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Studies related to wilderness
WILDERNESS AREAS

Under the Wilderness Act (Public Law 88-577, Sept. 3, 1964) and related
Acts, certain areas within the National forests previously classified as
"wilderness,"” "natural,” or "primitive" were incorporated into the National
Wilderness Preservation System as wilderness areas. The act requires the U.S.
Geological Survey and the U.S. Bureau of Mines to survey these wilderness
areas to determine the mineral values, if any, that may be present. Results
of such surveys must be made available to the public and submitted to the
President and the Congress.

This report discusses the results of a mineral survey of the Gros Ventre
Wilderness Study Area, Wyoming.
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MINERAL RESOURCES OF THE GROS VENTRE WILDERNESS STUDY AREA,

TETON AND SUBLETTE COUNTIES, WYOMING

By F. S. Simons, J. D. Love, W. R. Keefer, and
D. S. Harwood, U.S. Geological Survey,
and by C. L. Bieniewski, U.S. Bureau of Mines

SUMMARY

The Gros Ventre Wilderness §tudy Are located in the Bridger-Teton
National Forest, is about 230 mi“ (600 km ) in extent and is directly east of
the town of Jackson in west-central Wyoming. It comprises a large part of the
Gros Ventre Range, which rises between the Gros Ventre River to the northeast
and the Hoback River to the southwest, both tributaries of the Snake River.

Rocks of the area comprise granite, granitic gneiss, and some amphibolite
of Precambrian age; a section of Paleozoic sedimentary rocks—--mostly
limestone, sandstone, shale, and dolomite--about 3,500-4,000 ft (1,065-1,200 m)
thick which has representatives of all periods except the Silurian; a section
of Mesozoic sedimentary rocks, almost entirely sandstone and shale, totaling
about 13,000-15,000 ft (4,000-4,575 m) in thickness; and a section of Cenozoic
(Tertiary) sedimentary rocks that is probably as much as 13,000 ft (3,960 m)
thick. Bedrock is concealed by unconsolidated deposits of Quaternary age over
about 10-15 percent of the area.

Structurally, the Gros Ventre Range is a northwest-trending, broad
anticlinal arch with a gently dipping northeast limb, interrupted by several
folds asymmetrical to the southwest and by one fault of substantial
displacement, and a steeply dipping, thrust-faulted, and structurally complex
southwest limb. The central part of the range consists mostly of Paleozoic
rocks; Precambrian rocks are restricted to the southwest part, and Mesozoic
and consolidated Cenozoic rocks occur for the most part only well down the
flanks. Rocks at the southwest crest of the Gros Ventre are now 30,000-35,000
ft (9,150-10,675 m) above corresponding rocks in the adjoining Hoback Basin to
the southwest; this uplift took place along the northeast—-dipping Cache Creek
thrust fault and related faults in early Tertiary time.

No exploratory drilling for oil or gas has been done within the study
area. A well drilled recently on Granite Creek about 5 mi (8 km) southwest of
the study area has numerous shows of gas. Several other wells, all dry holes,
have been drilled within a few miles southwest, south, and southeast of the
area.



No mining has been done, and the only mining nearby has been a small
production of coal from the Little Granite Creek coal mine, 3 mi (5 km) south
of the study area. Prospecting for minerals has been done in Precambrian
rocks of upper Swift and West Dell Creeks, in phosphatic rocks of the
Phosphoria Formation at several places, in iron-rich shale of the Amsden
Formation on the ridge between Box and Bunker Creeks, and in Madison Limestone
in upper West Dell Creek.

Areas within the Gros Ventre Wilderness Study Area that have mineral
potential are shown on plate 3, figure 1.

The Little Granite anticline and the possible extension of its northeast
flank beneath the Cache Creek thrust fault and inside the southwest border of
the study area have some potential for oil and gas, as suitable source and
reservoir rocks occur in several formations in the anticline. No exploratory
drilling has been done on the anticline or its flanks near the area.

The other major potential mineral resource is phosphate rock iB th
Permian Phosphoria Formation. This formation underlies gbout 30 mi 80 km )
on the northeast side of the study area and another 8 mi“ (20 km ) in the
southeast. The phosphate rock in the formation constitutes a substantial
resource. The study area is estimated to contain at least 500 million tons
(450 million t) of phosphate rock, 3 ft (0.9 m) or more thick and containing
more than 18 percent P,0:. Under the economic condition and mining technology
at the time of this study, the phosphate rock resources are classified as
identified, inferred, submarginal resources. The phosphate rock also contains
uranium, fluorine, chromium, and vanadium that possibly could be recovered as
byproducts.

Within the study area, outcrops of possible coal-bearing strata aEe
restricted to the Frontier Formation, in a locality of only about 2 mi
(5 km“); exposed coal beds are too thin to be of economic interest.

Red shales of the Pennsylvanian and Mississippian Amsden Formation
contain abundant nodules and disseminated grains of hematite (iron oxide) at
many places in western Wyoming., This formation is widely exposed in the
northeastern third of the study area and also forms several isolated outcrops
on ridge tops in the western third of the area., Hematite nodules were seen in
a few places, but the only concentrations that could possibly provide ore-
grade material were in a prospected area on the top of the ridge between
Bunker and Box Creeks. The hematite nodules here contain 50 percent iron, but
the proportion of nodules in the shale appears to be low and the area of iron-
rich shale is too small to be economically significant.

Stream—-sediment samples from upper West Fork of Crystal Creek contain
anomalous amounts of one or more of the elements lead, nickel, vanadium, and
zinc, and one sample from a small outcrop of altered Madison Limestone is
anomalously high in all these elements plus molybdenum and silver; however, no
mineralized rocks were recognized anywhere else in this drainage and the
significance of the stream—sediment samples is not clear. Rubble probably
derived from a small vein in Madison Limestone northwest of Pyramid Peak
contains anomalous amounts of barium, cobalt, manganese, molybdenum, nickel,
and vanadium,



No hot springs are known in the study area, although a few small hot
springs occur just south of the area along Granite Creek. The lack of heat
sources indicates that the geothermal energy potential is low.

Large quantities of high-quality limestone and dolomite exist in the
study area, but they are not considered as valuable mineral resources because
such rock is readily available nearer to markets in other parts of Wyoming.

INTRODUCTION

The Gros Ventre Wilderness Study Area, in the Gros Ventre Range of
northwestern Wyoming, is about 23 mi (37 km) 1ong in an eagterly direction by
21 mi (33.5 km) wide and consists of about 230 mi2 (600 km“) within the
Bridger-Teton N tional gorest (fig. 2). Most of the area is in Teton County
but about 35 mi (90 km“) is in the southeastern part is in Sublette County.

The study area is drained mostly by the Gros Ventre River and Flat,
Horse, Granite, and Dell Creeks and their tributaries. Altitudes range from
7,000 ft (2,140 m) at Granite Hot Springs to 11,682 ft (3,650 m) on Doubletop
Peak. Twenty peaks in the study area exceed 11,000 ft (3,350 m) in altitude,
and several dozen others are higher than 10,000 ft (3,050 m). High, steep-
walled canyons formed by glaciation transect the area, the more spectacular
ones being those of Granite and Crystal Creeks.

The climate of the study area is rigorous, and because of extreme cold
and heavy snowfall, access is restricted mainly to July, August, and
September. The principal uses of the area are recreation and cattle
grazing. No lumbering or mining has been done within the area.

The nearest highways are U.S. 187-189 (where U.S. 187 and 189 join as
one) along the Hoback River southwest of the study area and U.S. 26-89-187
(where U.S. 26, 89, and 189 join as one) along the Snake River west of the
area (pl. 3, fig. 3). Access to the study area is provided by unpaved roads
along Granite, Shoal, and Dell Creeks on the southwest side; along Cache,
Sheep, and Flat Creeks on the west side; and along Gros Ventre River on the
northeast side (this road is paved as far as Lower Slide Lake); and from the
Green River to Tosi Creek and Darwin Ranch along the east margin. Jackson,
Wyoming, the largest community near the study area, is about 6 mi (10 km) west
of the western boundary. The nearest railhead is at Victor, Idaho,
approximately 24 mi (39 km) west of Jackson.

Previous work

The first comprehensive geologic work was by St. John, who as a geologist
with the Hayden survey studied and described the stratigraphy and structure of
the Gros Ventre Range and the valleys of the Gros Ventre and Hoback Rivers
(St. John, 1879, p. 448-456; 1883, p. 208-227).

In work done by the U.S. Geological Survey for the U.S. Atomic Energy
Commission (now Department of Energy) in the early 1950's, Sheldon (1963)
estimated uranium and phosphate rock resources in the Permian rocks in western
Wyoming, including the Gros Ventre Range.



