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STUDIES RELATED TO WILDERNESS
WILDERNESS AREEAS

In accordance w th the provisions of the Wilderness Act (Public Law 88-577, September 3, 1964)
and the Conference Report on Senate Bill 4, 88th Congress, the U.S. Geological Survey and the U.S.
Bureau of Mines made mineral surveys of wilderness and wilderness study areas. The results of these
surveys are made available to the public and are submitted to the President and Congress. This report
discusses the results or a mineral survey of the Teton Wilderness and some adjoining roadless lands in
the Bridger-Teton National Forest, Wyo. The area studied is south and east of Yellowstone National Park
and east of Grand Teton National Park.
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Mineral Resources of the Teton Wilderness and
Adjacent Areas, Teton, Fremont, and

Park Counties, Wyoming

By J. C. Antweiler, J. D. Love, Harold J. Prostka, Dolores M. Kulik, and Lennart A. Anderson

U.S. Geological Survey, and

Frank E. Williams, Jimmie E. Jinks, and Thomas D. Light

U.S. Bureau of Mines

Summary

The Teton Wilderness has a moderate potential® for oil
and gas resources in two anticlines in the western part of the
wilderness, and in the postulated Younts basin(?) in the eastern
part of the wilderness. The wilderness also has a moderate to
low potential for a gold resource in conglomerates and related
alluvium in the western part, and copper in Late Archean rocks
in the south-central part of the wilderness. No evidence was
found of other mineral resources in the Teton Wilderness.

These conclusions are based on field investigations of the
Teton Wilderness conducted during the summers of 1972 to
1974 by the U.S. Geological Survey and the U.S. Bureau of
Mines, and on aeromagnetic and gravity surveys conducted
by the U.S. Geological Survey in 1967 and 1974, respectively.
Field investigations included analysis for various elements of
more than 4,000 bedrock, stream-sediment, and panned-
concentrate samples by the U.S. Geological Survey, and
analysis for gold of 221 stream-sediment samples and 124 chan-
nel samples by the U.S. Bureau of Mines.

A search of county, State, and Federal records by the U.S.
Bureau of Mines disclosed no currently active mines that pro-
duce metallic or nonmetallic minerals from the Teton Wilder-
ness except one small gold-placer mine. Two copper mines
operated during the early 1900’s near the southeast margin of
the wilderness, and gold-placer deposits have been worked
from time to time along major drainages in the southwestern
part of the wilderness.

The Teton Wilderness lies south and southeast of Yellow-
stone National Park in Teton, Fremont, and Park Counties, Wyo.
It consists of 563,000 acres (2,280 km?) entirely within the
Bridger-Teton National Forest. The wilderness was designated

IResource potential in this report is classified as moderate if, on
the basis of geologic, geochemical, and geophysical evidence, a
reasonable chance exists for the discovery of mineral resources. Areas
with low mineral resource potential lack evidence to support a favorable
genetic model, lack indicators of currently economic mineralization,
and have no favorable combination of geologic, geochemical, and
geophysical factors.

by the U.S. Forest Service in 1955 and was added to the Na-
tional Wilderness Preservation System by Act of Congress in
1964.

The rocks in the Teton Wilderness range in age from Late
Archean to Quaternary. They are primarily sedimentary, but
crystalline and igneous rocks also occur. The Teton Wilderness
comprises two different geologic segments. In the eastern part
of the wilderness, great thicknesses of stratified volcanogenic
rocks of Eocene age originated mainly from volcanic centers
outside the wilderness. The western part of the wilderness con-
sists chiefly of Mesozoic sedimentary rocks folded into
northwest-trending anticlines that were subsequently over-
lapped by middle and upper Cenozoic rocks. These were then
tilted westward and faulted in late Cenozoic time. The Eocene
volcaniclastic rocks that compose the Absaroka Range buried
the Late Archean and Paleozoic core of the Laramide Washakie
Range. Subsequent erosion has exposed some of that range.
The exposed Late Archean rocks are gneisses and schists, and
the Paleozoic rocks are of marine sedimentary origin. Because
most of the rocks in the Teton Wilderness are sedimentary,
mineral resources are most likely to be associated with sedimen-
tary processes rather than igneous activity.

Two episodes of tectonic movements, separated by about
65 m.y. (million years), have affected even the youngest rocks
of the Teton Wilderness. These episodes are of two types: the
first comprising folding, faulting, and uplifting near the close
of Cretaceous time (about 66 m.y. ago), and the second com-
prising several igneous events during late Pliocene or
Pleistocene time (ending about 1.62 m.y. ago).

During the first episode of tectonic movements, a series
of northwest-trending anticlines and synclines, broken and
overridden in places by thrust or reverse faults, developed in
Cretaceous and underlying rocks. At about the same time, the
Basin Creek uplift developed along the northwest border of
the wilderness, largely in Yellowstone National Park.

During the second episode of tectonic movements,
rhyolitic tuffs, later welded, flowed south from one or more
huge calderas in Yellowstone National Park across the western
margin of the wilderness, partially burying some of the older
anticlines and conglomerate beds that might have some
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resource potential. At about the same time, pyroxene andesite
and basalt intruded along the one major thrust fault in the north-
central part of the wilderness. After emplacement of these
igneous rocks, renewed movement along the Teton normal
fault (west of the Teton Wilderness) caused the western part
of the wilderness to be tilted westward and downward several
thousand feet. During and perhaps following the westward
tilting, the welded tuff and underlying rocks were broken by
a series of northwest-trending normal faults which have a few
tens to a few hundreds of feet displacement.

All but the highest parts of the Teton Wilderness were
glaciated one or more times, and as a result, bedrock is, in
places, covered with extensive deposits of glacial debris, espe-
cially along the major drainage systems. Meltwater saturated
thick sequences of plastic shale and caused enormous land-
slides that further obscure the bedrock.

Aeromagnetic positive anomalies (highs) in the vicinity
of Thunder Mountain and Younts Peak appear to be related
to granodiorite intrusives that are exposed at the surface in only
very small outcrops. Another positive magnetic anomaly may
be related to a basic intrusive with surface expression on Soda
Mountain. Two anomalies with negative polarity located near
the headwaters of the Yellowstone River may be related to
silicic intrusives that do not have surface expression. Major
gravity low anomalies are associated with the intrusive
granodiorite bodies on Thunder Mountain and Younts Peak.
A gravity anomaly also occurs near the headwaters of the
Yellowstone River and coincides with the aeromagnetic low
that occurs there. Interpretations of the gravity data suggest that
thick sections of Cretaceous strata, including source and reser-
voir rocks which produce hydrocarbons in other areas of
Wyoming, are present in the Box Creek downwarp in the
western segment of the wilderness and in a postulated basin
(Younts basin?) in the eastern segment. In summary, however,
the geophysical data do not provide tangible evidence that
mineral resources exist within the wilderness.

At three localities in the eastern part of the wilderness,
weak base- and precious-metal mineralization accompanied
the emplacement of intrusives that penetrated the volcanogenic
sediments. Although a slight possibility exists for other types
of mineral deposits, the mineral commodities most worthy of
study are those in sedimentary rocks and include oil and gas,
gold in placers derived from conglomerates deposited in
Laramide time, phosphate, metals in black shales, coal, gyp-
sum, building stone, sand, and gravel. Our investigation,
however, indicates that the resource potential for these com-
modities is moderate to low.

Several anticlines, fault-trap structures, and stratigraphic
traps have a low to moderate resource potential for oil and gas.
Most of the anticlines and fault-trap structures have at least
seven possible producing horizons within a depth range of
1,000-10,000 feet. The Wolverine anticline, in the north-central
part of the area, is the largest and has the greatest resource
potential. Test drilling and seismic studies would be needed
to determine whether economic deposits of oil and gas are like-
ly to occur within these structures.

Gold ranging from traces to a few tenths troy ounces per
ton occurs in alluvial deposits along several major streams that
drain gold-bearing conglomerates in the Harebell Formation
and Pinyon Conglomerate.

There is a low to moderate potential for gold resources

in the wilderness. Gold is consistently present in small amounts
in the Quaternary gravels and in the parent Harebell Forma-
tion and Pinyon Conglomerate, but the gold particles are tiny,
flat, and thin. Past mining attempts have not been profitable
because ordinary mining methods fail to recover much of the
gold, and the cost of mining exceeds the value of the gold
recovered.

Copper, molybdenum, zinc, and other metals occur in
small amounts in black shale at the base of the Amsden For-
mation, and molybdenum is present in currently uneconomic
amounts in several black shales of Eocene age. Several Ter-
tiary igneous intrusives in the eastern part of the wilderness
were examined for mineralization. No deposits of economic
significance were observed, but geophysical and weak
geochemical anomalies are associated with the intrusives on
Younts Peak and Thunder Mountain.

Copper prospects are present on South Buffalo Fork. Two
small adits driven into Late Archean crystalline rocks by early
prospectors show malachite and chalcopyrite of little economic
significance.

A portion of the Jackson Hole coal field lies within the
Teton Wilderness. Although coal beds occur at several localities
in the Meeteetse, Mesaverde, and Sohare Formations, Bacon
Ridge Sandstone, and Frontier Formation, they are generally
thin and too remote to be of economic interest at present.
Better, more accessible coal deposits occur at several localities
adjacent to the wilderness. An unknown amount of coal was
produced about 1910 by the U.S. Bureau of Reclamation from
a mine on Pilgrim Creek which is now within the wilderness.

Bentonite, gypsum, pumicite, phosphate, glauconite,
building stone, and sand and gravel deposits are present in the
wilderness but are too remote, or of too low grade to be com-
petitive with other deposits that are more accessible, of higher
grade, or nearer to markets.

INTRODUCTION

This report consists of two parts: the geological,
geochemical, and geophysical investigations by the U.S.
Geological Survey, including assessments of mineral
resource potential, and an evaluation of mining claims
and resource potential (particularly gold) by the U.S.
Bureau of Mines. The investigation by the two agencies
was coordinated and integrated as much as possible, and
the preceding summary statement reflects the work of
both agencies. The area included in this report is shown
in figure 1.

The relation of the Teton Wilderness to topographic
and geographic features is shown on the relief map (fig.
2). Generalized topography, elevations, drainage, bound-
aries, and roads are shown on the geologic map (pl. 1).
The area is mountainous, with maximum relief of more
than 5,000 feet (1,500 m).! U.S. Highway 26-287 skirts
the southern margin. There are no roads within the

!Measurements are given in this report in English units, and the
metric equivalent is included in parentheses after the English unit. The
metric equivalent is given to comparable precision as the English
measurement.
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Figure 1. Index map showing mountains, basins, and other features surrounding the Teton Wilderness.
Folded and upfaulted mountains emphasized by shading. Inferred outline of Targhee uplift in latest
Cretaceous and Paleocene times shown by stipple pattern.

wilderness. No lumbering has been done. Except for one
small gold-placer mine, there has been no economic
exploitation of minerals.

The kind, size, and abundance of trees are closely
associated with rock types, altitude, and moisture. In
general, Cretaceous rocks in the central and western parts
support a sparser growth than do the volcanic and
crystalline rocks in the eastern parts. Forest fires burned
several hundred square miles of the central and western
parts during the 1930’s, and regrowth has been slow.

Precipitation ranges from about 30 to 54 inches per
year (Mundorff and others, 1964, pl. 2). Winters are
severe. The lowest and highest temperatures recorded at
an official weather station in the region were at Moran,
-60°F (-51°C) and 92°F (33°C), 4 miles south of the
Teton Wilderness. Even in mid-July, winter snow remains
in many areas above 9,000 feet (2,700 m).

Previous Studies

Geologic mapping was begun in the area included
in the Teton Wilderness by J. D. Love in 1945 as a part
of the U.S. Geological Survey’s Fuels Program. The
Wildcat, Whetstone, Hancock, and Wolverine anticlines
were mapped, detailed stratigraphic sections were
measured, and extensive fossil collections were made
(Love, Hose, and others, 1951). Generalized versions of
the geologic mapping were published later (Love, Weitz,
and Hose, 1955; Love, 1956d, Love and Christiansen,
1985). Additional mapping and stratigraphic studies were
made as a part of the U.S. Geological Survey’s Gold Pro-
gram between 1965 and 1971 (Antweiler and Love, 1967;
Love, 1973a; Lindsey, 1972). An aecromagnetic survey was
made in 1967 and a gravity survey in 1974, both by the
U.S. Geological Survey. An unpublished geologic map
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Figure 2. Relief map showing relation of Teton Wilderness (solid outline), mountains, basins, and drainage systems in north-
western Wyoming. Dashed lines show approximate boundaries of the Teton Corridor (west) and Du Noir Addition to Washakie

Wilderness (southeast). Volcanic areas not shown.
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was made of the Two Ocean Pass quadrangle, the south
half of which lies in the Teton Wilderness, by H. W.
Smedes and H. J. Prostka as part of the Yellowstone Na-
tional Park research program. The stratigraphy of the
Eocene volcanic rocks in the region was likewise described
(Smedes and Prostka, 1972). Rhyolitic welded tuffs in the
western part of the wilderness were mapped and classified
by Christiansen and Blank (1972) in connection with the
Yellowstone National Park research program. Their
classification was used without change. Oligocene and
Miocene rocks and fossils in the north-central part of the
wilderness were studied by Love, McKenna, and Dawson
(1976).

A geologic reconnaisance map of Teton County
(Love, 1956d) covers all but the extreme eastern and
northeastern part of the wilderness. A block diagram and
cross sections (Love, Reed, and others, 1973) show the
general structure of the western part of the wilderness.
The Teton Corridor geologic map (Love, Antweiler, and
Williams, 1975) bounds the west side of the wilderness.
The geology of Yellowstone National Park, directly north
of the western part of Teton Wilderness, is published
(U.S. Geological Survey, 1972). A more detailed map of
prevolcanic rocks in the southern part of the park was
made by Love and Keefer (1969).

Present Studies

Field investigations funded by the Wilderness Pro-
gram were conducted during the summers of 1972, 1973,
and 1974. Primary emphasis was on obtaining adequate
samples for chemical and spectrographic analyses from
all mappable rock and alluvial units (pl. 1), and from
springs that were suspected of having unusual mineral
content. Special attention was given to areas where

geologic mapping and stratigraphic studies were in-
complete. Details of the sampling and analytical program
are discussed under that heading. Completion of a final
report was delayed by fire in the Denver offices in March
1976, resulting in destruction of field notes, map com-
pilations, analytical data, and rock and mineral
specimens.
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Introduction 5



GEOLOGY

By J. D. Love and Harold ). Prostka,
U.S. Geological Survey

Geologic Setting

The Teton Wilderness comprises two very different
geologic segments. The western segment consists chiefly
of Mesozoic rocks folded into northwest-trending an-
ticlines that were subsequently overlapped by middle and
upper Cenozoic rocks. These were then tilted westward
and faulted in late Cenozoic time. The eastern segment
consists chiefly of nearly flat-lying Eocene volcaniclastic
rocks of the Absaroka Range. These rocks bury the Late
Archean and Paleozoic core of the Laramide Washakie
Range. Thus, the Absaroka Range is largely an erosional
remnant of Eocene strata that once extended west across
the remainder of the Teton Wilderness and east and south
across the Bighorn, Wind River, and Green River basins.
Some of the high peaks in the Absaroka Range are resist-
ant cores of late Eocene intrusive igneous rocks that cut
the older volcaniclastic strata.

Rocks

Descriptions and thicknesses (where determinable)
of sedimentary rocks, welded tuffs, intrusive and ex-
trusive igneous rocks, and unconsolidated mappable
alluvial units are given on plate 1. Details of some rock
units are discussed in connection with mineral resource
assessment. Some of the Cretaceous rocks are shown in
figures 3 and 26, some of the Paleozoic rocks are shown
in figures 4 and 5, and volcaniclastic rocks of the Wig-
gins Formation are shown in figure 6. (See also Love,
Antweiler, and Williams, 1975, fig. 4).

