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GEOLOGY OF THE EOCENE WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS,
GREATER GREEN RIVER BASIN, WYOMING, UTAH, AND COLORADO

DESCRIPTION AND CORRELATION OF EOCENE ROCKS IN
STRATIGRAPHIC REFERENCE SECTIONS FOR THE GREEN RIVER AND
WASHAKIE BASINS, SOUTHWEST WYOMING

By Henry W. ROEHLER

ABSTRACT

Stratigraphic reference sections of the Wasatch, Green River, and
Bridger (Washakie) Formations were measured on outcrops in the
Green River and Washakie basins adjacent to the Rock Springs uplift
in southwest Wyoming. The Washakie basin reference section is
7,939 feet thick and consists of 708 beds that were measured,
described, and sampled to evaluate the origin, composition, and
paleontology of the rocks. The reference section in the Green River
basin is 6,587 feet thick and consists of 624 beds that were measured
and described but were not sampled; this section was measured to
correlate rock units with those in the Washakie basin. Columnar
sections that have been prepared combine information on the
stratigraphic nomenclature, age, depositional environments, litholo-
gies, and fossils of each bed in the reference sections.

Eocene strata in the Green River and Washakie basins have been
correlated biostratigraphically, chronostratigraphically, and litho-
stratigraphically. The time boundaries of the lower, middle, and
upper Eocene rocks in the reference sections are located partly from
biostratigraphic investigations and partly from chronostratigraphic
investigations. The time boundaries agree with North American land
mammal ages, which were used in the report because of their
historical precedence.

Major stratigraphic units and key marker beds correlated between
the reference sections appeared remarkably similar in thickness and
lithology, which suggests that most depositional events were
contemporaneous in both basins. One major difference between the
sections is that the upper 875 feet of upper Eocene rocks in the
Washakie basin is missing by nondeposition or by post-Eocene
erosion in the Green River basin.

Rocks sampled in the Washakie basin reference section were
examined petrographically and were analyzed using heavy mineral
separations, X-ray techniques, and assays. The mineralogy suggests
that source rocks in the lower part of the Eocene were mostly of
plutonic origin and that source rocks in the upper part of the Eocene
were mostly of volcanic origin. Economically significant beds of oil
shale and zeolite were identified by the analyses. Fossil pollen

Manuscript approved for publication November 30, 1990.

collected from 22 beds was used to identify plants that characterize
five successive climates present in the Washakie basin during the
Eocene Epoch.

INTRODUCTION

Eocene rocks were measured and described in two
reference sections located in the southeastern part of
the Green River basin and in the southwestern part of
the Washakie basin adjacent to the Rock Springs uplift
in Sweetwater County in southwest Wyoming (fig. 1).
The reference sections have a combined total thickness
of more than 14,500 ft. They comprise complete sedi-
mentary records of the Wasatch, Green River, and
Bridger (Washakie) Formations for the basinal areas
investigated. The name Bridger Formation is used for
post-Green River Eocene rocks in the Green River
basin, whereas Washakie Formation is used for post-
Green River Eocene rocks in the Washakie basin.
These rocks are referred to as Bridger (Washakie)
Formation in the report. The sections are composites,
as no continuous exposures are present that allow for
the uninterrupted measurement of the rocks by single
linear traverses. Segments of the composite sections
are separated by as much as several miles, but they are
tied together by persistent stratigraphic marker beds.
The reference sections are illustrated graphically by
columnar sections on plates 1 and 2; lithologies are
noted in the detailed section descriptions beginning on
page 44 of this report.

Lithostratigraphic units and principal marker beds
are correlated between the Green River basin and
Washakie basin reference sections. These correlations
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Ficure 1.—General locations (shaded) of Eocene reference sections, Green River and Washakie basins. For detailed locations, see index maps
on plates 1 and 2.

permit interpretations concerning the depositional
history and areal extent of Eocene rocks across the
eastern and western parts of the greater Green River
basin (fig. 1) in areas that have not been precisely
correlated previously. The beds measured and des-
cribed in the Washakie basin reference section (pl. 2)
were sampled and analyzed; the beds in the Green

River basin reference section (pl. 1) were not sampled

but were measured and described for correlation pur-
poses. Economically significant deposits of oil shale
and zeolites, and other minerals of potential economic
value were located stratigraphically by the analyses of
samples collected from the Washakie basin reference
section. Fossil pollen from the Washakie basin section
has aided in interpreting Eocene climates and deposi-
tional environments.















EOCENE ROCKS IN GREEN RIVER AND WASHAKIE BASINS, SOUTHWEST WYOMING

304422, pl. 1) was measured on steep slopes along
the east side of Flaming Gorge Reservoir in S%2SWY4
sec. 31, T. 17 N., R. 106 W. and in NE¥4ANWY4 sec. 1,
T. 16 N.,, R. 107 W. The member has a measured
thickness of 1,068 ft (rounded to the nearest foot) and
consists of interbedded tan to brown oil shale and clay
shale, green mudstone, gray siltstone, tan to gray
shale, and gray sandstone. A few thin beds of tan algal
limestone, tan tuff, and brown clay pebble con-
glomerate are also present. Three laterally persistent
tuff beds in the member (pl. 1) have been named the
Firehole Bed, the main tuff marker bed (bed 392), and
the layered tuff marker bed (bed 413). The member
was deposited in central parts of the basin of Lake
Gosiute during saltwater and evaporite stages. The oil
shale, clay-shale, siltstone, sandstone, and mudstone
beds comprise orderly vertical and horizontal suc-
cessions of offshore, nearshore, shoreline, and back-
shore lithofacies, respectively, that are associated with
climatic-related cyclic expansions and contractions of
the lake waters. Mudstone beds near the middle and in
the upper part of the member (pl. 1) contain abundant
casts of shortite (Na,CO4;-CaCOjz), an evaporite
mineral. Economically important beds of the evaporite
minerals trona and halite are present in central parts
of the Green River basin 10-40 mi west of the reference
section. Bed 303 (pl. 1) is an isolated occurrence of a
fluvial channel sandstone that crossed a mudflat at the
eastern margin of the lake during a contracted phase of
the lake. Some water-worn and unidentifiable bone
fragments were collected from bed 303. Disseminated
plant material was found in beds 267 and 273, and
insect fossils are fairly common in bed 416.