Figure 2.--Index map showing location of the Gros Ventre Wilderness Study
Area, Wyo. (crosshatched). Mountain ranges and basins of northwestern
Wyoming and adjoining parts of Idaho and Montana are shown.
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The mineral resources at two sites located about 5 mi (8 km) from the
Gros Ventre Study Area were studied by the U.S. Bureau of Mines in 1963. One
site is north of the study area where Cottonwood Creek enters the Gros Ventre
River, and the other is south of the study area where Granite Creek enters the
Hoback River; both localities were sites for reservoirs proposed by the U.S.
Bureau of Reclamation. According to the unpublished report on this study,
potential mineral resources at the sites include coal, phosphate rock, gold,
sand, and gravel.

As part of the U.S. Department of Interior's Heavy Metals Program in
1967, the U.S. Bureau of Mines did some bulk sampling to test for the recovery
of gold from the Cretaceous Harebell Formation, Cretaceous and Paleocene
Pinyon Conglomerate, and Quaternary alluvium derived from those formations in
northwest Wyoming. The nearest of these sampling sites to the study area is
about 4 mi (6 km) north of Crystal Creek. The results of the sampling
indicated that not enough gold was present to be recovered economically even
through improved technology. For most_of the sampleg, the gold values ranged
from a trace to less than $0.05 per yd~ ($0.07 per m~) based on a gold price
of $35 per troy ounce. Neither the Harebell Formation or Pinyon Conglomerate,
nor alluvium derived from these formations, crops out in the Gros Ventre
Wilderness Study Area.

Present investigation

Geologic mapping and sampling in the Gros Ventre Wilderness Study Area
were by the U.S. Geological Survey, and investigation of known or reported
mineral deposits and mining claims, including some sampling, was by the U,S.
Bureau of Mines.

Fieldwork by the U.S. Geological Survey was done during July and August
1975 by F. S. Simons, W. R. Keefer, D. S. Harwood, and J. D. Love, assisted by
N. A. Anderson and E. I. Dittmar. An aeromagnetic survey of the west half of
the study area and vicinity was made in 1965 and of the east half in 1973, and
a gravity survey was made in 1975. Geophysical data were interpreted by D. M.
Wilson of the U.S. Geological Survey and are given in a separate U.S.
Geological Survey Open-File Report.

Geochemical sampling was done concurrently with geologic mapping, and 560
rock and stream—sediment samples were collected. In addition, four samples of
Precambrian rocks were collected for radiometric age dating. Most analytical
work was done in the field under the supervision of W. L. Campbell, U.S.
Geological Survey. Uranium and thorium were determined in 66 rocks and 49
stream sediments by H., T. Millard and others, U.S. Geological Survey, Denver,
Colo., using a neutron activation method.

Prior to fieldwork by the U.S. Bureau of Mines, an examination was made
of land status records of the U.S. Bureau of Land Management in Cheyenne,
Wyoming, for information about mineral leases and patented claims, and a
search was made of records of Sublette and Teton Counties to determine
locations of unpatented mining claims. Personnel of the U.S. Forest Service
and Wyoming Geological Survey as well as owners of mining claims were
contacted regarding mining activity in the area. Fieldwork was conducted
during the summer of 1974 and in parts of August 1975 and July 1977. This
work consisted of reconnaissance in and around the area, examination of mining
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claims and mineralized areas, and sampling of prospect workings, rock
formations, and stream sediments. Warren Frush assisted in most of the
fieldwork, and Lowell Patten and R. Craig Smith of the U.S. Bureau of Mines
helped in 1975 and 1977, respectively,

Acknowledgments

The cooperation of officials of the U.S. Forest Service, U.S. Bureau of
Land Management, Wyoming Geological Survey, Sublette County, and Teton County
is gratefully acknowledged. The investigation also benefited greatly from
information supplied by local residents and mining-claim owners. Special
thanks is extended to Dr. Don MacLeod of Jackson, Wyoming, for valuable
information about the area and its history of mining activity.

GEOLOGY

Bedrock of the Gros Ventre Wilderness Study Area consists mainly of
Paleozoic sedimentary rocks; Precambrian granitic and metamorphic rocks
underlie about 9 percent of the area, and Mesozoic sedimentary rocks about 12
percent. Unconsolidated Cenozoic deposits——alluvium, talus, glacial deposits,
and landslide debris—-cover 10-15 percent of the area.

Precambrian rocks

Precambrian rocks crop out in two areas along the southwestern boundary
of the Gros Ventre Wilderness Study Area, one near Turquoise Lake and the
other around Shoal Lake, and in a very s?all areg south of Sheep Mountain;
total area of the outcrop is about 21 mi“ (55 km“). The Precambrian terranes
contain a wide variety of gneisses, which occur either as inclusions in
granite or as extensive tracts pervasively intruded by granitic dikes and
sills.

Biotite-hornblende gneiss (hgn) and biotite gneiss (bgn) near Turquoise
Lake are the oldest Precambrian units in the area. The biotite-hornblende
gneiss is a distinctly layered black and white amphibolitic gneiss that
contains small bodies of hornblende-clinopyroxene-plagioclase gabbro and of
serpentinite(s). The biotite gneiss is a well-layered to streaky rock
composed of plagioclase, quartz, and biotite. It contains layers rich in
muscovite, biotite, and sericitized porphyroblasts of andalusite. The
gneisses are intruded by strongly foliated granitic gneiss (gn) composed of
quartz, plagioclase, microcline, biotite, chlorite, and various accessory
minerals. Quartz of the gneiss has a bluish cast. This older sequence of
ortho- and paragneisses is intruded, in turn, by red biotite granite (bg) and
by gray biotite-muscovite granite (bmg). The biotite granite is red, pink,
salmon colored, or pinkish gray; is medium to coarse grained and locally
pegmatitic; and is composed of about equal amounts of quartz, microcline, and
plagioclase, and smaller amounts of biotite, epidote, apatite, sphene, and
zircon.



The biotite-muscovite granite is a gray, medium—-grained, equigranular to
somewhat porphyritic rock composed of quartz, plagioclase, microcline,
biotite, muscovite,i and the same accessory minerals as the biotite granite.
Red biotite granite predominates in the Precambrian terrane near Shoal Lake,
but occurs only as a few gently dipping sheets and numerous smaller dikes in
the older gneiss sequence near Turquoise Lake. Small, widely scattered
diabase dikes intruded the older gneiss sequence before the intrusion of the
granites.

Intense fracturing and rusty staining along a major west-northwest-
trending fault system in the Precambrian rocks are particularly evident on the
ridge north of MacLeod Lake. North-trending, highly silicified fault zones
probably were formed during Precambrian time, as pebbles of silicified breccia
from these faults occur in the Cambrian Flathead Sandstone. Many of the
north—- and northeast-trending faults contain magnetite/hematite and later,
east-trending faults contain widely scattered traces of green copper minerals.

Paleozoic rocks

Lithologic characteristics of the Paleozoic sedimentary rocks in the
study area are summarized in table 1, and additional details are given in the
text that follows.

Flathead Sandstone.--The Flathead Sandstone (Middle Cambrian) consists of
200-300 ft (60-90 m) of white, tan, brown, and maroon crossbedded sandstone
which is locally conglomeratic. Thin partings of green micaceous shale occur
in the upper part. The best exposures are in upper Gros Ventre River valley
and upper Flat Creek. Locally the formation is a cliff-former, but in most
places it is partly concealed by its own talus. The Flathead is unconformable
on weathered Precambrian granite.

Gros Ventre Formation.—-The Gros Ventre Formation (Middle Cambrian)
consists of three members, from oldest to youngest, the Wolsey Shale, Death
Canyon Limestone, and Park Shale. The Wolsey is green to gray-green, highly
fissile, micaceous shale about 100 ft (30 m) thick; locally it contains
abundant small brachiopods. The Death Canyon is a conspicuous cliff-former of
hard, blue-gray to dark-gray, fine-grained, thin-bedded limestone, mottled
with brown and tan irregular limestone blotches. At the base is a distinctive
bed of brown-weathering dolomite. A thin, green, fissile, micaceous shale in
the middle contains abundant trilobites. Total thickness is 300-370 ft
(90-115 m). The Park Shale Member consists of 150-350 ft (45-105 m) of green
to gray, highly fissile, micaceous shale. Some limestones and "edgewise"”
conglomerates of limestone fragments are present. At the base are numerous
algal heads as much as 5 ft (1.5 m) in diameter. The Gros Ventre Formation is
best exposed on Palmer Peak.
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Gallatin Limestone.--The Gallatin Limestone (Upper Cambrian) is locally
divisible into three units: a lower limestone unit (Du Noir Limestone
equivalent), a middle, green, fissile shale unit (Dry Creek Shale equivalent),
and an upper limestone unit (Open Door Limestone equivalent; Shaw and Deland,
1955). The formation is 200-250 ft (60-75 m) thick. The limestone units are
gray to blue gray, massive, and fine grained, and are conspicuously mottled in
brown and yellow. They contain abundant "edgewise” conglomerate and closely
resemble the Death Canyon Limestone Member of the Gros Ventre Formation. The
upper contact in many places is in the lower part of a cliff consisting mainly
of Bighorn Dolomite. The Gallatin locally forms cliffs, but in most places it
is concealed bengath talus and rockfalls from the overlying Bighorn Dolomite.
The formation is well exposed west of Darwin Peak, on the divides between
upper Gros Ventre River and Crystal Creek and between Flat and Granite Creeks,
and at the head of Dry Fork Creek.

