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STUDIES RELATED TO WILDERNESS
STUDY AREAS

In accordance with the provisions of the Wilderness Act (Public Law
88-577, September 3, 1964) and the Joint Conference Report on Senate
Bill 4, 88th Congress, the U.S. Geological Survey and U.S. Bureau of
Mines have been conducting mineral surveys of wilderness and primitive
areas. Studies and reports of all primitive areas have been completed.
Areas officially designated as "wilderness," "wild," or "canoe" when the
act was passed were incorporated into the National Wilderness
Preservation System, and some of them are presently being studied. The
Act provided that areas under consideration for wilderness designation
should be studied for suitability for incorporation into the Wilderness
System. The mineral surveys constitute one aspect of the suitability
studies. This report discusses the results of a mineral survey of
national forest land in the Elkhorn Wilderness Study Area, Montana that
is being considered for wilderness designation (Public Law 94-577,
October 19, 1976). The area studied is in the Helena and Deerlodge
National Forests in Broadwater and Jefferson Counties.



SUMMARY

The mineral resource potential of the Elkhorn wilderness study
area, Montana, was appraised by the U.S. Geological Survey and U.S.
Bureau of Mines in 1976 and 1977. This appraisal consisted of a
resource assessment by the Geological Survey based upon geologic,
geochemical, and geophysical surveys and an economic appraisal by the
Bureau of Mines based upon studies of existing mines and prospects. The
area has resources of gold, silver, copper, molybdenum, lead, zinc,
iron, and possibly uranium and thorium. Extensive limestone and sand
and gravel deposits also occur in the area. The potential for oil, gas,
coal, or geothermal resources is very low. The area studied is part of
the Elkhorn Mountains, just southeast of Helena, Montana, consisting of
about 332 km? of the officially designated wilderness study area plus 22
km“ requested by the U.S. Forest Service.

The Elkhorn Mountains are part of an uplifted block bounded on the
north, east, and probably south by major faults. The area is underlain
by granitic rocks of the Boulder batholith and related satellitic
plutons, by the Elkhorn Mountains Volcanics, and to a lesser extent by
Precambrian, Paleozoic, and Mesozoic sedimentary rocks.

The mineral resource assessment by the U.S. Geological Survey was
based principally upon geologic studies including chemical analyses of
rocks, a detailed geochemical survey of stream deposits, and a detailed
aeromagnetic survey. The geochemical survey involved the collection of
bulk stream sediments and panned stream sediments which were analyzed
for thirty elements by semiquantitative spectrographic methods and for
gold, zinc, and arsenic by atomic absorption methods. Geologic studies
and rock sampling were then conducted in drainage basins from which
stream samples showed anomalously high metal content or in which
evidence of hydrothermal alteration was known. The aeromagnetic survey
served as a guide for collecting rock samples which were subsequently
measured for remanent and induced magnetization for purposes of
determining the range of physical properties of anomaly sources.
Uranium and thorium resources were investigated by means of analysis of
water and stream sediment samples and an airborne radiometric survey.
Altogether, more than 1,400 samples were analyzed in the assessment.

The geologic and geochemical data indicate that the western part of
the study area has a moderate to high potential for porphyry-type copper
and/or molybdenum deposits. Three of these deposits, Jackson (1, fig.
1), Golconda (2, fig. 1), and Turnley Ridge (3, fig. 1), which are
located adjacent to the study area, have been explored by drilling,
Golconda showing the highest potential for development. On the basis of
geologic studies, other areas believed to have high potential for
molybdenum and/or copper include breccia pipes and dikes cemented by
tourmaline, quartz, and sulfide minerals. The breccia bodies may
overlie buried porphyry-type copper and/or molybdenum deposits. These
breccias occur at the south (near the Skyline Mine, 4, fig. 1) and north
(near and south of the Chicago Mine, 5, fig. 1) margins of the study
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area. A high potential for molybdenum and/or copper is also suggested
on the basis of geochemical data to occur at Nursery Creek (6, fig. 1),
Hidden Lake (7, fig. 1), and South Fork Warm Springs Creek (8, fig. 1),
localities which show high contents of molybdenum, tin, and/or tungsten
in both panned concentrates and rock samples; and Dutchman Creek (9,
fig. 1), which shows high contents of molybdenum, tin, and/or tungsten
in the panned concentrates alone.

A moderate potential for precious and base-metal deposits is
suggested by geochemical data to occur in a broad northeast-trending
zone in the southeast part of the area. Several areas of high potential
for these metals are indicated within this zone (areas 10, 11, 12, 13,
and 14, fig. 1). Of these, areas 10 and 14 include major mines, the
workings from which have contributed to the high metal contents in the
panned concentrates. The high metal contents in samples from areas 11,
12, and 13 (Longfellow Creek, an unnamed tributary to Crow Creek, and
Staubach Creek, respectively) do not appear related to any major mine.

