was stopped in 1942
by War Production Board Order L-208, and the mine has
been nonproductive since that time. At least three more-
or-less parallel quartz veins crop out at the mine. The veins
have been explored by several short adits, the northern
one about 366 m higher in elevation than the southern
one. A gold-bearing vein at an altitude of 1,585 m is in-
tersected by three andesite dikes and is offset by two
parallel northeast-trending faults. Pyrite was the only
sulfide mineral seen in the faulted vein, two samples from
which contained 7 and 5 ppm gold, respectively. A vein
intersected in the No. 8 adit, at altitude 1,451 m, strikes
N. 53°E., dips 64° NW,, and follows the hanging wall
of a large northeast-trending fault. The Branson mine is
between two major strands of the trans-Challis fault
system, one of which extends along Eightmile Creek and
the other along East Fork Eightmile Creek. Adjustment
along these faults appears to have created fractures in the
granodiorite that subsequently were mineralized.

The Lost Packer gold-copper deposit (fig. M6,
no. 5) is near the trans-Challis fault system. Umpleby
(1913, p. 42-45) described the northeast-striking Lost
Packer vein as having been explored for about 2,000 ft
(feet) along strike and 1,000 ft along dip. The vein follows
a well-defined fault, and it cuts across what Umpleby
classed as granite dikes but which currently are recognized
as Tertiary dikes, similar in characteristics to those in Boise
Basin and elsewhere along the trans-Challis fault system.
The vein-dike-fault relationship at the Lost Packer mine
is similar to other relationships along the trans-Challis
fault system.

Several productive gold-silver mines are in the
Custer graben, a structure considered to be part of the
trans-Challis fault system. Some of these deposits are
described by McIntyre and Johnson (chap. I, this volume)
and others by Umpleby (1913, p. 80-90) and Anderson
(1949, p. 21-27). Gold-silver deposits in the Twin Peaks
caldera, northeast of the Custer graben, are described by
Hardyman (chap. G, this volume).

The Singheiser, Rabbit Foot, and Yellowjacket gold
deposits (fig. M6, nos. 3, 2, and 1) in the northeastern
part of the Challis quadrangle are within or near the trans-
Challis fault system. The Leesburg gold district, which
is about 31 km northeast of the Challis quadrangle, is
directly on strike with the Panther Creek graben
(fig. M6), and the gold-bearing veins in the district, like
those previously discussed, are within the probable
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northeastern continuation of the trans-Challis fault
system.

Gold-silver deposits from Boise Basin to Leesburg
occur within or near the trans-Challis fault system. Most
of the deposits have similar characteristics. They are Ter-
tiary in age and either follow or cut across Tertiary dikes
or other intrusive bodies. The mineralized deposits oc-
cupy fissures that are related to regional faults. Gold and
silver are the metals of principal value in the deposits.
These features suggest that the gold-silver deposits are
products of mineralizing activity that was regionally con-
trolled by adjustment along the trans-Challis fault system.
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Abstract

Intrusion and local extrusion of rhyolite magma within the
Van Horn Peak cauldron complex and associated Custer and
Panther Creek grabens spanned the entire time (about 48 to
45 my. {million years)) of pyroclastic volcanism within the
Challis volcanic field. The intrusive rhyolite bodies are similar
in chemical composition to many of the Tertiary granite bodies
in the Challis quadrangle and to the youngest ash-flow tuffs of
the volcanic field, which they intrude. The rhyolites were
emplaced at high crustal levels within the volcanic pile and oc-
cur primarily as a belt of intrusive bodies that coincide with
the regionally extensive, northeast-trending trans-Challis fault
system. This system includes a series of subparallel high-angle
faults that extends northeast from the Idaho batholith terrane
in the southwestern part of the Challis quadrangle to the Van
Horn Peak cauldron complex in the northeast. The Custer and
Panther Creek grabens, extending southwest and northeast,
respectively, from the cauldron complex, are also part of the
trans-Challis fault system. Dikes, small pods and pipelike bodies
of rhyolite, and multiple intrusive rhyolitic complexes are scat-
tered through the grabens, and this belt of rhyolites extends
across the cauldron complex between these two structures.

Locally, rhyolites within the Custer and Panther Creek
grabens and the rhyolite belt of the cauldron complex are
hydrothermally altered and mineralized. Alteration of these
rocks ranges from weakly argillic through moderately strongly
quartz sericitic, to strongly silicic. Disseminated pyrite locally
is common in unfaulted altered rhyolite, and fine-grained
granular pyrite locally is concentrated along structures in some
faulted rhyolite bodies. Fluorite, calcite, and quartz are com-
mon in vugs and veins in brecciated rhyolite and in altered
country rock.

Epithermal precious-metal mineral occurrences are spatial-
ly associated with several rhyolite bodies within the rhyalite belt.
The known precious-metal occurrences include deposits at the
Rabbit Foot and Singheiser mines in the Panther Creek graben
and deposits and prospects in the Custer graben, including
those at Estes Mountain, the Sunbeam mine, and Red Moun-
tain. No precious-metal deposits or prospects were known
within or associated with rhyolites of the rhyolite belt within
the Van Horn Peak cauldron complex between the Panther
Creek and Custer grabens. Reconnaissance geologic mapping
and geochemical sampling of rhyolites in this intracauldron
region, however, indicate that some of these rhyolites may have
potential for spatially related epithermal mineral deposits.

INTRODUCTION

Intrusive rhyolitic rocks are locally abundant within
the Challis quadrangle. They are particularly numerous
within the volcanotectonic structures of the eastern part
of the quadrangle where the thickest accumulations of
pyroclastic rocks of the Challis volcanic field occur.
Rhyolites are present within the Custer graben (fig. N1)
(Mclntyre and Johnson, chap. I, this volume) and within
the Panther Creek graben in the northeastern part of the
quadrangle. Precious-metal deposits spatially associated
with some of the rhyolites within these two areas have been
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exploited in the past, and mineral exploration in these
areas continues to the present. Geologic mapping in the
Van Horn Peak cauldron complex and the Twin Peaks
caldera has delineated a belt of previously unrecognized
intrusive rhyolite bodies that lies between the Custer and
Panther Creek grabens. This chapter summarizes the
preliminary results of studies of chemical composition,
petrography, and field characteristics of these rhyolitic
rocks, along with preliminary studies of local hydrother-
mal alteration and mineralization. Field relationships and
alteration and mineralization of rhyolites in the Twin
Peaks caldera are further discussed by Hardyman (chap.
G, this volume).

STRUCTURAL SETTING

Rhyolitic rocks that postdate cauldron-related
pyroclastic rocks of the Challis volcanic field crop out in
a northeast-trending belt that extends from the Stanley
Basin area to the south, northeastward to near the north-
eastern corner of the Challis quadrangle (fig. N1). This
so-called rhyolite belt conforms to a regional north-
east-trending series of faults named the trans-Challis fault
system (Kiilsgaard and Lewis, chap. B, this volume). Dike
rocks of similar rhyolitic compositions intrude Idaho
batholith rocks along this fault zone southwest from the
Stanley Basin and, southwest of the Challis quadrangie,
trend into the Boise Basin dike swarm that extends north-
east from the western Snake River Plain.

Rhyolites northeast of Stanley Basin occur as nar-
row dikes and small plugs and domes (less than 2.5 sq
km (square kilometers)) scattered throughout the north-
east-trending Custer graben, across the Van Horn Peak
cauldron complex, and into the Panther Creek graben.
One large rhyolitic complex is exposed over an area of ap-
proximately 129 sq km in the upper East Fork Mayfield
Creek region (fig. N1). This areally extensive unit, the
rhyolitic complex of East Fork Mayfield Creek, is at the
triple juncture of the Custer graben, the Van Horn Peak
cauldron complex boundary, and the Twin Peaks caldera
ring fracture, and it almost completely engulfs the area
interpreted to be the earliest collapse segment of the Twin
Peaks caldera.

AGES

Intrusion and local extrusion of rhyolite magma oc-
curred during the entire time (about 48-45 muy.) of
caldera-forming pyroclastic eruptions within the Challis
volcanic field. Within the Custer graben-Van Horn Peak
cauldron complex-Panther Creek graben area, rhyolite
flows in the northeastern part of the Custer graben predate
the tuff of Eightmile Creek (46.9+1.6 m.y., McIntyre and
others, 1982) and mark an early episode of rhyolitic
magmatism. These flows, the rhyolite flows of Mill Creek
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Lead-Isotope Characteristics of Ore Systems in

Central Idaho

By BRUCE R. DOE and M. H. DELEVAUX

Abstract

About 60 new lead-isotope analyses were made on ore
mineral, igneous-rock, and shale samples from central Idaho.
The analyses were made to test the use of lead-isotope studies
in mineral-resource evaluation of Cretaceous and Tertiary
magmatothermal deposits.