Bighorn Dolomite.--The Bighorn Dolomite (Ordovician) is divisible into
two units, a lower light-gray, mottled, massive, fine-grained dolomite 280-350
ft (85-105 m) thick and an upper, thin-bedded, white to pale-gray dolomite
(Leigh Dolomite Member) 30~100 ft (9-30 m) thick. The Bighorn weathers to
very rough pitted surfaces and forms conspicuous white cliffs that show well-
developed jointing perpendicular to the bedding. This jointing makes the
Bighorn especially prone to rock falls; underlying formations in many places,
such as in upper Crystal Creek, are covered by enormous accumulations of talus
of Bighorn Dolomite fragments.

Darby Formation.--The Darby Formation (Upper Devonian) consists of
300-350 ft (90-105 m) of interbedded, thin-bedded, brownish-gray dolomite and
limestone; yellow, tan, and green shale, some showing conspicuous ripple
marks; and minor brown sandstone. Some of the carbonate rocks have a
petroliferous odor. Locally, near the top, is a bed of massive brown dolomite
50-60 ft (15 to 18 m) thick that weathers to a distinctive knobby surface.
Variegated shales are typical of the top of the formation. The Darby forms a
slope between cliffs of Bighorn Dolomite below and Madison Limestone above; it
generally is poorly exposed, and in many places is completely concealed
beneath talus of Madison Limestone.

Madison Limestone.~-The Madison Limestone (Mississippian) as mapped may
include in its upper part rocks equivalent to the Brazer Limestone of Utah and
to the lower Amsden red shale sequence of Wanless and others (1955, p.

30-31). The Madison Limestone consists of 800-1,100 ft (240 to 330 m) of
thick-~ to thin-bedded, light- to dark-gray, fossiliferous limestone, cherty to
locally very cherty limestone, and minor dolomite., Some limestone has a
petroliferous odor. The Madison is the most widespread formation in the study
area, the principal cliff-former, and the formation in which the rugged
topography, alpine scenery, and extensive upland surfaces of much of the high
Gros Ventre Range are best developed. Complete exposures of the formation in
steep to cliffy terrain occur in many places, particularly on Black, Darwin,
and Triangle Peaks and in upper Crystal Creek.
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Amsden Formation and Tensleep Sandstone, undivided.--The Amsden Formation
(Pennsylvanian and Mississippian) and Tensleep Sandstone (Pennsylvanian)
appear as a single lithologic unit on plate 1 because their contact could not
be consistently located. The map unit comprises, from bottom to top, the
Darwin Sandstone Member of the Amsden Formation (light-brown, crossbedded
sandstone), 50-100 ft (15-30 m) thick; the unnamed upper part of the Amsden
Formation (interbedded red shale and sandstone, gray limestone and dolomite
which locally contain large chert concretions and green to red hematitic
shale), 200-300 ft (60-90 m) thick; and the Tensleep Sandstone (light-gray to
white, fine- to medium-grained, crossbedded sandstone and light-gray, fine-
grained cherty dolomite), 300-350 ft (90-105 m) thick. Some shale beds in the
Amsden have abundant small pellets of hematite through a thickness of several
feet; these contain as much as 20 percent iron. The Darwin is commonly well
exposed at the top of the Madison Limestone cliff; the remainder of the Amsden
is poorly exposed but is easily recognized by its red hematitic shales; and
the Tensleep forms conspicuous cliffs and talus slopes. Many large landslides
in the Gros Ventre Range have originated by sliding of resistant Tensleep
Sandstone over weak shales of the Amsden.

Phosphoria Formation and related strata.——The Phosphoria Formation and
related strata (Permian) are lithologically the most diverse sedimentary unit
in the study area. For example, although it is in most places less than 200
ft (60 m) thick, the map unit contains sandstone, in part glauconitic, a thin
basal conglomerate, siltstone, mudstone, black shale, dolomite and limestone,
abundant chert including "tubular"” chert (Blackwelder, 1911), and phosphorite
and phosphatic shale. On Flat Creek about 3 mi (5 km) west of Sheep Mountain,
these rocks display, in a section 189 ft (58 m) thick, all five of the
lithologic units proposed by Sheldon (1957) as subdivisions of the Permian in
northwestern Wyoming; in this section the Phosphoria and related strata are
composed of about 35 percent chert, 20 percent fine-grained clastic rocks,
17.5 percent sandstone, 15.5 percent dolomite, 7.5 percent limestone, 3
percent phosphorite, and 1.5 percent miscellaneous carbonate rocks.

The Phosphoria Formation and related strata are poorly exposed in most
places and support little vegetation; however, they are well exposed where
they cross ridge crests, and the thicker chert beds in the upper part form low
cliffs throughout the outcrop area. The most extensive exposures are along
the south side of Bear Cabin Creek and on lower Crystal Creek (see fig. 10).
The map unit also is well exposed on the ridges between Dry Fork and Clear
Creeks and between Clear and Tosi Creeks. Tubular chert near the top of the
unit is spectacularly displayed on Clear Creek 2.3 mi (3.7 km) southwest of
Darwin Ranch. The upper chert-rich part of the Phosphoria tends to slump
where the underlying less resistant rocks have been eroded to steep slopes,
and huge detached blocks of chert as much as several hundred feet long occur
on several ridges, particularly those along Clear Creek.

Phosphate-bearing rocks in the Phosphoria Formation are discussed in more
detail in the section on mineral resources (p. 63-64).
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Mesozoic rocks

Lithologic characteristics of the Mesozoic sedimentary rocks in the study
area are summarized in table 2, and additional details are given in the text
that follows. Data obtained during our study are supplemented by information
derived from Foster (1947, p. 1562-1588); Love and others (1945a,b; 1948;
1951); Wanless and others (1955, p. 39-72); and Love (1956a, p. 76-83).

Dinwoody Formation.--The Dinwoody Formation (Lower Triassic) is
extensively exposed along the northern flank of the Gros Ventre Range and in a
few places along the southern flank near the southeastern margin of the
area. The thickness ranges from 200 ft (60 m) to more than 300 ft (90 m) .
Wanless and others (1955), however, reported only 100 ft (30 m) on Dell
Creek. This anomalously thin section has not been confirmed by later
studies. Typical lithology is tan, yellowish, pale-green, and gray dolomitic
siltstone, mudstone, and very fine grained sandstone. Outcrops weather to a
characteristic brown color and the rocks break into thin, hard, irregular
slabs.

The base of the Dinwoody Formation is marked by a sharp lithologic change
from cherty dolomite below to dolomitic siltstone above. The contact between
the Dinwoody and the overlying Chugwater Formation is difficult to pick
because a sequence of tan, red, and gray siltstones lies between typical tawny
Dinwoody Formation and red Chugwater Formation. Many pelecypods are present
along bedding planes.

The best exposures in the study area are on the ridge just east of Six
Lakes, where the Dinwoody has a massive cliff-forming sandstone about 25 ft
(8 m) thick at its base and contains much fine-grained, light-gray to
brownish-gray, crossbedded, dolomitic sandstone. The formation also is well
exposed on the south side of Tepee Creek near its head.

Chugwater Formation.-~-The distribution of the Chugwater Formation
(Triassic) in the Gros Ventre Wilderness Study Area is approximately the same
as that of the Dinwoody Formation. The thickness ranges from about
1,100-1,200 ft (335-366 m) on the flanks of the Gros Ventre Range to more than
1,700 £t (518 m) in the thrust plates of the overthrust belt along the
southwest margin of the area.

The Chugwater Formation is subdivided into four members: Red Peak at the
base, Alcova Limestone, Crow Mountain Sandstone, and Popo Agie at the top.

The Red Peak Member, 850-950 ft (259-290 m) thick, consists of red
gypsiferous siltstone and fine-grained silty red sandstone with some red shale
partings. Thin beds of white gypsum form conspicuous bands on the bright-red
slopes. Several thin beds of gray silty limestone or limy siltstone are near
the top.

The Alcova Limestone Member ranges in thickness from 5-40 ft (1.5-12 m)
and consists of gray and purple, laminated, impure, hard limestone with
interbeds of red and gray siltstone and white gypsum. The upper limestone bed
is widely persistent and provides an excellent stratigraphic marker. In many
places, the Alcova is slightly petroliferous.