Aeromagnetic anomaly and rock magnetic data suggest that negative
anomalies are in many places associated with subsurface zones of
alteration and silicification in the Boulder batholith and in the
Elkhorn Mountains Volcanics near the batholithic contact and that
positive anomalies are in many places associated with shallowly buried
plutons in Elkhorn Mountains Volcanics farther from the contact. Both
the negative and positive features occur over a number of terranes which
have been mined or prospected and therefore delineate subsurface regions
which merit consideration for future exploration.

Anomalously high uranium in water was found at Badger Creek (15,
fig. 1), Muskrat Creek (19, fig. 1), and Rawhide Creek (17, fig. 1).
The entire drainage of Warm Springs Creek (8, fig. 1) was high in
uranium in stream sediments. Radon in water was anomalously high in
samples from Dutchman Creek (9, fig. 1), Warm Springs Creek, and Muskrat
Creek. Anomalously high thorium was found in stream sediment pan
concentrates from the following creeks: Rawhide, Nursery (6, fig. 1),
Weimer and Anderson (2, fig. 1), Dutchman, Warm Springs, North Fork Warm
Springs (16, fig. 1), and McCarthy (18, fig. 1) Creeks.

The economic appraisal by the U.S. Bureau of Mines consisted of
geologic mapping, sampling, estimating tonnage and grade, and
determining minability of mines and prospects in the study area.

The Elkhorn wilderness study area includes parts of the Beaver
Creek, Elkhorn, and Park mining districts, and all of the Tizer-Wilson,
none of which were producing ore at the time of the study (fig. 2). The
area also includes part of the Warm Springs district, within which only
the White Pine Mine, outside the area, was producing ore during the
study. Jefferson and Broadwater County records show that 1,106 lode and
275 placer claims have been located within, and hundreds more just
outside, the study area.
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An unnumbered table to accompany fig. 2, Mining districts in the
vicinity of the Elkhorn wilderness study area.

Mines, prospects, and claims with resource potential

August Rust Prospect

Casey Meadows Prospect
Black Bear Claim

Sawmill Creek Prospect
Monte Cristo Group

G. W. No. 2 Claim (north)
Silver Saddle Mine

Last Chance Prospect

G. W. No. 2 Claim

Champion Mine

Silver Dyke No. 1 Claim
Mountain Dude Lode

Vulture Mine

Jawbone Lode Mine

Little Jim Nos. 1-5 Claims
Salt Lick Prospect

Eureka Creek Divide Prospect
McFadgen Mine

Golden Hope Nos. 1 and 2 Claims
Cross Claim Group

Eagle Mine

Roadside Prospect

Mamouth Lode Mine

Lower Eureka Creek Prospect

25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44,
45.
46.
47.
48.

Moonlight Claims

Gold Series Claim

Belle, Best, and Last Lodes
Callahan Mine

Big Tizer-Wildcat Prospect
Little Tizer-Wildcat Mine
Ballard Mine

J. C. Copper Claim

South Hidden Lake Prospect
Andy Claim Group

Anderson Creek Prospect
Iron Mine

Elkhorn Ridge Prospect
Lone Bear Prospect

North Louise Prospect
Union Mine

Golden Moss Mine

Louise and Side Issue Lodes
Queen Ann Claim

C and D Mine

Arcturus Claim

Blackbird Claim

Ann Kinzer Mine

Summit Prospect



The total production of gold, silver, copper, and lead from the
Beaver Creek, Elkhorn, Park, Tizer-Wilson, and Warm Springs districts is
estimated to have been worth about $23 million, of which approximately
$339,423 was produced from within the study area. About 68 percent
($213,418) of the study area production came from the Callahan Mine
(fig. 2, no. 28), and 17 percent ($56,285) from the Ballard Mine (fig.
2, no. 31), both in the Tizer-Wilson district. Other producers included
the Monte Cristo group and Silver Saddle Mine in the Beaver Creek
district (fig. 2, nos. 5 and 7) ($10,314), the C and D, Golden Moss, and
Iron mines in the Elkhorn district (fig. 2, nos. 44, 41, and 36)
(526,312), the Ann Kinzer, Eagle, Jawbone Lode, McFadgen, Mamouth Lode,
and Vulture mines in the Park district (fig. 2, nos. 47, 21, 14, 18, 23,
and 13) ($14,799), and the Gold Series claim and Little Tizer-Wildcat
Mine in the Tizer-Wilson district (fig. 2, nos. 26 and 30) ($295).