The lead-isotope pattern is complex, but the analyses can
be separated into two groups, A and B. Group A analyses have
many values of 2%6Pb/2%4Ph more than or equal to 18.0, but
some values exceed 21. All Group B analyses have values of
18.5 or more, and most are between 19 and 20. For Group A
and B analyses that have similar values of 206Pb/204Pb,
208ph/204Ph values of Group A analyses are greater than Group
B analyses. Tin granites can be in either Group A or B and can-
not be distinguished from molybdenum deposits by lead isotope
ratios.

Group A values are similar to those from samples from
the Rocky Mountains; Group B values resemble those from the

Great Basin. Large molybdenum deposits generally have lower
values of 296Pb/204Ph, but values are in both isotopic groups.
For example, Group A values were found in samples from the
Thompson Creek deposit, and Group B values were found in
samples from the White Cloud deposit. Analyses from the
Clayton Silver mine are also in Group A, but 2%Pb/20Pb here
range between 18 and 19.

Group B analyses are from samples from a horn-shaped
band opening to the east along the boundary between the
Challis and Hailey quadrangles. Group A galena samples are
from areas of positive gravity anomalies, where the gravity is
not dominated by volcanic rocks, indicating relatively shallow
Precambrian crystalline basement. Their lead-isotope apparent
age is 1,620+ 100 m.y. Group B samples are from areas that do
not have positive gravity anomalies, indicating that the
crystalline basement is deep or absent. The primary source of
these lead isotopes seems to be material deep under the Great
Basin, rather than shallow Paleozoic or Middle Proterozoic Belt
Supergroup rocks.
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Abstract

Light stable isotopes in mineral depaosits and their host
rocks were investigated to place constraints on the sources of
water and sulfur in hydrothermal systems of central Idaho. Anal-
yses of inclusion fluids extracted from crushed sulfide and
gangue minerals from Cretaceous porphyry and vein deposits
give dD values of -130+25 per mil, indicating the presence of
meteoric water. Meteoric water, which continued to predomi-
nate in hydrothermal systems around Tertiary plutons within
the Idaho batholith, created zones extremely depleted in
deuterium and 8O in areas larger than 15,000 km? (square
kilometers) through water-rock interactions. The 634S values of
sulfide minerals from most of the Cretaceous and Tertiary
mineral deposits are quite high, generally from +4 to +13 per
mil; several samples from deposits considered to be of
syngenetic or remobilized-syngenetic origin have ¢34S values
as high as +23 per mil. No correlation between commodity
and sulfur-isotopic compasition exists. Mineral depoasits in black
shale, hawever, generally have d34S values higher than those
in carbonate rocks, quartzite, or granite. Although many of the
mining districts are isotopically inhomogeneous, individual
deposits commonly have very similar sulfur-isotopic
compaositions,

These isotopic data support a model in which meteoric
water, set into convective circulation by heat from granitic in-
trusions, leached 34S-enriched sulfur from crustal sources, such
as syngenetic sulfide minerals in sedimentary rocks, evaporite
deposits, or pre-Cretaceous sulfide deposits. The sulfur then
mixed locally in varying proportions with 34S-depleted sulfur
from the magmatic reservoirs of adjacent plutons. This hybrid
sulfur was then homogenized isotopically before reaching the
sites of ore depasition.

INTRODUCTION

An objective of the CUSMAP (Conterminous
United States Mineral Assessment Program) study of the
Challis quadrangle was to develop models for the forma-
tion of a variety of mineral deposits that occur within the
quadrangle. The origin of metals, water, and sulfur in the
hydrothermal systems of the deposits is of paramount im-
portance in the formulation of these models. This chapter
summarizes the hydrogen- and oxygen-isotope data from
earlier studies by Hall and others (1978, 1984) and Criss
and Taylor (1983) and their conclusions concerning the
source of water in certain hydrothermal systems. It also
contains a tabulation of all of the sulfur-isotope data
available to 1984 and a preliminary interpretation of the
source of sulfur in 45 pre-Cretaceous, Cretaceous, and Ter-
tiary mineral deposits in the Challis quadrangle and in
parts of the adjoining Hailey and Elk City 1°X2° quad-
rangles (fig. P1, table P1). The deposits include lead-zinc-
silver-tin-antimony-bismuth veins and breccia filling,
molybdenum stockworks, lead-zinc-silver and barite strat-
abound deposits, and cobalt-copper stratabound and vein
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Table P1. Localities sampled for study of sulfur isotopes, Elk

City, Challis, and Hailey 1°x2° quadrangles

[do., ditto; leaders (---), unknown, unnamed, or undefined min-

ing district)
Loc. No. Mining
(fig. Pl) Name district County
Elk City quadrangle
1 Blackbird mine=-=—--=====—- Blackbird=—=-—== Lemhi
Challis quadrangle
2 Quartz Creek prospect=--—--- Yellowpine———--- Valley
3 Seafoam Lake prospect Seafoam Custer
4 Little Falls prospect=—=w=== Grimes Pagg=~===- Boise
5 Carlson Gulch mine-—=w-==-= ~==do,mmmmm————— Do.
6 Comeback mine=======e———=-= ~==d0,=~=——m—m——— Do.
7 Ramshorn mine Bayhorse Custer
8 Beardsley Gulch mine==—————= ———dQ mm——————— Do.
9 Pacific mine——=—-=—=-=—=c-- ~==do,m—mmm————m Do.
10 Rattlesnake Creek ~==do,===——mm——- Do.
prospect.
11 Buckskin mine=———————===—-- ===do === Do.
12 Thompson Creek mine ~-~do. Do.
13 Rob Roy mine—=======——ww==e -——-=do,==~—====-— Do.
14 Dryden mine “==do. Do.
15 Roadcut between Buckskin
and Thompson Creek mines. =—=—=do,==~—=——==- Do.
16 Hoodoo mine====————=—=—=-—- Boulder Creek=-= Custer
17 Livingston mine ~---do. Do.
18 Willow Lake prospect -=-do. Do.
19 Little Boulder
Creek prospect ~-=do. Do.
20 Silver Dollar prospect=---- East Fork—---—-= Do.
Hailey quadrangle
21 Unnamed prospect Galen, Blaine
22 -—=do. Boulder Basin---~ Do.
23 Golden Glow mine ~--do. Do.
24 Webfoot mine Vienna Do.
25 GAF prospect————==—=—=—m—e— - Camas
26 Rooks Creek prospect—====-—- Boyle Mountain-- Blaine
27 Unnamed prospect ~-=do. Do.
28 Upper prospectm—————==—=- Carrietown=———== Camas
29 Unnamed dump —==do. Do.
30 Horn Silver mine ~==do. Do.
31 Carrie Leonard mine ~==do. Do.
32 Panther Gulch prospect—-—=--- -— Blaine
33 Red Cloud mine Wolftone Do.
34 Deer Creek mine----——~----- Wood River—-—--- Do.
35 Eureka mine ~==do. Do.
36 Liberty Gem mine ~--do. Do,
37 Treasure Vault mine ~--do. Do.
38 Silver Star Queen mine-—-- Wood River—-—----—- Blaine
39 Minnie Moore mine ~==do. Do.
40 Dennison mine ~=-do. Do.
41 North Star mine ~==do. Do.
42 Triumph mine ~==do. Do.
43 Independence mine ~—=-do. Do.
44 Trail Creek prospect ~~-do. Do.
45 Lake Creek-Trail Creek o L Do.

prospect.

deposits. We have concentrated our discussion on mineral
deposits within the extensive black-shale belt east of the
Idaho batholith (Hall, chap. J, this volume) due to the
interest of the mining industry in this terrane.

Acknowledgments.—J. N. Batchelder, W. 1.
Pickthorn, and L. D. White assisted various phases of the
study, in the laboratory of J. R. O’Neil, U.S. Geological
Survey, Menlo Park, Calif.
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ANALYTICAL TECHNIQUES

Sulfide and gangue minerals were crushed in
evacuated stainless-steel tubes to liberate inclusion fluids.
The water in these fluids was reacted with uranium at
700°C (Celsius), and the evolved hydrogen was collected
on charcoal in glass sample bottles, similar to the method
of Friedman (1953). Water released from hydrous silicates
decomposed at 1,300°C by an RF induction furnace (God-
frey, 1962) was reacted in the same manner.

Quartz and feldspar were powdered and reacted with
BrF; or CIF; at 600°C for 16 hours in nickel reaction
tubes heated by electric resistance furnaces, using the
methods of Clayton and Mayeda (1963) and Borthwick
and Harmon (1982). The liberated oxygen was converted
to CO, by a heated carbon rod. Siderite was reacted with
H,PO, at 50°C for 6 days to evolve CO, (McCrea, 1950).
The CO, was collected in glass sample bottles.