13



3a3Juo3uaq pue
¢33n3 ‘ajyueyiacaod ‘ayreys
L1009 ‘3TERYS OBIq dAWOS

gy-I% °d ‘gHeT *SIay3lo pue A0 660°1 98pTy uooeg {a1eys ‘suoispues pauiead 8N0dOBII) UoTIBPMIOY
11-g *°d ‘gve1 ‘siayio pue A0 2E0°1 ajey aprIs aaddn -mnypewm 03 -~dujy3j ‘uel o3 LexH ?1e] J933u013
papueq L13udujwoad {spaq
3u038IWIT UIYI M3 8 pue
suojspues JT3IJuodne[? SuwoS
‘3uoispues paujeil-aurj pue 8n030eIII)
g-G °d ‘gysT ‘saay3lo pue aao07] 112'z 9ne] apyIc aaddn AL1ewys ‘sreys Lead-jiep o1 Aein a3e] ateys £po)
aseq aaoqe
3F 00Z-SL 3noqe (3Teys pue
‘a3yuerradxod ‘3Iyn3 ‘a3juoluaq
‘1BOd) AOTY3 33 0S-QT duoz
aaaem Aeal8~yjaead {doj iaeau
8TBYS ‘3UO3SpPUBRS SNOI3JY
9g-2¢ °d “‘gH6T ‘saaylo pue aao] 6626 %9919 YSTd ~I¥SS0J ‘@Alsseuw ‘paujead 8N03DBIID auojspueg
19-0% *d ‘gyET *sS13Y30 pue JA0T 6°6S6 93pT1y uooeg -mnypaw 03 -auyj ‘Aead-ayly1 3e] 28pTy uooeg
spaq
1800 snoiawnu ‘aTeys KLeid 8n0aDBIAIH
6€~2€ *d ‘gv61 ‘siay3lo puw a0 €91°1 a3pT1y vooeg ‘3uo3gpues unoiq pue LwvaH a3e] aouanbas L1eo)
3uo3jsyiem
pue ‘aTeys snoadevuoqied
‘Ieod amog ‘auoispues A[eys
pue ateys Keid ‘auo3spues
82-17 °d ‘gy61 ‘saayio pue a0l SI%‘e A991) YSII pauyea3-auy3y ‘1e(n 8N0ade3a1) aouanbas areys pue
LT1-%1 *d ‘gHeT ‘saaylo pue aao] €42°C 7M293) poomuo3llo) £iaq ~DF3UaT “‘AOTY3I ‘uel pue Lw1y 3387 2u01SpuEs IETNOFIUIT
8paq 1RO uyryz fayeys
po3e83tieAa 2wos f{duoispues
(po3emylea) pappaqssold ‘paureiad-wnipau ELUER-FER G
3x0dax syyl +00$ %931) T1°Q 03 ~3uj¥3 ‘paxoloo-3y3y1 9387 UOFIBWIO] IPIDABBIN
. ALIWE0INOONN
ayeys awos $3IBII
(po3emT1sd) ~wo73u0d> 313Yd-3uU03spuEs ELIE R ES )
3a0dax syylL 40612 %293) TT=a pue ‘3128 ‘suojspues 3asIBO) a3e] uoTIeWIO II9Q3IBH
(3993 uy)
e3IBp JO adinog 889UNOTYL, uo0y3ed0]
£30104311 a8y uoI3IeWIO]

waae Apnis 183U 10 U SUOTIDIS PIanseay

*0AM ‘®a1y Apn3lg SSIUIIPTIM IIIUIA S0IH Y] JO SOOI AIBJUIWIPIS DJOZOSIK UO BIBP OJJ0T093 JO AJRPUANG~~*Z ITQEBL

14



6% *d ‘SGET ‘siaylo pue ssatuey 9% Y] APTTS A3M07]
0S 31ed 13m0y  ‘ouols
99671 °d ‘%61 ‘103sog  3Inoqe W] A29I) UTAL, 91eys Lewa8 pue paxa ‘ejddvaq Jisseanp uoTIEWIO
tI3ATY 213U2) BOID BUOJISIWJ] pue u03IBIMWT] Lei1n STPPIR Sutadg wnsd4y
ovy .aduepung IamoT,,
1661 ‘sady3o pue 2a07  QOI1-00T Loouepung xaddp,,
$9NE] 9PIIS 1m0
06 °d ‘GGHI “sady3o pue SsaTuey /¢ UOTIBWIO] }931) UTAML
123uey 213udp\ 8019 ALIWY0ANOONN
[T5¢ uojaemzog dmnig
26 *d ‘GgeT ‘sasy3zo pue sSISTUBM :9%e] SPTIS 19M01
99S1-695T *d ‘zy61 ‘19304 X4 €1-% s3fun
‘uopleuxog }331) uFAlL 8UO03ISBAWIT IFIFIOO
21961 °d ‘s%g1 ‘103801 961 9-1 sajun ‘3u03lspues pue aTeYS ojsseanp
‘auoispueg dun3g po3je3ajiea 2wos {auoispues SIPPTH
t9)e] IpITS Io9mo Ae13-ysyuoa1d ‘o1eys Kean pue 23e7 uojlemiog Iduepung
Ly-%y *d ‘gyeT ‘S19y30 pue a0  °BITY a3pTy uoodey
9, *d ‘B9gET ‘an0T 099 91E] IPIIS I°2mO7
69S1 *d ‘/%6T ‘193804  49g-/£€  UOTIeMIO4 ATISA0T)
:(STITH P?Y)
I9AFY da3uap so1n
%S *d ‘SGET 9I9Y30 pue SSITUEN (434 ] IPITS 19407
29ST *d ‘/ve1 ‘133802 z61 yI-£ s3TUN
‘auoaspueg dunilg ALIWEOINOONA TY¥D01
8961 °d ‘46T ‘193801 12 uoyiemiog A7I3A0T)
93®] OPITS I9MOT o8 PapTaTpun
06 g8-1 satun -seanp a3e] ‘suojjemiog
TL6T-1261 *d “z%61 ‘313304 ‘ateys syrodomzayl 8u03sdWJT paujead-aulj pue BnNOad (¢ )UoSTIIOR
ijes1) 23e1S ‘auolspues ‘aTeys pajelataepa  -e381) LTaey pue £119a01)
68T a1eys sjrodowaayy
ZL auolspues Appni
yy-gy °d ‘gye1 ‘siayjo pue 2a07 S€9 a1eys Aamoy
:a3pTy uodegq
<1 aTeys syrodomasyl
Yy auo3lspues LppoR
1661 “SI9Y30 pue 20T  $89-CE9 areys £LamoR
$93®T BPTTS 213M0]
€1 03 ¢ saTun
TLST-1261 °d ‘2961 ‘293804 822 ‘aTeys syrodomiayy
y9sa) a3els ?@3FU0IUSq dWOB POPTATpUN
GL6T1-€261 *d “z%61 ‘393804 190°1 aTeYs Axmon ‘duozspues Lexd ‘oareys LUGERLRER ) ‘sa1eys sjrodomiayy
taxeq 2pIIS 1oddp AOeTq “‘aTeys SNO2DIITS Naeq A1aeq pue KImOW
(3923 uy)
®38p JO 2ad1no§ B83aUNOTYYL uoy3eso]
£3o104311 28y uoylemoy

®a1e ApnN3s 1BAU 10 U] SUOTIDAS PIINseIK

PeNUTIUO)-~*0LM '®aly 4Pn3g 669UISPTIM 213Ud) B0IH dU3 JO 53001 AIEJUGWIPEsS DJOZOBIR UO BIBP DJBOI093 JO Alemmng—eZ 2Iqe]