Indicated and inferred resources of mines and prospects in the
study area total about 6 million tons (5.4 t) of mineralized rock
containing as much as 0.56 ounce gold per ton (19 g/t), 2.2 ounces
silver per ton (75 g/t), 2.7 percent copper, 7.0 percent lead, 16.0
percent zinc, and 28.7 percent iron. Beaver Creek district estimated
resources consist of 825,540 tons (748,930 t) of fissure vein material
with as much as 0.23 ounce gold per ton (7.9 g/t) in three deposits.
Resources in four mines and prospects of the Elkhorn district total
4,210,275 tons (3,819,561 t) and have as much as 0.07 ounce gold per ton
(2.4 g/t), 2.2 ounces silver per ton (75 g/t), 0.21 percent copper, 7.0
percent lead, 16.0 percent zinc, and 28.7 percent iron. These are
replacement, fissure vein, and breccia pipe deposits. Resources in the
Park district are estimated to total 739,735 tons (661,561 t) in fissure
vein deposits that contain as much as 0.13 ounce gold per tom (4.5 g/t),
1.8 ounce silver per tom (62 g/t), 2.4 percent lead, and 1.8 percent
zinc. These occur in six mines and prospects. The Tizer-Wilson
district has resources estimated at 286,620 tons (260,022 t) in fissure
vein and replacement deposits containing as much as 0.22 ounce gold per
ton (7.5 g/t), 0.1 ounce silver per ton (3.4 g/t), 2.7 percent copper,
and 0.4 percent zinc. Resource estimates for this district involved
only three mines and prospects. No resources were calculated for Warm
Springs district because of the mineralized structures’ small sizes.
Forty-eight mines and prospects in the study area that are thought to
have a resource potential are shown on figure 2.

The study area’s stream channel and terrace gravel deposits are
estimated to contain 21.3 million cubic yards (16.3 million m3) of
stream reworked, glacially~-deposited gravel. Samples indicate that
gold-bearing pockets of gravel occur along Crow, Wilson, and Tizer
Creeks, but are small, scattered, and low-grade. The deposits could be
a source of fill material and sand and gravel, but now are not
competitive because alternate sources are available closer to markets.
Extensive limestone beds occur along the southern edge of the study
area, but other deposits are closer to markets.
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INTRODUCT ION

The area described in this report includes the officially
degsignated Elkhoru wilderness study area, which consists of about 332
km® (about 82,000 acres), and an additional 22 km’ (5,400 acres), added
at the request of the U.S. Forest Service (pl. 1). The area is in parts
of Broadwater and Jefferson Counties, western Montana, and it includes
parts of the Helena and Deerlodge National Forests.

In this report, the terms "Elkhorn wilderness study area" or
"wilderness study area" refer to the officially designated Elkhorn
wilderness study area. The terms "Elkhorn area," "study area," or "area
studied" refer to the entire area that was investigated.

The wilderness study area is accessible from the east by several
secondary roads leading from U.S. Highways 12 and 287. From the west it
is reached by several secondary roads leading from U.S. Interstate
Highway 15. Jeep trails provide access throughout Tizer Basin (pl. 1)
and lower parts of the bordering slopes of the basin. From the south
the wilderness study area is reached by secondary roads leading north
from Montana State Highway 281 and a secondary road connecting the towns
of Elkhorn and Radersburg. TForest Service trails provide access by foot
or horseback to most of the area from June through October.

The Elkhorn wilderness study area includes the higher part of an
isolated mountain range at the north end of the Elkhorn Mountains.
Relief in the area is about 1,455 meters, ranging from an elevation of
about 1,414 meters, where Warm Springs Creek leaves the area, to 2,869
meters at Crow Peak, the highest peak in the area. Although the maximum
local relief is in the northern part of the area, the scenery is more
spectacular in the southern part because of the glacial cirques on the
flanks of Crow and Elkhorn Peaks.

The area is in the Missouri River watershed and is drained on the
east mainly by Crow Creek and Beaver Creek, on the northwest by Prickly
Pear Creek, Dutchman Creek, Warm Springs Creek, and McClellan Creek, and
on the southwest by Muskrat Creek, Elkhorn Creek, and Dry Creek.

The wilderness study area was glaciated during Pleistocene time and
glacial features include cirques on the higher peaks. The upper parts
of many valleys are U-shaped, and moraine and outwash deposits fill
parts of Tizer Basin and most of the major drainages.

The highest ridges and peaks of the area have talus—covered slopes
with a sparse cover of whitebark pine and alpine fir (vegetation data
from U.S. Dept. Agriculture Forest Service, 1976). Lower ridges and the
upper slopes and basins generally are densely covered with lodgepole
pine. Midslopes and valley bottoms have a mosaic of douglas fir and
lodgepole pine woodlands and mountain grassland parks. On the lower
slopes to the east and south, these parklands pass into open grasslands
and shrub lands.



The climate of the area is modified continental with large annual
and daily temperature variations (U.S. Dept. Agriculture Forest Service,
1976). Precipitation ranges from less than 30 cm per year in the
valleys to over 75 cm per year at higher elevations. Average snowfall
is over 250 cm per year in the high country and makes up a large part of
the annual precipitation of that part of the area. The area generally
has very little rain during July and August. The temperature ranges
from a minimum of well below -20°C in winter to a maximum of nearly 32°
in summer and is quite variable from day to day.