LACLEDE, SAND BUTTE, AND HARTT CABIN BEDS OF THE
LANEY MEMBER

The Laney Member is divided in ascending order
into the LaClede, Sand Butte, and Hartt Cabin Beds.
The LaClede Bed was originally defined as the “Laney
Shale Member” by Schultz (1920, p. 27-28). The upper
boundary of the member as defined by Schultz has
since been expanded to include the Sand Butte and
Hartt Cabin Beds or their stratigraphic equivalents
(fig. 2). The three beds that make up the Laney
Member have a combined measured thickness of 1,299
ft (rounded to the nearest foot). The Hartt Cabin and
Sand Butte Beds are not differentiated in the reference
section because the outcrops across the contact of these
beds are covered by soil and vegetation (bed 469, pl. 1).

The lower part of the Laney Member, including all of
the LaClede Bed and the lower part of the Sand Butte
Bed, was measured on the east slopes of Flaming Gorge
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Reservoir in NEVaNW¥s sec. 1, T. 16 N., R. 107 W. The
remaining parts of the member, including the upper
part of the Sand Butte Bed and all of the Hartt Cabin
Bed, were measured on the west side of Flaming Gorge
Reservoir. On the west side of the reservoir, the section
begins at bed 462 (pl. 1) near the Squaw Hollow
boat-launching ramp in NW¥aSW¥4 sec. 26, T. 14 N,
R. 108 W. It continues westward across the center of
secs. 27 and 28 to bed 471 (pl. 1) located west of
Wyoming Highway 530 in the south-center sec. 29,
T. 14 N., R. 108 W. From there the section moves
several miles northward, using a persistent gray mud-
stone marker bed as a datum, to the north slopes of a
flooded canyon on the west side of Flaming Gorge
Reservoir in SW¥4SEV4 sec. 8, T. 14 N., R. 108 W. The
top of the Laney Member is placed on the top of bed 517
(pl. 1) in the NWV¥sNEV4 sec. 18, T. 14 N., R. 108 W.
near where the section again crosses Wyoming
Highway 530.

The LaClede Bed of the Laney Member (beds
424-460, pl. 1) is 259 ft thick. It consists of mostly
brown oil shale and clay shale and minor thin inter-
bedded gray siltstone, shale, and tuff. Beds 438446
(pl. 1) of the LaClede Bed are oil shale, clay shale, and
tuff beds that weather to a tan-brown groove in
outcrops. The term buff marker was applied to these
beds in the Washakie basin (Roehler, 1973a, p. E7).
The LaClede Bed was deposited during a vertical
succession of saltwater, brackish-water, and fresh-
water stages of Lake Gosiute. The lower contact of the
bed is generally discernible in outcrops by a color
change from gray-weathering rocks in the underlying
Wilkins Peak Member to brown-weathering rocks in
the LaClede Bed. The contact of the LaClede Bed and
the overlying Sand Butte Bed is sharp and is defined
by a regional unconformity that was first identified by
Schultz (1920, p. 27). This unconformity was named
the “Tower unconformity” by Roehler and Trudell
(1981). The Sand Butte Bed (beds 461-469, pl. 1) is
more than 225 ft thick and is mostly composed of
tuffaceous sandstone, siltstone, and sandy mudstone
that weathers to tan or brown cliffs, towers, or pin-
nacles. The Sand Butte Bed was formerly called the
Tower Sandstone Lentil of the Laney Member of the
Green River Formation, but that name was abandoned
by Culbertson (1962, p. C54). The Sand Butte Bed is
composed of shallow freshwater lacustrine and fluvial
rocks deposited upon and adjacent to a minor middle
Eocene uplift of the Rock Springs anticline. The Hartt
Cabin Bed (from within bed 469 to 516, pl. 1) is
probably more than 450 ft thick and comprises the top
of the Laney Member. It is composed of thin interbed-
ded tan, brown, gray, and green mudstone, shale, clay
shale, carbonaceous shale, dolomite, sandstone, and
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siltstone of shallow freshwater lacustrine origin that
intertongue with fluvial (flood-plain) deposits of the
laterally equivalent and overlying Bridger Formation
(fig. 2). The Hartt Cabin Bed represents the final
stages of deposition in Lake Gosiute in the Green River
basin. No fossils were identified in the LaClede and
Sand Butte Beds, but invertebrate, vertebrate, and
plant fossils are abundant in the Hartt Cabin Bed
(pl. 1).

BRIDGER FORMATION

The lower part of the Bridger Formation (beds
518-582, pl. 1) was measured across badlands in the
Devils Playground on the northeast slopes of Black
Mountain in SW¥% sec. 7 and N%z sec. 18, T. 14 N.,
R. 108 W. and S¥2 sec. 10, SWV4 sec. 11, SEV4SEV4 sec.
12, NE% sec. 13, and NW¥4 sec. 15, T. 14 N, R. 109 W.
The upper part of the Bridger Formation (beds
583-624, pl. 1) was measured on steep slopes at the
southwest edge of Black Mountain in SWV4 sec. 36,
T. 14 N,, R. 110 W, and near the southwest corner of
Twin Buttes in S% and NEV4 sec. 12, T. 13 N,, R. 110
w.