Powdered sulfide minerals were mixed with excess
Cu,0 and placed in silica tubes. The tubes were heated
at 1,150°C for 10 minutes in a resistance furnace. The
SO, generated was purified of O,, CO,, and H,0 by
vacuum distillation and then collected in glass bottles or
6-mm glass tubes.

The hydrogen-, oxygen-, and sulfur-isotopic com-
positions of the collected H,, CO,, and SO, were ana-
lyzed using three different mass spectrometers. The
hydrogen- and oxygen-isotopic compositions are reported
in the standard d notation as per mil deviations from
SMOW (Standard Mean Ocean Water), and the sulfur-
isotopic compositions are reported as per mil deviations
from CDT (Canon Diablo Troilite). The precision of the
analyses is +1 per mil for dD and 0.1 per mil for 6'*0
and 4%S.

SOURCE OF WATER IN THE
HYDROTHERMAL SYSTEMS

The most direct evidence concerning the source of
water in the hydrothermal systems of two types of mineral
deposits in central Idaho comes from the hydrogen-
isotopic compositions of inclusion fluids extracted from
sulfide and gangue minerals from the Cretaceous Thomp-
son Creek stockwork molybdenum deposit and the
Cretaceous Wood River lead-zinc-silver vein deposits
(localities 12 and 34-45, fig. P1). Samples of minerals
thought to have been deposited during main ore-
formation episodes were identified after measurements of
the homogenization temperatures and salinities of fluid
inclusions were made (Hall and others, 1978, 1984).
Highly depleted D (deuterium) compositions of —130+25
per mil and —115+5 per mil for samples from the
molybdenum and lead-zinc-silver deposits, respectively
(table P2), indicate that the ore fluids in these deposits
were derived predominantly from meteoric water (Taylor,
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Table P2. Hydrogen-isotope analyses of water in white mica
and in fluid inclusions in sulfide and gangue minerals, and
oxygen-isotope analyses of quartz and siderite, from central
Idaho

[Values in per mil; 680y g values for quartz calculated from Mat-
suhisa and others (1979) and for siderite from Becker and Clayton (1976),
with T=280°C and T=270°C for Thompson Creek and Wood River
deposits, respectively, from fluid-inclusion homogenization temperatures
(Hall and others, 1978, 1984); do., ditto; leaders (), no analyses or
calculations)

18
Sample Mineral 8D 8770 culated
Eg. 420 mneral :ﬂ%zo at T
Thompson Creek deposit
SWH-152----~  White mica -58 - -
§=27-747=-=-~  Quartz————-———— - 11.2 3.6
8§=27-770=~=== ==~dpo,~—==————- -108 10.7 3.1
§=27<789===~ —=~do.- -121 10.9 3.3
WH=81=5====~  ==~dQ.—==—==== -126 - -
WH-81-6 Galena -108 - -
§-51-13 Quartz: ~155 - -
S§=64=12=====  —==dO.=————=== ~144 - -
§-73-9=====~ -==do.-—————-- -135 - -
§=73-1l-=—-=  —==do.=——————~ ~138 - -
§=89-2===-==  —==dg,—=w——==~ ~123 - -
§=94~1]====~ -—=do.——=——=— ~123 - -
Wood River deposit
WH-70-8A---~  Galena and ~110 - -
sphalerite.
WH-70=13B=-~  Siderite——=--- -- 14,8 7.8
WH=70=15===~  —==do,====—=m= ~120 13.3 6.3
WH-70-16-~-~  Galena and ~120 - -
sphalerite.

A-36 Quartz -115 16.4 8.4
A=227 === ===do,~m————— -116 - -

1979). A dD value of -58 per mil for water in hydrother-
mal white mica that formed during the earliest period of
potassic alteration at the Thompson Creek deposit (Hall
and others, 1984) suggests that magmatic water was pres-
ent initially in the hydrothermal system of this deposit.

Oxygen isotopes commonly help indicate the extent
to which hydrothermal fluids have undergone isotopic ex-
change with surrounding country rocks. Quartz from the
Thompson Creek stockwork deposit has a 4'*O value of
+11.0+0.3 per mil, whereas quartz and siderite from the
Wood River deposits have d'*0 values of +14.9+1.6 per
mil (table P2). The calculated oxygen-isotopic composi-
tions of the water that deposited these gangue minerals
are about +3.3 and +7.5 per mil, respectively. For the
Thompson Creek deposit, a 4'%0 value of +3.3 per mil
for the water is that of a fluid in approximate isotopic
equilibrium with granitic rocks. However, the heavier
d'%0 values for the fluids that deposited the Wood River
ores suggest that the fluids had partly exchanged 20
with 80-enriched shale host rocks!.

Meteoric water continued to dominate hydrother-
mal systems during the Tertiary. Huge zones, areas larger

"Two analyses of the host rock, the Devonian Milligen Formation,
gave high 6!80 values of +18.8 and +20.7 per mill (Hall and others,
1978).















APPENDIX
Sulfur-isotope analyses of 100 sulfide-mineral samples and one sulfate-mineral sample, and sulfide-pair temperatures

of mineralization, from 45 deposits in the Elk City, Challis, and Hailey 1°x2° quadrangles

[6%4S values in per mil; A**S=4%S -d**S,; temperatures in ° C calculated from appropriate fractionation equations of Ohmoto
and Rye (1979), £45°C due to uncertainties in the fractionation equations and analyses of the sulfur-isotopic compositions
of the sulfides. do., ditto; leaders (---), no calculations]

Sample No. Location Mineral 834 a3%s Temperature
Elk City quadrangle
MB3 - Blackbird mine, Blackbird district, Lemhi County Chalcopyrite—~—- 7.3 — -
MB8——————~ -——=do. Cobaltite~=====- 8.1 ~— —-—
Challis quadrangle
QC-138-82- Quartz Creek prospect, Yellowpine district, Valley Sphalerite=————- 9.1 ~— -—
County.
QC-170-82- —~==do. ——=dQ,=wm—m————— 11.0 - —
QC-187-82A =—==do. 9.0 — -—
QC-187-82B do. 8.9 - ——
F154 Seafoam Lake prospect, Seafoam district, Custer Galeng=————~==—- 7.0 —-— —
County.
CT2-78==— Little Falls prospect, Grimes Pass district, Boise Molybdenite—-—-~ 5.5 — —-—
County.
D9S3 ==——= do. e (T 7.5 — —
T117===—=- —===do. 4.1 —— —
Fll12==—m== Carlsqn Gulch mine, Grimes Pass district, Boise Galena=--—————-—= 6.7 —-— -
County.
F107=====- Comeback mine, Grimes Pass district, Boise County-- ——=d0,=m—=—————— .8 —-— —_—
79T2 2M=—— Ramshorn mine, Bayhorse district, Custer County-—-- Tetrahedrite-~——- 11.5 —~—— -—
79T2 34—~ do. Galeng——=====--— 10.1 -— -—
79T24M=—- ~——=do. Chalcopyrite———- 11.3 — -—
T108=w=mwm Beardsley Gulch mine, Bayhorse district, Custer Galeng=——=—=-- —— 11.4 —_— —
County.
D6S] ====—= Pacific mine, Bayhorse district, Custer County—-----— —m=dQ,=m———————— 10.1 - -—
SWH52~76-~ Rattlesnake Creek prospect, Bayhorse district, ~==dQ.=mm———n——— 4.2 ~——— —
Custer County.
Buckskin-- Buckskin mine, Bayhorse district, Custer County-~-— ===do ~~—=== ~——= 6.8 - —
SWH152-76~ Thompson Creek mine, Bayhorse district, Custer Molybdenite=——-- 11.4 — —
County.
CT3-78-——-  =——do. Pyrite—————-—-—v 9.6 -— —
CT4~78==~— ——==do. —==dQe=mm——————— 9.9 — —_—
CT4=78==m ====do. Arsenopyrite(?)- 10.4 - -—
§=27-747-- ~——do. Molybdenite=~==- 11.3 —— —-——
§-27-747— -—===do. 12.1 — —
§=27-770-- ==—=do. 10.3 —_— _—
§=27-789- --—do. 11.9 —— —
$-76-895--  ~——-do. 8.7 — —
NN1=551===  ==-=do. 22.9% J— —
NN1=951=~-- -—==do. 11.3% — —
SWH120~-79- Rob Roy mine, Bayhorse district, Custer County-- Galena=—====rw==-~ 6.6 —-—— —
SWH154-76~ Dryden mine, Bayhorse district, Custer County Galena, coarse—- 5.4 _— —
SWH154-76- ~-==do. Galena, steel--- 4.6 — —-—
Buckskin Roadcut between Buckskin and Thompson Creek Galena—~—---- —— 8.7 — —
drill road. mines, Bayhorse district, Custer County.
D863A~~—— Hoodoo mine, Boulder Creek district, Custer County=— Sphalerite---—-- 15.6% —-— —
T135L-1-— Livingston mine, Boulder Creek district, Custer —==d Q=== ———— 12.5 — -—-
County.
T135L=]1=~ ——==do. Jamesonite(?)=-~ 11.4 — —_—
80T2==~==~ ~~==do. Galenatminor 11.1 —_— —
jamesonite.
80T2B=-—~~ -=—=do. Sphalerite——-—=-- 12.6 E —
R558~~==um Willow Lake prospect, Boulder Creek district, Molybdenite—=—-- 8.2 - -
Custer County.
D851~=m==— Little Boulder Creek prospect, Boulder Creek —==dQ,=m—m—m———— 8.7 -— -
district, Custer County.
D851=l-=-~  ==——do. ==, —==m—mmmn 6.1 -— ——
W190~====m -——=do. Pyrites———=m=——= 5.7 - =
W312A-—--  --—do. Galena=~—=~~===- 4.0 2.04 322
W312p do. Sphalerite, black 6.0 - -
W312C-—--  --—do. Galeng=———-——-— 0.2 —- -—
W313A----~  -——-do.r Pyrite----- —— 5.1 - -—
W313B-—=m- -~-——do, Sphalerite, red- 5.9 -— —-—
W313C--——— -——-do. Arsenopyrite—=—- 7.0 -— —
W313C-—— —-—do. Sphalerite, black 6.4 ——- ——
CT1-78~——— -—=—=do. Molybdenite=——-- 8.6 -— —
T7 Q= Silver Dollar prospect, East Fork district, Pyrite=—r—-=~—-- 8.3 —-— —-—