15



1$61 “saay3jo pue 3a07] 0ez 48T 3PFTS 13M01
Z9s1 *d ‘rv61 ‘193s03 [{%4 IBATY 3I3U2p 8019 auo3samyy
tz *d ‘gye1 ‘uosuamg 002 A921) 18ISLI) SNOISIFTISSOJ pu®R ITEYS IWOS
17 °d ‘gye1 ‘uosuamg 002 }321) 121979 {auoispues pue Ju03ISITIS OFSSBII]
696 *d ‘Ty61 ‘Towmny pue TT3MAN [£Z-GET aje] apTIS 13m07 POPPAq-uTy3 ‘4812 03 UMOlg A1aeq uorjemiog Lpoomutq
1661 ‘s13yio pue 2a07] orer 3)E] 9PIIS om0
0¢ *d ‘eye1 ‘uosusms  +008 13ATY 223U3) 5019 IOVINOD ITYWHOINOD
6€9 UOFIBWIOS SPTSPOOMN
1% *d ‘6661 “siaylo pue SsaTuey 1%I21) TT°A
€961 °d ‘szvel ‘ad3s0y €5¢ UOj3emIOy IPISPOOM
SXATY 213Udp S0IH suoisewyy ardand pue Lead
N €6¢S uoyiewiog IPISPooOM uyyl {ouoispues pauyexad
696-296 °d ‘Zyel ‘1omuny pue TTPMON 00% uojjemiIog Saukeyy, ~3UTJ {3TPYS pur 3UOISITIS
:9®] PPITS I9mo peppagq-uyyl ‘pai-iydrag oyssera] uojlBWI0g IIjemdny)
1661 ‘SIayjo pue 3a07 (1744 @xe] 3PITS I°2M0
1661 ‘saaylo pue 3a01  0OST 3921) Te3I8LA) ALIKE0ANOONN
gy-z% °d ‘cgel ‘saeylo pue ssajueym [$4% 299a1) 174 2U03ISpues pPIPPIYSSCID (i)o¥8seray
z¢ °d ‘gv61 ‘uosuamg 092 28uey aayssem pauyead-unipow 01 pue
3IJUIA S01H UIAIYIAON -2uy3 ‘3yng o3 a3urio Iydrag (l)oysseanp suojspueg 3333nN
1561 ‘siaylo pue 3ol +8y )BT SPIIS x9M01
ALING04NOONN
(3993 uy)
®IBp JO 3DIN0OS SSOUNDTYL uoI3e00q
£3o71043111 a8y uojjemMIOy

waae £pn3s aweu 10 U} SUOT1D9S PIaIANSBIY

panuriuo)d—-*0fM ‘vaay Apnig SSOUISPIIM SAIUIA SOIH L3 JO SYD0I1 AIBIUAMIPYS IJ0ZOSIK UO BIBP OFI0T093 JO AIPUWENS--*7 3TqeRL

16



The Crow Mountain Sandstone Member overlies the Alcova and consists of
red to salmon-pink, soft, porous sandstone that contains large frosted and
rounded quartz grains in a finer matrix. The sandstone grades upward into
shale so the upper contact is arbitrary; the thickness is about 50 ft (15 m).
The Crow Mountain Sandstone Member yields oil in several fields 50-75 mi
(80-120 km) to the east and northeast.

The overlying Popo Agie Member consists of 100-200 ft (30-60 m) of ocher
and purple claystones, red shales, purple lenticular limestone pellet
conglomerates, and red siltstones.

The bright-red Chugwater Formation is the most conspicuous formation in
the study area, and together with the overlying bright-orange Nugget Sandstone
forms an unbroken line of colorful cliffs and steep slopes about 17 mi (27 km)
long on the northeast edge of the area along Crystal, Jagg, and Bear Cabin
Creeks and the Gros Ventre River.

Nugget Sandstone.--The Nugget Sandstone (Jurassic(?) and Triassic(?)) has
about the same distribution in the study area as the Chugwater Formation. The
Nugget ranges in thickness from 375 ft (114 m) in the southwesternmost
sections in the thrust belt to 125 ft (38 m) on the north flank of the Gros
Ventre Range. The formation wedges out abruptly 6 mi (10 km) still farther
north. One of the best sections is on Dell Creek in the southeastern part of
the area,

The Nugget consists of orange-buff to gray, massive sandstone that is
predominantly fine grained but which contains scattered large frosted and
rounded grains of quartz. Commonly it is crossbedded, soft, porous, and
permeable, and crops out in conspicuous cliffs on both sides of the range.

The age of the Nugget is uncertain because it contains no fossils or
other datable materials. The physical relations of the Nugget and Chugwater,
however, in central Wyoming suggest that the Nugget is entirely of Triassic
age (Love, 1957).

The Nugget Sandstone is one of the most important oil- and gas-bearing
formations in western Wyoming and so is of more than ordinary interest in the
Gros Ventre area. Azurite, malachite, and silver are present in several
places where the Nugget is bleached gray on crests of anticlines 10 mi (16 km)
and more southwest of the area (Love and Antweiler, 1973) but, although much
of the Dell Creek section is bleached, no copper minerals were seen there.

Gypsum Spring Formation.--The Gypsum Spring Formation (Middle Jurassic)
is present in broad exposures on the northeastern flank and in a few small
outcrops on the southern and southwestern flanks of the Gros Ventre Range. It
consists of 50-150 ft (15-45 m) of red shale, slabby gray dolomite and
limestone, and white gypsum. In outcrops, all the gypsum has been leached out
of the formation and beds of brecciated carbonate rocks are the chief evidence
that it once was present. In subsurface sections, the gypsum (and (or)
anhydrite) is invariably present, most of it in one basal bed 20-40 ft
(6-12 m) thick.
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Sundance Formation.--The Sundance Formation (Middle and Upper Jurassic)
has about the same areal distribution as the Gypsum Spring Formation and is
readily divisible into two mappable sequences, the nonglauconitic part
commonly called lower Sundance and the glauconitic part, the upper Sundance.
The lower sequence is 450-550 ft (137-168 m) thick on the north side of the
Gros Ventre Range and nearly 800 ft (244 m) thick on the south side in the
overthrust sheets. The rocks comprise gray, limy, plastic to splintery shale,
clayey limestone, hard oolitic limestone, and one or more zones of red, soft,
plastic shale. Marine fossils, chiefly pelecypods, are abundant at many
horizons and indicate a Middle and Late Jurassic age. The incompetent shales
are the sites of major landslides in the region.

The upper Sundance strata are 75-140 ft (23-43 m) thick and consist of
gray, buff, and green, highly glauconitic, very limy sandstone, and a few thin
beds of shale and limestone. Marine fossils are abundant throughout the
sequence. The age is Late Jurassic,

Morrison(?) and Cloverly Formations, undivided.--The Morrison(?)
Formation (Upper Jurassic) and Cloverly Formation (Lower Cretaceous) are
described and mapped as a single unit because no reliable basis for
subdivision was found. No fossils of Morrison age have been reported from the
area around Jackson Hole, but lithologic units and fossils characteristic of
the Cloverly make possible a good correlation of the upper part of the
sequence with that formation in central and northern Wyoming. Outcrops are
confined to the northeastern and southeastern margins of the area. The
thickness ranges from 600-700 ft (183-213 m).

Three distinctive lithologic sequences are present; the thickness of each
differs from one place to another, and the boundaries between the lower two
are locally gradational. The lower sequence, 185-250 ft (56-76 m) thick, is
buff and gray, chloritic, in part sparkly (quartz crystal) sandstone
interbedded with red, green, and gray siltstone and claystone. The overlying
sequence, 290-345 ft (88-105 m) thick, is characterized by variegated red,
gray, lilac-colored, and pink claystone and thin beds of hard, nodular, dense,
cream~colored limestone. Outcrops of the lilac-colored claystone have a puffy
appearance because of swelling of bentonitic layers. A 10-20 ft (3-6 m) unit
of white, hard, sublithographic limestone in the upper part of the lilac
claystone is an excellent horizon-marker, and contains abundant Lower
Cretaceous nonmarine invertebrate fossils. The uppermost sequence, 100-150 ft
(30-46 m) thick, is commonly known as the rusty beds member of the Cloverly.
It consists chiefly of olive-green, gray, and buff, thin-bedded sandstones
that weather with a conspicuous rusty color and contain abundant fucoidal
markings on bedding planes. These sandstones are interbedded with dark-gray
to black silty shales. At some localities a massive sparkly sandstone is
present at the base.

The rusty beds form a conspicuous dark-brown ragged cliff throughout most
of the area of outcrop, whereas the underlying variegated strata commonly form
slopes. The incompetent, bentonitic, lilac-colored claystones are a source of
many landslides in the area.
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The contact between the Morrison(?) and Cloverly Formations and the
underlying Sundance Formation is marked in most places by a change from marine,
highly glauconitic sandstone below to nonglauconitic, silty, probably nonmarine
sandstone and claystone above. This sequence has yielded major oil and gas
production in parts of Wyoming northeast, east, and south of the study area.

Thermopolis and Mowry Shales, undivided.——-The Thermopolis and Mowry
Shales (Lower Cretaceous) are mapped as a single unit. The lower formation,
the Thermopolis Shale, which crops out only along the northeastern and
southeastern margins of the study area, consists of two members, a lower black
shale member about 200 ft (60 m) thick, overlain by the Muddy Sandstone
Member, 50-70 ft (15-21 m) thick. The black shale is soft, fissile, flaky,
contains thin bentonite and sandstone beds, and is of marine origin. The
Muddy Sandstone Member is composed of gray and greenish-gray, very fine to
medium—-grained sandstone with lesser amounts of black shale and thin bentonite
beds. In some places it forms cliffs. The Muddy is one of the major oil-
producing sandstones farther east in Wyoming.