Structure and Geologic History

A major structural feature of the Teton Wilderness
is the Buffalo Fork thrust fault, which divides the
wilderness into the geologically different eastern and
western segments. The Buffalo Fork fault is a Laramide
thrust or high-angle reverse fault along which Late
Archean and Paleozoic rocks of the Washakie Range rode
up and over Mesozoic rocks to the southwest. In early
Eocene time, partial reversal of the Laramide displace-
ment raised the southwest block, which limited the pres-
ent distribution of the basal volcanic units—the Wapiti
Formation and Trout Peak Trachyandesite—to the north-
east side of the fault. However, the next younger volcanic
unit, the Langford Formation, was deposited extensively
on both sides of the fault. Continued rise of the southwest

Grand

Teton TETON RANGE

Figure 3. View southwest from Wildcat Peak in Teton Wilder-
ness across southern part of the Teton Corridor toward the
Teton Range. Kc, Cody Shale; Kb, basal sandstones in Bacon
Ridge Sandstone; Ks, Sohare Formation, several thousand feet
thick; KTS, Kitten triangulation station. The Cretaceous strata
dip westward (away from the camera) on the west flank of the
Wildcat anticline. Photograph by J. D. Love, July 16, 1972
(Love, Antweiler, and Williams, 1975, fig. 4).

block in post-Eocene to late Pliocene time resulted in
widespread stripping of the Langford Formation, so that
now only scattered patches remain. The terrane west of
the Buffalo Fork thrust fault was block-faulted and tilted
westward, as is indicated by westward dips in the
Langford Formation of 10° on Pinyon Peak and as much
as 65° in the Wolverine Creek-Coulter Creek area.

The Aycross Formation, a fine-grained volcani-
clastic sequence of middle Eocene age, is present only
along the southeast margin of the report area. The strata
lap northward onto the Paleozoic core of the Washakie
Range and are not recognizable farther north in the locali-
ties of the coarse-grained Trout Peak Trachyandesite of
the Sunlight Group and the Longford and Two Ocean For-
mations of the Thorofare Creek Group. In this report, the
Aycross Formation is not assigned to either group nor is
it considered part of the Absaroka Volcanic Supergroup.

Several small remnants of Oligocene White River
Formation and Miocene Colter Formation, as well as
Pliocene and Pleistocene basalts, were preserved by late
Cenozoic downfaulting in the Emerald Lake area along
the Buffalo Fork thrust fault. Pliocene basalts near the
southeastern part of the wilderness are remnants of dikes,
lava flows, and cones that formerly covered large areas
of a late Tertiary erosion surface developed on the early
Eocene volcanic plateau. The Huckleberry Ridge Tuff,
a Pliocene welded ash-flow tuff, is present in the western
part of the wilderness, as outliers of the rhyolitic Yellow-
stone Plateau volcanic field.

The generalized distribution pattern of the major
Cretaceous rock units in the Teton Wilderness prior to
deposition of the Harebell Formation are shown in
figure 7. This map shows the regional pattern of

6 Mineral Resources of the Teton Wilderness and Adjacent Areas, Wyoming



Figure 4. View west across Teton Wilderness from Terrace Mountain at triangulation station and BM 10,258 feet, showing
Paleozoic rocks. Ew, Wolsey Shale Member, and €dc, Death Canyon Limestone Member of Gros Ventre Formation; €g, Gallatin
Limestone; €gr, red limestone overlain by green shale in Gallatin Limestone; Ob, Bighorn Dolomite; Dd, Darby Formation; Mm,
Madison Limestone; Qgm, glacial moraine. Photograph by J. D. Love, August 24, 1973.

p—

Nowlin Meadows g

S et it

Figure 5. View east across mountainous southeastern part of Teton Wilderness from about 300 feet (90 m) northwest of triangula-
tion station and BM 10,258 feet on Terrace Mountain. Ob, Bighorn Dolomite; Dd, Darby Formation; Mm, Madison Limestone;
Twi, Wiggins Formation. A, red zone, and B, dark-brown fetid dolomite in Darby Formation. Flat skyline is crest of Absaroka
Range. Photograph by J. D. Love, Aug. 24, 1973.
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Figure 6. Layered volcaniclastic rocks in the Wiggins Formation exposed on the south face of Pinnacle Buttes, about 2 miles
(3 km) east of Brooks Lake. Dark beds are volcanic conglomerate; white beds, tuff. Thickness of rocks shown is about 800 feet
(250 m). The upper part has a K-Ar age of 45 m.y. Note cross sections of huge dark irregular blocks in upper center. Photograph
by J. D. Love, Sept. 16, 1969 (Love and Love, 1980, fig. 12).

intra-Cretaceous tectonism, which is significant for oil
and gas evaluation. Descriptions of the rock units are
summarized on plate 1.

Two very different types of major structural
episodes involved rocks of the Teton Wilderness. The
first, and most important for oil and gas potential, was
Laramide compressional folding. The age of this folding
has been determined within narrow limits on Gravel Peak,
in the west-central part of the wilderness. Here the folding
occurred about 70 m.y. ago. The sequence of events, all
in Maestrichtian (latest Cretaceous) or late Campanian
time, has been reconstructed as follows (Love, 1977;
fig. 8):

1. Deposition of 10,000 feet (3,000 m) of the Harebell
Formation, which contains many fossiliferous marine
or brackish-water horizons throughout and thick

quartzite-boulder gold-bearing conglomerates in its
upper half. Fossils at this locality are of early
Maestrichtian or late Campanian age.

Uplift of the Washakie Range, a fold that extends
southeastward from Yellowstone Lake for 75 miles
(120 km) (fig. 2). The southwest margin of this fold
is bounded by a thrust fault that put Paleozoic rocks
on Upper Cretaceous.

Erosion accompanied and followed the uplifting until
the Paleozoic core was exposed. This meant that
about 25,000 feet (7,600 m) of rock was removed
from the uplift before the next depositional event.
Deposition of the Pinyon Conglomerate, 4,000-5,000
feet (1,200-1,500 m) thick, laid down above a 90°
unconformity across the overturned and eroded
strata of the Harebell Formation. The basal part of

8 Mineral Resources of the Teton Wilderness and Adjacent Areas, Wyoming
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Figure 7. Map showing postulated areas of outcrop of Cretaceous and older rocks
at beginning of deposition of Harebell Formation. Modified from Love (1973a).

the Pinyon contains a 100-foot (30-m) bed of biotite-
rich tuff on which J. D. Obradovich (oral commun.,
1974) obtained a K-Ar age of 68.6+0.7 m.y.

Inasmuch as the Maestrichtian Stage began about 70 m.y.
ago, all four events must have occurred during a
time span of about 3-6 m.y. A somewhat comparable
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reconstruction of events has been made for the Basin
Creek uplift along and within the northwest margin of
the Teton Wilderness (Love and Keefer, 1969) and on the
Spread Creek anticline south of the wilderness (Love,
1973a, fig. 21).

The structures of the individual anticlines are
discussed in the section on oil and gas potential in this
report. The structure of the northern part of the
Washakie Range has been described elsewhere (Love and
Keefer, 1975; Love, McKenna, and Dawson, 1976). The
structure of the southern part of the range was described
by Bengtson (1956) and Love (1956a); it has been
somewhat revised by the present mapping (pl. 1).

The record of events during the earlier part of
Cenozoic time in the northern Teton region was sum-
marized by Love, Leopold, and Love (1978). The western
part of the Teton Wilderness was described in connec-
tion with the Teton block diagram (Love, Reed, and
others, 1973), and in the central part of the wilderness
by Love, McKenna, and Dawson (1976). The Eocene
record in the eastern part was discussed by Smedes and
Prostka (1972).

The second major structural episode involving the
Teton Wilderness occurred during late Cenozoic time.
Before emplacement of the Huckleberry Ridge rhyolite
welded tuffs slightly more than 2 m.y. ago (Christiansen
and Blank, 1972) in the western and northern parts of
the Teton Wilderness, the Laramide anticlines were
eroded, but not below the Cretaceous rocks (except for
the Washakie Range). Next, Pliocene and Pleistocene
welded tuffs, chiefly the Huckleberry Ridge Tuff, flowed
southward from a source in Yellowstone National Park
and buried valley areas in the western and northwestern
parts of the wilderness to a depth of 365 feet (110 m) or

+—Volcanic rocks

more. At the base of these tuffs is a profound angular
unconformity, in places more than 90°. After emplace-
ment of the Huckleberry Ridge Tuff, the Jackson Hole
structural block, which includes the southwestern part of
the Teton Wilderness, hinged down several thousand feet.
The Huckleberry Ridge Tuff was broken by many normal
faults, most with a few tens to a few hundreds of feet
displacement. The Pilgrim Creek fault, however, may
have as much as 10,000 feet (3,000 m) displacement,
although some of this movement could have been prior
to deposition of the Huckleberry Ridge Tuff.

The normal fault that coincides roughly with part
of the trace of the Buffalo Fork thrust across the central
part of the Teton Wilderness probably developed, at least
in part, prior to 2 m.y. ago. The fault plane was intruded
by pyroxene andesite and basalt having a K-Ar age of
2 m.y. (Love, McKenna, and Dawson, 1976). Displace-
ment on this fault may be several thousand feet (fig. 8),
with the east block downdropped.

The westward tilting and tension faulting during
Quaternary time significantly distorted the much older
Laramide structures. To obtain their original conforma-
tion, they now need to be rotated upward and clockwise
(if reconstructions are oriented northward) as much as
20°to 30°. The effect of this secondary tilting on oil and
gas accumulation, and on possible tilted water tables and
water drive, is discussed in the mineral-resources section
of this report.

The eastern segment of the Teton Wilderness has
been mildly deformed into broad upwarps and down-
warps, whose axes trend parallel to the structural grain
of the underlying Washakie Range. A central downwarp,
with a complex grabenlike axial fault zone, extends from
Yellowstone River valley southeastward through Ferry
Lake to Buffalo Plateau and eastward into an unnamed
late Tertiary syncline, mapped by Fisher and Ketner
(1968), through the southern Absaroka Range. Northeast
of this axial zone, the volcanic strata rise toward the
intrusive centers beyond the northeastern wilderness
boundary. Dips are from 3°to 10°SW., but locally they
are as much as 15°SW. around the domed intrusive com-
plex on Yellow Mountain. No appreciable doming or
structural disruption was noted around any of the other
intrusive bodies in the Teton Wilderness.

Along the ragged southwest margin of the volcanic
plateau is a gentle upwarp, whose axis trends parallel to
the arcuate trace of the Buffalo Fork thrust fault and is
about 4 miles (6 km) northeast of it. This upwarp is the
locus of a broad zone of normal faults of small displace-
ment and diverse trends. Dips in the volcanics along the
limbs of this upwarp are less than 7°. The southwest limb
is cut by the Buffalo Fork thrust fault.

After emplacement of the Huckleberry Ridge Tuff
slightly more than 2 m.y. ago, and after its subsequent
tilting and faulting, came several episodes of glaciation.

10 Mineral Resources of the Teton Wilderness and Adjacent Areas, Wyoming



The glacial deposits in the northern part of the Teton
Wilderness were mapped by Richmond and Pierce (1971a,
b) and Richmond (1973) as part of the Yellowstone Na-
tional Park research program. The glacial deposits in the
southern part of the wilderness were mapped in connec-
tion with the present study. The older and larger ice
masses moved southward across the Teton Wilderness
from centers of accumulation in Yellowstone National
Park, and westward from centers in the Absaroka Range.
The ice in some parts of the Teton Wilderness must have
been more than 2,000 feet (610 m) thick. The distribu-
tion of the ice has a significant bearing on the mineral
evaluation of the Teton Wilderness because, in many
places, the ice picked up quartzite roundstones and finer
grained gold-bearing sandstone associated with quartzite
clasts, and scattered and concentrated this debris along

many major drainages. These occurrences are discussed
in the section on gold deposits in this report.

The glacial debris obscures bedrock geology in large
parts of the Teton Wilderness. Another effect of the ex-
tensive glaciation was the development of enormous land-
slides where soft Cretaceous shales, tilted and faulted in
Pleistocene time, were scoured by ice and then saturated
with glacial meltwater.

Continued deformation of the Jackson Hole region
is indicated by numerous Holocene faults to the north and
west of the wilderness (Howard and others, 1978; Love and
Reed, 1968; U.S. Geological Survey, 1972), and by abun-
dant seismic activity within this part of the Intermoun-
tain seismic belt (Smith and Sbar, 1974). The large number
of landslides in the Yellowstone-Teton region is undoubt-
edly in part due to relatively intense seismic activity.

Geology 1



AEROMAGNETIC AND GRAVITY STUDIES

By Dolores M. Kulik and Lennart A. Anderson,
U.S. Geological Survey

Introduction

Aeromagnetic and gravity surveys were made of the
Teton Wilderness as part of the mineral resource assess-
ment. No detailed geophysical studies had previously been
made in the wilderness. Localized magnetic anomalies,
not related to topography, are of principal interest
because they may indicate buried rock masses often
associated with minerals of economic importance. The
gravity data provide information on structural relation-
ships and the subsurface distribution of rock types.

Methods of Study

The aeromagnetic map (pl. 1) was compiled from
data obtained by the U.S. Geological Survey on two
surveys. The area west of long. 110°15’ W. was flown
in 1962 at a constant barometric elevation of 12,000 feet
(3,658 m); the section east of long. 110°15’ W. was flown
at an elevation of 13,000 feet (3,963 m) in 1969.
Flightlines on both surveys were oriented east-west and
spaced approximately 1 mile (1.6 km) apart. A fluxgate
magnetometer was used to measure the total magnetic in-
tensity along the traverses, and these data, which include
the regional gradient, were compiled and contoured at
a 20 nT (nanotesla) interval on the aeromagnetic map.
Areas east and west of long. 110°15’ W. were manually
adjusted to the 13,000-foot (3,963-m) level.

The gravity survey was made during the summer
of 1974. Approximately 185 gravity stations were estab-
lished in and adjacent to the wilderness. Because of
rugged terrain, the stations within the wilderness were
established using a helicopter; those adjacent to the wil-
derness were reached on foot and with a 4-wheel-drive
vehicle. Observations were made with LaCoste and
Romberg! gravity meter G131, and were tied to the De-
fense Mapping Agency Gravity Base Stations at Dubois
and Cody, Wyo. (Defense Mapping Agency Aerospace
Center, 1974). A secondary base was established at Teton
Trails Lodge (Togwotee Lodge on the Angle Mountain
7 Y:-minute topographic quadrangle), 7 miles (11 km)
west of Togwotee Pass. Station elevations were obtained
from benchmarks, spot elevations, and contour interpola-
tions on U.S. Geological Survey 1:24,000- and
1:62,500-scale topographic maps. Elevations are accurate

IThe use of trade names in this report is for descriptive purposes
only and does not constitute endorsement by the U.S. Geological Survey.

to 3-6 feet (1-2 m) in areas of low relief, but may be in
error by 16-33 feet (5-10 m) in more rugged terrain. The
resultant error in the Bouguer anomaly is less than 2 mGal
(milligals). Data for 85 stations southeast of the
wilderness were obtained from the Defense Mapping
Agency.

Field measurements were reduced by a digital com-
puter program by R. H. Godson and D. A. Dansereau,
U.S. Geological Survey (unpub. data), which incorporates
corrections for tidal and Earth curvature effects and
linear instrument drift. Gravity meter readings were con-
verted to observed gravity using the 1971 base values of
the International Gravity Standardization Net (Defense
Mapping Agency Aerospace Center, 1974). The Geodetic
Reference System, 1967 formula (International Associa-
tion of Geodesy, 1967), was used to compute theoretical
gravity. The data were reduced to Bouguer anomaly
values using an assumed average rock density of 2.67
g/cm3. Terrain corrections were made by hand template
through Zone H of Hammer (1939) and to 167 km (104
mi) by digital computer (Plouff, 1966). The corrections
ranged from less than 1 mGal in the Dubois and Cody
areas to more than 20 mGal in the mountains of the Teton
Wilderness.