Custer County.

Light-Stable-1sotope Characteristics of Ore Systems
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APPENDIX—Continued.
Sulfur-isotope analyses of 100 sulfide-mineral samples and one sulfate-mineral sample, and sulfide-pair temperatures

of mineralization, from 45 deposits in the Elk City, Challis, and Hailey 1°x2° quadrangles

[d°*S values in per mil; A**S=4*S_-6*S,; ; temperatures in ©C calculated from appropriate fractionation equations of Ohmoto
and Rye (1979), £45°C due to uncertamtles in the fractionation equations and analyses of the sulfur-isotopic compositions
of the sulfides. do., ditto; leaders (---), no calculations]

Sample no. Location Mineral 5345 A3“s Temperature
Hailey quadrangle
79T56 5M—~- Unnamed prospect, Galena district, Blaine County Galena—====——- — 7.6 —— —
D807A-~——— Unnamed prospect, Boulder Basin district, Blaine —==d0,————we———- 4,5 3.29 284
County.
D807B~———— -~=-do. Pyrite~====-- —— 7.8 — —_—
D807 D~~~ ~===do. Stannite—-=-——-—- 6.2 -—- —_—
79T580M--~ Golden Glow mine, Boulder Basin district, Blaine Galena— e 6.8 -— aad
County.
T302Mw—w== Webfoot mine, Vienna district, Blaine County~-—-—----— m==dQ=-=——= — 4.2 1.83 355
T302M~———- ——==do. Sphalerite - 6.0 —-— —
76T31———- GAF prospect, south of Vienna district, Camas County Galena————==~=——v 0.2 ——— —
~—--do. Sphalerite~———- - 0.3 —-— —
Rooks Creek prospect, Boyle Mountain district, Galena==——====u- 4.7 - —
Blaine County.
T4 M=-~~——~ Unnamed prospect, Boyle Mountain district, Blaine —==d0=mm—um——- 5.0 -— -
County.
T9T1(OM~~——~ Upper prospect, Carrietown district, Camas County-— —=—=d0,==m——————— 2.8 —_— -
79T10AM~~~ ~=-=do. Molybdenite-———- 3.4 — —
79T1 0AM--~ -=-=do. Sphalerite~~---— 6.2 —— -
D784===~~~ Dump, Carrietown district, Camas County==—=—======= Galena=—======== =0.4 2,43 375
D784=w—=~~ ~=--do. Pyrite———=————— 2.0 - -—
Horn 8ilver mine, Carrietown district, Camas County === Oy=—m——== —-— 4,3 ——= ind
T8 IM=——m= ---=-do. Galena: 1.2 — ——
T68M~~———=— Carrie Leonard mine, Carrietown district, Camas —==dQe====—"— —— -0.1 2,46 269
County.
T68M~—~——— ---=do. Sphalerite===-~= 2.4 — ——
E786~—===~ Panther Gulch prospect, Blaine County-—————===w===== Galena~===~====- 8.8 -_— —
E684————— Red Cloud mine, Wolftone district, Blaine County--- ===do, ~m——mw——— ~-1.0 — -—
E684A-~-—~ -~==do., Sphalerite=w==--= -3.5 — -
D831A~~== Deer Creek mine, Wood River district, Blaine County Barite—m—~—————v 13.2% - —-—
WH-70~-13B~ Eureka mine, Wood River district, Blaine County-—-- Galena~—--=~- —— 6.3 -—= -—=
A~176=———— Liberty Gem mine, Wood River district, Blaine County  —==do.-—=—==w===~ 2.2 2.17 243
A=176~w"=~ ~===do. Chalcopyrite——— 4.4 — —
A=176~==—~ ====do. Pyrite————m————- 4,3 —— —
A=227 === Treasure Vault mine, Wood River district, Blaine Galena=—==~-- — 4.0 3.20 291
County.
A=22]==-=—~  -==-do. Pyrite~——-—--—- 7.2 -— -—
WH-70-6-—- Silver Star Queen mine, Wood River district, Blaine Galena~=——=w===- 10.8 —— —-—
County,
WH=70-6-—- ~--=do. Bournonite-—--—— 12.6 —— —-—
WH~70~7-—- -=—-=do. Gal 11.2 -— ——
WH=70~7~-~ ----do. Bournonite~-=--- 12.6 - ——
WH-70-11-- —--=do. Galeng—===-———=—= 12.0 2.66 248
WH-70-11-- —=-=do. Sphalerite=-~——- 14.6 —— ———
WH-70-16-- ~——=do. Gal 10.7 3.36 191
WH~70-16— -===-do. Sphalerite———-- 14.0 —— —-—
WH-70-17~~ Silver Star Queen mine, Wood River district, Blaine Galeng————————— 11.0 3.11 209
County.
WH=70-17-- ---=do. Sphalerite~=——-= 14,1 — -—
A=36=—wmm— ~===do. Galena 10.8 -— _—
A=43—=m——m Minnie Moore mine, Wood River district, Blaine ~==d0,=mm—m——— 6.1 - -
County.
WH=70~12~~ Dennison mine, Wood River district, Blaine County-- ~==do. —— 10.9 -— =
WH~74~2B~= North Star mine, Wood River district, Blaine County ——d Q== 7.2 2.29 289
WH-74~2B-~  -=--do. Sphalerite-~———- 9.5 — -—
S4JH~~=— Triumph mine, Wood River district, Blaine County--- ——=d gy —=mm—————m 11.3* - -—
WH=74~1B-— Independence mine, Wood River district, Blaine Galena= —— 11.4 -
County.
D247 === Trail Creek prospect, Wood River district, Blaine ~==do. — 6.7 —-— -—
County.
T597M====~ Leke Creek-Trail Creek prospect, Wood River -=--do. —— 0.4 -— -

district, Blaine County.

* Analyeis of eample from deposit thought to be of syngenetic or remobilized-syngenetic origin.
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Abstract

Breccia-fill and skarn tungsten deposits within the Challis
quadrangle have been mined for tungsten, antimony, gold, and
silver. The Yellow Pine mine, with characteristic breccia-fill tex-
tures, produced 800,000 units of WO,, 100,000 ounces of
gold, and 600,000 ounces of silver. The ore had an average
grade of 1.6 percent WO,. The: Springfield mine, a skarn
deposit, produced 6,000 units of WO, from an unknown
grade of ore. Knowledge of several of the recognized deposi-
tional controls can be used in exploration for new deposits.