The upper formation, the Mowry Shale, is completely exposed only in one
locality along the southeast margin of the area. A partial section, except
for the uppermost beds, is on the divide between Shoal and Dell Creeks, and
another partial section, highly contorted, is exposed farther west along the
Cache Creek thrust fault. The thickness of the formation is probably between
600-700 ft (183-213 m). The rock is black, hard, siliceous shale that
weathers silvery gray, interbedded with lesser amounts of black, soft, fissile
shale, cream—colored bentonite, and hard, brittle, siicified tuff and
sandstone. The shale is characterized by abundant fish scales.

Frontier Formation.—-The Frontier Formation (Upper Cretaceous) is exposed
east of Dell Creek near the southeastern margin of the area, and the upper
part of the formation in the overriding block of the Cache Creek thrust fault
crops out over a small area on the high divide east of Shoal Creek. The
formation consists of about 1,000 ft (305 m) of drab, pepper—and-salt-colored,
fine-grained marine sandstone, interbedded with black to dark-gray shale and
thin beds of white and pink bentonite and porcellanite.

The outcrop east of Shoal Creek is of some interest because it contains a
sequence of coal and coaly shale about 8 ft (2.4 m) thick. The following
section was measured and sampled (unit 1 is oldest); sample numbers are the
same as the unit numbers.

Unit No. Thickness Description
in. cm
8 7 18 Claystone, dull gray, plastic, blocky, soft
7 12 30 Coal and coaly shale, black, soft
6 12 30 Coal, black, shiny, with partings of hard

carbonaceous mudstone; hard, and forms rib
on outcrop

20 50 Coaly shale, black, soft

16 40 Coal, black, soft, very shaly and impure

& i
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3 10 25 Carbonaceous shale and coal, black, soft

2 12 30 Carbonaceous shale and coal, black soft
1 6 15 Claystone, lead gray, soft, blocky, plastic
95 238 Total thickness of coaly zone

The coaly zone (unit 8 in the following section) is within a moderately
well exposed sequence of sandstone and shale which is described here because
the Frontier Formation is present in the subsurface all along the southwestern
margin of the Gros Ventre Wilderness Study Area and farther east in Wyoming is
one of the major oil-bearing targets. Unit 1 is oldest:

Unit No. Thickness Description
(feet) (meters)
11 10 3.0 Shale, gray, sandy, soft, grading up to dark-
gray claystone and shale
10 5 1.5 Sandstone, tan, limy, in part a coquina of

oysters, inoceramids, Cardium, etc., that
weather out as free specimens. This zone is
near the top of the formation in sections to

the north.

9 15 4.6 Sandstone, shale, and claystone, dull gray,
soft, highly fossiliferous in upper part

8 8 2.4 Coaly zone described above

7 3 .9 Claystone, dull gray, not distinguishable from
unit 1 in coaly zone

6 60 18.3 Covered interval; probably underlain by soft
rocks

5 20 6.1 Sandstone and siltstone, dull gray, fine

grained, pepper—and-salt appearance, nodular,
iron stained

4 20 6.1 Sandstone, bluish white, clean, sparkly,
porous, pepper—and-salt appearance,
crossbedded; forms prominent rib on outcrop

3 30 9.1 Covered interval; traces of black carbonaceous
and coaly shale

2 10 3.0 Carbonaceous shale, siltstone, and slabby very
fine grained sandstone

1 25 7.6 Sandstone, chalky white, soft, bluish on fresh

fractures, pepper—and-salt appearance; forms
ribs and dip slopes

206 62.6 Total thickness of measured part of section

The section east of Dell Creek is similar to that described above but is
very poorly exposed, and locations of the upper and lower contacts are only
approximate,

In the Mobil 0il Co., Camp Davis well, 7 mi (11 km) southwest of the Gros
Ventre Wilderness Study Area, below the overriding blocks of the thrust belt,
the Frontier has thickened to about 1,300 ft (396 m) and there is a porous
sandstone 150 ft (45 m) thick near the top of the formation. This part is a
good potential oil and gas reservoir rock along the southwest margin of the area.
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Cody Shale.--The Cody Shale (Upper Cretaceous) crops out only in one
locality east of Dell Creek, where a few hundred feet of the basal part is
exposed. Farther north in Jackson Hole, where it is better known, it consists
of about 2,000. ft (610 m) of soft gray marine shale with one persistent
sandstone 75 ft (23 m) thick, 400-500 ft (122-152 m) below the top (Love,
1956a). This sandstone contains shows of gas in Jackson Hole so it must be
considered as a potential reservoir rock along the southwest margin of the
Gros Ventre Wilderness Study Area. In the Mobil 0il Co., Camp Davis well, a
similar sandstone, about 150 ft (46 m) thick, is near the middle of the Cody
Shale.

Bacon Ridge Sandstone.—-The Bacon Ridge Sandstone (Upper Cretaceous)
crops out at one locality on the east side of Dell Creek. The base and top
are covered so the thickness is not known. Farther north in Jackson Hole, it
is more than 1,000 ft (305 m) thick (Love, 1956a, p. 80) and contains many
coal beds. In the Mobil well, mentioned previously, the lower 600 ft (183 m)
of the Bacon Ridge is present below the lowest thrust plate. The sequence
there consists chiefly of gray, pepper—and-salt-type sandstone that contains
seven coal beds 5-10 ft (1.5-3 m) thick. No coals were observed in the
section at Dell Creek, but exposures are so poor that some could have been
missed.

The Bacon Ridge is distinguished from younger Cretaceous sandstones in
that it has a pepper-and-salt appearance whereas the younger ones have many
brightly colored grains--red, green, orange, brown, yellow, white, and so
on. In addition, sandstones in the Bacon Ridge contain abundant white ornate
marine and brackish-water mollusks, whereas no such forms are present in
younger rocks.

Sandstones in the Bacon Ridge are as much as several hundred feet thick,
are soft and porous, and are prime reservoir rocks for oil and gas along the
southwest margin of the Gros Ventre Wilderness Study Area. Several thousand
cubic feet of gas per day were recovered from the Bacon Ridge Sandstone in the
Mobil, Camp Davis well. In Jackson Hole, a few large gas seeps are in the
Bacon Ridge, and core holes and oil tests yielded small flows of gas.

Coaly sequence and lenticular sandstone and shale sequence.-—An unnamed
coaly sequence and lenticular sandstone and shale sequence (Upper Cretaceous)
are present between the Bacon Ridge Sandstone and the Mesaverde Formation in
southeastern Jackson Hole, about 6 mi (10 km) north of the study area (Love,
1956a, p. 81). The coaly sequence overlies and intertongues with the
uppermost part of the Bacon Ridge Sandstone, is about 1,000 ft (305 m) thick,
and consists of nonmarine gray and brown sandstone, gray shale, and numerous
coal beds. The overlying lenticular sandstone and shale sequence consists of
about 2,400 ft (732 m) of lenticular gray sandstone and gray shale and
siltstone. Brown ironstone concretions are abundant. These rocks should be
in the section along and east of Dell Creek but no exposures were seen. They
are, however, believed to be present in the subsurface.

Several sandstone lenses in areas to the north are as thick as 100 ft
(30 m) or more. Hence they may have some oil and gas potential on the up-dip
parts of the Green River Basin along the southwest margin of the study area.
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Mesaverde Formation.-—-About 100 ft (30 m) of the Mesaverde Formation
(Upper Cretaceous) is exposed in the east bank of Dell Creek. Somewhat
thicker sections are present both to the southeast and also to the northwest
across Dell Creek. Because of a major intra-Cretaceous unconformity that
bevels the Mesaverde, its thickness varies from a wedge—edge to more than
1,000 ft (305 m) (Love, 1973, figs. 13-14). The thickness in the Dell Creek
area is not known because the base and top are not exposed in the same
locality, but at least 500 ft (152 m) is present. The formation consists
chiefly of fine- to medium—grained, light-gray to white sandstone whose
distinguishing features are a combination of color, porosity, cleanmess,
crossbedding, and brightly colored grains. Some gray, dull green, and pink
shale, claystone, and siltstone and thin coal beds are present.

The Mesaverde Formation has been intersected in several wells drilled
within 5-10 mi (8~16 km) south of the study area. Small shows of oil and gas
were found, and the sandstones are considered to be possible reservoir rocks
along the southwest margin of the area.

Harebell Formation.-—Outcrops of the Harebell Formation (Upper
Cretaceous) are confined to the Dell Creek area, where it overlies the
Mesaverde Formation. The contact is an unconformity of regional extent but
one that is not apparent in the local outcrops; for example, the Meeteetse
Formation, as much as 900 ft (274 m) thick, is present between the Mesaverde
and Harebell Formations in parts of Jackson Hole to the north. In the Dell
Creek area, the Harebell is at least 2,150 ft (655 m) thick and is overlapped
with an angular unconformity of 35° or more by the Eocene Pass Peak Formation.