Aeromagnetic Interpretations

The rocks in the Teton Wilderness belong to two
distinct geologic segments. In the western segment, the
sedimentary rocks of Pinyon Peak and the highlands to
the south have little, if any, magnetic expression whereas
the volcaniclastic deposits of the Absaroka Range, which
cover the eastern two-thirds of the wilderness, produce
a substantial number of low-amplitude magnetic
anomalies. The volcaniclastic rocks cover the Paleozoic
rocks of the northwest-trending Washakie Range located
in the central part of the wilderness. The Paleozoic rocks
produce a subtle increase in the magnetic field which
follows the trace of the Buffalo Fork thrust fault. Some
of the Late Archean rocks within the Washakie Range
cause magnetic anomalies of appreciable amplitude,
depending on their composition.

Magnetic anomalies—localized disturbances of the
Earth’s magnetic field—result from variations in the
magnetic mineral content of the rock. To determine the
magnetic mineral content of the rock, representative
samples of major rock units were collected and analyzed
in the laboratory for their magnetic susceptibility.

Samples from the sedimentary formations of the
western highlands ranged in magnetic susceptibility from
less than 1.0 X 10-% to 1.0Xx 102 SIU (Standard Interna-
tional Units), but despite this variation, the magnetic field
associated with these rocks is uniformly distributed. Of
these sedimentary rocks, the Pinyon Conglomerate,
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which covers a large area and is about 3,300 feet (1,000
m) thick, had the highest magnetic susceptibility, yet this
formation has no apparent magnetic expression. Evident-
ly the magnetic minerals within the rock are unevenly
distributed, but on a regional scale, from a sensing
distance of approximately 0.6 mile (1 km), the sedimen-
tary rocks appear to be magnetically uniform.

Not until the north-trending Buffalo Fork thrust
fault and associated parallel faults are intersected do the
magnetic gradients begin to show a significant increase
(pl. 1). East of the fault system, the Paleozoic rocks of
the Washakie Range are in contact with and largely
covered by volcanic deposits originating from the Ab-
saroka Range. The Paleozoic rocks are chiefly limestones
and consequently are magnetically inert; therefore, the
source causing the increase in magnetic gradient is prob-
ably the Late Archean crystalline core of the Washakie
Range.

The magnetic characteristics of the Late Archean
core of the Washakie Range are unknown, and no
samples were obtained for magnetic-property determina-
tion at the two sites where Late Archean rocks outcrop.
A positive magnetic anomaly (pl. 1, anomaly A) is
associated with one outcrop but not the other. The
anomaly-producing outcrop, composed primarily of
gneiss (Bengtson, 1956), is bisected by South Buffalo Fork
south of Terrace Mountain within an area of low relative
elevation. Because topography does not contribute to the
amplitude of the anomaly, it is assumed that the magne-
tite content of the gneiss is substantially greater than that
of the surrounding rock. A secondary magnetic peak ex-
ists to the southeast within the main anomaly, which may
indicate a domelike upward projection of the gneissic rock
into the covering volcanics. In that event, the site of the
smaller anomaly would be favorable for the formation
of metalliferous deposits; however, the source of the
anomaly can also be attributed to the surface rock.

The second exposure of Late Archean rock is near
the confluence of North Buffalo Fork and Soda Fork.
The rock is granite gneiss and schist and has no associated
magnetic anomaly. If the outcrops are representative of
the Washakie core, then the magnetic character of that
rock must be highly variable.

Thirteen samples of the volcanic rock covering the
eastern part of the wilderness were analyzed for their
magnetic susceptibility. Susceptibility values ranged from
2.4x103 to 1.9% 102 SIU, with a mean of 1.0X102
SIU. This implies a variation in the magnetite content of
0.15 to 0.6 percent within the rock (Grant and West, 1965,
p. 367). A component of magnetization not considered
here is that of remanent or permanent magnetization
which, in some instances, can be appreciable. Volcanic
rock, upon cooling, will take on the direction and polarity
of the Earth’s magnetic field. If deposition took place
over a long period of geologic time, the orientation of

the remanent component would differ within intervals of
the volcanic section, thereby altering the total magnetiza-
tion vector so as to add another variable to the magnetiza-
tion of the rock.

Some examples of good correlation between mag-
netic anomalies and topography in the Wiggins environ-
ment can be seen in the east-central part of the wilderness
at Thorofare Plateau and Thunder Mountain. With the
exception of anomaly B (pl. 1) associated with Younts
Peak, virtually all positive anomalies south of Thunder
Mountain along the wilderness boundary to the southwest
can be attributed to high topography. Conversely, the
broad, low-amplitude, negative anomaly on the southern
edge of the wilderness conforms to the Brooks Lake
Creek valley.

Anomaly B, although concordant with high topog-
raphy, may be partially or totally influenced by the
presence of a Tertiary intrusive exposed along the west
flank of Younts Peak. Evidence that the intrusive is some-
what magnetic can be found in the area directly northeast
of Younts Peak, where intrusives of the same age and
composition are enfolded by magnetic contours which cut
across local topography. Based on the apparent effect the
intrusions have on the magnetic field in anomaly C (pl.
1), it may be inferred that anomaly B is caused primarily
by the intrusive. Thunder Mountain also has associated
exposures of intrusive rocks, and from the magnetic in-
tensity of its anomaly relative to Younts Peak, it seems
reasonable to speculate that the intrusive on Thunder
Mountain is similar to that at Younts Peak. The signif-
icance of the intrusives on Younts Peak and Thunder
Mountain is that magmatic emanations acting on older
dolomite included in the Langford Formation, where
present, may have produced mineral resources.

An east-northeast alignment of topographic highs
in the northern panhandle of the wilderness from the Tri-
dent Plateau on the west to Overlook Mountain on the
eastern boundary produces only one localized anomaly
(pl. 1, anomaly D). This anomaly is confined to an un-
named feature in the central part of the panhandie and
may be caused by an intrusive of unknown origin.
Southeast of anomaly D, a magnetic low over a region
of lower elevation may signify an intrusive of differing
composition.

A very narrow positive anomaly (pl. 1, anomaly E)
follows the wilderness boundary from Ishawooa Cone on
the southeast end northwest to Chaos Mountain, tran-
secting the high topographic trend extending northeast
beyond Overlook Mountain. The source of anomaly E
has not been identified but may possibly be a linear vent
system containing trapped basalt.

West of long 110° W, a ridgelike magnetic feature
which terminates in a positive anomaly (pl. 1, anomaly
F) located over high topography between Falcon and
Atlantic Creeks, generally conforms to the topographic
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outline of the Two Ocean Plateau. The correspondence
between intensity and topography is not exact, but rather
the source of anomaly F appears to be positioned nearer
the east edge of the plateau. The source rock is probably
a near-surface volcanic section which is thickest along the
east edge of the plateau. A corresponding low exists in
conjunction with the adjoining Yellowstone River valley.

South of and in a line with the ridgelike anomaly,
a broad, low-level, positive anomaly is affiliated with
Soda Mountain. The smaller anomaly (pl. 1, anomaly G)
to the north straddles a zone of low elevation and may
indicate an intrusive within the western flank of the ad-
jacent hill.

Two interesting anomalies (pl. 1, anomalies H and
I) are located near the headwaters of the Yellowstone
River. Both are negative in polarity and are offset from
the highest point of the topographic feature with which
they are affiliated. These anomalies are probably caused
by silicic intrusions, which contain relatively few magnetic
minerals, or which possibly have a reversed remanence
so as to produce a negative anomaly.

Two small positive anomalies (J and K, pl. 1) are
located near the northwest boundary of the wilderness
at the junction of Harebell, Wolverine, and Coulter
Creeks. These anomalies identify remnants of andesitic
breccia of the Langford Formation overlying the western
sedimentary rocks. Adjoining rhyolite flows of
Yellowstone origin have no apparent magnetic expression.

Gravity Interpretations

Qualitative analysis of subsurface structure was
made by examination of gradients and configuration of
gravity anomalies (pl. 2). Quantitative estimates of depth
to structural features were made from two-dimensional
mathematical models of gravity profiles using a computer
program by Lindrith Cordell (U.S. Geological Survey,
unpub. data).

Density measurements were made for six rock
samples from the wilderness to aid in the interpretation
of the gravity data. Density measurements from adjacent
areas were also considered in calculating the gravity
models. The density data are summarized in table 1.

The gravity pattern in the Teton Wilderness exhibits
a northwesterly trend paralleling Laramide structures. A
-205 to -230 mGal high gravity anomaly in the central
part of the wilderness reflects the relatively high density
of the near-surface Late Archean crystalline core of the
Washakie Range (table 1). Associated low gravity
anomalies occur northeast and southwest of the high and
reflect the sedimentary rocks on the flanks of the range
(table 1). The high gravity trend continues northwestward
along Big Game Ridge and the Wolverine anticline to the
northern boundary of the wilderness. The south part of

Table 1. Densities for rock samples from the Teton Wilderness
and adjacent areas
Sample Densigy
No. Formation Age (g/cm?)

Localities on plate 2. Analyses by D. M. Kulik

Ti23 Wiggins Formation—- Tertiary--—-—- 2.51
T124 do do 2.57
T74 do do 2.50
T54 Frontier Formation- Cretaceous——-— 2,51
T52 Mesaverde Formation ——===do~———=—- 2.49
T131 Madison Limestone—— Mississippian—- 2.66

Samples from Hurich (1979)
Density measurements are averages

—— Tertiary and Cretaceous sedimentary

rocks at 3,000~ to 5,000~ft (1,000-

to 1,750-m) depth 2.43
Tertiary and Cretaceous sedimentary

rocks at 5,000~ to 23,000-ft (1,750~

to 7,000-m) depth 2.54
—_——= Jurassic through Cambrian sedimentary

rocks 2.65
— Monzonite, granodiorite, and granite--- 2.70
——— Granitic gneiss 2.72
—_— Migmatite 2.73

Sample from Clark (1966, p. 20)--Average

e Granodiorite 2.73

the major high gravity anomaly coincides with the crest
of the Washakie Range and is inferred to continue to the
southeast where anticlinal structures have been mapped
in the Du Noir area (Keefer, 1957).

A low-gravity anomaly lies southwest of the
Washakie Range and extends both southeast and north-
west beyond the boundaries of the wilderness. The
anomaly reflects a sedimentary basin, termed the Box
Creek downwarp (Love, 1973a), that appears from the
gravity data to increase in size southwest of the wilderness
boundary. In the northwest part of the wilderness the
anomaly is bounded on the west by a gravity gradient
associated with normal and reverse faults. The steep gra-
dient between the low anomaly and the high Bouguer
values over the Washakie Range is associated with the
Buffalo Fork thrust fault, which has brought Late
Archean and Paleozoic rocks to the surface. South of
Gravel Peak, however, the gravity contours turn west at
right angles to the Buffalo Fork thrust fault before turn-
ing sharply north again along the axis of Big Game Ridge.
This departure from the northwest gravity trend is unex-
plained by surface geologic data. A vertical to overturned
section of Upper Cretaceous Harebell Formation and the
overlying Upper Cretaceous and Paleocene Pinyon Con-
glomerate crops out west of the Buffalo Fork thrust fault,
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and Mississippian and Devonian rocks crop out east of
the fault. No evidence of faulting that would account for
the gravity expression has been observed in these forma-
tions. The gravity data may, however, reflect faulting
below the surface outcrops or relief on the basement sur-
face as discussed later. The high gravity anomaly over
the Washakie Range is deflected by this change in trend,
and then continues northward reflecting anticlinal struc-
tures exposed in Cretaceous rocks.

The northeast flank of the Washakie Range is
covered by Tertiary volcanics that obscure the underly-
ing geologic structures. A major low gravity anomaly ex-
tends across that portion of the wilderness, indicating a
thick section of relatively low density material between
the Washakie Range and the Absaroka Range to the east.
The gravity gradient over the Absaroka Range, east of
the low anomaly, increases gradually to the northeast.
The gradient is interpreted to reflect the rise of the Late
Archean basement. Two additional low gravity anomalies
are superimposed on the major gravity low, increasing
the total relief between these anomalies and the high
gravity anomaly over the Washakie Range to 30 mGal.
Additional gravity data collected in the adjacent
Washakie Wilderness (C. A. Long, oral commun., 1980)
indicate that the south half of the low anomaly extends
another 3 to 4 mi (5 to 6 km) eastward with similar gravity
relief.

The undulations in the contours along the gradient
on the east side of the major gravity low are associated
with altered andesite rocks and intrusive granodiorite
bodies exposed on the southwestern part of Thunder
Mountain and northwest of Younts Peak.

The small, 10-mGal low gravity anomaly north of
Hawks Rest may be caused by a large alluvial deposit of
several hundred feet of loosely consolidated material
derived largely from the Wiggins Formation. The anoma-
ly could reflect a small, buried intrusive, but there is no
surface geologic evidence to support this possibility, and
the aeromagnetic data do not clearly indicate such a body.

Interpretation of Gravity Models

A two-dimensional gravity model (fig. 9) was calcu-
lated for profile A-A" (pl. 2) southeast of the Teton Wil-
derness, where structural cross sections were available for
control (Keefer, 1957), to determine suitable density con-
trasts. An average density of 2.73 g/cm? was assumed
for Late Archean rocks, 2.66 g/cm? for Paleozoic rocks,
2.54 g/cm? for Mesozoic rocks, and 2.53 g/cm? for Ter-
tiary rocks in modeling profile A-A'. Measured densities
of Tertiary rocks (table 1; Hurich, 1979) are lower than
that assumed for the models, but the Tertiary rocks in
the Teton area are lithologically more similar to the
Cretaceous rocks of the Teton area than to the Tertiary

rocks in the area from which Hurich’s data are taken (J.
D. Love, oral commun., 1980). These density contrasts
yielded a fit to the gravity profile A-4' by assuming a
thickness of 1,000 feet (300 m) of Tertiary rocks, 6,000
feet (1,800 m) of Mesozoic rocks, and 4,000-5,000 feet
(1,200-1,500 m) of Paleozoic rocks above the Late
Archean basement rocks. Keefer (1957, pl. 26) estimated
approximately 1,000 feet (300 m) of Tertiary rocks and
4,000-5,000 feet (1,200-1,500 m) each of Cretaceous and
Paleozoic rocks in the area of profile A-A".

A second model was computed for profile B-B’
(fig. 9) across the northern part of the low gravity anoma-
ly to evaluate the source of the anomaly. The same rock
densities were assumed as for profile A-A4'. A thickness
of 4,000-5,000 feet (1,200-1,500 m) was again assumed
for Paleozoic rocks. A computed profile was fitted to the
observed gravity profile B-B' by assuming that 4,000 feet
(1,200 m) of Tertiary rocks and as much as 12,000 feet
(3,700 m) of Mesozoic rocks overlie the Paleozoic rocks.
The relative thickness of Tertiary and Mesozoic rocks
cannot be determined by the gravity data because the
assumed densities are similar.

The structure represented by the model across grav-
ity profile B-B’ is hypothetical, but it is consistent with
that at profile A-A’ as interpreted by Keefer (1957).
Other configurations are possible, but considerable relief
on the Late Archean surface is required to fit the observed
gravity data. Two interpretations of the gravity data are
possible: the anomaly may reflect a down-faulted section
of basement rock—a half-graben—which subsequently
was filled with sediment from the eroding Washakie
Range or with volcanics; or, the anomaly may reflect a
collapsed caldera beneath the volcanic debris. The den-
sity of such material would be substantially lower than
that assumed in the model, and the total relief on the
structure probably would not exceed 10,000 feet
(3,000 m). The elongate and asymmetric shape of the
body does not favor this interpretation.

The trend of the body parallels the Box Creek
downwarp and other sedimentary basins in northern
Wyoming. Thickness of sedimentary rocks derived from
the gravity modeling are similar for profile B-B’ and for
profile C-C' (fig. 9) across the Box Creek downwarp
where a thick Cretaceous section is exposed at the surface.