The breccia-fill deposits are within the Idaho batholith and
localized where regional shear zones trending north to
N. 20° E. intersect local faults trending N. 30°-60° E. that
branch from the main shear zone. The mineralized fracture fill-
ings reveal continued brecciation of the rock throughout the
time of metal deposition. The breccia was mineralized in three
stages which produced: early dissemination of arsenopyrite in
the batholith, then quartz-scheelite veins, and later stibnite
veins. The three stages are not distinct but grade into one
another. The veins are fillings in either extensional fractures or
between the breccia clasts of the batholith, or in cavities
resulting from the dissolution of feldspar grains. Where the
guartz-scheelite veins are in contact with carbonate inclusions
in the batholith, replacement textures are prominent. The
precious-metal history of these deposits is uncertain. Gold may
have been deposited continually throughout the three stages
of mineralization, and some silver is reported in stibnite, a late-
forming mineral.

Skarn deposits formed at the contact of Upper Cretaceous
biotite granodiorite plutons with carbonate-rich Paleozoic and
possibly Precambrian metasedimentary rocks. The granodiorite
related to the skarn is typical of plutons of the Idaho batholith
and White Cloud stock and not typical of the younger Tertiary
intrusive rocks. The skarn deposits in the south-central part of
the quadrangle are structurally just below thrust faults that are
cut by the Idaho batholith. Scheelite in the skarns occurs along
bedding planes, within high-angle fault zones, as dissemina-
tions, and locally associated with pyrrhotite-bearing veins and
replacement sulfide minerals.

INTRODUCTION

The Challis quadrangle contains about 50 tungsten
mines and prospects (fig. Q1) that can be grouped into
at least three types of occurrences: breccia-fill, skarn, and
stockwork. Breccia-fill deposits are within north-striking
regional shear zones in the Idaho batholith where minor
faults branch from the main shear zones. The granodiorite
of the batholith locally contains metasedimentary inclu-
sions; remobilized calcite from these inclusions is common
in the breccia-fill deposits. Scheelite is more concentrated
where quartz veins containing scheelite are in contact with
the carbonate, especially the remobilized calcite. The
Yellow Pine and Quartz Creek mines are breccia-fill
deposits with carbonate-rich metasedimentary inclusions.
The Yellow Pine mine produced tungsten, antimony, gold,
and silver (Cooper, 1951), and the Quartz Creek mine
sporadically produced tungsten until 1982. Gold, silver,
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arsenic, mercury, and antimony have been found in several
of the deposits, and manganese oxides are ubiquitous.

Skarn deposits are abundant within the Challis
quadrangle, and several have produced small amounts of
tungsten. The tungsten skarns are at the contact of
carbonate-rich Paleozoic and possibly Precambrian
metasedimentary rocks with the Idaho batholith. Thrust
faults are structurally just above most of the deposits;
higher grades of ore are associated with steep faults within
the deposits. The skarns are characterized by diopside-
hedenbergite, garnet, scheelite, quartz, and feldspar. The
sulfide-mineral content of the deposits varies but pyr-
rhotite is very common. The Springfield, Tungsten Jim,
and Meadowview mines, the Emma and Flintstone
groups, and an occurrence in Hennessy Meadows are ex-
amples of tungsten skarns.

The Red Mountain occurrence, north of the town
of Yellow Pine, and the Little Boulder Creek deposit in
the White Cloud Peaks are two stockwork deposits with
associated tungsten. They were described by Leonard
(1983) and Cavanaugh (1979), respectively. The stockwork-
type deposit is not discussed in this chapter. Judging from
the mining history of the quadrangle, the breccia-fill and
skarn deposits (fig. Q2) have the best potential for future
discovery and development of tungsten resources.

BRECCIA-FILL DEPOSITS

The breccia-fill deposits are within a major north-
to northeast-trending system of shear zones in the Idaho
batholith. The shear zones are several kilometers wide and
extend approximately from northeast of Garden Valley
through the Yellow Pine area and north of the quadrangle.
The shear zones are prominent features of the western
one-fourth of the Challis quadrangle. The deposits are
in fault breccias where more local faults striking N.
30°-60°E. branch from the north-striking shear zones.
In the brecciated areas of granodiorite, the rock is vuggy
and highly silicified.

The north- to northeast-trending shear zones are
shown on the geologic map of the Challis quadrangle
(Fisher and others, 1983) in two ways:

1. In the northwestern part of the quadrangle the
shear zones are mapped as unit Tsi, which, according to
B. F. Leonard (written commun., 1984) is “Silicified zones
in granitic rocks of the Idaho batholith. Silicified zones
are related to ring fractures of the Thunder Mountain
cauldron complex and to attendant superposed north-
striking shear zones.” In some regions the batholithic rocks
were replaced almost completely by silica considered by
Leonard to be Tertiary in age.

2. Elsewhere on the map the regional shear zones
are shown as prominent north-striking faults. The north-
striking faults in the batholithic terrane are zones of
intense shearing and silicification.
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MINES AND PROSPECTS
105 Peterson prospect 654 Muskeg Creek
112 Yellow Pine mine 647  Chuck Creek
117 Sulfide No. 10 prospect 655 Soldier Creek
215 Bonanza mine 124 Horsefly prospect
243 McClure prospect 125 Merry Blue prospect
291 McClure No. 4 126  Wilson Creek
382 Fourth of July deposit 728  White Hawk Meadows
383  Deer Trail mine 732 White Hawk Mountain
388  Red Robin No. 3 prospect 735 BE&L
393  Meadowview prospect 818  Scheelite Nellige, Nelvinny
334  Washington Peak mine Nos. 1 -4
406 Reconstruction vein 821 Tungsten Jim mine
407  Washington Basin deposit- 822  Buckskin claims
Empire 824  Greyhound Ridge
422 Warner Gold { W group) 827  Salmon River Scheelite
423  Quartz Creek, Cinnabar 829 Peach Creek No. 2
425  Golden Gate occurrence 830 Patricia Ann occurrence
429  Johnson Creek area 831 Peach Creek W claims
431 Emma group 845  Flintstone Group
434  Copper Mountian prospect 953  Cramer Lakes prospect
436 Big Chief Scheelite 964 Hidden Lake prospect
445 Old Faithful Group mine 986 Sheelite occurrence
446  Springfield mine 987  McClure No. 6 claim
460 Mule Train claims 994 Boulder Creek Prospect
542 Tungsten Paint 1030 Hennessy Meadows occurrence

Figure Q1. Map showing localities of tungsten mines and prospects (open circles)
and stream-sediment samples containing more than 50 ppm tungsten (solid circles),
Challis quadrangle. Modified from Mitchell and others (1981) and Callahan and
others (1981), respectively.

Whether or not the regional shear zones are mapped as  formed in dilated zones, similar to the structure at the
silicified zones or regional faults, they are broad areas of ~ Henderson 2 mine in Quebec (Guha and others, 1983).
shearing that contain large amounts of secondary quartz. The Idaho batholith, consisting mostly of biotite
The silica enrichment of the batholith is especially pre- granodiorite, is strongly altered and brecciated in the re-
sent where local faults branch off the north-trending shear gions of shearing. It is vuggy and appears finer grained
zones. These intersections commonly form a topographic ~ than other parts of the batholith due to the influx of fine-
bulge or mound and contain breccia-fill tungsten deposits. grained secondary silica; it contains secondary feldspar
The intersecting faults may be second-order faults that veins and sericite is common. The alteration of biotite to
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EXPLANATION

Qa QUATERNARY ALLUVIUM—Iinciudes fiood plain, terrace,
and alluvial-fan deposi
Ti TERTIARY INTRUSIVE VOLCANIC ROCKS — Dikes, stocks,
and batholiths of dioritic, granitic, or rhyolitic compo-
sition
Tv TERTIARY EXTRUSIVE VOLCANIC ROCKS — Tuffs, lavas,
and volcani di y rocks of rhyolite, rhyodacite,

dacite, and andesite

E’ CRETACEOUS INTRUSIVE ROCKS OF THE IDAHO BATH-
OUTH — Tonalite, g diorite, granite, i
biotite granite, and leucocratic granite

Pzs PALEOZOIC SEDIMENTARY ROCKS — Limestone, dolomite,

shale, sill argillite, i d: and
slate

MIDOLE PROTEROZOIC METAMORPHIC AND SEDIMEN-
TARY ROCKS — Argillite, slate, quartzite, sandstone,
siltite, schist, and phyllite

IIl ROCKS OF UNCERTAIN AGE— Argillite, carbonate, quartz-
ite, and phyilite

CONTACT

FAULT

bbbk~ THRUST FAULT — Sawteeth on upper plate
CALDERA BOUNDARY

A BRECCIA-FILL DEPOSITS

[ ] SKARN DEPOSITS

Figure Q2. Map showing locations of breccia-fill and skarn deposits in the Challis

quadrangle. Each symbol represents one or more tungsten occurrences or mines.
Modified from Fisher (fig. A2, chap. A, this volume).