The Harebell is easily distinguished from the underlying Mesaverde
because of the abundance of coarse-grained rocks--grits, pea-gravel
conglomerates, and coarse—grained sandstones——-that form the bulk of the
exposed section. Some individual, very lenticular conglomerate beds in the
basal part of the Harebell Formation on the east bank of Dell Creek are 15 ft
(4.6 m) thick. Clasts consist largely of hard, fine-grained, gray sandstones
and black and gray cherts of Paleozoic age; they are highly rounded and rarely
more than 2 in. (5 cm) in diameter. Between the conglomerates are some
fine-grained, massive to crossbedded, gray and tan sandstones and thin, gray
and black claystones and shales.

Part of the Harebell sequence has been penetrated in several oil and gas
tests within 10 mi (16 km) of the study area but no good shows were
encountered. Nevertheless, because of the thickness of soft, porous,
lenticular sandstones, the Harebell is considered to be a potential oil- and
gas—bearing sequence.

Cenozoic rocks

Lithologic characteristics of Cenozoic sedimentary rocks and
unconsolidated deposits in the study area are summarized in table 3, and
additional details are given in the text that follows.

Hoback Formation.—-The Hoback Formation (Paleocene) is divisible into
three sequences: an unnamed lower red conglomerate; the gray main part of the
formation; and at the top, the Skyline Trail Conglomerate Member of Dorr and
others (1977).
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Table 3.--Summary of geologic data on Cenozoic sedimentary rocks and

unconsolidated deposits of the Gros Ventre Wilderness Study Area, Wyo.

Lithologic Age Lithology and location
unit

Alluvium Holocene Fluvial deposits of silt, sand, and gravel along present
stream valleys. Extensive only in lower Flat and
Crystal Creeks and middle and lower Gros Ventre River;
upper parts of most dralnages are swept clear of
alluvium.

Talus Holocene Widespread and extensive deposits derived principally
from Madison Limestone, Bighorn Dolomite, and Tensleep
Sandstone. Very large accumulations on Flat, Granite,
Shorty, and Swift Creeks and in Hidden Basin.

Landslide Holocene Widespread accumulations of completely unsorted

deposits angular debris; comprises rockfalls, rockslides, and
earthflows.

Rock Holocene Tongue~shaped accumulations of rock debris that show

glaciers and transverse crescentic ridges indicative of recent

Pleistocene movement; some may be ice-cored. Five occurrences are

shown on plate 1; the largest, at the head of East Miner
Creek, 1s 0.9 mi (1.4 km) long.

Glacial Pleistocene Deposits of glacial debris near present canyon bottoms

till and at higher levels to as much as 2,500 ft (760 m)
above present canyon bottoms. Mainly along southwest
flank of Gros Ventre Range, also along and above Flat,
Crystal, and Granite Creeks. About 25 occurrences are
shown on plate 1, in addition to those along the
southwest edge of the area.

Strata of Quatermary Conglomerate, sandstone, variegated bentonite and

Shooting claystone; about 70 ft (21 m) thick. Small outcrops in

Iron Ranch upper Flat and Granite Creeks.

UNCONFORMITY

Teewinot Miocene Upper sedimentary limestone breccia; white to pink

Formation bentonitic sandstone, tuff, and claystone; basal
limestone-sandstone conglomerate; 250 ft (75 m) thick.
Only at extreme west end of study area.

UNCONFORMITY

Pass Peak Eocene Quartzite pebble, cobble, and boulder conglomerate;

Formation highly rounded clasts; 3,000+ ft (915+ m) thick.
Extreme southeast corner of study area.

UNCONFORMITY

Hoback Paleocene Skyline Trail Conglomerate Member, red cobble

Formation conglomerate, and variegated claystone and siltstone,

3,000 ft (915 m) thick; middle gray sandstone,
siltstone, and claystone about 10,000 ft (3,050 m)
thick, conglomeratic toward top; merges westward into,
and 18 overlain eastward by the Skyline Trail
Conglomerate Member; lower red pebble conglomerate

at least 400 ft (120 m) thick. Southwest edge of
study area.
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The lower red conglomerate is known only from one area east of Shoal
Creek and north of Tin Can Park. Exposures are poor because of abundant
landslides and steep terrain., The thickness is uncertain; about 400 ft
(122 m) is present but the base is not exposed. The top is cut off by the
Cache Creek thrust fault, which brings Frontier Formation onto the Hoback
conglomerate.

Some conglomerate clasts are rounded and others are angular. Almost all
are of noncalcareous rocks. A few are of white, soft, very fine grained
glauconitic sandstone similar to sandstones in the lower Sundance part of the
Jurassic Sundance Formation of central Wyoming. Some rounded boulders near
the top are 3 ft (90 cm) in diameter, but most are 1-2 in. (2.5-5 cm). Most
boulders are of gray, fine-grained, hard, homogeneous sandstone, probably the
Tensleep Sandstone. They are set in a matrix of brick red siltstone and
claystone.

The lower part of the conglomerate sequence contains a very distinctive
red and white, hard claystone and siltstone unit that weathers into unvegetated
badlands. No bedding planes are visible, and the debris apparently was dumped
with little or no sorting from the rising Gros Ventre arch to the north. Much
of the red color may have come from the Chugwater Formation.

The main part of the Hoback Formation is a thick sequence of gray to drab
alternating sandstones, siltstones, and claystones, perhaps 10,000 ft (3,050 m)
thick 1ia some places. Formerly it was thought to be 16,000 ft (4,900 m) thick
(Spearing, 1969), but some of the rocks assigned to the Hoback at the type
section may be the lenticular sandstone and shale sequence of Late Cretaceous
age (described above). The sandstones in the Hoback become progressively more
conglomeratic higher in the section and the claystones become pink. Most
clasts are of Paleozoic and Mesozoic rocks, are rounded, and commonly are 2 in,
(5 cm) or less in diameter. This conglomeratic sequence grades upward, and
westward laterally, into the Skyline Trail Conglomerate Member of Dorr and
others (1977).

The Skyline Trail Conglomerate Member is exposed in broad, steeply
dissected, treeless uplands on the south side of the Gros Ventre Range west of
Granite Creek. It consists of 3,000 ft (915 m) or more of red conglomerate
interbedded with red, gray, and green claystone and siltstone. The member
becomes progressively redder near the top. Nearly all the clasts are derived
from adjacent Paleozoic and Mesozoic rocks and are moderately rounded. Some
boulders are as much as 5 ft (1.5 m) in diameter but most are less than 1 ft
(30 em). From northwest to southeast, the conglomerate facies intertongues
with the main part of the Hoback Formation. On the Little Granite anticline
(fig. 10), the base of the conglomerate is only a few hundred feet above
Cretaceous rocks, whereas along Granite Creek to the southeast, it is at least
4,000 ft (1,200 m) above Cretaceous rocks. The thickness of the Hoback
Formation underlying the crest of the Little Granite anticline (fig. 10) is
unknown but, on the basis of adjacent outcrops to the southeast, it probably
totals no more than 500 ft (150 m).

Vertebrate fossils in the lower part of the Hoback Formation and mollusks

in the upper part indicate that it is of Paleocene and could possibly be
earliest Eocene age.
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Pass Peak Formation.--The Pass Peak Formation of Eocene age (Steidtmann,
1969) is present only in the extreme southeast corner of the study area. It
overlaps Upper Cretaceous rocks with an angular unconformity of 35° or more.
The Pass Peak Formation here is a conglomerate of well-rounded pebbles,
cobbles, and boulders of quartzite in a rusty-colored, coarse-grained
sandstone matrix. The thickness exceeds 3,000 ft (915 m) about 2 mi (3.2 km)
south of the Gros Ventre Wilderness Study Area.

Previously, the Pass Peak was thought to have been overridden by the Gros
Ventre Range along the Cache Creek thrust fault (Keefer, 1964), but our
studies show that the formation overlaps the mountain arch and that the Cache
Creek thrust diverges southward into the Green River Basin, as is shown on
plate 1.

Teewinot Formation.—-The Teewinot Formation (Miocene) is present only
along the extreme western margin of the Gros Ventre Wilderness Study Area but
it provides significant data needed to reconstruct the timing of sedimentation
and tectonism in the region during the latter part of Cenozoic time. The
basal 250 ft (75 m) of the formation is present on Table Mountain west of Flat
Creek; it thickens rapidly westward to more than 6,000 ft (1,830 m) in Jackson
Hole where it is involved in major folding and faulting. The Teewinot
overlies all older rocks with an angular unconformity.