These correlations strongly suggest that the inter-
pretation of a sedimentary basin overlain by Tertiary
volcanic rocks is valid, and we shall refer to it as Younts
basin(?).

A third gravity model was computed for profile
C-C’ (fig. 9) to determine structural relationships be-
tween the Box Creek downwarp and the Buffalo Fork
thrust fault. The same density contrasts were used as in
modeling profiles A-A’ and B-B’. The model indicates
that the Buffalo Fork thrust fault overrides the sedimen-
tary rocks of the Box Creek downwarp at an angle of

Aeromagnetic and Gravity Studies 15



_mZG;(I) Assumed regional gradient o
EXPLANATION
® Measured gravity
A Computed gravity
— A d regional di 0.1 mGal/mi (0.06 mGal/km)
A d density—In g/cm3

Tertiary rocks—2.53
Mesozoic rocks—2.54
Paleozoic rocks—2.66

Late Archean rocks—2.73

Contact

=——===— Fault—Arrow indicates direction of movement

TRIPOD PEAK FAULT
BUFFALO FORK THRUST FAULT

Residual

10,000

20,000

30.000

mGal
-215

—220
—-225
—-230

mGal

FEET
(0]
10,000
20,000
0 5 MILES
0 5 KILOMETERS

Figure 9. Computed gravity models and hypothetical structure along profiles A~A”, B-B’, and C-C’ across the Teton
Wilderness and adjacent areas. Lines of sections shown on plate 2.
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about 30°. The configuration of the Paleozoic strata re-
quired to fit the gravity data indicates that the Tripod
Peak fault is continuous across the area of the gravity
model although it is obscured at the surface. The gravity
model indicates about 16,000 feet (5,000 m) of Cretaceous
rocks in the trough of the Box Creek downwarp, and
about 5,000-8,000 feet (1,500-2,400 m) of Cretaceous
rocks west of the trough.

Hydrocarbon Potential Interpreted
from Gravity Data

Interpretations of the gravity data suggest that thick
sections of Cretaceous strata, including source and reser-
voir rocks which produce hydrocarbons in other areas of
Wyoming, are present in the Box Creek downwarp in the
western part of the Teton Wilderness, and in Younts
basin(?), overlain by volcanic rocks, in the central part
of the wilderness.

Thrust faulting appears to account for the distribu-
tion of Mesozoic, Paleozoic, and Late Archean rocks in
Younts basin(?). However, structures on the east flank
of the basin appear from the gravity data to be minor,
and further geophysical exploration would be required
to identify and define them.

Structural traps may be present at the postulated
fault boundary on the western flank of Younts basin(?),
the western flank of the Box Creek downwarp, areas
where sedimentary strata abut the Tripod Peak and Buf-
falo Fork faults in the Box Creek downwarp, and in the
fold structures interpreted from gravity data in the Tripod
Peak fault block.

An elongate trend of high gravity values extends
northeast beyond the Teton Wilderness along the South
Fork Shoshone River. The trend seems to bifurcate as
it approaches the east boundary of the wilderness and ap-
pears as two relatively high areas on the major negative
gravity anomaly. The northeast-trending positive anoma-
ly may indicate a structural high on the basement sur-
face. Such a proposed basement structure may trap
hydrocarbons where sedimentary rocks of the basin
wedge out in depositional unconformity against the flanks
of the structure. A similar northeast-trending positive
gravity anomaly southwest of Gravel Peak transects the
negative gravity anomaly over the north end of the Box
Creek downwarp. A similar basement structure may be
the cause of the westward deflection of the gravity
contours from the northwest-trending anomaly over the
Buffalo Fork thrust fault, Big Game Ridge, and Wolver-
ine anticline; and similar hydrocarbon traps may be pres-
ent in the Box Creek downwarp.

Conclusions

The significant variations in the magnetic field in

the Teton Wilderness are largely confined to the eastern
part and are influenced principally by surface deposits
derived from the Absaroka volcanic centers. Most anom-
alies can be correlated with variations in topography,
whereas others may relate to changes in the composition
of the rock.

The large-scale structural features of the wilderness
are delineated by the gravity data. An unexpected result
of the survey is recognition of a probable structural basin
located between the Washakie and Absaroka Ranges.
This is an area of relatively high elevation completely
covered by pyroclastic materials. Evidence of its existence
heretofore has only been speculative.

There is a mutual correspondence in the magnetic
and gravity response over the Hawks Rest area. Each data
set indicates relatively low values, suggesting that the
probable source of the anomalies is a silicic intrusive.
South of Hawks Rest, a negative magnetic anomaly
(pl. 1, anomaly H) coincides with Yellowstone Point. On
the basis of magnetics alone, it may be inferred that
anomaly H stems from the same variety of silicic rock
as does the Hawks Rest anomaly. The gravity data,
however, show a positive anomaly associated with the
plateau area. A density difference of about 0.3 g/cm?
between the two intrusive bodies is required to produce
the observed gravity change. Although the magnetic data
may imply that the inferred intrusive bodies are derived
from the same source, the gravity data signify that the
intrusives must be different in composition.

Other correlations between the magnetic and grav-
ity data cannot be made except that a negative gravity
anomaly exists over the east side of Two Ocean Plateau
where a positive magnetic ridgelike anomaly is located.
This correspondence may be fortuitous in that the mag-
netic disturbance is caused by the surface rock, whereas
the gravity is controlled by a source at depth.

These geophysical data give no positive evidence of
mineral resources within the wilderness. Possible explora-
tion targets may be in the area of the negative magnetic
anomalies located near the headwaters of the Yellowstone
River and south of Overlook Mountain in the northeast-
ern part of the wilderness. Another site that may have
mineral resources is indicated by the small positive mag-
netic anomaly southeast of anomaly A.

If sedimentary sequences cause the negative grav-
ity anomalies over the Box Creek downwarp and Younts
basin(?), they would contain strata which have signifi-
cant oil and gas potential elsewhere in Wyoming. Struc-
tural traps may exist within the basins and at the
bounding structures. The northeast-trending basement
structures suggested by the gravity data in South Fork
Shoshone River and in the northern part of Box Creek
downwarp could also produce structural traps for hydro-
carbon accumulation within the basins.
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GEOLOGIC AND GEOCHEMICAL APPRAISAL

By J. C. Antweiler and }. D. Love,
U.S. Geological Survey

Mineral Resource Exploration and
Development in the Teton Wilderness

As of 1985, there were no active mines that pro-
duced metallic or nonmetallic materials from the rocks
exposed in the Teton Wilderness. One small gold-placer
operation has been conducted intermittently on Pacific
Creek, near the southwest corner of the wilderness. Gold-
placer prospects have been worked from time to time
elsewhere in the western and southern parts of the Teton
Wilderness; attempts to develop these deposits were sum-
marized by Hayden (1956, p. 11-12). (See section on
economic appraisal, this report.)

The U.S. Bureau of Reclamation operated a coal
mine, about 1910, in the Mesaverde Formation on Pilgrim
Creek within the boundary of the Teton Wilderness. The
coal was used to power equipment for construction of
the Jackson Lake dam, 5 miles (8 km) south of the wil-
derness. Later, the U.S. Bureau of Reclamation and
private individuals also opened coal mines in the Bacon
Ridge Sandstone, north of Buffalo Fork near Lava Creek,
2 miles (3 km) south of the wilderness. .

Two mines were established about 1905 on South
Buffalo Fork in some copper-bearing Late Archean
rocks. A uranium prospect was located at the Soda
Springs on Soda Fork in 1955, and drilling was done with
a portable rig. There was no further exploration work.
Also, during the 1950’s, uranium claims were staked west
of Two Ocean Pass, along outcrops of the Phosphoria
Formation, which is weakly radioactive. Samples of high-
grade uranium ore from Pumpkin Buttes in northeastern
Wyoming (and reported to have come from Two Ocean
Pass) were passed around the bars in Jackson to stir
excitement and to raise additional money for further
exploration. A few prospect pits were dug, but no ore
was found.

Mineral commodities and nonmetallic materials
whose resource potential in the Teton Wilderness was in-
vestigated are grouped into four categories: (1) oil and
gas; (2) metallic mineral deposits, particularly Au, Ag,
Cu, Pb, Zn, and Mo, in bedrock as well as in placers;
(3) sedimentary deposits of coal, bentonite, gypsum,
phosphorite, uranium, and building stone; and (4) sur-
ficial deposits of sand and gravel. In addition, the geo-
thermal resource potential of the area was evaluated,
particularly that of springs on Soda Fork, one of which
is conspicuously radioactive.

Oil and Gas

By J. D. Love

Possible oil and gas source and reservoir rocks in
the western one-fourth of the Teton Wilderness are at
least 4,500 feet (1,370 m) thick, have an areal extent of
270 mi? (700 km?), and have a volume of 230 mi®
(960 km3). These strata are chiefly marine and non-
marine sandstones and shales; some limestones and
dolomites are in the lower part. They are folded into a
series of anticlines and synclines, en echelon, trending
north or northwest. Subsurface closure, and definition
of other types of traps, if present, cannot be proved
without detailed geophysical surveys (table 2). No bore-
holes have tested any of the anticlines within the Teton
Wilderness, and no geophysical surveys (other than air-
borne magnetometer and gravity traverses) have been
made within the wilderness, so the subsurface structure
is unknown.

Table 2 gives estimated depths to potential reser-
voir rocks in six major anticlines in the wilderness; six
other anticlines (Bailey, Arizona Creek, Lizard Creek,
Kitten, Reid, and Onion Flats) are not listed because they
are too small, poorly defined, or too highly faulted to
have significant oil and gas potential. All these except
Onion Flats were described by Love, Antweiler, and
Williams (1975). Surface closure is slight or nonexistent
at the north ends but adequate at the south ends.

There has been no drilling for oil and gas in the
Teton Wilderness, although several anticlines (pl. 1) have
been known for many years. One small flammable gas
seep is present on the Whetstone anticline and another
is on the east flank of the Bailey anticline. The nearest
oil and gas test well, True-Travis Govt. No. 1 (pl. 1; fig.
12), is 2.2 miles (3.5 km) south of the wilderness, in sec.
29, T. 45N., R. 113 W. It was drilled in 1958 to a depth
of 4,367 feet (1,331 m) in the Cloverly-Morrison(?) se-
quence and encountered no major shows of oil or gas.
Older potential producing horizons listed in table 2 were
not penetrated.

Large volumes of oil and gas have been produced
from many anticlines similar to those in the Teton
Wilderness and from correlative strata in the Bighorn
basin 40-50 miles (62-80 km) to the east. This does not
mean that oil and gas may necessarily be present in the
anticlines in the Teton Wilderness. Even larger anticlines
lie directly south of the western part of the Teton Wilder-
ness in Jackson Hole. Many of these were drilled prior
to 1982. The northeast flank of the largest, the Spread
Creek anticline, extends into the southwest corner of the
wilderness. This anticline has more closure and more
potential producing horizons than most anticlines in the
wilderness and, in addition, has some of the largest
natural gas seeps in Wyoming (fig. 11). The anticline has
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Table 2. Depths to potential oil and gas reservoir rocks in subsurface parts of major anticlines in the Teton Wilderness
[Figures on thicknesses of rock units in subsurface and depths to possible reservoir rocks are tentative estimates; subsurface dips are not known,
so intervals listed must be considered minimal. Intervals represent stratigraphic thickness at crestline of fold, and arbitrary assumption is that
no flowage or faulting of incompetent beds has occurred. Depth figures are computed at structurally highest visible part of anticline. Small,
poorly defined, or highly faulted anticlines are not listed. These include Bailey, Arizona Creek, Lizard Creek, Kitten, Reid (all previously de-
scribed by Love, Antweiler and Williams, 1975), and Onion Flats. Thicknesses and depths are given in feet because all well logs, isopach maps,
and structure-contour maps in the region use feet. To convert to meters, multiply feet by 0.3048. Nearest local variations in thickness are used
in depth estimates]

Anticlines
Possible depth to top (to nearest 50 ft) of reservoir rocks

Thickness Spread
Formation 1 (ft) Wildcat Whetstone? Creek3 Wolverine# Hancock Rodent Creek?
Mesaverde Formationesse.. 1,000 Exposed 500 Exposed  ————- No north Eroded away.
Bacon Ridge Sandstone.... 1,600 Exposed 3,500 Exposed 1,200 closure Eroded away.
Frontier FormatioDeeecees 1,000 Exposed 6,800 62,400 4,500 south of Exposed.
Thermopolis Shale’....... 50 1,400 8,450 63,900 6,150 Yellowstone 300
Cloverly FormatioNeesssos 150 1,550 8,650 64,100- 6,300 National 450
Park. Depth

Chugwater Formation8..... 85 2,750 10,000 5,300 7,600 estimates 1,750
Phosphoria Formation

and other rocks of

of Permian ageseeeeeess 200 3,850 11,200 6,400 8,650 similar to 2,850
Tensleep Sandston€eeesces 380 4,050 11,400 6,600 8,850 those for 3,050
Amsden FormationZeeeeeo.s 50 4,600 11,950 7,150 9,400 Wolverine 3,450
Madison Limestoneeccsececees 1,100 4,650 12,000 7,200 9,450 anticline. 3,500

1Devorn:lan, Ordovician, and Cambrian rocks, having a combined thickness of 1,650 ft (500 m), are not
included because their reservoir characteristics are variable and their production is small in the Bighorn
basin. This does not imply that these rocks have no oil and gas potential in the Teton Wilderness.

2This is a long anticline.
cannot be determined.

On the basis of surface data, the structurally highest part of the crest
Therefore, the depths listed are generalized estimates.

3Surface crestline entirely outside Teton Wilderness; depths estimated on crestline; only oil and gas
potential in wilderness is on northeast flank of anticline.

4No north closure is certain.

Site of estimated apex (if present) of crestline is approximately

4,200 ft (1,280 m) southeast along the crestline from where it crosses the Yellowstone National Park

boundary.

SWeak east flank.

6Intervals interpreted from Travis—True well 2 mi (3 km) south of wilderness boundary.

7Muddy Sandstone Member.
8Crow Mountain Sandstone Member.

QDarw:l.n Sandstone Member.

been tested by seven drill holes, some of which were ap-
parently well located structurally, and although several
encountered oil and gas shows, only one was capable of
small gas production as of 1980. The reasons for the lack
of success at the drill sites are not known, but new reflec-
tion seismic data suggest that large bedding-plane thrust
faults (discussed in the following section on anticlines),
not previously recognized, may have displaced strati-
graphic and structural traps.

Vitrain reflectance studies of many black shales (see
description of map units, pl. 1) of various ages in and
near the Teton Wilderness show that these strata have
been subjected to temperatures sufficient to promote

maturation of hydrocarbons but not high enough to result
in metamorphism. Therefore, these shales, aggregating
a total thickness of several thousand feet (pl. 1), can be
considered source rocks for oil and gas.

The oil and gas potential of the anticlines within
the western one-fourth of the Teton Wilderness and of
the presently unproductive anticlines to the south in
Jackson Hole is probably comparable, because the rocks,
structural patterns, and geologic history are approximate-
ly the same. If, after thorough surface and geophysical
studies and adequate new drilling, the anticlines south of
the Teton Wilderness remain unproductive, those in the
wilderness can also probably be considered as unfavorable
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prospects. On the other hand, if anticlines to the south
yield oil and gas in economic volumes, the potential of
those in the wilderness should be reevaluated.

Anticlines with Possible Oil and Gas Potential

Twelve anticlines which may entrap oil and gas lie
entirely or partly within the Teton Wilderness. The Bailey,
Arizona Creek, Kitten, Reid, and Lizard Creek anticlines
were described by Love, Antweiler, and Williams (1975).
The presence of several major anticlines was the basis for
the U.S. Geological Survey fuels investigations of this
general area in 1945, 1948, and 1949. Table 2 summarizes
the most promising oil and gas reservoir rocks, their
thicknesses, and rough estimates of their depths on the
structurally higher parts of each anticline.