chlorite and fine-grained oxide minerals, and of feldspars
to clay gives the normally speckled granodiorite & uniform
light-brown to cream-colored appearance. The primary ig-
neous texture was gradationally lost due to silicification.
The batholith contained roof pendants and large inclu-
sions of Paleozoic and Precambrian metasedimentary
rocks that were incorporated in the breccia of the shear
zones. Remobilized calcite forms veins and broken blocks
in the breccia, probably having originated from those in-
clusions or roof pendants of carbonate metasedimentary
rocks within the batholith before brecciation. The remobi-
lized calcite is often extensively replaced by scheelite.
The breccia is both clast and matrix supported; the
matrix-supported breccia has higher grades of tungsten.
The breccia clasts are not sorted, and the size of the
fragments is highly variable. Variations in structure of the
breccias can be seen in samples from the Quartz Creek,
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Yellow Pine, and Golden Gate mines. The intense
silicification tends to mask the fragmental structure of
the breccias, and in many samples only ultraviolet light
shows the brecciated texture, with scheelite and quartz fill-
ing in between and outlining the breccia fragments (figs.
Q3-Q5). At the Quartz Creek mine the batholith has been
mostly crackled, meaning the rock is broken but with only
slight rotation of clasts. The Yellow Pine mine has more
strongly rotated clasts, but in many places these can be
pieced back together in a jigsaw-puzzle fashion. Breccia
at the Golden Gate mine is more chaotic and has random-
ly oriented clasts.

Vugs in areas of silicified batholithic rocks range
widely in size, depending on their origin. Several proc-
esses formed the vugs: (1) extensional fracturing provid-
ed open spaces that range from about 0.3 to 1 m long and
that may be partly or wholly filled by secondary materials;































































Salmon Canyon Copper Co. mine.—This deposit,
in high-grade garnet-muscovite-biotite schist and gneiss,
represents the farthest known extension of the cobalt belt
to the northwest. It is at about 45°18" N., 114°33" W,, on
the north side of the Salmon River, 26 km northwest of
the Blackbird mine (fig. R1). The minerals here include
rather coarsely crystalline chalcopyrite, pyrite,
arsenopyrite, and cobaltite, and are associated with quartz
stringers and pods. Analyses of three ore samples are sum-
marized in table R2, no. 12.

Cobalt occurrences in the Special Mining Manage-
ment Zone—Clear Creek.—About 15-18 km northwest of
the Blackbird mine, within the River of No Return Wilder-
ness, geochemical cobalt anomalies were found in several
drainages, principally along Garden Creek and Elkhorn
Creek (Lund and others, 1983). This area is within the
special mining management area designated by the U.S.
Congress to permit continued development of cobalt
resources. Outcrops containing cobaltite were found at one
or more locations, near Elkhorn Creek.

Other Copper, Gold, and Base-Metal Deposits

The inactive Pope-Shenon copper mine is south of
the town of Salmon, at the northern end of the Lemhi
Range (fig. R1, Dillon quadrangle) (Anderson, 1943a).
The ore was predominantly chalcopyrite, pyrite, and
delafossite (CuFeO,), with magnetite, hematite, ac-
tinolite, epidote, and quartz, and was said to occur mainly
in east-trending shear zones within dark-green biotite-
sericite-chlorite quartzite. Bodies of breccia, mineralized
with pyrite and chalcopyrite, were probably associated
with Tertiary dikes; the mine is near a Tertiary caldera
mapped by Ruppel and others (1983). The ore contained
mainly copper (2-15 percent) with only minor silver (0.1
ounce/ton or less) and a trace of gold (0.0l ounce/ton or
less) (Anderson, 1943a). Our analyses showed minor
cobalt (15-70 ppm, table R2, no. 11). The quartzitic host
rock resembles Yellowjacket Formation, and a preliminary
geologic map of the Dillon 1°X2° quadrangle (Ruppel
and others, 1983) shows it as such. The possible relation-
ship of this deposit to the cobalt belt is problematical;
it may be solely a product of later events.

Similar copper deposits (the Harmony mine and
others) occur elsewhere within the Lemhi Range (Ander-
son, 1943, 1956, 1961). Also, the Tormey, Bowman, Cop-
per King, and Bonanza Copper mines are in the Salmon
River Mountains west of Salmon (Umpleby, 1913; Vhay,
1948; Anderson, 1956; Shockey, 1957; Bennett, 1977;
Peters, 1979).

The Musgrove mine, predominantly a gold deposit
with quartz veins and limonitic breccia, is about 9.6 km
south of the Blackbird mine (fig. R1; Umpleby, 1913). It
is within rocks of the Yellowjacket Formation but is prob-
ably related to Tertiary intrusive activity. Analysis of one

sample from the dump shows only a trace of cobalt (table
R2, no. 10), though some prospects containing copper and
cobalt occur elsewhere along Musgrove Creek (Vhay, 1948;
Bennett, 1977).

The mines of the Yellowjacket district (fig. R1),
about 21 km southwest of the Blackbird district, contain
gold and some copper, lead, and silver. The deposits are
in rocks of the Yellowjacket Formation but are probably
related to the Crags and Casto Tertiary plutons (Anderson,
1953; Bennett, 1977; Carter, 1981; Peale, 1982). Likewise,
lead-silver deposits (Ringbone Cayuse and Blue Jay mines)
in the Mackinaw mining district near Leesburg, and gold
deposits near Leesburg and in the Mineral Hill mining
district near Shoup (all within the Elk City 1°X2° quad-
rangle, fig. R1), are all probably related to Tertiary (or
possibly Precambrian) intrusions (Bennett, 1977; Shockey,
1957).

The gold, copper, and fluorite deposits of the Gravel
Range mining district near Meyers Cove (Anderson, 1954;
Ross, 1927; Umpleby, 1913) in the southwestern part of
the area of figure R1 (nos. 33-35) are within the Challis
Volcanics. The Eureka mining district, west of Salmon
(fig. R1, nos. 26-29) includes gold and copper deposits,
some near a Precambrian pluton and some lying within
the Yellowjacket Formation (Peters, 1979; Shockey, 1957;
Anderson, 1956, 1943a; Umpleby, 1913). Also within this
mining district are some small wolframite-quartz veins
reported west of Baldy Mountain (Peters, 1979; Shockey,
1957; near no. 26, fig. R1), and thorium-uranium-rare
earth veins near Diamond and Wallace Creeks (Peters,
1979; Anderson, 1958; no. 32, fig. R1) that appear to repre-
sent the southwesternmost extension of the Lemhi Pass
thorium-rare earth district (Staatz, 1979). Other gold-
mining districts, not shown on figure R, include the
Carmen Creek mining district, north of Salmon (Ander-
son, 1956;.-Umpleby, 1913), and the Indian Creek mining
district, east of Shoup (Umpleby, 1913).

GEOCHEMICAL COMPOSITION OF ROCKS

Lopez (1981) noted that the Yellowjacket Formation
as a whole is characterized by anomalously high values
of cobalt, copper, arsenic, antimony, bismuth, and stron-
tium. Because of relatively high limits of detection,
the analyses reported in this chapter (table R2) do not
include useful new data for arsenic, antimony, and
bismuth in unmineralized rocks. My very limited data set
(table R3) suggests that the high strontium content of the
Yellowjacket Formation (about 100-150 ppm (parts per
million)) may be useful in distinguishing it from litho-
logically similar units of the Lemhi Group (15-50 ppm
strontium). The high strontium content may reflect the
more calcareous and feldspathic nature of the Yellowjacket
Formation, because strontium geochemically replaces
calcium in calcite and feldspar. However, mineralized
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Table R3. Strontium content in mineralized and unmineralized
rocks of the Yellowjacket Formation and Lemhi Group, Challis
quadrangle and vicinity

[Analyses by semiquantitative emission spectroscopy. Values are in parts
per million. Limit of detection 5 ppm, except 100 ppm for the 68 samples
from the Yellowjacket Formation (Lopez, 1981). Although some ore
minerals were present in the mineralized rocks, all the samples in this
table were composed predominantly of clastic sedimentary or volcanic
material. <, less than]