The Elkhorn wilderness study area is used principally as a
livestock range and for recreational fishing and hunting. Logging in
the area has yielded about 20 million board feet of timber and remains a
potential economic resource (U.S. Dept. Agriculture Forest Service,
1976). Mineral exploration in the wilderness study area is being
conducted by individual prospectors and by companies and mine
development work is being done on properties adjacent to the study area
in Warm Springs Creek.

PREVIOUS STUDIES

The geology and mineral deposits of different parts of the
wilderness study area have been discussed in many reports, which are
listed in the references and cited elsewhere in relevant parts of this
report. The geologic map of the study area (pl. 1) was compiled from
the reports by Klepper, Weeks, and Ruppel (1957); Klepper, Ruppel,
Freeman, and Weeks (1971); Becraft, Pinckney, and Rosenblum (1963); and
Smedes (1966); and details were added locally based on our mapping. The
synopsis of geology presented here is drawn largely from these papers,
supplemented by subsequent summaries and topical reports by these
authors and their co-workers. The spirited exchange between Hamilton
and Myers (1967, 1974a,b) and Klepper, Robinson, and Smedes (1971, 1974)
presented much useful information and opinion on the shape and manner of
emplacement of the Boulder batholith.

PRESENT INVESTIGATION AND ACKNOWLEDGMENTS

Investigations in the study area by the Geological Survey were made
during November 1976 by W. R. Greenwood and W. R. Miller, and during
June, July, and August 1977 by these geologists and S. D. Ludington,
assisted in 1977 by Judy Melia Allen, Enid Bittner, and David Thompson.

The field work was conducted mainly by foot traverses through the
area. Jeeps were used on several trails in Tizer Basin and to gain
access to sample localities on the periphery of the study area.

The mineral survey included reconnaissance geologic mapping aimed
primarily at checking and updating existing maps. Most of the field
effort, however, was devoted to collecting samples for geochemical
analysis and searching for evidence of mineralization. Bulk stream
sediment samples and panned concentrates of stream sediments were



collected from all first order, or unbranched, streams. Water samples
were also collected from these streams and from springs and seeps. The
common rock types were sampled, as were visibly altered or mineralized
rocks. Altogether, more than 1,400 samples were collected and analyzed.
The spectrographic analyses of these samples were determined in a
Geological Survey mobile laboratory by Jerry Motooka. Sample
preparation and other chemical analyses were conducted in a mobile
laboratory by John B. McHugh.

The mineral survey benefited greatly from assistance extended by
local residents, Forest Service officials, claim owners, and others. 1In
particular we would like to acknowledge help received from James W.
Whipple, formerly Forest Service geologist of the Helena National
Forest, and Richard I. Walker, U.S. Forest Service, who is the team
leader for the Elkhorn wilderness study area project.
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GEQOLOGIC SETTING

The Elkhorn wilderness study area is underlain mostly by Elkhorn
Mountains Volcanics and related intrusive rocks of Cretaceous age and by
the Cretaceous Boulder batholith and satellitic stocks of similar age.

A smaller part of the area is underlain by strata of Paleozoic to
Mesozoic age. Precambrian sedimentary rocks of the Belt Supergroup crop
out extensively in the Elkhorn Mountains and presumably lie beneath the
Paleozoic strata in various parts of the study area. Mineral deposits
occur in quartz veins, as replacement deposits, in breccia pipes, as
disseminated deposits and stockworks in plutonic rocks, in skarns along
intrusive contacts, and along faults that were active during Cretaceous
plutonism. All these rocks were intruded by mid-Tertiary and late-
Tertiary igneous dikes and stocks and locally overlain by related
volcanic rocks.

The mountain range containing the study area is a tectonically
uplifted block, bounded on the east and north and probably south and
west by major faults. This uplifted block has been eroded by glaciers
and by running water to its present form.

SEDIMENTARY ROCKS

Sedimentary rocks about 4,000 meters thick and ranging in age from
late Precambrian to Cretaceous are exposed in or near the study area.
These strata are overlain by Late Cretaceous Elkhorn Mountains Volcanics
that in places were 3,000 to as much as 4,000 meters thick. The
Cretaceous and older rocks were strongly folded and faulted prior to and
during the intrusion of the Boulder batholith and related Late
Cretaceous intrusive rocks.

) The sedimentary rocks and volcanic units in the study area have
been fully described by Klepper, Weeks, and Ruppel (1957); Klepper,
Ruppel, and others (1971); Smedes (1966); and Becraft and others (1963);
accordingly they are described summarily and only the details that have
economic significance are discussed in this review.