The Bridger Formation measures 2,106 ft thick
(rounded to the nearest foot). It consists of a mono-
tonously uniform sequence of interbedded gray and
green mudstone and sandstone of fluvial (flood-plain)
origin, and some thin interbeds of gray or tan lime-
stone and brown clay shale of lacustrine origin and
gray or white tuff of airfall volcanic ash origin. A few
beds of red mudstone and gray conglomerate of flood-
plain origin and brown carbonaceous shale of swamp
origin are present in widely spaced vertical intervals.
The formation cannot be subdivided into members,
zones, or stratigraphic levels strictly on the basis of
lithology. Faunal zonation supported by persistent
stratigraphic marker beds has been used to subdivide
the formation, but the boundaries of the faunal zones
are vague and controversial, and some of the marker
beds have been miscorrelated.

BISHOP CONGLOMERATE CAPPING TWIN BUTTES

The Twin Buttes are capped by 29 ft of gray-brown
conglomerate (bed 625, pl. 1) composed of mostly well
rounded and poorly sorted granules, pebbles, cobbles,
and boulders of red quartzite, tan and white quartzite,
and gray limestone in a coarse-grained sandstone
matrix. The conglomerate rests unconformably on the
Bridger Formation. The composition and stratigraphic
position of the conglomerate indicate that it is an
isolated remnant of the Bishop Conglomerate, which is
considered to be Oligocene age.

WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS

TaBLE 2.—Measured thicknesses, in feet, of Eocene stratigraphic
units in Washakie basin reference section

Washakie Formation:

Adobe TOWN MemDbeT ......covrveecarmareereeineesesinsseseseesesacensesaraeses 2,326
Kinney Rim Member. 851
Green River Formation:
Laney Member:
Sand Butte Bed 850
LaClede Bed 470
Wilkins Peak Member 119
Tipton Shale Member:
Rife Bed 120
Scheggs Bed 63
Luman Tongue 293
Wasatch Formation:
Cathedral Bluffs Tongue 827
Niland Tongue 329
Main body 1,691
Total thickness of Eocene rocks 7,939

LOCATION AND DESCRIPTION OF ROCKS
COMPRISING THE WASHAKIE BASIN
EOCENE REFERENCE SECTION

Eocene rocks measured in the Washakie basin refer-
ence section are 7,939 ft thick. The thicknesses
(rounded to the nearest foot) for stratigraphic units are
listed in table 2. Lithologies are described by numbered
beds in the detailed section description (beginning on
p. 59); they are illustrated graphically on plate 2.

WASATCH FORMATION

The Wasatch Formation in the Washakie basin
reference section is divided into the main body of the
formation at the base and two overlying tongues, the
Niland and Cathedral Bluffs. The Niland Tongue is
separated from the underlying main body of the
formation by the Luman Tongue of the Green River
Formation, and the Cathedral Bluffs Tongue is sep-
arated from the underlying Niland Tongue by the
Tipton Shale Member and Wilkins Peak Member of the
Green River Formation (fig. 2).

MAIN BODY

The main body of the Wasatch Formation was meas-
ured along the south side of the Brady oil and gas field
in T. 16 N., R. 101 W. The section begins at the base of
Eocene rocks on the east slopes of Burley Draw in SEV4
sec. 19, continues eastward across badlands located in
the S¥z sec. 17, SW¥4 sec. 16, N¥z sec. 21, NWV4 sec. 22,
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N2 sec. 35, and ends on the west slopes of a low bench
capped by sandstones in the basal part of the Luman
Tongue of the Green River Formation in west-center
sec. 36. The location of the section is shown on the
index map, plate 2; it is plotted in greater detail on the
Kinney Rim 30'x60’ quadrangle map (Roehler, 1985).

The main body of the Wasatch Formation (beds 3—
168, pl. 2) measures 1,691 ft thick (rounded to the
nearest foot) and consists mostly of gray and green
mudstone and gray sandstone and some thin interbed-
ded tan or gray limestone, gray, black, green, or brown
shale, red mudstone, gray siltstone, and gray or brown
carbonaceous shale. The main body is primarily of
fluvial (flood-plain) origin and consists of stream chan-
nel and splay sandstone and basin-fill mudstone. Thin
pond limestone and carbonaceous swamp deposits are
present at various intervals in the section and are
abundant in the upper part. The overall section
weathers drab medium gray. Numerous vertebrate,
invertebrate, and trace fossils are present at the
stratigraphic levels indicated in the columnar section,
plate 2. Fossil identifications are listed in the complete
section description, beginning on p. 59.

NILAND TONGUE

The Niland Tongue was measured on the lower west
slopes of Kinney Rim west of Sand Butte in NEY4
sec. 36, T. 16 N., R. 101 W, center sec. 25, T. 16 N.,
R. 100¥2 W., and NW¥4 sec. 30, T. 16 N., R. 100 W. The
section parallels an east-west-trending road that
climbs the west face of Kinney Rim and then continues
eastward between Sand Butte and Pine Butte into the
Washakie basin. The Niland Tongue crops out in a
shallow, narrow, partly alluvium filled valley situated
between ridges formed by resistant lacustrine sand-
stone beds in the underlying Luman Tongue and algal
limestone beds in the overlying Rife Bed of the Tipton
Shale Member.

The Niland Tongue (beds 205-248, pl. 2) measures
329 ft thick (rounded to the nearest foot) and is
composed of interbedded deposits of lacustrine, fluvial,
and swamp origin. The lower part of the tongue (beds
212-231, pl. 2) is chiefly fluvial (flood-plain) deposits
consisting of stream channel and splay sandstone and
basin-fill mudstone and some thin interbedded pond
limestone. The upper part of the Niland Tongue (beds
232-248, pl. 2) is also mostly fluvial (flood-plain)
deposits but contains several thin beds of carbonaceous
shale (beds 232, 240, 245, and 248, pl. 2) that reflect
swamp conditions present between and adjacent to
small, shallow, freshwater lakes. Vertebrate, mollusk,
and trace fossils are present at the stratigraphic levels
indicated on plate 2.
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CATHEDRAL BLUFFS TONGUE

The Cathedral Bluffs Tongue was measured between
Sand Butte and Pine Butte on the west slopes of
Kinney Rim (pl. 2). The lower part of the tongue (beds
295-356, pl. 2) was measured in NEYz sec. 32 and
NWvs sec. 33, T. 16 N., R. 100 W., and the upper part
of the tongue (beds 357-372, pl. 2) was measured in
SEV4NEY4: sec. 21, T. 16 N., R. 100 W. The tongue
measures 827 ft thick (rounded to the nearest foot) and
is recognized in outcrops by its red banding.