No. of Mean Range
Source of sample analyses (median) of data
Yellowjacket Formation
Quartzite, siltite, and argillite-- 68 100 (100) <100-300
Argillaceous quartzite and
siltite 5 120 (150) 30-150
Calcareous rockg——————s————c—————=- 2 420 150-170
Metavolcanic rocks=—=———————m=—————- 2 650 300-1000
Blackbird mine 3 22 (20) 15-30
Blackpine mine: 3 20 (30) <5-30
Iron Creek area mineralized rocks:
Arsenopyrite zone————————————m 6 160 (60) <5-700
North Fork of Iron Creek————-- 4 40 (40) 30-50
North of Jackass Creek=—=—-—————- 5 5 (5) <5~7
Southeast of Jackass Creek———- 4 88 (90) 20-150
Rocks with tourmaline
quartz veing—=—————————ee——— 3 80 (70) 70-100
Moyer Creek hematite prospect-—-—= 2 135 70-200
Musgrove mine 1 15 15
Salmon Canyon Copper Co.
mine: 3 29 (30) 7-50
Sweet Repose mine———=m—mm——m——————— 2 225 150~350
Lemhi Group
Argillaceous quartzite——————=————=- 3 28 (20) 15-50
Uncertain affiliation, either Yellowjacket Formation
or Lemhi Group
Argillaceous quartzite and
siltite 5 60 (70) 30-100
McKim Creek hematite prospect------ 2 42 15-70
Pope—Shenon mine 2 11 7-15
Twin Peaks mine 5 5 (£5) <5-15

quartzite-argillite samples from the Blackbird mine and
several others, firmly believed to belong to the Yellow-
jacket Formation, also show very low strontium contents
(table R3), so more work needs to be done before this rela-
tionship can be verified. J. J. Connor (oral. commun.,
1984) has begun a detailed survey of the chemical com-
position of the Yellowjacket Formation, with the goal of
using statistically significant chemical parameters as a
means of distinguishing the Yellowjacket from other for-
mations and as indicators of the provenance of its
sediments, as has been done for the St. Regis, Grinnell,
and Spokane Formations of the Belt Supergroup (Con-
nor, 1984).

GENESIS OF THE BLACKBIRD-TYPE DEPOSITS
AND COMPARISON TO OTHER DISTRICTS

The Blackbird district deposits were originally in-
terpreted to be hydrothermal, related to the Idaho
batholith (Anderson, 1947; Roberts, 1953; Purdue, 1975).
It now appears that the deposits represent original
syngenetic, stratabound mineralization that has been
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modified by recrystallization, differentiation, and remo-
bilization during regional metamorphism, and possibly
by hydrothermal alteration or thermal metamorphism
during subsequent intrusive events. Because of the pres-
ent limited knowledge of the details of the process that
formed Blackbird-type deposits, their formation can be
modeled only in general terms. Metal-bearing fluids could
have been derived either from cooling intrusions or from
circulation set in motion by intrusive heat sources. Sulfide
and arsenide minerals would have precipitated as the fluids
cooled during venting on the sea floor. Silica in the fluids
formed the exhalative chert, while quartz-tourmaline veins
may have been forming at depth. The magnetite-rich
deposits may have formed at a location laterally distant
from the sulfides, in a more oxidized environment.

Compared to other deposits, the Blackbird-type
cobalt-copper deposits appear to be partway between two
extremes. One extreme (Franklin and others, 1981) is the
volcanogenic, sea-floor massive sulfide deposits, such as
the Kuroko, Besshi, and Cyprus-type base-metal and cop-
per deposits, and the metal deposits presently forming at
midocean spreading centers, all of which are in predomi-
nantly volcanic host rocks. The other extreme (Gustaf-
son and Williams, 1981) is ore deposits within shallow-
water clastic sedimentary rocks, such as the copper-silver
deposits in Belt Supergroup rocks of Montana (Hayes,
1984), the copper and copper-cobalt deposits of Zambia
and Zaire (Annels, 1974; Annels and others, 1983), and
the deposits of the Kupferschiefer of eastern Europe.
Many of these sedimentary deposits are thought to have
formed during diagenesis of organic-rich, shallow-water
sediments (Renfro, 1974; Brown, 1978), although the
ultimate source of the metals may have been at least partly
magmatic (Annels and others, 1983). Metamorphosed
deposits that seem to have particular affinities to those
of the Blackbird district include the cobalt-gold-copper
deposit of the Standard mine, Quartzburg district, Oregon
(Vhay, 1959), the copper-zinc-iron-cobalt deposit at
Outokumpu, Finland (Koistinen, 1981), and several Ap-
palachian sediment-hosted, stratabound massive sulfide
copper-lead-zinc deposits such as those of Ore Knob, N.C.;
Black Hawk, Maine; and Elizabeth, Vt. (Slack, 1982);
Ducktown, Tenn. (LeHuray, 1984); and the Gossan lead
district, Virginia (Gair and Slack, 1984). The Sullivan,
B.C., lead-zinc deposit resembles the Idaho cobalt-copper
deposits in several important ways: it is within a fine-
grained sedimentary host rock (the Aldridge Formation,
which is a possible though distant correlative of the
Yellowjacket), it has indirect volcanic affinities, and it has
tourmalinized footwall rocks (Hamilton, 1984; Hamilton
and others, 1982). A unique and unmatched feature of
the Blackbird district, however, is the high concentration
of cobalt relative to other metals, particularly copper,
nickel, and silver.

Better understanding of the genesis of the Idaho
cobalt deposits may come from future mineral-chemistry



studies; trace-element geochemistry studies of the ore,
chert, and sedimentary and igneous rocks; sulfur and
oxygen isotopic measurements; fluid-inclusion studies;
laboratory studies of the partitioning of cobalt, copper,
and nickel between minerals and hydrothermal fluids; and
continued detailed stratigraphic study and geologic
mapping.
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Abstract

Modeling of ore deposits and other geological phenomena
is a common practice, yet we seldom examine the underlying
thought processes used in constructing and comparing models.
Models are sets of information containing both facts and deduc-
tions that are based on our perceptions and on incomplete data.
As abstractions, they are distorted from reality by deletion, in-
ference, generalization, and the bias of our own experience.
Knowledge of how models differ from reality is important in
critically examining existing models and constructing new ones.

Analogy is a process by which we extend our ideas into
new physical and conceptual territory, and may be classified
as analogy by proportionality, by attribution, and by metaphor;
all three types are commonly used in ore-deposit studies.
Analogy by metaphor is particularly useful for introducing novel
concepts, for working with uncertain products and processes,
and for explaining ideas to nongeologists. Metaphor, by focus-
ing attention on new combinations of facts and processes, helps
to increase our understanding and perception. Increased
understanding and perception reduces the bias of our own
experiences and aids the thought process by consolidating in-
formation. Metaphor assists us in formulating ideas and extend-
ing those ideas into new areas. Metaphor is thus useful in
creating new models and introducing them into the general
body of geological knowledge. .

Models of syngenetic stratabound vanadium-silver occur-
rences in the Paleozoic Salmon River assemblage and of
mineralized high-level Eocene rhyolites in the Challis volcanic
field illustrate the use of analogy and metaphor in their develop-
ment as exploration and assessment guides.

INTRODUCTION

This chapter presents a summary of some of the
conceptual processes underlying the study of ore deposits
for the resource appraisal in the Challis 1°X2° quadrangle.
Models of ore deposits are used for a variety of purposes
in geology, including exploration guides, assessment
methods, financial calculations, and program planning
(Peters, 1978, p. 162, 360-362, 542-550). Much has been
written about the types of data that should be included
in ore-deposit and resource-appraisal models (Harris and
Agterberg, 1981; Bailly, 1981; Singer and Mosier, 1981;
Botbol and others, 1978; Wolf, 1976; and Cameron, 1975).
The focus here is on what a model is, and how models
are constructed and compared.

The use of models, analogies, and metaphors is
inherent in the science of mineral-resource appraisal,
but only models are commonly identified as such, and
the thought processes involving analogies and metaphors
are rarely if ever described. Models of ore-deposit types
are created by selecting common factors from an
assemblage of data on a number of ore deposits and
occurrences, but those who create the models generally
present the finished product and do not describe the proc-
ess of selection and synthesis. The term “analogy” is
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sometimes used to describe the comparison of the model
with data from a new area but again without explaining
the type of comparison being made. The term “metaphor”
is rarely seen in geologic literature, even though the use
of metaphor in resource appraisal and elsewhere in
geology is widespread. It is useful to examine some of the
basic features of these concepts and how they are applied
in geology.

MODELS

The models we construct are based on our percep-
tions and on incomplete data; as abstractions they differ
and are distorted from reality. In general, our models can
be thought of as differing from reality in three ways
(Bandler and Grinder, 1975): through deletion, inference,
and generalization. We delete because if we put all avail-
able facts into our models we are overwhelmed with detail,
much of which would be valueless for the purposes of
our model. We select the pertinent information by a proc-
ess of deletion and simplification.

A second difference between models and reality is
inference or distortion, which occurs when we shift from
observed facts to inferred possibilities. For example, from
a study of fluid inclusions, we determine the daughter prod-
ucts and measure filling and freezing temperatures, and
then make inferences about the chemistry of the parent ore
fluids; from stable-isotope measurements we postulate the
sources of the metals in a given ore deposit. Our personal
experience biases our thinking so that we select, delete, and
evaluate data according to our own experience.