Precambrian rocks

Hornstone mapped as Spokane Shale and possibly Empire Shale of the
Belt Supergroup (Precambrian Y age) is exposed in the faulted core of an
anticline in the Elkhorn mining district, adjacent to the southwest
border of the study area (Klepper and others, 1957). Only a few mines
have been developed in the Belt rocks of this district and the unit does
not appear to be favorable for mineral exploration.

Paleozoic rocks
Paleozoic rocks crop out in the cores of two anticlines at the

south edge of the study area and in upfolded rocks several kilometers
east and north of the area. These strata consist predominantly of
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carbonate rocks and shale and include subordinate amounts of quartzite,
phosphatic quartzite, and chert. Most of the mines of the Elkhorn
mining district (Klepper and others, 1957) and some lead-zinc deposits
in the Quartzite Ridge area southeast of the study area (Klepper,
Ruppel, and others, 1971), have been developed in Paleozoic rocks. Many
of these metal deposits formed as replacements of carbonate rocks near
contacts with overlying relatively impermeable shale. Such carbonate-
shale contacts are attractive exploration targets and therefore they are
designated with a dashed line on plate 1. The phosphatic quartzite and
chert of the Phosphoria Formation (Permian) locally contains one or two
thin beds of phosphate rock as much as 0.8 m thick. Some phosphate
rocks of the Phosphoria Formation of the region have anomalous uranium
contents (Maughan, 1976), and such rocks are a possible exploration
target.

Mesozoic rocks

At the base the Mesozoic rocks consist of marine and nonmarine
sandstone and shale, in part calcareous or interbedded with limestone.
These beds are overlain by dark shale and sandstone that grade upward
through tuffaceous sandstone to bedded tuff interbedded with shale or
mudstone. North of Johnny Gulch in the eastern part of the area, the
epiclastic rocks grade upward into predominantly pyroclastic rocks of
the Elkhorn Mountains Volcanics. However, south of Johnny Gulch the
Elkhorn Mountains Volcanics rest with angular unconformity on tilted and
eroded older rocks (Klepper, Ruppel, and others, 1971).

The pre-volcanic Mesozoic rocks contain several carbonaceous units,
and one unit, the upper part of the Slim Sam Formation, contains
carbonized and silicified wood in many places. Carbonaceous sedimentary
rocks such as these commonly contain high, but usually not economic,
amounts of metals. Several mines and prospects in the southeast part of
the study area have been developed in or near those carbonaceous units,
especially where they are cut by intrusive rocks. Leaching of the
carbonaceous rocks by magmatic fluids may have released metals that were
then concentrated in some of the ore deposits of the area. The
carbonaceous units are also of economic interest as possible sites of
concentration of uranium leached from the interbedded and overlying
tuffs.

The pre-volcanic Mesozoic rocks also contain lenticular beds of
titaniferous magnetite that appear to be lithified beach placers; near
Radersburg southeast of the study area such beds have been mined for use
in cement.

Cenozoic rocks
Cenozoic sedimentary rocks of the region include Tertiary fluvial
and lacustrine deposits including waterlaid tuff, which are part of the

basin fill in the Townsend Valley east of the study area (Klepper,
Ruppel, and others, 1971).
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Unconsolidated deposits of Tertiary and Quaternary age in the study
area are grouped on plate 1 according to the means and amount of
transportation from their source. Generally thin surficial deposits
originally mapped as fan deposits, mantle, hillwash pediment gravel, and
mass-waste deposits including landslides are combined in one map unit.
These deposits generally are coarse grained, derived largely by
mechanical erosion, and most have been traunsported only short distances.
Glacial deposits are combined in one unit, and alluvial deposits of
several ages are combined in one unit.

IGNEQUS ROCKS

Extrusive and intrusive igneous rocks underlie most of the study
area. The Elkhorn Mountains Volcanics predominate in the east half of
the area and the Boulder batholith underlies the west half. The Elkhorn
Mountains Volcanics are intruded by many sills and dikes of porphyritic
igneous rock similar in composition to the volcanics. These sills and
dikes were intruded prior to and during folding and faulting of the
volcanic rocks. The volcanics and associated porphyritic intrusions are
intruded by the Boulder batholith and smaller, generally discordant
igneous bodies that are satellitic to the batholith. Uplift and erosion
of the Elkhorn Mountains Volcanics and Boulder batholith was followed by
mid-Tertiary volcanism represented in the study area by a quartz latite
dike swarm and related stocks. Late Tertiary volcanism is represented
by a few small rhyolite flows, volcanic sandstone, and tuff, and
associated intrusive rhyolite domes and breccias, and basalt flows.

The nomenclature used in this report for igneous rocks follows that
of Klepper, Ruppel, and others (1971). The terminology of fragmental
rocks follows that of Wentworth and Williams (1932, p. 43-53).