The Cathedral Bluffs Tongue can be divided into
three stratigraphic units in the Washakie basin refer-
ence section: (1) a lower dominantly gray and green
mudstone unit (beds 295-322, pl. 2) consisting of thin
interbedded red and maroon mudstone, tan and gray
siltstone, gray sandstone, brown carbonaceous shale,
and tan oolitic and algal limestone, (2) a middle
dominantly red and maroon variegated mudstone unit
(beds 323—-334, pl. 2) containing thin interbedded gray,
green, orange, and brown mudstone, and gray clay-
stone and sandstone, and (3) an upper dominantly gray
and green mudstone and shale unit (beds 335-372,
pl. 2) with thin interbedded red mudstone, tan and
gray sandstone and siltstone, brown carbonaceous
shale, and tan and gray oolitic and algal limestone. The
lower and upper units were deposited in mixed fluvial
(flood-plain), lacustrine, and mudflat environments,
and the middle unit was deposited entirely in a fluvial
(flood-plain) environment. Vertebrate, trace, and wood
fossils are abundant in the tongue. Mud cracks were
observed in beds 308, 336, and 355 (pl. 2).

GREEN RIVER FORMATION

The Green River Formation in the Washakie basin
reference section is 1,914 ft thick. It is divided in
ascending order into the Luman Tongue, Scheggs Bed
of the Tipton Shale Member, Rife Bed of the Tipton
Shale Member, Wilkins Peak Member, LaClede Bed of
the Laney Member, and Sand Butte Bed of the Laney
Member (fig. 2). The Hartt Cabin Bed of the Laney
Member is not present at the location where the
reference section was measured, but it is present in
other parts of the Washakie basin.

LUMAN TONGUE

The Luman Tongue was measured in N sec. 36,
T. 16 N., R. 100 W. Outcrops in the lower part of the
tongue (beds 169-197, pl. 2) weather drab gray brown
and form small ledges on west-facing slopes. Outcrops
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in the upper part of the tongue consist mostly of
prominent ledge-forming lacustrine shoreline sand-
stones (beds 198-203, pl. 2) that are overlain by soft,
nonresistant oil shales (bed 204, pl. 2). The shoreline
sandstones form persistent ledges that can be corre-
lated for miles along the lower west slopes of Kinney
Rim.

The Luman Tongue measures 293 ft thick (rounded
to the nearest foot) and is composed of brown to
gray-brown oil shale, gray, partly mollusk bearing
sandstone, gray and brown shale, dark-brown carbona-
ceous shale, and brown mollusk-hearing limestone.
Freshwater mollusks are abundant throughout the
tongue, and the assemblage is commonly characterized
by the large prosobranch gastropods, Goniobasis tenera
and Viviparus sp., and by the large unionid pelecypod,
Lampsilis sp. Fish, ostracode, and trace fossils are also
present (pl. 2).

SCHEGGS BED OF TIPTON SHALE MEMBER

The Scheggs Bed of the Tipton Shale Member was
measured in NW4 sec. 30, T. 16 N., R. 100 W. It crops
out along smooth west-facing slopes below a ridge
capped by algal limestones (beds 257, 259, pl. 2) in the
overlying Rife Bed of the Tipton Shale Member. The
contact of the Scheggs Bed with the Rife Bed is at the
base of these ledge-forming algal limestones, which
coincides with a color change in weathered outcrops
from drab brown in the Scheggs Bed to chalky gray in
the Rife Bed. The contact of the Scheggs Bed with the
underlying Niland Tongue is at the base of the lower-
most oil shale bed that overlies nonlacustrine barren
shale and sandstone (pl. 2).

The Scheggs Bed (beds 249-256, pl. 2) measures 63 ft
thick (rounded to the nearest foot) and consists mostly
of brown to gray fissile to papery oil shale. Thin beds of
sandstone and interbedded carbonaceous shale (beds
250-252, pl. 2) are present in the lower part. The
sediments that compose the bed were deposited on the
bottom and along the swampy margins of a large
freshwater lake. Ostracodes are abundant in most of
the oil shale beds, and mollusks, including Goniobasis
sp., were identified in bed 252 (pl. 2).

RIFE BED OF TIPTON SHALE MEMBER

The Rife Bed of the Tipton Shale Member was
measured across the N sec. 30, T. 16 N., R. 100 W,
west of Sand Butte (pl. 2). The bed weathers chalky
gray and forms slopes that rise in step fashion from
west to east. The basal contact of the bed, as just
discussed, is at the base of a ridge-forming algal
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limestone (bed 257, pl. 2). The upper contact is at the
base of the lowermost green claystone (of the Wilkins
Peak Member; bed 269, pl. 2) that overlies the thick oil
shale beds (beds 266, 268, pl. 2) that comprise the bulk
of the Rife Bed. Stratigraphic correlations of the Rife
Bed and the Wilkins Peak Member in outcrops along
the eastern and western margins of the Washakie
basin (Roehler, 1981, 1989) reveal that the two units
are partly intertongued.

The Rife Bed (beds 257-268, pl. 2) measures 120 ft
thick (rounded to the nearest foot) in the reference
section and consists of brown to dark-brown oil shale
and thin interbedded tan algal limestone and dolomite.
The sediments that formed the Rife Bed were deposited
on the bottom and along the shorelines of a large
saltwater lake. Excluding the algal limestone and a
few ostracodes found in bed 261 (pl. 2), the Rife is
barren of fossils.