In evaluating the oil and gas resource potential of
these anticlines, many variables must be considered, such
as:

1. Age of folding. In general, throughout intermontane
basins of the Rocky Mountain region, the old folds
(early Laramide) tend to be more prolific producers
than the younger. Available data suggest that the an-
ticlines in the Teton Wilderness were formed during
the early part of Laramide deformation, near the end
of the Cretaceous Period. Specific supporting data
are present on the east flank of Gravel Peak near the
southeast end of the Wolverine anticline, on the Basin
Creek uplift along the north margin of the wilderness
(Love and Keefer, 1969), and on the Spread Creek
and adjacent anticlines south of the wilderness (Love,
Keefer, and others, 1951; Love, 1973a).

2. Effects of later tilting. The western part of the wilder-
ness was, in some places, tilted westward 10°-30°in
Pleistocene time. To determine the original site of
oil and gas accumulation, which is generally on the
apex of an anticline, each fold in this area must be
rotated upward and clockwise (in a model oriented
in the conventional northward direction). The
amount of tilting of the original water-oil interface
(if any), the distance and magnitude of oil and gas
migration after Pleistocene tilting, and the nature and
effects of water drive cannot be determined in an un-
drilled area. Further complicating the evaluation is
the effect of two very different types of tectonism
(early Laramide compression and late Cenozoic ten-
sion) widely separated in time (see discussion in sec-
tion on structure and geologic history). It is not
known whether this time interval was sufficient to
stabilize the sites of any oil and gas accumulation that
may have occurred and to prevent any Pleistocene
migration. Borehole data on these subjects is neces-
sary to evaluate the oil and gas potential of the
anticlines.

3. Depth of erosion. None of these anticlines is eroded

so deeply that the lowest possible reservoirs have been
breached.

Competence of folds. In some parts of the Cordil-
leran thrust belts to the west and southwest, oil- and
gas-producing anticlines are formed in incompetent
Mesozoic rocks, whereas the underlying Paleozoic
rocks may be undeformed and have no oil and gas
potential. It is assumed that Paleozoic rocks in the
Teton Wilderness could contain oil and gas ac-
cumulations on these anticlines, for the following
reasons: the reverse faults all have displacements of
only a few hundred to a few thousand feet; the Basin
Creek uplift to the north has exposed roots; the
northern extension of the Wolverine anticline in
southern Yellowstone National Park has Lower
Cretaceous rocks exposed in its core (Love and
Keefer, 1975); and all the anticlines in Jackson Hole
south of the wilderness that have been drilled have
Paleozoic rocks in their cores. Without drilling, the
presence or absence of roots to the anticlines in the
wilderness cannot be determined for certain.
Possible bedding plane-thrust faults. Sophisticated
modern seismic data across and along the Spread
Creek, Sohare, and several other major anticlines
south of the Teton Wilderness indicate or suggest the
presence of bedding-plane thrust faults subparallel
to bedding and with major displacements in incompe-
tent strata, chiefly of Mesozoic age. These thrusts ap-
parently offset westward the Mesozoic rocks on and
near the crests of the sharply asymmetric anticlines.
In addition, the faults may create traps on the gen-
tle flanks of the anticlines. Similar faults may affect
the comparable anticlines in the Teton Wilderness,
and detailed seismic surveys may be necessary to ade-
quately evaluate the oil and gas potential of these
structures.

Source rocks. Devonian, Mississippian, and Permian
carbonate rocks and shales exposed on the south
flank of the Basin Creek uplift and on the Washakie
Range are fetid and contain conspicuous amounts of
hydrocarbons. Especially important are black shales
in the Amsden and Phosphoria Formations. Black
shales in Cretaceous rocks likewise have a hydrocar-
bon content adequate for them to be classed as source
rocks. Representative of these are thick sections of
marine gray Cody Shale (pl. 6) and thinner shales in
the Mowry, Frontier, Bacon Ridge, and Harebell
Formations. As mentioned in the preceding section,
vitrain-reflectance data indicate favorable thermal
maturation of hydrocarbons, so these shales can be
considered good source rocks.

Adequate structural traps. Surface closure is slight
or nonexistent at the north ends of all anticlines listed
in table 2 except Spread Creek and those whose north
ends are covered by volcanic rocks. The west flanks
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of most anticlines are the steepest, and some are cut
by exposed reverse faults. Others may be cut by
thrusts at depth. South and east closures are generally
adequate.

8. Effects of igneous intrusions and local metamor-
phism. Eocene basalts are present in the southwestern
part of the wilderness. These rocks are several miles
south of the nearest anticlines. Elsewhere, intrusive
igneous rocks are small thin dikes with little or no
destructive effect on the oil or gas potential of the
anticlines.

The characteristics and oil and gas possibilities of
9 of the 12 anticlines are summarized in the assumed order
of significance (Arizona Creek, Reid, and Lizard Creek
are discussed in Love, Antweiler, and Williams, 1975).

Whetstone.—This anticline has the best oil and gas
possibilities. The surface trace is about 8 miles (13 km)
long (fig. 10; Love, 1975a). The northern half trends
north and the southern half northwest. Strata dip 6°-12°
E. on the eastern flank and 6°-20° W. on the western
flank. Other than a small Holocene(?) fault, there are no
visible structural complications. The fold plunges
moderately southward and gently (if at all) to the north.
North closure may be present at depth. The apex, if any,
of the anticline is arbitrarily taken to be where the crest-
line crosses Pacific Creek. This is the site used in com-
putation of depths shown in table 2. About 3,800 feet
(1,150 m) upstream from this point, a small explosively
flammable gas seep emerges from a sandstone ledge under
water in Pacific Creek. Details of structure of the anticline
at depth and amount of closure can be determined only
by geophysical studies.

Spread Creek.—The Spread Creek anticline is by
far the largest and potentially one of the most significant
for oil and gas in the Jackson Hole region. It is about
19 miles (30 km) long and has about 6,000 feet (1,830 m)
of closure. Cody Shale is exposed on the apex of the
crestline. One of the largest gas seeps in Wyoming
emerges from the Bacon Ridge Sandstone east of the crest
7,500 feet (5,335 m) south of the Teton Wilderness (fig.
11). Many additional gas seeps are present near the crest
farther southeast for the next 8 mi (13 km). The crest of
the Spread Creek anticline is exposed within 10,000 feet
(3,000 m) of one of the southwest corners of the Teton
Wilderness. Therefore, possible entrapment of oil and gas
in this structure within the wilderness may be confined
to a small part of the northeast flank. Surface geology
of this part of the anticline nearest to the wilderness is
shown in figure 12. The Mesaverde Formation on this
part of the northeast flank dips 30° NE., but inasmuch
as the overlying Colter Formation (Miocene) dips
35° SW., the original dip on the Mesaverde was probably
about 65° NE. Estimated depths of the potential oil- and
gas-bearing formations near the northwest end of the
anticline are given in table 2.

Bailey.—Fair oil and gas possibility. The Bailey
anticline is exposed for about 11,000 feet (3,350 m). A
northern hypothetical projection, based on adjacent out-
crops, extends for an additional 14,000 feet (4,270 m)
under unfolded Pliocene welded tuff (Huckleberry Ridge
Tuff). The anticline trends northwest, and the visible part
is very tightly, almost isoclinally, folded. Details of sur-
face geology are shown in Love (1974b). The Bailey thrust
fault bounds the southwest flank and disappears beneath
the unfaulted Huckleberry Ridge Tuff. The south end of
the anticlinal crest merges with a high-angle fault, down
on the west. The Frontier Formation crops out along the
entire exposed crest. Because this is such a tight fold with
thick sequences of incompetent beds at depth, rock flow-
age was probably considerable, and realistic estimates of
depths to potential oil and gas reservoirs are not possi-
ble. These potential producing zones are probably about
the same as those listed for the Wildcat anticline (table
2). Geophysical studies would be needed to determine the
structure under and east of the surface crest of the
anticline.

Hancock.—Fair to poor oil and gas possibility. The
Hancock anticline is a southeastward-plunging fold that
diverges from the Wolverine anticline in southern
Yellowstone National Park (fig. 13; Love and Keefer,
1975, pl. 1, sec. A-A’) and extends about 9,000 feet
(2,750 m) into the Teton Wilderness. The surface geology
of the part of the anticline within the wilderness is en-
tirely in the Harebell Formation and is shown in Love
(1974a). Dips are gentle, 10°-20° on both flanks. There
is no evidence of closure within the wilderness. If geo-
physical studies are made of the adjacent Wolverine anti-
cline, they could be expanded to include Hancock, as
well. Depths to potential oil- and gas-producing zones are
about the same for both anticlines (table 2).

Wildcat.—Fair oil and gas possibility. Figures
14-16 show the surface expression of the Wildcat anti-
cline. Details of surface geology are shown in Love
(1974b). The south end of the anticline is obscured by
landslide debris and apparently is cut off by a major
normal fault (the Pilgrim Creek fault), down on the east
side. The crest of the anticline is exposed for about 5.5
miles (8 km), and near Browns Meadow disappears under
west-dipping unfolded Tertiary and Quaternary volcanic
rocks and undeformed landslide and glacial debris. A
covered northwest extension of the anticline is projected
for about 3.7 miles (6 km) on the basis of sparse outcrops
of Lower Cretaceous rocks near Flagg Ranch. The posi-
tion of the apex of the crestline is not known, but for
the computations shown in table 2, it is arbitrarily as-
sumed to be directly west of Browns Meadow.

The anticline is asymmetric, with dips of 5°-15°0on
the northeast flank steepening near the southeast end to
45°, The southwest flank is steeper, 40° SW. near the
southeast end and vertical to overturned along Arizona
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Figure 10 (above and facing page). Geologic map of the Whet-
stone anticline. Modified from Love (1975a). Base from U.S.
Geological Survey Whetstone Mountain topographic quadrangle,
1965, scale 1:24,000.

Figure 11.
Ridge Sandstone on Spread Creek anticline south of Halfmoon
Lake. For location see figure 12. Width of barrel is about 12
inches (37 cm). Photograph by Roger Matson, November 1977
(Love and Love, 1980, fig. 9).

Flare from ignited gas seep emerging from Bacon

Creek, west of Browns Meadow. The anticline was
shoved southwestward along the Wildcat thrust fault
which is exposed about 4,000-5,000 feet (1,200-1,500 m)
west of the exposed crestline. The amount of displace-
ment along this fault is not known, nor whether, at depth,

it beheads any of the potential oil- and gas-bearing zones
listed in table 2 along their crestlines. On some similar
structures, the faults are conduits for upward or lateral
migration of oil and gas from overridden source or reser-
voir rocks.

The anticline plunges southeastward from a point
west of Wildcat Peak at the rate of about 1,320 feet
(400 m) in a horizontal distance of 9,000 feet (2,745 m).
The northwestward plunge, if any, of the northwestern
covered part of the anticline is not known. Details of
structure within the anticline at depth can be determined
only by geophysical studies.

Kitten.—Questionable oil and gas possibility. The
Kitten anticline (figs. 14, 16) is a small fold, en echelon
to, and southwest of the Wildcat anticline. Details of sur-
face geology are shown in part in Love (1974b) and in
part in Love (1973b). The surface trace of the anticline
is about 12,000 feet (3,660 m) long and is entirely within
the Sohare Formation and Bacon Ridge Sandstone. No
faults were observed. The anticline is moderately asym-
metric, with dips as much as 50° on the southwest flank
and 10° on the northeast flank. Both ends disappear into
monoclinal dips. The apex of the crestline has not been
determined. The potential oil and gas zones are the same
as those for the Whetstone anticline listed in table 2, but
depths are probably slightly shallower. Geophysical
studies would be needed to determine the configuration
of potential producing zones.

Rodent Creek.—Questionable oil and gas possibil-
ity. This is a small, poorly exposed, northwest-trending
asymmetric anticline about 13,000 feet (3,960 m) long,
eroded down to the Mowry Shale. Details of surface
geology are shown on figure 14. The northeast flank has
poor closure and gentle dips; the southwest flank is over-
turned and is cut by the Rodent Creek thrust fault. The
southeast end is cut off at the junction of several normal
faults. The northwest end disappears into or near a small
normal fault. The amount of displacement on the Rodent
Creek thrust fault is not known, nor whether, at depth,
it displaces any of the potential oil- and gas-bearing zones
listed in table 2 along their crestlines.

Onion Flats.—Poor oil and gas possibility. This is
a small, poorly defined, poorly exposed, north-trending
anticline near the south boundary of the Teton Wilder-
ness. Surface geology is shown in Love (1975b). Dips on
the east flank are about 10°and on the west flank about
40°. Nowhere was the crestline observed. The north end
is projected under Quaternary deposits, and the south end
disappears in the Harebell Formation. More detailed sur-
face and geophysical work would be needed in order to
define the anticline precisely and to determine its oil and
gas potential. The Harebell Formation is present at or
near the surface. Depths to possible oil and gas zones are
probably about the same as, or slightly greater than, those
listed in table 2 for the Whetstone anticline.
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Figure 12 (above and facing page). Geologic map of northern part of Spread Creek anticline.
Maodified from Love (1975a) and J. D. Love (unpublished mapping, 1945-83). Base from U.S.

Geological Survey Whetstone Mountain and Davis Hill topographic quadrangles, 1965, scale
1:24,000.

Wolverine.—Poor oil and gas possibility. Detailed 8.3 miles (13.3 km) is inside the Teton Wilderness, and
geology is shown on figure 13. The surface trace of the 8 miles (13 km) is north of the wilderness in Yellowstone
entire anticline is about 16.3 miles (26.2 km) long. Of this, ~ National Park. The northern half of the anticline has been
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described in detail and a cross section presented (Love
and Keefer, 1975, p. D46-D47, pl. 1, sec. A-A"). Inside
the wilderness, the east flank dips 7°-22°E. (fig. 17) and
the west flank 13°-30°W. The southern end involves the
Pinyon Conglomerate, which is gently folded so this part,
at least, is post-Pinyon. The Harebell Formation is at the
surface on the remainder of the anticline, as far north
as the park boundary. No fault was observed along the
anticline. The apex of the fold is poorly defined. If the
apex is present outside the park, it is probably about
4,200 feet (1,280 m) southeast along the crestline from
where it crosses the park boundary, and is at an eleva-
tion of about 9,000 feet. This possible apex is used for
depths shown on table 2. Where the anticline crosses the
Snake River in the park, the Cloverly and Morrison(?)
Formations are exposed at an elevation of 7,400 feet. This
is about 4,700 feet (1,430 m) higher than the projected
depth of this sequence at the inferred apex (table 2). Thus,
the anticline has a southward plunge of about 940 feet
(286 m) per mile. As a result of this lack of closure, oil
and gas traps are unlikely in post-Cloverly rocks south
of the park boundary on the Wolverine anticline.

Geophysical studies would be needed to determine the
configuration of deeper horizons and whether there is fold
or fault closure south of the park boundary.

Subthrust Traps

Between 1975 and 1981, many new concepts per-
taining to the relation of oil and gas accumulation to
thrust faults were developed as a result of major discov-
eries of oil and gas in the Thrust Belt of Wyoming and
Utah. Another major discovery of gas beneath a
9,000-foot- (2,740-m-) thick thrust plate of Precambrian
rocks on the Casper arch of central Wyoming further
substantiates the economic potential of this kind of trap
(Gries, 1981).

Within the Teton Wilderness there are nine high-
angle reverse or thrust faults involving thick sequences
of Paleozoic and Mesozoic rocks (pl. 1). The largest and
longest of these is the Buffalo Fork thrust fault. Others
previously named are the Box Creek, Rodent Creek,
Wildcat, Bailey, and Arizona Creek thrusts. The last four
are discussed in connection with the adjacent anticlines
of the same names. The unnamed thrusts are smaller and
not important to the present evaluation.