Elkhorn Mountains Volcanics

The Elkhorn Mountains Volcanics of Late Cretaceous age are divided
into three members (Klepper and others, 1957): (1) The lower member
ranges in thickness from 760 to 1,520 m and consists of rhyodacitic and
trachyandesitic tuff, tuff breccia, and breccia, with subordinate flows
and thin welded-tuff units; most of the finer grained tuff is finely
laminated and was deposited in shallow water with minor reworking
(Klepper, Ruppel, and others, 1971). (2) The middle member is as much
as 2,290 m thick and consists of rhyolitic welded tuff interlayered with
crystal and lithic tuff and less abundant volcanic breccia (Smedes,
1966, p« 26)« (3) The upper member is about 610 m thick in its thickest
preserved section near High Peak in the northern part of the study area
(Smedes, 1966, p. 26); this member consists of water-laid epiclastic
mudstone to conglomerate, bedded tuff, and a few thin beds of volcanic
breccia.
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Intrusive rocks related to Elkhorn Mountains Volcanics

Several large laccolithic, lopolithic, and irregular bodies
consisting mainly of syenodiorite porphyry and granodiorite porphyry and
many dikes, sills, plugs, and irregular bodies of trachyandesite
porphyry and rhyodacite porphyry cut Elkhorn Mountains Volcanics and
older rocks. These intrusive rocks are compositionally similar to the
volcanics and probably are products of the same magma or magmas
(Klepper, Ruppel, and others, 1971, p. 20). Some of the larger
intrusives appear to have been intruded as a series of sill-like sheets
that coalesced to form laccolithic bodies and locally these bodies of
magma breached through to the surface forming laharic or mud-flow
deposits (Klepper, Ruppel, and others, 1971, p. 23). These larger
intrusive bodies are concentrated along the axial zones of a major
syncline in the center of the study area and a major anticline in the
east part of the area and may have been emplaced during the early stages
of folding (Smedes, 1966, p. 61; Klepper, Ruppel, and others, 1971, p.
33).

Younger intrusive rocks

The Boulder batholith and related dikes, plugs, and stocks of Late
Cretaceous age cut the Elkhorn Mountains Volcanics and related intrusive
rocks. The rocks of the Boulder batholith are divided in plate 1 into
mafic plutons, ranging from gabbro to dark granodiorite and calcic
syenite, and intermediate to felsic plutons, ranging from granodiorite
to granite. In the study area, the intermediate to felsic rocks of the
Boulder batholith are mapped as phases of the Butte Quartz Monzonite;
they apparently were coeval and were derived from a single magma source
(Tilling, 1973); these phases are not shown separately on plate 1.
Alaskite and a late leucocratic granite contemporaneous with alaskite
are concentrated in a northeast-trending zone that also contains most of
the major metalliferous veins in the northwest part of the study area.
East of the batholith, the intermediate to felsic plutons are subdivided
into two groups, (1) granodiorite and (2) rocks more felsic than
granodiorite.

Although most of these younger intrusive rock bodies have
discordant and steeply dipping contacts, they probably were emplaced at
their present erosion levels during and following the culmination of
major folding and faulting in the region. The eastern contact of the
batholith conforms in trend to the trend of the major folds in the
strata to the east. Furthermore, the satellitic plutons in the east
part of the study area crop out in a north-trending zone that generally
follows the axial zone of a major syncline. The batholith and the
satellitic plutons intrude and are cut by faults that are symmetrically
and probably genetically related to the major folds.
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Eocene quartz latite porphyry

Dikes and stocks of quartz latite porphyry cut rocks of the Boulder
batholith and older rocks in the north part of the study area. The
quartz latite intrusions are at the northern end of a swarm of similar
bodies that connect to the southwest with the main exposures of the
quartz latitic Lowland Creek Volcanics (Smedes, 1962). The volcanics
and the associated dike swarm have been dated as early Eocene (Smedes
and Thomas, 1965).

Felsic flows, tuffs, and intrusive bodies

Scattered outcrops of a flow-laminated rock termed rhyolite by
Klepper, Ruppel, and others (1971) occur along Crow Creek. The chemical
analysis and norm of the rock (Klepper, Ruppel, and others, 1971, p.
30), along with our spectroscopic analyses (Motooka and others, 1978;
samples 77BG049G through 77BG054G) indicate it to be a quartz latite or
rhyodacite. The rock is gray to black, and generally dense to sparsely
vesicular, but locally scoriaceous or lithophysal. It contains sparse
phenocrysts of labradorite, pyroxene, and an opaque mineral, probably
magnetite. The outcrops are remnants of flows (Klepper and others,
19573 Klepper, Ruppel, and others, 1971) and may, in part, be welded
tuff that underwent secondary flowage.

Rhyolite with a K-Ar age of 36 m.y. (Chadwick, 1977) occurs in the
northwestern part of the study area, as funnel-~-shaped plugs, dikes,
tuff, breccia, volcanic sandstone, and lava flows. This rhyolite, flows
of which are conspicuously laminated, is characterized by high contents
of tin (10-15 ppm), niobium (30-~100 ppm), and fluorine (0.2-0.5
percent). Phenocrysts of quartz, K-feldspar, and sodic plagioclase are
present but sparse. Topaz is commonly found in miarolitic cavities.