WILKINS PEAK MEMBER

The Wilkins Peak Member was measured in NEV4
sec. 30, N¥z sec. 29, and SWVaSEV4 sec. 19, T. 16 N,
R. 100 W. along the slopes of Dripping Rock Draw west
of Sand Butte. The member weathers chalky gray and
crops out as a series of low benches capped by sand-
stone or algal limestone that rise eastward in upslope
directions. Much of the member between these benches
is covered by soil, sagebrush, and other desert vege-
tation. The Wilkins Peak Member intertongues with
the Cathedral Bluffs Tongue of the Wasatch Forma-
tion, and the contact of these units is at the base of the
lowermost bed with red coloration (bed 295, pl. 2) in the
intertongued sequence.

The Wilkins Peak Member (beds 269-294, pl. 2)
measures 119 ft thick (rounded to the nearest foot). It
is composed of green claystone and mudstone and
interbedded brown oil shale, gray sandstone, gray to
tan limestone, algal limestone, and dolomite. The
sediments of the member were mostly deposited in
deep saltwater lakes and on mudflats adjacent to the
lakes. Bed 276 (pl. 2) contains isolated concentrations
of bird and fish bones in a ledge-forming sandstone.
The bird bones were identified as belonging to a
primitive flamingo (P.O. McGrew, oral commun.,
1972). Bed 281 is a soft claystone which contains fossils
of unidentified plant fragments, fish bones, and ostra-
codes.

LACLEDE BED OF LANEY MEMBER

The LaClede Bed, the basal oil shale unit of the
Laney Member, was measured on the west slopes of
Kinney Rim in NWViNEV4 sec. 19, and SEV: sec. 18,
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T. 14 N,, R. 99 W. The measured section parailels the
south edge of a road that crosses Kinney Rim a few
miles north of the Pioneer gas field. The LaClede Bed
crops out as a series of cliffs and ledges that are
interrupted by narrow, steep slopes. The bed is well
exposed, but the contact with the underlying Cathedral
Bluffs Tongue of the Wasatch Formation is partly
obscured by slope wash. The LaClede Bed (beds 373—
452, pl. 2) measures 470 ft thick (rounded to the
nearest foot) and is composed mostly of brown to black
oil shale and some thin interbedded gray sandstone,
tan and gray limestone and shale, gray siltstone,
brown clay shale, tan claystone and tuff, and gray
analcimic tuff. Beds containing large amounts of tuff
commonly form tan or buff grooves in outcrops (beds
388, 405, and 423, pl. 2). One of these grooves, the buff
marker bed (bed 423), forms an easily recognized
stratigraphic unit in outcrops along the west side of the
Washakie basin (Roehler, 1973a, p. E7). The silver
bench that underlies the buff marker bed is an
informal name used to describe an interval of silver-
gray-weathering rich oil shale beds (Trudell and
others, 1973, fig. 5). The LaClede Bed was deposited in
the largest of the Green River lakes (Lake Gosiute)
during the hottest, wettest period of the Eocene. The
lake was saline in the basal part of the LaClede Bed,
but it freshened upward. It was probably a fresh body
of water by the time of deposition of beds 444 and 448
(pl. 2), which contain gastropods and other uniden-
tified mollusk shell fragments. Oolites, pisolites,
insects, fish, and plant fragments are present in
various other beds (pl. 2). The contact of the LaClede
Bed with the overlying Sand Butte Bed is marked by
the regional unconformity that was identified by
Schultz (1920), Bradley (1964), Roehler (1973a), and
Trudell and others (1973).

SAND BUTTE BED OF LANEY MEMBER

The Sand Butte Bed of the Laney Member (beds
453-514, pl. 2) was measured across the crest of
Kinney Rim in SEV4 sec. 18, SV2 sec. 17, S¥2 sec. 16,
and N¥2SW¥; sec. 15, T. 14 N., R. 99 W. The bed crops
out as a series of high-standing, steeply eastward
dipping hogback ridges capped by resistant limestone
and sandstone that are separated by less resistant
mudstone and shale valleys. The elevations of the
crests of the hogback ridges progressively decrease
eastward down the east slopes of Kinney Rim. The
Sand Butte Bed weathers mostly drab tan and gray. It
measures 850 ft thick and consists of tan tuffaceous,
partly mollusk bearing sandstone and siltstone, and
thin interbedded gray, red, or brown sandstone and
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siltstone, brown oil shale, tan, white or gray tuff, tan,
gray, or brown, partly fossiliferous limestone, gray,
brown, or green mudstone, and gray conglomerate. The
presence of freshwater mollusks in beds 455, 456, 475,
478, and 498 (pl. 2) indicates that the bed was depos-
ited in shallow freshwater stages of Lake Gosiute.
Wood, leaf, trace, ostracode, and fish fossils were
identified in various beds as indicated on plate 2.
Mudcracks are present near the top of bed 493. Other
significant lithologies include a radioactive tuff, bed
492, and a persistent ridge-forming algal limestone,
bed 514, that defines the contact of the Sand Butte Bed
with the overlying Washakie Formation.

The Hartt Cabin Bed of the Laney Member, as
discussed previously, is not present in the southwest
part of the Washakie basin in the area where the
reference section was measured. It is present in other
parts of the basin where it intertongues with and
grades laterally into the Sand Butte Bed of the Laney
Member and the Kinney Rim Member of the Washakie
Formation (Roehler, 1973a, 1985).

WASHAKIE FORMATION

The Washakie Formation in the Washakie basin is
divided into a lower Kinney Rim Member (beds 515—
568, pl. 2) and an upper Adobe Town Member (beds
569-708, pl. 2) by minor lithologic changes and a
basinwide unconformity (Roehler, 1973a, p. 12). The
unconformity is located at the base of a 25-ft-thick
ridge-forming sandstone known informally as the
lower brown sandstone, bed 569 (pl. 2).