Cross sections of the Buffalo Fork thrust fault, in
which Paleozoic and Archean rocks overrode the entire
Paleozoic and Mesozoic section, have been published
(Love and Keefer, 1975, pl. 1; Love, 1973a, figs. 33, 34,
Love, McKenna, and Dawson, 1976, fig. 12). Additional
cross sections are included in this paper (figs. 8, 9). The
minimum amount of displacement is 10,000 feet
(3,050 m) and in most places may be several times that
amount. On outcrops along the fault trace there is a zone
of intense to moderate brecciation of rocks on both sides
of the fault, the amount depending on the brittle or plastic
nature of the rocks. Fault slices of Paleozoic and Meso-
zoic rocks, some several thousand feet out of stratigraphic
position, have been dragged up along the major thrust
(for similar phenomena, see examples described and il-
lustrated by Gries, 1981). Where shales are involved, they
could effectively seal off the main and subsidiary fault
planes, thereby preventing leakage of oil and gas.

Because of the thickness and lithology of the sedi-
mentary rocks (about 4,000 feet (1,200 m) of Paleozoic
strata, 6,500 feet (1,980 m) of pre-Harebell Mesozoic
rocks, and 5,000-11,000 feet (1,500-3,350 m) of Harebell
Formation) overridden by Archean and lower Paleozoic
rocks along the Buffalo Fork thrust fault, brecciation is
likely with possible oil and gas accumulations in fracture
pores sealed against the thrust. In addition, the structural
patterns of many thrust blocks that have been drilled
elsewhere in Wyoming show anticlines that have been
overridden, and some of these contain major amounts
of oil and gas. Therefore, the entire 25-mile (40-km) seg-
ment of the Buffalo Fork thrust fault within the Teton
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Figure 13 (above and facing page). Geologic map of Wolverine and Hancock anticlines. Modified
from Love (1974a). Base from U.S. Geological Survey Mount Hancock topographic quadrangle,
1959, scale 1:62,500.

Wilderness would require geophysical surveys to assess westward along the Buffalo Fork thrust fault, and deep-

the oil and gas potential of subthrust traps. ly eroded, all in a short interval of time (fig. 2), after
deposition of the Harebell Formation and prior to deposi-
Washakie Range and Absaroka Volcanic Plateau tion of the Pinyon Conglomerate (Love, 1973a). Some

movement continued into middle Eocene time, as shown
The Washakie Range was uplifted, folded, thrust by the presence of giant boulders of Precambrian and
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Paleozoic rocks that were carried westward from the
Washakie Range during deposition of the Langford For-
mation. As far as we can determine from surface ex-
posures and inferred trends of anticlines, oil and gas
possibilities in the Washakie Range are minimal because
lower Paleozoic and Precambrian rocks underlie the
Eocene Absaroka Volcanic Supergroup, none of which
is petroliferous. No oil seeps that could have come from
buried source rocks have been observed in the volcani-
clastic strata. Oil seeps, however, are present 20 miles
(30 km) northeast and 35 miles (56 km) northwest of the
Teton Wilderness, emerging from volcanic rocks of the
Absaroka Range and Yellowstone rhyolite plateau (Love
and Good, 1970).

Facies and Porosity Traps

The structurally deepest part of the downwarped
area in the western part of the Teton Wilderness is

between Pinyon Peak and Whetstone Mountain. In this
area the top of the Archean rocks may now lie as much
as 13,000 feet (3,960 m) below sea level. Even in Late
Cretaceous (Maestrichtian) time, about 69 m.y. ago, the
uppermost strata in the Harebell Formation, northwest
of Whetstone Mountain, were deposited in a semimarine
environment at the same time that the basal part of this
same formation in the same area was 10,000 feet
(3,000 m) below sea level (Love, 1973a). This means that
oil and gas may have migrated upward out of this deep
during the last 69 m.y., not only into anticlines but also
into fault, facies, and porosity traps.

Evaluation of possible facies and porosity traps is
dependent largely on adequate regional and local data to
define lateral lithologic and thickness variations in the
rock units. Such data remain insufficient to permit a
modern detailed evaluation of such potential traps in this
300 mi? (780 km?) area or this thick a stratigraphic sec-
tion. Nevertheless, available stratigraphic summaries
presented elsewhere (Love and Keefer (1975); Love, Hose,
and others (1951); Love, (1956c); Love (1973a); Love,
Antweiler, and Williams (1975); explanations for various
geologic maps (Love, 1973b, 1974a, 1974b, 1975a,
1975b)) provide sufficient data for a rough evaluation of
possible facies and porosity traps. Those formations
which may include facies and porosity traps are, from
oldest to youngest, Bighorn Dolomite, Madison Lime-
stone, Tensleep Sandstone, Phosphoria Formation and
related rocks, Cloverly and Morrison(?) Formations,
Muddy Sandstone Member of Thermopolis Shale, Fron-
tier Formation, stray sandstones in Cody Shale, Bacon
Ridge Sandstone, Sohare Formation, Mesaverde Forma-
tion, and lower part of Harebell Formation. Inclusion
of the Bighorn Dolomite is unusual, but there are several
places along the Buffalo Fork thrust fault where it is a
soft, porous, poorly cemented limestone, rather than the
typically hard, tight, siliceous dolomite.

To determine the locations of the most promising
facies and porosity trends would require more detailed
stratigraphic work than was possible for the wilderness
evaluation and, in addition, sophisticated and expensive
seismic studies, none of which has been done in the Teton
Wilderness. Lacking these data, and in the absence of any
drilling, all we can do is to speculate that the most prom-
ising areas are on the up-dip sides of the basin deeps
centering in the Pinyon Peak-Whetstone Mountain area.

Younts Basin(?)

The Younts basin(?) is a gravity anomaly discovered
by D. M. Kulik (see section on aeromagnetic and gravity
studies, this report). It suggests the presence of a major
elongate structural downwarp extending south-southeast
from the southeast corner of Yellowstone National Park,
east of the buried east flank of the Washakie Range. Plate
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Figure 14. Geologic map of Rodent Creek and parts of Wildcat and Kitten anticlines. Modified from Love (1974b). Base from
U.S. Geological Survey Huckleberry Mountain topographic quadrangle, 1959, scale 1:62,500.
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Figure 15. Oblique aerial view northwest along crestline of
Wildcat anticline, showing contact between Cody Shale (Kc)
and Bacon Ridge Sandstone (Kb) on both flanks of anticline.
WP, Wildcat Peak at site of Wildcat Peak measured section
(pl. 6); KR, Kitten Ridge at site of Kitten Ridge measured sec-
tion (pl. 6). Huckleberry Mountain is composed of Pliocene
Huckleberry Ridge Tuff, which has been tilted westward as a
result of late Cenozoic down-dropping of Jackson Hole along
the Teton fault (out of photograph to left). The Huckleberry
Ridge Tuff extends unfolded across the truncated edges of
Cretaceous rocks of the Wildcat anticline. Photograph by J. D.
Love, July 31, 1965.

- Wildcat Peak ..

Figure 16. Oblique aerial view north of the Wildcat and Kit-
ten anticlines, formed in folded Cretaceous rocks in the western
part of the Teton Wilderness and the south-central part of the
Teton Corridor. The crestline of the Wildcat anticline is in the
Cody Shale and is flanked by the Bacon Ridge Sandstone (Kb);
the Kitten anticline is entirely in the Sohare Formation.
Huckleberry Mountain is composed of Pliocene Huckleberry
Ridge Tuff. Photograph by J. D. Love, July 31, 1965 (Love, Ant-
weiler, and Williams, 1975, fig. 3).

4 shows the general outline of this area and its relation
to local anticlinal trends. Many oil and gas fields are on
the west side of the Bighorn basin and northwest arm of
the Wind River basin. The only way in which the theory
of stratigraphy and structure causing this anomaly can
be substantiated or disproved is by sophisticated seismic
work and by drilling. If it is indeed a basin filled with
20,000 feet (6,100 m) or more of Paleozoic and Mesozoic
sedimentary rocks under a relatively shallow volcani-
clastic cover, it would drastically improve the possibility
of oil and gas, not only in the Teton Wilderness but also
in the Washakie Wilderness to the east. Along the margins
of this possible downwarp, oil- and gas-bearing anticlines
similar to those in the adjacent part of the Bighorn basin
could be expected.

Geochemical Studies
Sampling and Analytical Program

Geochemical studies identified three areas in the
Teton Wilderness that may have precious- and base-metal
mineralization. Analysis of geochemical data also out-
lined the distribution and abundance of gold, phosphate,
and coal in various sedimentary rocks, and metals in
black shales. More than 4,000 geochemical samples were
collected and analyzed as part of the resource appraisal.
Stream-sediment samples were collected in all important
drainages. These consisted of 660 silt-sized (minus-80-
mesh) stream-sediment samples and 1,145 panned-
concentrate samples (305 of which were collected solely
for gold analyses). Soil samples were collected at 113 sites
where no rock outcrops were present or along fault zones,
altered areas, or intrusive contact zones. To complete the
sampling program, 2,292 rock samples were collected
which included individual fresh, unaltered rock samples
to represent all the major stratigraphic and lithologic units
as well as altered rock, and rock of commodity interest
such as gypsum, phosphate rock, and black shales. The
unaltered rock samples were used to establish a range of
background values applicable to specific rock units. Most
exposed rocks in the Teton Wilderness are either stratified
pyroclastic rocks of Eocene age or Phanerozoic sedimen-
tary rocks. Nonstratified igneous and metamorphic rocks
occur in only a small percentage of the total area. To
satisfactorily determine the mineral potential and geo-
chemistry, extensive bedrock sampling was deemed neces-
sary to supplement sampling of drainages and soils
because mineral deposits in sedimentary rocks may not
be accompanied by dispersion halos. For example,
stream-sediment samples from drainages across the
Phosphoria Formation do not suggest enrichment in the
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Figure 17. Telephoto view north-northeast from Pinyon Peak toward Wolverine anticline and Big Game Ridge (on horizon),
the type area of the Harebell Formation. Dip is northeastward on northeast flank of Wolverine anticline, whose crestline is in
bottom of ravine in foreground. Note scattered distribution of conifers which do not grow abundantly on the Harebell Forma-
tion. Bare exposures at lower left are in upper part of the type Pinyon Conglomerate. Photograph by J. D. Love, Aug. 24, 1969.

wide variety of elements for which the Phosphoria is
noted. Small, sluggish streams that are not diluted by
debris from other sources will contain those elements, but
such an ideal situation is uncommon. Fresh rock-chip
samples were taken of all the major rock types and
stratigraphic units. Altered rock samples that might have
recorded the passage of hydrothermal fluids were col-
lected wherever found. Some bedrock samples were
crushed, ground, and panned to obtain concentrates
which were analyzed like those from panned alluvium.
Samples of coal, gypsum, phosphorite, bentonite, and
black shale were collected at several localities to provide
specific resource information. Plate 2 shows the location
of the sample sites.

The samples were analyzed for 31 elements by a six-
step semiquantitative spectrographic procedure (Grimes
and Marranzino, 1968); for gold using an atomic absorp-
tion procedure (Ward and others, 1969); for mercury
using an instrumental method (Vaughn and McCarthy,
1964); and for cold-extractable heavy metals (cxHM)
using the Bloom test (Bloom, 1955). All the samples were
scanned for radioactivity with a scintillation counter, and
those that showed more than background amounts of
radioactivity were analyzed for equivalent uranium (eU);

additionally, Hugh Millard analyzed about one-fifth of
the samples for uranium and thorium, using a delayed
neutron activation procedure.

The geochemical data and pertinent geologic data
were stored on magnetic disc in the U.S. Geological
Survey’s computer in Denver, Colo. Computer printouts
of data on several groupings of samples were studied to
locate areas with mineral potential. Graphical analyses
and statistical computations were also made by computer
to help evaluate the mineral potential. A magnetic tape
with the analytical data, together with appropriate geo-
graphic and geologic information, was prepared by
McDanal and others (1983), and may be purchased from
the National Technical Information Service. This tape
also includes data generated in two areas contiguous to
the Teton Wilderness—the Teton Corridor (Love, Ant-
weiler, and Williams, 1975), and the Du Noir study area
(Prostka and others, 1979).

Selection of Geochemical Anomalies

Each element in each sample type of lithologic unit
has a normal range of abundance in any specific area.
When the amount of an element exceeds the normal range
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of background values for the sample type, the abundance
of that element is ‘‘anomalous’’—and may indicate
mineralization. Analyses of both the panned concentrates
and the minus-80-mesh fraction of stream sediments were
examined carefully to locate anomalous concentrations
of elements. The analyses of rock and soil samples were
used to establish background ranges of elements in
various geologic units and to verify anomalous element
concentrations in mineralized areas. Several techniques
were used to recognize anomalies and to determine which
indicate areas of mineral resource potential. When the
field investigations were in progress, and mobile labora-
tories analyzed samples within a day o: two after they
were collected, the abundances of Cu, Pb, Co, Cr, Ni,
Ti, La, Y, and Zr were considered anomalous if they were
at least twice as great as the apparent average abundance,
as suggested by Boyle (1971). Elements not frequently
detected (Ag, As, Au, Bi, Cd, Nb, Sn, Zn) by the labora-
tory methods used were considered anomalous in any
samples in which they were detected. Using these criteria,
a field check was made and additional sampling was done
to better evaluate the mineral resource potential of
localities represented by analyses showing anomalous con-
tent of one or more metals. Once all the samples were
collected and analyzed, a more rigorous statistical evalua-
tion was used to determine which samples contained
anomalous metal contents.

For statistical evaluation, the data were grouped
into 50 sets which consisted of soils, minus-80-mesh
stream sediments, panned concentrates of bedrock
samples and stream sediments, and 46 classifications of
rocks. Many analytical values in all data sets are qualified.
To obtain geometric means, and to permit other useful
statistical computations utilizing all the analytical data,
qualified analytical values were replaced. Those qualified
by N (not detected) were replaced by a value two report-
ing intervals below the lowest satisfactory measurement
level. Values qualified by L (detected, but below a satis-
factory measurement level) were replaced by a value one
interval below the lowest satisfactory measurement level.
Values qualified by G (greater than the analytical method
could satisfactorily measure) were replaced by the next
reporting interval above the highest level that could be
satisfactorily measured. No replacements were made for
values qualified by B (no analysis).

Statistical replacement information for the 50 data
sets is given in table 3. The qualified values in most data
sets are those with N or L, but G values appear in panned
concentrates for Fe, Ti, Mn, Ba, La, Y, and Zr, and also
in limestone and dolomite samples for Ca and Mg. The
high values in panned concentrates reflect heavy minerals
that are easily concentrated by panning such as magnetite,
hematite, ilmenite, sphene, monazite, and zircon—all of
which are abundant in some concentrates. Values qual-
ified by N or L, which are prevalent in all the data sets,

indicate scarcity rather than abundance. Although replace-
ment of qualified values is desirable for statistical analy-
sis, erroneous conclusions can result if their use is not
tempered by realization of how many unqualified (valid)
values are in a given data set. Any interpretation based
on only a few unqualified values is subject to error but,
as the percentage of unqualified values increases, the
chances for error decrease. Statistical computations are
meaningless when no unqualified values occur. Even if
only a few unqualified values occur, however, statistical
computations are desirable for the information they can
disclose. In many data sets unqualified values for Ag, Au,
Mo, Nb, Sn, and Zn were sparse, but those elements occur
frequently enough in the study area as a whole to justify
close examination of their relationship to mineral resource
potential. Analyses for As, Be, Cd, Sb, Sc, and W, how-
ever, are not included in statistical computations because
only a few samples had concentrations high enough to
detect.

Maximum, minimum, and mean analytical values
for the data sets are given in table 3 also. Most rock
samples were coded according to both lithology and for-
mation to enable computer retrieval in different data sets.
Many, but not all, the rock samples are in two data sets;
for example, 15 samples of gypsum are summarized in the
gypsum data set, and all these samples are included in
the 39 samples listed in the Gypsum Spring Formation.
Similarly, most of the 119 samples of the Madison Lime-
stone are listed in the limestone data set, which also in-
cludes limestones from other formations, such as the
Gallatin Limestone. Aside from mineral resource poten-
tial, the data in table 3 are useful for geochemical studies,
such as the distribution and abundance of elements in dif-
ferent rocks and formations of northwest Wyoming.