At Lava Mountain, silver-bearing galena, sphalerite, fluorite, and
quartz occur in anastomosing veinlets cementing brecciated rhyolite, as
fillings in lithophysal cavities, and as local small replacement masses
(Smedes, 1966, p. 107-108). The extrusive rhyolite at the exposures in
the northwest is not well exposed but appears to occur as blocks that
have partly foundered into the intrusive rhyolite during emplacement of
the stocks (Smedes, 1966, p. 94).

Basalt flows

A few remnants of basalt flows crop out along and near Crow Creek
from Sagebrush Gulch eastward. The basalt flows locally rest on
sedimentary tuff considered to be of Oligocene age (Klepper, Ruppel, and
others, 1971, p. 29-30) and were gently folded or tilted probably in the
late Pliocene (Freeman, Ruppel, and Klepper, 1958, p. 527-528). The
basalt probably is late Miocene or Pliocene in age but could be as old
as Oligocene (Klepper, Ruppel, and others, 1971, p. 30).
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STRUCTURAL GEOLOGY

The structural grain of the Elkhorn wilderness study area is
dominated by the north-northeast-trending contact of the Boulder
batholith. East of the batholith most of the pre-batholith rocks in the
study area occupy a broad syncline that trends north-northeast parallel
to the batholith contact. The Elkhorn mining district (pl. 3),
southwest of the syncline, is located in a small north-trending
anticline that is cut off to the north by the batholith. Another small
north-trending anticline is cut off by the north end of the batholith,
north of the study area; its axis lies about 0.5 km east of the Economy
Mine (pl. 1). On the southeast, the broad syncline is flanked by a
tight north~trending anticline, which dies out to the north in a system
of normal faults with northeast and northwest trends. This anticline is
flanked on the east by a broad north-trending syncline, which also dies
out to the north.

In addition, many small folds are known. Near Beaver Creek, in the
northeast part of the area, several minor folds plunge to the southwest.
Northeast plunging minor folds formed on the east flank of the tight
north-trending anticline near Aldrich Gulch in the southeast part of the
area. In addition, minor folds of diverse trends formed on the flanks
of the many intrusive bodies in the area.

Early-volcanic folding is shown by the facies changes and erosional
thinning across syn-depositional anticlines in the tuffaceous Upper
Cretaceous Slim Sam Formation about 5 km from the batholith contact in
the north part of the study area (Smedes, 1966, p. 21). In the
southeast part of the area the Slim Sam also was erosionally thinned and
locally is missing below the Elkhorn Mountains Vocanics near the
batholith contact on the southwest (Klepper and others, 1957; Klepper,
Ruppel, and others, 1971). Along the east side of the area, a thick
section of the Slim Sam grades upward into the Elkhorn Mountains
Volcanics (Klepper, Ruppel, and others, 1971). This suggests that the
onset of major volcanism was preceded and perhaps accompanied by folding
and possibly gradual inflation of part of the area that is now occupied
by the batholith.

Faults in the study area have been classified in sets according to
their orientation and apparent age. The oldest fault in the area may be
a steeply dipping fault the preserved part of which extends north in
upper Mitchell Gulch from the northeast corner of the batholith (Smedes,
1966). This fault has a down-to-the-east offset of about 1 km. Early
movement on this fault may have exposed Paleozoic limestone to erosion
during the deposition of the lower member of the Elkhorn Mountains
Volcanics. Such a fault scarp would explain (1) the limestone clasts
(as large as 1 m in diameter) that occur in conglomerates and at the
base and top of a thick welded tuff near Corral Creek at the north of
the area; and (2) marble of clastic origin interbedded with andesite
flows in the lower member of the volcanics at Elkhorn Peak in the south
of the area. (Compare with Hamilton and Meyers, 1974a.) A large block
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(10 m thick x 20 m long) of limestone enclosed in an amygdaloidal
andesite flow at Elkhorn Peak appears to have been derived from a nearby
scarp. The fault in Mitchell Gulch is cut by and locally offsets early
rocks of the batholith (Smedes, 1966) and a fault of similar trend has
been proposed as the control for the linear eastern contact of the
Boulder batholith (Smedes, 1966). Younger probably syn-volcanic faults
are circular to rhombohedral and appear to bound one and perhaps two
cauldrons or volcanic collapse structures near the north and the south
margins of the area (pl. 1) that are filled with massive welded tuff
units of the middle member of the volcanics. A mafic ring dike that
intrudes the rim of the northern collapse structure is cut along one
margin by an intrusive breccia, the intrusive phase of which appears
compositionally similar to the rhyolitic welded tuffs.