Ore-deposit models also differ from reality through
generalization. Generalization is the process by which a
model of a given ore-deposit type, based on a selected
smaller group of deposits, comes to represent a much
larger group of deposits. Generalization allows us to
recognize deposits we have never seen before and to
classify deposits into selected groups, facilitating the use
and understanding of the model.

The most efficient model contains the least number
of elements while still maintaining its usefulness. The ef-
fectiveness of exploration models is generally increased
by focusing the model more toward genetic process than
descriptive content. An accurate genetic model of ore
deposition is a more powerful prospecting tool than a
model based solely on empirical observations because it
enables prediction of resource possibilities from less data
and permits extension of knowledge into unexplored
environments.

ANALOGY AND METAPHOR

We use a process of analogy to refine existing
ore-deposit models, to extend them into new physical and



conceptual territory, and to develop new models.
Hypotheses “are always suggested through analogy.
* * * Analogic reasoning suggests that the desired
explanation is similar in character to the known, and this
suggestion constitutes the production of a hypothesis”
(Gilbert, 1896).

Webster’s Third New International Dictionary of the
English Language Unabridged (1964) defined analogy as
“a similarity of ratios or properties; inference that if two
or more things agree with one another in one or more
respects they will probably agree in other respects)’” The
dictionary indicated that analogy may be divided into
analogy by proportionality, by attribution, and by
metaphor. Examples of the use of all three of these types
in conjunction with ore-deposit modeling are not difficult
to find. An example of analogy by proportionality is
Lasky’s cumulative tonnage-grade relationship (Lasky,
1950), whereby the tonnage of ore increases exponentially
as the grade decreases arithmetically. Examples of analogy
by attribution are widespread. In the simplest case we
compare the attributes of an ore-deposit model with those
of unexplored ground to assess its resource potential.
Analogy by metaphor is fertile ground for developing and
explaining new ideas. The use of metaphor is widespread
in geology; examples include the description of intrusive
bodies as “heat engines” driving hydrothermal convec-
tion cells, of certain kinds of faults as “trap-door” struc-
tures, and of veins as “plumbing systems,’ recognizing that
the word “vein” itself in geologic usage started as a
metaphor.

Metaphors introduce novel concepts by using
familiar terms to make new ideas easier to understand.
By focusing attention on new combinations of facts and
processes, metaphor helps to increase our understanding,
reduces the bias of our own experiences, and aids the
thought process by consolidating information, making it
easier to use and remember. Metaphor can be as simple
as the substitution of a single word for another word in
a given model. Most often, however, the use of metaphor
is more general, involving numerous substitutions of fact
and process and containing considerable unspecified
implications (Black, 1962). \

Commonly the most obvious implication or idea
expressed is the underlying comparison of similar concepts
in a metaphor. For example, in the phrases “trap-door
fault” and “ladder vein]’ the similarity is the geometry
of the structures; the shape of the ladder is compared to
the vein and the trap door to the fault. In the phrase “heat
engine)’ the comparison is thermodynamic; the produc-
tion of heat by the engine is compared to that of the in-
trusive body. But all of these metaphors carry many more
unspecified implications or implicit ideas; fluid move-
ment, element dispersal, cooling rates, and convection cells
are all associated with the heat-engine metaphor, and the
trap-door-fault metaphor implies different structural styles
associated with the hinge zone verses the sides of the trap

door. These examples illustrate the power of metaphor to
aid creative thought by leading our thinking into new areas
and also illustrate the general idea of the importance of
the unspecified implications or implicit information con-
tained in a metaphor.

In short, metaphors depend very much on the user,
each user possibly deriving a somewhat different array
of ideas from the same metaphor. Metaphor is most
effective when searching for new ideas and thinking
broadly.

In the context of mineral exploration, models con-
vey a sense of measurement, precision, scale, detail,
boundaries, standards, and pattern. In contrast, when
using metaphor, flexibility increases, precision decreases,
unknowns are more common and acceptable, scale
becomes less material, and details and boundaries are
vague. Metaphor assists formulation of ideas and the
extension of those ideas into new areas. Metaphor thus
is useful for creating new models and for the introduc-
tion of those models into the general body of geological
knowledge. The models themselves are required when
evaluating and judging ideas and when focusing on prac-
tical application.

EXAMPLES OF MODELS

About 55 ore-deposit types requiring models for
assessment and exploration have been identified in the
Challis quadrangle. Two examples illustrating some ap-
plications of analogy and metaphor are a syngenetic
stratabound vanadium-silver model for the Paleozoic
Salmon River assemblage, and a high-level rhyolite model
useful within the Challis volcanic field. High-level rhyo-
lites are rhyolite intrusive bodies emplaced at or very near
the Earth’s surface; some may have breached the surface.
In plan, shapes may be circular, linear, or very irregular.

Remobilized lead-silver deposits (Hall and others,
1975) and stratabound zinc deposits in rocks of the Devo-
nian Milligen Formation (Hall, chap. J, this volume) are
known south of the Challis quadrangle. The recognition
of rocks in the Challis quadrangle that have gross
similarities in lithology, color, structural setting, and

‘possibly age to the Milligen (analogy by attributes) sug-

gested a search for stratabound and remobilized deposits
in all similar rocks in the Challis quadrangle, including
the Paleozoic Salmon River assemblage. Geochemical data
gathered from reconnaissance rock sampling to test this
idea suggested vanadium and silver rather than lead and
silver in the Salmon River assemblage. Thus a new assess-
ment model (changed by substitution) was developed.
The deposits in the Salmon River assemblage are
in a thick accumulation of dark-gray to black turbidites
composed of argillite, siltstone, calcareous siltstone,
quartzite, sandstone, and carbonate beds. These rocks are
allochthonous, thrust eastward during the Sevier orogeny
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(Armstrong, 1968), and are now exposed along the eastern
side of the Idaho batholith (Fisher and others, 1983). In-
dividual beds are generally 1-2 m thick but may be as thick
as 10 m. Flute and groove casts, cross laminations, and
graded bedding are common. The rocks have been highly
deformed, and isoclinal folds are common. The exact
thickness of the sequence is unknown but is estimated
to be more than 2,000 m. Silver, barium, copper, molyb-
denum, vanadium, and zinc are all present in anomalous
concentrations in these rocks (Fisher and May, 1983).
Rock sampling in selected areas in the Salmon River
assemblage indicated that stratabound concentrations
of vanadium and silver are present and generally are
associated with carbonaceous units (Fisher and May,
1983). Zinc and barite may also be present. Geologic map-
ping suggests that such units are relatively widespread.
Details of the geological characteristics and settings of
these and other deposits in upper Paleozoic rocks are
discussed by Hall (chap. J, this volume). This assessment
model indicates that much of the Salmon River assem-
blage may be favorable for syngenetic vanadium and silver
resources.

Epithermal precious-metal deposits are associated
with high-level Eocene rhyolites in the Challis volcanic
field. A general model for mineral deposits associated with
rhyolites (Berger, 1982; Silberman, 1982) was modified to
fit data from three mineralized areas in the Challis quad-
rangle, the Sunbeam, Singheiser, and Parker Mountain
gold-silver deposits (Fisher, chap. A, this volume). Many
features are presently poorly defined in this model; the
term “high-level” is useful because we do not know how
close some of these intrusions came to the surface—some
breached, others did not. Fracture patterns and directions
of hydrothermal-fluid flow markedly control the zoning
of ore deposits in these high-level intrusions (Peterson and
others, 1977). The cooling history, hydrothermal-fluid
flow, and mineralization of rhyolites that breached are
probably different from those that did not breach. The
rhyolite bodies are mostly domes and dikes that formed
late in the volcano-tectonic sequence, probably less than
45 m.y. ago, but the exact time cannot be specified. Pre-
liminary geochemical sampling suggests that silver, gold,
arsenic, molybdenum, and zirconium are present in anom-
alous concentrations (Hardyman and Fisher, chap. N, this
volume). These rhyolites are aphyric to porphyritic and are
associated with the trans-Challis fault system (Kiilsgaard
and Lewis, chap. B, this volume). Application of this
exploration model to favorable areas identified by geolog-
ical mapping by Hardyman (Fisher and others, 1983) has
led to the discovery of new areas having high resource
potential for gold, silver, and possibly molybdenum (Har-
dyman and Fisher, chap. N, this volume).

Awareness of the basic aspects of models, analogy,
and metaphor focuses attention on some of the thought
processes involved in the development of exploration and
assessment models and in the search for new mineral
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resources. It helps avoid the mental traps of rigidly defined
models that stifle the innovative thinking needed to see ore
possibilities where some may see only barren rock.
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