The Kinney Rim and Adobe Town Members were
mostly deposited in fluvial (flood-plain) environments
during the influx of large quantities of airfall volcanic
ash. The Kinney Rim Member measures 851 ft thick
(rounded to the nearest foot) and is composed of gray,
green, and some red mudstone and interbedded gray
and gray-green sandstone, gray limestone and silt-
stone, and gray to white tuff. The Adobe Town Member
measures 2,326 ft thick (rounded to the nearest foot)
and is composed of gray, green, and red tuffaceous
mudstone alternating with gray tuffaceous and arkosic
sandstone and minor thin beds of green shale, gray and
green tuff, and gray siltstone and conglomerate. The
top of the Adobe Town Member is the top of Eocene
rocks in the Washakie basin. Vertebrate, invertebrate,
plant, and trace fossils are abundant in both the
Kinney Rim and Adobe Town Members (pl. 2).

KINNEY RIM MEMBER

The Kinney Rim Member was measured on the lower
east slopes of Kinney Rim across the S%: sec. 16 and
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NV2SW¥s sec. 15, T. 14 N, R. 99 W. The outcrops
consist of tan and gray hogback ridges capped by
resistant limestone and sandstone that are separated
by less resistant mudstone and shale. The most
distinctive stratigraphic marker beds in the section are
bed 540, a white tuff, and beds 560-563, an interval
of mostly red and gray banded mudstones and
sandstones.

ADOBE TOWN MEMBER

The Adobe Town Member was measured in five
segments. The basal part, beds 569-579 (pl. 2), was
measured in N¥2SWV4 sec. 15, T. 14 N., R. 99 W. at
the base of the east slopes of Kinney Rim. Beds 580~
628 were measured in NW¥4 sec. 29 and SW¥4 sec. 20,
T. 13 N., R. 98 W., between small unnamed tributaries
of Shell Creek that flow eastward from Kinney Rim.
Beds 629-675 were measured in NEVANWY4 sec. 29,
W sec. 19, and W2 sec. 17, T. 13 N., R. 97 W. across
the headwaters of Skull Creek that forms the major
drainage system between Cherokee Ridge near the
south margin of the Washakie basin and Skull Creek
Rim within the basin to the north. Beds 676687 and
688-708 were measured in NWY4 sec. 30 and S sec.
31, T. 15 N., R. 97 W. along the west rim of a badland
area known as Adobe Town.

PREVIOUS CORRELATIONS OF EOCENE
ROCKS IN THE GREEN RIVER AND
WASHAKIE BASINS

Eocene rocks have been correlated in the Green
River and Washakie basins biostratigraphically, chron-
ostratigraphically, and lithostratigraphically. The earl-
iest correlations were biostratigraphic by the verte-
brate paleontologists Matthew (1909), Granger (1909),
and Osborn (1929), who attempted to establish time
zones or stratigraphic horizons based on age-diagnostic
fossil mammals. Similar, more recent, biostratigraphic
correlations were made by Turnbull (1978). The work
of Matthew, Granger, Osborn, and Turnbull was
restricted to very fossiliferous middle and upper
Eocene rocks. Additional biostratigraphic correlations
involving early Eocene fossil mammals were attempted
by Gazin (1962). Chronostratigraphic correlations
have combined the faunal data assembled by Wood and
others (1941) with the radiometric dating of biotites in
tuffs by Evernden and others (1964). Lithostrati-
graphic correlations have been made by numerous
authors, including Schultz (1920), Sears and Bradley
(1925), Gazin (1959), McGrew and Roehler (1960),
Bradley (1964), Roehler (1974), and Sullivan (1980).

WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS

The various methods that have been employed to
correlate Eocene rocks in the Green River and Wash-
akie basins are discussed in following paragraphs.

BIOSTRATIGRAPHIC CORRELATIONS

The Bridger Formation in the Green River basin was
divided by Matthew (1909) into five faunal zones, A, B,
C, D, and E, that are defined by thin “white layer”
marker beds consisting of either lacustrine limestone
or tuff. The areal distribution and a cross-sectional
profile of the five faunal zones envisioned by Matthew
(1909, pl. 42) are shown in figure 3. The stratigraphy of
the five faunal zones of Matthew was illustrated
graphically (fig. 4) in a columnar section constructed
years later by Osborn (1929, fig. 55, p. 80). Note that in
Matthew’s cross-sectional profile (fig. 3) the Bridger
A-B levels are shown to wedge out eastward across the
Green River basin upon a regional unconformity.
Stratigraphic investigations by Bradley (1964, p. A18)
have correctly demonstrated that the A-B levels inter-
tongue eastward and are partly replaced from the base
upwards by the Laney Member of the Green River
Formation. Biostratigraphic work by Kistner (1973)
provides conclusive evidence that parts of both the
Bridger A and B levels are present east of Matthew’s
line of cross section along the west side of the Rock
Springs uplift.

The upper three faunal zones of the Bridger For-
mation, C, D, and E, are identified in the Green River
basin reference section (pl. 1) by two of the white layer
marker beds named by Matthew (1909). The lowermost
of these layers, the Burnt Fork white layer, consists of
a gray ledge-forming limestone (bed 549, pl. 1) that
weathers to a wide bench in outcrops along the north-
ern margins of Black Mountain in sec. 10, T. 14 N,,
R. 109 W. As indicated by Matthew (1909), the Burnt
Fork white layer is situated near the middle of Bridger
C. The Burnt Fork white layer corresponds to the Sage
Creek white layer as defined and mapped by Bradley
(1964, p. A51, pl. 1).

The upper white layer of Matthew (1909) is strati-
graphically higher than the Burnt Fork (Sage Creek)
white layer and is the uppermost recognizable marker
bed in the reference section (pl. 1). It consists of a gray
silty tuff (bed 595, pl. 1) that encircles the upper parts
of Twin Buttes and Black Mountain in T. 13-14 N,
R. 109-110 W. The upper white layer is the only
distinctive stratigraphic unit in a thick interval
composed mostly of homogeneous mudstone, and it was
consequently used as an arbitrary boundary separa-
ting the middle and upper Eocene in the reference
section (pl. 1).
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Ficure 3.—Cross-sectional profile and map of Bridger A, B, C, D, and E faunal zones in Green River basin, Wyoming. Linework from
Matthew (1909).