The oldest post-volcanic faults appear to have formed parallel, or
longitudinally, to the major folds of north and north-northeast trend
and at right angles, or normal, to these folds. Most of the
longitudinal faults are steeply dipping reverse faults; the normal-
trending faults dip nearly vertically and appear to have been tensional
faults (Klepper, Ruppel, and others, 1971, p. 31). Klepper, Ruppel, and
others noted that these early faults formed during the major folding.
They also indicated that the faults offset and were intruded by the
early intrusive bodies emplaced during the folding. The east- to east-
southeast-trending faults of this set were sites of sulfide mineral
deposition both as replacements of carbonate rocks and in quartz veins
(Klepper, Ruppel, and others, 1971, p. 32).

Northeast- and northwest-trending faults in pre-batholith rocks
control the alinement of many segments of the major streams in the study
area. Elsewhere streams follow prominent lineaments of similar trends
along which no faults are mapped. The northeast- and northwest-trending
faults appear to have formed as a set of complementary shears related to
compression from the west or west-northwest beginning during the final
stages of emplacement of the early intrusive rocks. Major movement on
these faults in pre-batholith rocks followed emplacement of these early
intrusives and appears to have occurred just prior to or during the
emplacement of the Boulder batholith to its final level in the crust.
Left-lateral movement of as much as 610 m is reported for the northwest-
trending Indian Creek Fault (Klepper, Ruppel, and others, 1971, p. 32).
Small northeast-trending faults of both right-lateral and left~lateral
movement east of Indian Creek have been shown (Klepper, Ruppel, and
others, 1971). Most of the mapped faults in pre-batholith rocks had
predominantly dip-slip movements and appear to be tensional features
that formed or were reactivated during uplift or release from earlier
compression.

Most faults in the batholith trend northeast and east, but a few
trend northwest. Right-lateral and dip-slip movements have been
demonstrated on northeast-trending faults in the batholith; the east-
trending faults show left-lateral and dip-slip movements; and the few
northwest-trending faults show right-lateral and dip-slip movements
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(Smedes, 1966; Becraft and others, 1963). Metalliferous quartz veins
that are abundant west and northwest of the study area are part of a
major zone of fracturing, igneous intrusion, and vein formation that
extends southwest for many tens of kilometers, lying slightly east of
the medial axis of the batholith. In the general vicinity of Jefferson
City the northeast~trending zone and its constituent fractures, veins,
and igneous bodies turn east and pass generally north of the study area.
Few of these structures extend east beyond the contact of the batholith
or into the study area. The igneous bodies that help to form the zone
include many small bodies of late-batholith alaskite and down-warped and
down-faulted masses of Lowland Creek Volcanics and related dikes and
stocks. The zone also includes down-warped and down-faulted masses of
pre~batholithic rocks. The prolonged and repeated tectonic and magmatic
activity in this zone suggests that it overlies an axial magma conduit
or "root" that connects with a magma source at depth. Hot springs at
Alhambra and near Boulder may indicate magmatic activity in and near
this zone that continued into late Cenozoic time.

Range-~front faults of late Tertiary to Holocene age are exposed
along the northeast front of the Elkhorn Mountains (Klepper, Ruppel, and
others, 1971, p. 32). The major faults of this system mostly are
covered by fan gravel but probably bound the range on the north (Smedes,
1966), east (Klepper, Ruppel, and others, 1971), and southwest (Klepper
and others, 1957). These faults are part of a broad system of basin and
range faults that produced the north~ and northwest-trending valleys
south of the Lewis and Clark line, which extends through the Helena
Valley (Reynolds, 1977) to the north. Extensional faulting that
produced these valleys, which are filled with Cenozoic sediments, is
apparently related to major right-lateral faulting in the northwest-
trending Lewis and Clark line.
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GEOPHYSICAL EXPLORATION

by
William F. Hanna

INTRODUCTION

The trapezoid-shaped area covered by the detailed aeromagnetic
survey (pl. 2)&_ is bisected by part of the contact between two

E/Specifications of the detailed survey; flight spacing
= 1/2 mi; flight elevation = 9,000 ft above sea level; compilation scale
= 1:62,500; contour interval = 20 gammas; base magnetic field value
(representing the earth’s main magnetic field) = 57,671 gammas at an
origin of lat. 46°15707" N., long. 112°04°25" W. with an average
regional gradient of 5.71 gammas per mile north and 3.68 gammas per mile
east; flown by Aerial Surveys, Salt Lake City, Utah, April 1977.

vast terranes of Late Cretaceous igneous rock: the Boulder batholith
and the Elkhorn Mountains Volcanics (fig. 3). Regional aeromagnetic
data (Johnson and others, 1965)2 ,» generalized in figure 4,

E/Specifications of the regional survey: flight spacing
2 mi; flight elevation = 10,500 ft above sea level; compilation scale
1:250,000; contour inter<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>