The geometric means show the average concentra-
tion of the analyzed elements in a variety of sample types,
as well as in the major geologic formations in the wilder-
ness. They are thus a baseline from which to identify
anomalies and to evaluate their significance as indicators
of mineralization. For example, the geometric mean of
copper in 26 rock samples from the Two Ocean Forma-
tion is 17.5 ppm (parts per million); samples from this
data set that have two or three times that abundance level
might be considered anomalous. However, the geometric
mean of copper for 12 samples of Trout Peak Trachyan-
desite is 51 ppm. A content of 50 ppm copper in a sample
from the Trout Peak Trachyandesite would not be anom-
alous for that formation, nor indicative of mineralization,
but such an amount in a sample from the Two Ocean For-
mation might be. Similarly, the copper content of samples
of stream sediments derived from the Trout Peak Trachy-
andesite is likely to be greater than that of stream-
sediment samples derived from the Two Ocean Formation.

Table 4 gives geometric means for selected elements
using replacement statistics from table 3 for several
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Table 4. Crustal abundance and geometric means of abundance of selected elements in various sample types, Teton Wilderness,

Wyoming
[Values in parts per million]
Sample type Mn Ag Ba Co Cu La

Crustal abundancel...... 950 0.07 425 25 55 30
S01leceseescacscnacaseas 374 +21 549 14 18 27
-80 mesh stream

sedimentececesssaceses 522 .21 885 13 14 25
Panned concentrate...es. 915 .21 266 19 14 54
Felsic rockeeececscscecsses 255 22 692 6.7 11 36
Intermediate rockesessss 306 .20 1030 13 17 30
Mafic-ultramafic rock... 320 .21 923 13 21 26
Limestoneeseescsesscsess 122 .21 34 . 13

2.2 0
72 022 19 2.3 A0 12
185 .28 260 4.6 13 26
2.0
5.0

62 .65 82 13 111

Welded tuffeeecsceeaeess 281 «25 790 12 41

Mo Nb Ni Pb Sn Sr v Zn Au Hg
1.5 20 75 12.5 2 375 135 70 0.004 0.08
2.0 7.1 45 12 5.0 338 64 101 .010 .017
1.1 7.5 50 15 5.0 488 90 100 .010 .015
2.3 11 43 6.8 5.5 114 164 122 .26 014
2.6 13 17 18 6.1 210 27 104 .010 .011
2.1 7.1 44 14 5.1 535 66 100 .011 .012
2.1 7.6 43 13 5.0 427 65 100 .011 .011
2.2 7.0 3.4 5.5 9.0 143 12 101 .011 .012
2.4 7.0 3.9 6.3 5.0 67 15 102 011 .018
3.7 8.0 21 15 5.0 115 87 118 011 .036
3.1 7.3 16 33 5.0 174 62 380 .011 .095
2.5 11.4  12.1 20 5.5 213 33 106 .013 .014

Ipata from Levinson (1974).

sample types of rocks and formations, and shows average
crustal abundance for comparison. Its purpose is to show
which sampling media or lithologies are most likely to
have the highest average concentrations of the various
elements. Concentrates, for example, are more likely to
have higher abundances of Co, La, Mo, Nb, Sn, V, Zn,
and Au than are the minus-80-mesh stream sediments.
Phosphorites do not occur in many formations, but they
are likely to be enriched in several elements. Shales are
much more likely to be enriched in Ag, Mo, Zn, B, V,
and U than are limestones, dolomites, or the volcani-
clastics of the Teton Wilderness.

Additional statistical treatments were applied to the
data including preparation of histograms and plots of
cumulative frequency against concentration of elements.
Examples are shown on plate 3 for several elements in
soils, stream sediments, and concentrates. One method
for selecting the threshold for anomalous values is to
designate the value at two standard deviations above the
geometric mean for elements whose cumulative frequen-
cy show log-normal distribution and thus indicate a single
population of data (Hawkes and Webb, 1962). Single
populations of data, however, are uncommon. A method
useful for mixed populations of data is that of Tennant
and White (1959) in which the threshold is selected at the
break in slope in plots of cumulative frequency against
the concentration level. The histograms on plate 3 indicate
mixed populations of data for Cu and Pb in concentrates,
and therefore are not desirable to select thresholds. If
thresholds were to be selected from this group of histo-
grams, however, they might be as follows (values in parts
per million): Cu in soils 100, in stream sediments 50, and
in concentrates 50; Pb in soils 50, in stream sediments
50, and in concentrates 100; and Zn in concentrates 1,000.
Thresholds suggested from the break in slope of
frequency-distribution plots are the following: Cu in soils
70, in stream sediments 100, and in concentrates 70; Pb

in soils 30, in stream sediments 30, and in concentrates
80. Similar plots are shown on plate 3 for Ag, Mo, Sn,
and Zn, but selection of thresholds for elements such as
these whose analytical values are qualified in most
samples can only be judgmental.

The thresholds used to prepare the geochemical
anomaly map (pl. 3) are listed in table 5. These thresholds
were selected subjectively on the basis of maximizing in-
dications of mineralized areas, upon consideration of the
geologic setting and locality where the possibility of an
anomaly was indicated, and upon the statistical informa-
tion. This anomaly map does not include gold, nor several
elements associated with heavy mineral concentrates, nor
some of the trace elements associated with the Phosphoria
Formation and black shales in the Amsden Formation.
Those resources will be discussed separately.

Particular attention was given to anomalies in the
eastern, volcanic part of the wilderness because they
might be related to mineralized areas with no geologic
or geophysical expression. In the western part of the

Table 5. Thresholds selected for geochemical anomalies
[Values in parts per million]

Sample medium

or formation Ag Cu Mo Pb Sn Zn
Soilesecescsocscvecnes 1 50 5 100 10 100
Stream sedimentSeeseees 1 50 5 100 10 100
Panned concentratese... 1 70 15 100 15 200
Welded tuffecesescseee 1 30 15 100 15 200
Wiggins Formation..... 1 70 15 100 10 200
Langford Formationse.. 1 70 15 100 10 200
Two Ocean Formation... 1 70 15 100 10 200
Aycross Formationeseao 1 70 15 100 10 200
Pinyon Conglomerate... 1 50 15 100 10 200
Harebell Formation.... 1 50 15 100 10 200
Amsden Formationesesess 1 50 15 100 10 200
Phosphoria Formation.. 1 70 15 100 10 200
Late Archean rocks.... 1 100 15 100 10 200
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wilderness, many anomalies are not significant because
they owe their origin to local secondary concentrations
of heavy detrital minerals associated with the Harebell
Formation and Pinyon Conglomerate. For example, the
rather weak anomalies for Sn in concentrates are in sphene
and grossularite garnet; powellite is a Mo-bearing detrital
mineral; Ag can often be traced to detrital gold. Other
heavy detrital minerals include ilmenite (rich in Ti), mon-
azite (REE), and zircon (Zr). Although all these metals
are of economic interest, none except gold occurs in quan-
tities large enough to warrant study. If gold mining were
to become economically attractive, however, recovery of
accessory minerals should be part of a feasibility study.
Because of its low crustal abundance and great value, gold
was studied in detail. In the western part of the wilderness,
it was studied as a potential resource, but in the eastern
part as a possible indicator of mineralized areas.

As shown on plate 3, most of the mineral resource
potential of the Teton Wilderness is closely linked with
the sedimentary rocks, although weak geochemical anom-
alies are associated with granodiorite intrusions on the
northwest shoulder of Younts Peak and on Yellow Moun-
tain (pl. 1), as discussed in the following sections.
Formations that often have geochemical anomalies that
may suggest the possibility of resources in the rest of the
wilderness are as follows: Pinyon Conglomerate, Harebell
Formation, and related alluvium—gold and associated
heavy minerals; Archean rocks—silver, gold, and copper;
black shale of the Amsden Formation—hydrocarbons and
.trace elements; Phosphoria Formation—phosphate and
trace elements; and Aycross Formation—hydrocarbons
and trace elements.

Thorofare Plateau

A few weakly anomalous samples around Thoro-
fare Plateau may be related to a granodiorite intrusive
which has two small outcrops west of Thunder Moun-
tain (pl. 1). An aecromagnetic anomaly was also identified
there. (See section on aeromagnetic and gravity studies,
this report, and pl. 1.) Eight bedrock samples collected
from the area of intrusive outcrop (some of them with
visible pyrite) show analytical values within the normal
range of background (table 6). A few soil samples col-
lected from the head of the cirque east of Thunder Moun-
tain are weakly anomalous in Mn or Cu (samples R1026S,
R1028S, R1032S, and R1004S), but bedrock samples
R1025R, R1027R, R1029R, R1031R, and R1033R collected
from outcrops between the soil samples (pl. 2) have ana-
lytical values within the normal range of background
(table 6). Analyses of stream-sediment and panned-
concentrate samples from Hidden Creek and Castle
Creek, which drain part of Thorofare Plateau, suggest
weak geochemical anomalies for Ag, Au, Cu, and Hg.
For example, sample R1036, a stream-sediment sample at
the head of Castle Creek, contained 2 ppm Ag. Several

panned-concentrate samples from the Hidden Creek basin
showed anomalous Hg (R404P, R406P, R408P), two had
anomalous Zn (R406P, T707D), and one (R309P) showed
0.13 ppm Au. Although none of the samples is strongly
anomalous in any element, they collectively may show that
the area merits further exploration. Geologically, this is
also true, because an intrusive body occurs nearby. Ig-
neous activity associated with the intrusion might have
left mineralized rock.

Younts Peak

The geochemical data suggest a possible explora-
tion target northwest of Younts Peak. Sample Y104S
contains 100 ppm Cu (table 7). It was collected from a
tributary to the South Fork Yellowstone River that drains
the northwestern part of Younts Peak (pl. 2). A grano-
diorite intrusion (pl. 1) northwest of the summit of Younts
Peak crops out in the drainage to the North Fork
Yellowstone River, but no outcrop was observed on the
South Fork drainage. Sample F3S, from a drainage that
starts in the intrusive, shows no evidence of metal enrich-
ment, but panned-concentrate sample F4P, collected at
the same site as F3S, is anomalous in Cu (100 ppm) and
Zn (300 ppm). Several rock samples collected on the
northwest slope of Younts Peak and near the contact of
the intrusive with andesites of the Wiggins Formation sug-
gest slight enrichment in Cu, and one, Y25R, is slightly
enriched in Ba and Pb. Although all the metal anomalies
are weak, more detailed sampling might disclose mineral-
ization of interest. The aeromagnetic map (pl. 1) also
shows an anomaly at the intrusive.

Yellow Mountain

Traces of gold were found in a panned concentrate
from the Valley Fork Thorofare Creek, which drains part
of the intrusive complex of Yellow Mountain (pl. 1).
However, detailed follow-up sampling in other streams
emanating from the complex and in rock outcrops on and
around Yellow Mountain failed to show anomalous con-
centrations of any ore metals. On the drainage divide
between the headwaters of Thorofare Creek and Yellow-
stone River, dike swarms are common, and pyrite was
found near some of them, but no geochemical anomalies
were associated with them.

Other Areas

Several weak geochemical anomalies for copper and
lead are suggested by the analytical data from the head-
waters of South Buffalo Fork and Cub Creek (pl. 1). These
anomalies are mostly in panned concentrates from drain-
ages that are entirely within the stratified rocks of the
Wiggins, Two Ocean, Langford, and Trout Peak Forma-
tions. They are believed to be nonsignificant because no
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Table 6. Selected geochemical data on samples from Thorofare Plateau and vicinity

[Values are in parts per million; anomalous values underlined. N, not detected; L, detected but below satisfactory measurement level, given in
parentheses. SS, stream-sediment sample; PC, panned-concentrate sample. For complete analytical data see McDanal and others (1983)]

Sample
No. Description and sample locality Mn Ba Ag Cu Pb Zn Hg Au
R52R  Granodiorite intrusive..eeeececcsssssseas 1000 1500 N 20 15 N L(0.02) N
R53S Soil, same locality, light—golden.esesces 700 700 N 20 20 N .02 N
R54S8 Soil, same locality, redecsccceccesccssace 1500 1500 N 30 20 N .02 N
R55R  Granodiorite intrusive.ceececececsssesssssss 1000 1500 N 15 15 N L(.02) N
RS56R  ceeved0eeccensoccccccscaccansssssnsnsnnne 700 1500 N 20 20 N L(.02) N
R57R ceeeedOceccescssescsscosscccssscassassnas 1000 700 N 15 15 N .02 N
R58R  seeeedOeerecescscsessoccsccanccassaccnsene 700 1500 N 10 15 N L(.02) N
T707D PC, drainage from intrusivecesseecsesssses 500 50 N 15 N L(200) L(.02) N
T708S 5SS, drainagecesccescesscccscssscscsonnses 1000 1500 N 15 15 N L(-02) N
RI0O17R  Wiggins Fm., conglomerate, Thunder Mtn... 700 2000 N 50 20 N L(.02) N
R1018S Soil, Thunder Mountain.ecesesccsescecsscss 700 700 N 30 15 N .04 N
RIOI9R  Wiggins Fm., conglomerate, Thunder Mtn... 1500 1500 N 15 15 N L(.02) N
R1020S  Soil, same localit¥eessssesssscsosscscsse 1500 700 N 20 20 N .04 N
R102IR Wiggins Fm., cgl., SE. side Thunder Mtn.. 700 1500 N 15 15 N L(.02) N
R1022s Soil, same localitYeececsceccceserassscsne 700 700 N 30 15 N .04 N
RI023R Wiggins Fm., east edge Thunder Mountain.. 1500 2000 N 15 15 N L(.02) N
R1024S  Soil, east edge Thunder Mountaine.eseee... 1500 1000 N 20 15 N L(.02) N
R1025R  Wiggins Fm., rusty, Thunder Mountain..... 1500 1500 N 20 20 N L(.02) N
R1026S  Soil, same localityeeeesoeossscssscssccnss 2000 1500 N 30 30 N .02 N
R1027R  Wiggins Fm., east side Thunder Mountain.. 1500 1500 N 15 15 N L(.02) N
R1028S Soil, east side Thunder Mountaineeeeeeees 3000 1500 N 30 20 N L(.02) N
RI1I029R Wiggins Fm., conglomerate, Thunder Mtn... 1500 1000 N 20 20 N L(.02) N
R1030S Soil, same 1localitVeesseessscssessscscces 1500 1500 N 20 20 N L(.02) N
RI03IR Wiggins Fm., conglomerate, Thunder Mtn... 1000 1500 N 30 15 N L(.02) N
R1032S  Soil, same localityeseeecsssccsssssseeees 1500 1500 N 70 20 N .02 N
R1033R Wiggins Formation, rusty conglomerate,
east side Thunder Mountain.e.sseessesess 1000 1000 N 20 15 N L(.02) N
R1034S  Soil, east side Thunder Mountaine.ceseecs. 700 700 N 30 30 N .04 N
R1036S SS, Castle Creekssececeossssccccccssscsns 700 1000 2 10 20 N .02 N
R404P  PC, Hidden CreeKeeessessessssesecncsasses 1500 700 N 7 L(10) 200 14 N
R406P  PC, tributary to Hidden Creek.eeeeeeseees 1500 500 N 30 L(10) L(200) .16 N
R311P PC, check sample, same localitYeeseeososss 500 70 N 7 N N .02 N
R408P PC, Hidden CreeKeececeeosecsssssesasssesees 1500 500 N 50 15 N .20 N
R309P PC, check sample, same localit¥.ceseeocces 300 70 N 7 N N L(.02) 0.13

igneous intrusive rocks were found, nor were any geo-
physical anomalies other than the large negative gravity
anomaly associated with the postulated Younts basin(?).
The high zinc values in concentrates are most likely the
result of concentration of zinc in ferromagnesium silicates
such as pyroxenes and amphiboles and accompanying
magnetite and olivine. High copper values are apparent-
ly associated with flows of andesite in the Wiggins For-
mation and Trout Peak Trachyandesite. These anomalies
are not significant because they are not related to miner-
alizing processes.