Bradley’s (1964, pl. 1) Sage Creek white layer (bed
549, pl. 1) is the only marker bed that can be mapped
continuously across the southern part of the Green
River basin. The remaining white layers are local in
extent. According to Koenig (1960, p. 165) and West
(1976, p. 5), many of the white layer marker beds have
been incorrectly correlated. Bradley’s (1964) Sage
Creek white layer was used in the reference section
(pl. 1) to informally divide the Bridger Formation into
a lower part, 540 ft thick, and an upper part, 1,565 ft

thick. The lower and upper parts as thus defined are
approximate equivalents of the informal biostrati-
graphic terms Blacks Fork member and Twin Buttes
member of the Bridger Formation as defined by Wood
and others (1941).

The Washakie Formation in the Washakie basin was
divided biostratigraphically by Granger (1909) into a
lower part, Washakie A or Uintatherium zone, and an
upper part, Washakie B or Eobasileus zone (fig. 5).
Granger's Washakie A included the stratigraphic
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Ficure 4.—Columnar section of the Bridger Formation in Green
River basin showing faunal zones A-E and stratigraphic positions
of white layer marker beds. Linework from Osborn (1929).

interval from the base of his bed 1 (fig. 5), the lower
brown sandstone (bed 569, pl. 2), upward to his bed 11
(beds 620-622, pl. 2). Granger’s Washakie B included
the section from his bed 11 upward to his bed 22 (fig. 5),
which is equivalent to beds 623-676 (pl. 2). Bed 22
comprises the uppermost Eocene rocks that are
exposed in Granger’s measured section on Haystack
Mountain in the north-central part of the basin.
Granger’s measured section (fig. 5) does not include the
upper and lower parts of the Washakie Formation as it
was redefined by Roehler (1973b). Nearly 300 ft of the
formation (beds 677-708, pl. 2) overlies the level of
Granger’s bed 22 at Skull Creek Rim, 15-20 mi
southwest of Haystack Mountain. An additional 900 ft
of the Washakie Formation (beds 515-568, pl. 2)
underlies Granger’s bed 1 (fig. 5). Granger apparently
ignored the fact that King (1877, p. 214) had previously
reported the presence of strata equivalent to the Wash-
akie Formation below his bed 1 on the east slopes of
Kinney Rim in the southwestern part of the basin.

WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS

King (1877, p. 216) also noted that the beds at the top
of Haystack Mountain were not the uppermost Eocene
rocks (Washakie Formation) in the Washakie basin.
The beds measured by Granger on Haystack Mountain
(fig. 5, probably by altimeter) range from 25 to 60
percent less in thickness than the thicknesses of the
beds shown by Roehler (1973b, pl. 2, measured by
Jacob’s staff and Abney level) for the same section.

The differences in the stratigraphic positions of the
mammalian genera by which faunal zones were
identified in the Green River and Washakie basins
were described by Granger (1909, p. 22). Granger
concluded that the genera from Washakie A in the
Washakie basin are nearly identical to those of Bridger
C and D in the Green River basin, which are middle
Eocene age (compare figs. 4 and 5). The genera from
Washakie B, however, were distinct from those of
Washakie A and Bridger C and D. They closely
resembled the genera from Uinta A and B in the Uinta
basin in northeast Utah (Osborn, 1929, p. 91), which
are late Eocene age. The uppermost Eocene rocks of
Osborn (1929) in the Green River basin are Bridger E
(beds 604-624, pl. 1), and these rocks, although unfos-
siliferous and undated, occupy the approximate
stratigraphic position of the lower part of the upper
Eocene rocks in the Washakie basin (beds 629-645,
pl. 2).

Turnbull (1978) collected fossil mammals from 77
localities in the Washakie Formation in the Washakie
basin over a period of 20 years beginning in 1956. From

22 Summit of
Haystack Mt

Eobasileus cornutus
(Type skull)
Dolichorhinus hyognathus
(Skuli Am. Mus. coll. 1906)

EOBASILEUS ZONE
Eobasileus 20

Achaenodon

Amynodon 17; 80  Metarhinus earlei
Dolichorhinus ft (Type skull)
Metarhinus

Level of Adobe Town

Manteaceras washakiensis

(Type skull)
UINTATHERIUM ZONE ? U{Loxolophodon) speirianum
Uintatherium (Type skull)
Manteoceras
Mesatirhinus 60

Notharctus
Hyrachyus

Sinopa
p Lower brown sandstone

No fossils

Ficure 5.—Columnar section of the Washakie Formation at Haystack
Mountain in the Washakie basin showing numbered beds in
faunal divisions A and B. Linework from Granger (1909).
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preliminary fossil identifications, he divided the for-
mation into four parts using the same stratigraphic
nomenclature and bed numbers that are used in this
report. Turnbull’s (1978, p. 573-579) four parts in
ascending sequence are (1) the Kinney Rim Member,
beds 515-568; (2) the lower 878 ft of the Adobe Town
Member, beds 569-628; (3) the middle 1,101 ft of the
Adobe Town Member, beds 629-675; and (4) the upper
341 ft of the Adobe Town Member, beds 676-708.
Turnbull (1978, p. 577) equated the Kinney Rim
Member to Bridger A and B in the Green River basin,
and the lower part of the Adobe Town Member to
Bridger C and D in the Green River basin. He equated
the middle Adobe Town Member to Uinta A and B in
the Uinta basin, and the upper part of the Adobe Town
Member to Uinta C and D in the Uinta basin.