The formation consists of a basal conglomerate of locally derived
Paleozoic rocks, chiefly Madison Limestone and Tensleep Sandstone, overlain by
white to pink, soft, bentonitic sandstone, tuff, and claystone that contain
some chalky white limestone nodules. The lower 100 ft (30 m) of conglomerate
was deposited in a channel cut into Paleozoic rocks and consists largely of
subrounded clasts as large as several feet (a meter or more) across. Within
the conglomerate are a few interbeds of gray, biotitic, limy sandstone and
pink tuff. The upper 100 ft (30 m) of the basal sequence is a breccia that
merges laterally with a detached mass of Madison Limestone nearly 0.5 mi (0.8
km) long that slid northeastward during deposition of the Teewinot Formation.

The Teewinot Formation was previously considered to be of middle Pliocene
age on the basis of abundant fossils and a K-Ar age of 9 m.y. (Love, 1956a, p.
91; Love and Reed, 1968), but the Miocene-Pliocene boundary is now considered
by Berggren and Van Couvering (1974) to be about 5 m.y., and by this
definition, the Teewinot would be of late Miocene age.

Strata like those at the Shooting Iron Ranch.--Strata like those at the
Shooting Iron Ranch (Love and Albee, 1972) are present at several sites near
the heads of Flat and Granite Creeks. This sequence overlaps all older rocks
with an angular unconformity and provides some important data on the recency
and magnitude of tectonism in the western part of the Gros Ventre Wilderness
Study Area. In this area, the sequence rests on Amsden, Tensleep, Phosphoria,
and Dinwoody Formations and at one place is overlain by glacial till.

The thickest and lithologically most informative section is at the head
of Granite Creek, where 72 ft (22 m) was measured. The strata consist of
alternating, locally derived, nonvolcanic conglomerate, very soft volcanic
sandstone, and pink, gray, green, and yellow bentonitic claystone.
Conglomerate clasts are as much as 1.5 ft (0.45 m) across, but most are much
smaller. The lithology of the sandstone and claystone is unique in the entire
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region. Both rocks contain abundant conspicuous red specks of an unidentified
mineral and blebs, inclusions, and laminae of bright-green and lemon-yellow,
waxy claystone. Elsewhere, this lithology is known only from the Shooting
Iron Ranch sequence on the floor of Jackson Hole and on the west flank of
Sheep Mountain 2 mi (3.2 km) west of the west boundary of the Gros Ventre
Wilderness Study Area. At the Sheep Mountain locality the beds are tilted
westward at an angle of 14°.

About 3,000 ft (915 m) northwest of the Granite Creek site is another
isolated remnant of these strata. At the base is 60 ft (18 m) of pink,
locally derived conglomerate containing a few interbeds of red bentonitic
claystone. At the top is 6 ft (1.8 m) of red, very plastic, bentonitic
claystone with one l1-in. (3-cm)- thick layer of creamy white, pure bentonite.

Sparse vertebrate fossils and several horizons of abundant mollusks found
east of the Gros Ventre Wilderness Study Area indicate a Quaternary age for
the sequence (Love and Taylor, 1962; Taylor, 1966). The fossils indicate that
the sequence is, in part, of lacustrine origin, and therefore was originally
deposited in a nearly horizontal position. Our interpretation is that it
extended nearly continuously from the head of Granite Creek to the floor of
Jackson Hole, and that it was warped and faulted to its present position by
later Quaternary tectonic movements. The altitude of remnants now range from
10,000 £t (3,050 m) at the head of Granite Creek to 6,000 ft (1,830 m) on the
floor of Jackson Hole.

Rock glaciers and glacial, landslide, talus, and alluvial deposits.——Rock
glaciers are shown at five localities on plate 1. They all occur at the heads
of deeply glaciated valleys and at altitudes of about 10,000 ft (3,050 m).

The higher parts of the Gros Ventre Range have been extensively glaciated
and, especially east of Granite Creek and south of the range, aprons of thick
till mantle the bedrock over large areas. Morainal debris is widespread along
bottoms and sides of glaciated canyons.

Landslides are present throughout the area. Especially vulnerable to
sliding are Cambrian, Triassic, Jurassic, and Cretaceous shales. The largest
earthflow in the area is along Mill Creek southwest of The Elbow, where the
Chugwater Formation and younger rocks have slumped over an area more than 2.5
mi (4 km) long and 1.5 mi (2.4 km) wide.

Locally derived deposits of talus are common on steep slopes in many
parts of the area. In a few places along the southern front of the Gros
Ventre Range, talus breccias are locally cemented and stand as cliffs.

Alluvial deposits are present as thin accumulations of locally derived
debris along stream bottoms.

Structure

The Gros Ventre Range is a broad, northwest-trending, asymmetrical
anticline that has a gently dipping, structurally simple, northeast flank and
a steeply dipping, structurally complex, southwest flank. Superimposed on the
northeast flank are various northwest~ to north~trending folds and faults,
some of which can be traced for 10-12 mi (16-19 km). On this flank, the
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principal structure is the broad-crested anticline along which an extensive
upland surface about 10 mi (16 km) long and as much as 3 mi (5 km) wide is
developed on Madison Limestone. The southwest flank of the range, in and near
the study area, is in most places a very conspicuous, steep and rugged
escarpment composed of Precambrian and Paleozoic rocks that have been uplifted
thousands of feet along the Cache Creek thrust and related faults.

In the northwest part of the study area, the topographic crest of the
range is along the southwest escarpment and consists mostly of Precambrian
rocks; in the southeast part of the area, the crest is also along the
escarpment, but no rocks older than Ordovician are exposed; and in the central
part of the area, the crest is not clearly defined but is located well
northeast of the escarpment and involves both Precambrian and Paleozoic rocks.

Structural relief within the study area is considerable and is the result
of uplifting by both folding and faulting. On the mountain block alone, the
structural relief on the Precambrian is about 8,000 ft (2,440 m). 1In
addition, from the Precambrian on the crest of the range to that under the
overridden northern margin of the Green River Basin may be as much as 20,000-
25,000 ft (6,100-7,600 m) (fig. 10).

Lesser structural elements in the Gros Ventre Range, Green River Basin,
and the thrust belt in and near the study area are, from northeast to
southwest, the Crystal Creek anticline, Pyramid Peak fault, Flat Creek-Granite
Creek syncline, Shoal Creek fault, Elbow Mountain fault, Cache Creek thrust,
Little Granite anticline, and Jackson thrust.

The Crystal Creek anticline is a highly asymmetrical fold that has a
gently dipping northeast limb and a southwest limb that dips as steeply as 65°
(pl. 1, secs. A-A' through F-F'). The fold has been traced from the head of
East Miner Creek southeastward and southward to the head of Crystal Creek, a
distance of about 12 mi (19 km).

The Pyramid Peak fault is named for excellent exposures below Pyramid
Peak on the high divide between Granite and Crystal Creeks. The fault has a
very sinuous trace but strikes approximately northwest. Its dip varies from
nearly flat, as on the ridge 1 mi (1.6 km) northwest of Pyramid Peak, to about
40°-45° SW (pl. 1, secs. C~C' and D-D'). The fault has been traced along the
strike for about 6 mi (9 km) but its location at either end is uncertain.
Movement along the fault is reverse, and at the place of apparent maximum
displacement, the Bighorn Dolomite is faulted against the Amsden Formation, a
stratigraphic throw of at least 1,300-1,400 ft (395-425 m). At two places
along the fault it is made up of multiple faults; 1 mi (1.6 km) northwest of
Pyramid Peak, slices of tightly folded Madison Limestone and Tensleep
Sandstone occur along the fault, and on the ridge crest near the south end of
the fault, several slices of Madison Limestone and Darby Formation mark where
the fault crosses from one side of the ridge to the other. Two small klippen,
remnants of the hanging wall of the fault, occur on the top of the Crystal
Creek-Granite Creek divide; the northerly one consists of brecciated Madison
Limestone resting on the Amsden Formation, Tensleep Sandstone, and Madison
Limestone, and the southerly one is made up of Darby Formation resting on
Madison and Amsden.
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The Flat Creek-Granite Creek syncline extends from Flat Creek, at the
northwest edge of the study area, southeastward to the study area boundary at
the mouth of Granite Creek canyon, a distance of about 12 mi (19 km). It has
a sinuous trace that varies in direction from northwest to north-northeast.
The syncline is asymmetrical, the northeast limb being somewhat steeper than
the southwest one, and the asymmetry is thus in the same sense as that of the
Crystal Creek anticline (pl. 1, secs. A-A' through E-E'). The fold is most
conspicuous in the middle part of Granite Creek canyon, where the 3,000-ft
(915-m)- high northeast wall of the canyon is a dip slope of about 25° on
Madison Limestone.

The Shoal Creek fault, in the southeastern part of the study area,
extends from the east fork of Swift Creek east-southeastward to upper Tosi
Creek, a distance of about 6.5 mi (10.5 km) . To the east, displacement on
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