Gold

Previous studies have noted the occurrence of gold
at several localities in the western segment of the Teton

Wilderness (Hague and others, 1899; Love, 1956b; Ant-
weiler and Love, 1967; Love, Antweiler, and Williams,
1975). A major objective of this study was to determine
the resource potential of gold in the wilderness. Studies
were made of the occurrence and distribution of gold in
alluvial deposits, and in the known gold-bearing
formations—the Pinyon Conglomerate and the Harebell
Formation. Studies were also made of gold in other for-
mations including the Archean rocks and the volcanic
rocks in the eastern segment of the wilderness.

Resource Potential of Gold

The ubiquitous occurrence of gold, even though in
small amounts, throughout the enormous volume of the
Pinyon Conglomerate, Harebell Formation, and related
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Table 7. Selected geochemical data on samples from vicinity of granodiorite intrusion northwest of Younts Peak, Teton Wilderness

[Values in parts per million; anomalous values underlined. N, not detected. SS, stream-sediment sample; PC, panned-concentrate sample. For
complete analyses see McDanal and others (1983)]

Sample
No. Type of sample and locality Mn Ba Cu Pb Zn
YI04S S8, south of INtriusivesecsssssssssosswssnssssse LIO0 1500 70 20 N
Y105S SS, South Fork Yellowstone RiveTreessssseseesess 1500 1500 20 20 N
F285 SS, small tributary from northesescessescesess 1000 1000 15 15 N
F8S SS, South Fork Yellowstone Rivere.eeesseeeesess 1000 1000 10 15 N
F9P' PC, same localitY.ecewvossssssevonnumanssnsesss LI0O 1000 100 3 N
F11S SS, small tributary from easSteeecseessesssssss 1500 1000 15 20 N
F13S SS, South Fork Yellowstone Riveresessssecsecsssss 1000 1500 20 15 N
F14P PC, same localityeeccocsoececssscscsccccscsssss 2000 700 70 3 300
F15S SS, North Fork Yellowstone Rivereeseesoeeosessss 1000 1500 20 20 N
F16F PC; same localitVesssevevsasssesssssvonesssnss 2000 300 70 3 N
F7S SS, small tributary from southeessessecssesses 1500 1500 15 20 N
F3S SS, drainage from intrusivessesscscecccccsssess 1000 1500 20 20 N
F4P PC, same localitVeesescessssssnsvoessssassesens LI00 1000 100 3 300
F5S SS, North Fork Yellowstone Rivereeesesessessss 1500 1000 30 10 N
RIS SS, small tributary from Southeeeecssscecsssssss 1000 1500 50 15 N
R2S SS, North Fork Yellowstone RiveTeeeseseossessss 1000 1500 10 15 N
Y10IR Andesite, summit Younts PeaKesesoesoecsssessss 500 1000 20 15 N
YIO2R ssusvdOpwwsssnsssnsennsnssssssssvnssnsasnsssss 1000 2000 70 20 N
Y103R Andesite, Wiggins Fm., N. slope Younts Peak... 1500 2000 100 20 N
F21R Andesite, southwest of Younts PeaKe.eeecososesoes 700 2000 15 20 N
F22R Rhyodacite, near intrusivessseeceossccsccssssses 500 1500 10 15 N
F23R Granodiorite, near contacCtecececeeccsssscecsesss 1000 2000 50 30 N
- P P [0 [0 1500 70 15 N
F25R Andesite, near contaCteescececescesesssssssesss 700 5000 50 100 N
F26R  eeeevl@Oennusnennusssssssnnavsscanssssssesnnasne 100 2000 70 50 N
F27R Altered andesite, near contacCteececececececesscessss 1000 2000 30 20 N

alluvium is difficult to relate to resource potential. Cer-
tainly the amount of gold in the formations aggregates
several million ounces. However, the cost of mining, mill-
ing, and recovering gold in the Pinyon Conglomerate and
Harebell Formation would exceed the value of gold con-
tained in the formations on the basis of the gold content
found by our survey. Profitable mining might be possi-
ble if concentrations of gold could be located such as
those that occur on bedrock in most gold-placer mines.
We did not identify any such areas either in the auriferous
conglomerates or in the alluvial deposits, but they may
exist. Our sampling, although detailed and extensive, was
limited to outcrops of conglomerate and near-surface
samples of alluvial deposits. The gigantic paleo-streams
that deposited the conglomerates may have concentrated

gold as they cut channels through bedrock. Those chan-
nels, however, have been buried by enormous volumes
of quartzite pebbles, cobbles, and boulders. Bedrock
sampling of present-day stream valleys was not possible
in our survey because of the difficulties imposed by depth
to bedrock and ground water. The highest gold concen-
trations we found were those on Frank Allen’s claims on
Pacific Creek, which averaged less than 0.02 troy ounces
per cubic yard (575 mg/m?). Mining there on a small
scale was profitable to Frank Allen during and follow-
ing the Depression of the 1930’s (Frank Allen, oral
commun. to J. C. Antweiler, Aug. 1974). However, these
claims are richer than any other deposits that we sampled.
The valley of Pacific Creek below the wilderness bound-
ary has been tested in several places to determine whether

Geologic and Geochemical Appraisal 35



it could be mined for gold at a profit, but serious prob-
lems impede mining development. These are the difficulty
of tailings disposal, depth to bedrock, water turbidity
standards, lack of access except through Grand Teton Na-
tional Park, and proximity to Grand Teton National
Park. If mining can be profitably done on Pacific Creek
south of the wilderness, further study and exploration on
areas within the wilderness might be justified. On the
basis of current information, however, the resource
potential for gold in the Teton Wilderness appears to be
moderate to low.

Geologic Occurrence of Gold

Strong emphasis was placed on studying the distri-
bution of gold in the Pinyon Conglomerate and Harebell
Formation, and in the alluvium derived from those for-
mations. Finely divided gold occurs throughout thick
sequences of those formations (Antweiler and Love,
1967). The volume of the gold-bearing conglomerates
in the Teton Wilderness is at least 50 cubic miles
(208 km?); several mountains (Whetstone Mountain,

Gravel Peak, Gravel Mountain, and others) are composed
entirely of these rocks (pl. 1; figs. 18,19). Nearly all the
streams in the western segment of the wilderness have
gold derived from those conglomerates. Combined
computer-generated maps showing gold content of
samples and areas of highest gold content (fig. 20) in-
dicate that the distribution of gold in alluvium is closely
allied to that of the two formations.

A few trace amounts of gold in the volcanic seg-
ment of the wilderness were discussed in the section on
Yellow Mountain, and a few low concentrations in and
near the Du Noir addition are in lenses of quartzite gravel
derived from the Pinyon Conglomerate and Harebell For-
mation (Prostka and others, 1979). Small amounts of
gold also occur in Archean rocks as discussed in the sec-
tion on other gold occurrences.

Alluvial Deposits

Workable gold placers are more likely to occur in
alluvial deposits along the main drainages than in the con-
glomeratic formations. First, the alluvial deposits are

Figure 18. Oblique aerial view of southwest face of Gravel Mountain at stratigraphic section shown on figure 22. TKp, Pinyon
Conglomerate, about 1,000 feet (300 m) thick; Kh, Harebell Formation, containing several conglomerate beds (C) nearly 100
feet (30 m) thick; M, several claystones, one of which yielded Cretaceous marine or brackish-water acritarchs. Photograph by
P. E. Millward, 1955 (Love, 1973a, fig. 27).
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Figure 19. About 1,000 feet (300 m) of strata, largely quartzite conglomerate, in the Bobcat Member and underlying strata
of Harebell Formation on East Fork Pilgrim Creek. Top of soft beds that form shelf extending diagonally across middle of ex-
posure marks base of Bobcat Member. Photograph by J.D. Love (Love, 1973a, fig. 9).

loosely consolidated, whereas the conglomerates are well
consolidated and in places are firmly cemented. Second,
stream sorting should result in higher concentrations of
gold than would be present in the older formations.
Third, water is much more readily available in the alluvial
deposits.

Several types of sampling were used to evaluate the
gold resource potential in alluvium. In a preliminary
survey, samples were taken of alluvium above the con-
fluence of all first-order streams draining outcrops of
quartzite conglomerate. Numerous additional samples
were taken along drainages where gold was seen in panned
concentrates by the sampler. Summaries of results are
given in table 8.

Large deposits of alluvium containing quartzite
clasts have accumulated in alluvial fans, landslide
deposits, many flood-plain deposits along larger streams,

and terrace deposits. Samples were taken at random sites
in foot traverses across some of these deposits. Alluvial
fans occur at the headwaters of Lava Creek for a distance
of more than 5 miles (8 km) in drainages that originate
on Gravel Mountain. Across one of these fans, a grid was
laid out with parallel lines 200 feet apart. One sample was
taken within each interval at sites determined from a table
of random numbers. Using the same random site selec-
tion procedure, flood-plain deposits along Pacific Creek
were sampled across the deposits at 5 different places,
and across one deposit each along Lava Creek and
Wolverine Creek. Results are shown in table 8. A checker-
board grid with squares 100 feet (30 m) on a side was laid
out across the flood plain of Pilgrim Creek just north
of its confluence with East Fork Pilgrim Creek. Samples
were taken at 18 random sites in squares selected at
random. A summary of analytical results is given in
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Figure 20 (above and facing page). Map showing localities of pan-concentrate samples with anomalous
gold content from Teton Wilderness and adjacent areas.

table 8. Three terrace deposits of different ages along East
Fork Pilgrim Creek occur directly north of the wilderness
boundary. Samples were taken at 61 sites by random
selection from vertical exposures on the terraces, and
from the flat tops of the terraces. The gold content of
all these samples was low (table 8).

Nonrepresentative, intentionally ‘‘high-graded”’
samples were collected at sites thought to be favorable
for gold accumulation along Pacific Creek south of the
wilderness boundary and on the Frank Allen placer
claims. As anticipated, these selectively taken samples
were relatively high in gold content (table 8).
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Table 8. Average values of gold recovered by panning alluvial and terrace deposits in and near the Teton Wilderness
[To convert mg/yd? to troy oz/yd?, multiply by 3.215x 1075, For example, 127.4 mg/yd> = 0.004 troy oz/yd?)

Average for number of samples indicated Sample with greatest amount of gold
Value of Au in 1 yd3 Value of Au in 1 yd3
Number Au content @s100/ @s600/ @100/ @$600/
of calculated to troy troy Sample Au content troy troy
Sample locality Sample Nos.!l samples mg/m3 mg/yd3 ounce ounce No.l  mg/m3 mg/yd3 ounce ounce

Reconnaissance sampling of alluvial deposits along main streams and tributaries draining quartzite conglomerates

Pilgrim CreeKeseeecececsoecacscsesseess AIC-A24C; BOBIC-3C 24 166.6 127.4 $ 0.41 $ 2.46 ATC 1,863.8 1,425 $ 4.58 $ 27.49
East Fork Pilgrim CreeKeeceeecseceeesss Varied——see pl. 2 40 376.3 287.7 .93 5.55 SEP13C 8,828.3 6,750 21.70 130.21
Pacific Creek-Wilderness

Wilderness boundary to Gravel Cr... Varied-—see pl. 2 38 92.9 71.0 23 1.37 FA6C 510.1 390 1.25 7.52

Gravel Creek to Mink Creeke.ce..... Varied-—see pl. 2 21 15.3 11.7 .04 .23  H236M 51.4 39.3 .13 .76
Whetstone Creekeeeesssseessessssseses Varied-—see pl. 2 17 59.8 45.7 .15 .88 W39P 307.4 235 .76 4,53
Gravel CreeKessssessscessssssssessses Varied-—see pl. 2 27 251.1 192.0 .62 3.70  Aul52A 3,923.7 3,000 9.64 57.87
"Cub creek"“ceeesescescsccsccssssesss Varied—-—see pl. 2 14 67.1 51.3 .16 .99 uccrc 294.3 225 .72 4.34
Lava Creekeecessesscesasssssessesseaess Varied-—see pl. 2 30 227.3 173.8 .56 3.35 LA4C 1,471.4 1,125 3.62 21,70
BOX CreeKeeeceocsoessssessssssnsssses BCTIC~21C; also others 15 29.6 17.3 .06 .33 G501P 170.0 130 42 2,51
Clear Creekeseeeececesscsccseasnesses VPBC-21C; SS1C-3C 17 7.1 5.4 .02 .10 VPl4c 44,6 34.1 .11 .66
Fox Creekesessescosssnsess H136P-153P; also others 12 5.0 3.8 .01 .07 H179P 21.2 16.2 .05 .31
Wolverine Creekeececessssccsscessssees Varied-see pl. 2 29 53.9 41,2 .13 .79 9P 310.2 237.2 .76 4.58

Random sampling across alluvial fan

Lava Creek fanieeseseeecsccasconssess G2001T-G2039T 39 6.1 4.7  $0.02 $ 0.09 G2009T 21.8 16.7 $ 0.05 § 0.32

Random sampling on traverses across stream valleys

Pacific Creek:

2,500 ft south of wilderness....... W901-925 25 21.7 16.6 $ 0.05 $ 0.32 W925P 124,5 95.2 $ 0.31 $ 1.84
1,500 ft south of wilderness..e.ee.. W932-955 22 30.9 23.6 .08 <46 W943P 137.3 105.0 .34 2.03
Below confluence with
Whetstone Creekessescossossssesss WI61-993 32 12.3 9.4 .03 .18 W976P 57.4 43.9 .14 .85
At upper meadoWSe.esecsossssessesses G1101-1123 23 32.6 24.9 .08 .48 G1108P 242.5 185.4 .60 3.58
At Gravel Creek confluenceseeseeess G1000-1015 16 10.2 7.8 .03 «15 G1010P 50.9 38.9 .13 .75
Lava Creekiceeeeccesccccessescessesss GI000P-G2016P 17 3.1 2.4 .01 .05 G2010P 8.2 6.3 .02 .12
Wolverine CreeKeeceeeecessssescceecsssss HB843-847P; H1200-1213P 19 4,7 3.6 .01 .07 H1204P 13.0 9.9 .03 .19
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Random grid sampling

Pilgrim Cregksussssnssssxnoswesansens L201-418F 18 23.5 18.0 $ 0.06 $ 0.35 I415P 261.6 200.0 $ 0.64 $ 3.86
Random grid sampling of terraces
3 terraces on East Fork Pilgrim Cr... I101-161P 61 5.1 3.9 $ 0.01 $ 0.08 Ill6P 14.9 11.4 $ 0.04 s 0.22
Selective sampling of favorable sites
Pacific Creek:
South of wildernesSeeeeceeecesessess PACIC-PACI5C 15 173.7 132.8 $00.43 $ 2.56 PAC5C 1,765.7 1,350 $ 4.34 $ 26.04
At Allen placer claimeseceseeeessss FAIC-FA25C; W1101-W1107C 31 57542 439.8 1.41 8.48 FAl15C 4,119.9 3,150 10.13 60.76
Silt-laden moss from Allen claim... W1414-W1415P 2 14,152.8 10,821.0 34.79 208.74  W1414P 16,839.2 12,875 41.39 248.36
Channel sampling
Vertical channel, Pacific
Creek south of wildernesSeeeesessss WI000-1011P 12 28.3 21.6 $ 0.07 $ 0.42 W1O01l1lP 118.5 90.6 $ 0.29 $ 1.75
Vertical channel, Lava Creek
south of Gravel Mountaineeeeeeeeses G2521-2532P 12 15,7 12.0 .04 .23  G2524P 33.4 25.5 .08 49
U.S. Bureau of Mines trenches dug
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