CHRONOSTRATIGRAPHIC CORRELATIONS

The boundaries and ages of the lower, middle, and
upper Eocene rocks shown on the reference sections,
plates 1 and 2, were determined by a combined faunal
and radiometric age-dating method. The criteria for
establishing the timelines were initially based on the
stratigraphic occurrence of index fossils and the first
and last appearance of fossil mammals (Wood and
others, 1941, p. 8). The work of Wood and others (1941)
resulted in the faunal division of continental Eocene
rocks into lower, middle, and upper parts named the
Wasatchian, Bridgerian, and Uintan provincial ages,
respectively. Evernden and others (1964, p. 165) later
determined the physical ages (in millions of years
before present) for these provincial ages by analyzing
potassium-argon in biotite from tuff beds at various
levels in the Eocene sections. By this method “North
American land mammal ages” were established. The
North American land mammal ages do not correspond
to the European ages (Ypresian, Lutetian, Bartonian,
and Priabonian), to the numerical time scales estab-
lished worldwide for Eocene chronostratigraphic units
(Salvador, 1985), or to the boundaries of lithostrati-
graphic units in the Green River basin and Washakie
basin reference sections (this report).

The accuracy of the faunal and radiometric age-
dating method has been seriously questioned in recent
years. Opinions differ concerning unsubstantiated mor-
phological and temporal factors and the effects of local
paleoecology on mammalian evolution. Also, attempts
by Mauger (1977) using potassium-argon to date 12
tuffs that form persistent stratigraphic marker beds in
the Green River and Washakie basins proved unsuc-
cessful. The ages he determined for the marker beds
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ranged from 34 to 153 million years, and many were
chronologically out of order. Some of the biotites were
altered and degraded, and it was difficult to separate
those of volcanic origin from those of extraneous detri-
tal origin.

Although the faunal and radiometric method of
correlating and dating is probably inappropriate for
determining the age of Eocene rocks in the greater
Green River basin, I have nonetheless used it in this
report because of its historical precedence. Note, how-
ever, that the chronostratigraphic terms lower, middle,
and upper Eocene are used in preference to the
synchronous faunal terms Wasatchian, Bridgerian,
and Uintan provincial ages.

LITHOSTRATIGRAPHIC CORRELATIONS

Eocene lithostratigraphic units were not accurately
correlated across the greater Green River basin area
until the work of Schultz (1920). Schultz (1920,
p- 27-30) named the Tipton Shale and Laney Members
of the Green River Formation and the Cathedral Bluffs
Tongue of the Wasatch Formation, and he correlated
these and other Eocene strata from the west side of the
Rock Springs uplift (the Green River basin) to the east
side of the Rock Springs uplift (the Washakie basin).
Later, Sears and Bradley (1925, fig. 10, p. 99) corre-
lated the same units from a section measured near
Green River, Wyo., to sections measured 70-90 mi to
the southeast at Lookout Mountain and near the Little
Snake River in northwest Colorado. Gazin (1959, fig. 1,
p. 134) prepared one of the first correlation charts that
showed the approximate relationships of Eocene
stratigraphic units, ages, and faunal horizons in basins
adjacent to the Uinta Mountains. McGrew and Roehler
(1960, p. 156) subsequently prepared a similar corre-
lation chart for Eocene formations in southwest
Wyoming. In an appraisal of Eocene rocks, Bradley
(1964, fig. 6, p. A18) drew a simple diagrammatic
section of the greater Green River basin on which he
correlated the members and tongues of the Wasatch,
Green River, and Bridger Formations. An interbasin
correlation of Eocene stratigraphic units was published
by Roehler (1974, fig. 4, p. 63) for the Green River and
Washakie basins in southwest Wyoming, the Sand
Wash and Piceance Creek basins in northwest
Colorado, and the Uinta basin in northeast Utah (a
modified version of this correlation appears in Chapter
E of this volume). A detailed report covering the
intertonguing relations, age, thickness, environments
of deposition, and areal distribution of lithofacies of
Eocene rocks in southwest Wyoming was published by
Sullivan (1980).



D16

CORRELATION OF THE GREEN RIVER
AND WASHAKIE BASIN REFERENCE
SECTIONS

Eocene strata in the Green River and Washakie
basin reference sections show remarkably similar
thicknesses and lithologies. These relationships are
discernible on a generalized correlation diagram,
figure 6. The correlations in figure 6 are based on the
composition and stratigraphic position of persistent
marker beds and the boundaries of major lithologic
units that distinguish depositional events that
occurred contemporaneously in both basins. The age or
timing of many of these events is corroborated by the
evidence of vertebrate fossils. More precise correlations
than those of figure 6 are possible using plates 1 and 2
and the bed descriptions in the detailed reference
sections herein. Note that the Eocene section is about
1,350 ft thicker in the Washakie basin reference
section than it is in the Green River basin reference
section, and that the upper 875 ft of rocks in the
Washakie basin is missing by nondeposition or erosion
in the Green River basin.

ANALYSIS OF EOCENE ROCKS IN THE
WASHAKIE BASIN REFERENCE SECTION

PETROGRAPHY

The petrography of the Washakie Formation was
examined by Johannsen (1914) from 31 rock samples
collected in the field by H.F. Osborn. Johannsen used
the measured section of Granger (fig. 5, this report) to
locate the stratigraphic positions of the samples.
Johannsen (1914, p. 210-211) concluded from his
investigations that the middle and upper Eocene rocks
in the Washakie basin were composed chiefly of tuff.
He believed that the tuff was primarily an eruptive
dacite, but that it could have been an andesite with
sedimentary quartz grains. A volcanic origin for the
rocks in the Washakie Formation was determined at
about the same time by Sinclair (1909, p. 26), who
described the tuff as andesitic.

A few comments can be made here concerning the
petrography of Eocene rocks in the Washakie basin.
The rocks from the base of the main body of the
Wasatch Formation upward in section to the middle of
the Sand Butte Bed of the Laney Member of the Green
River Formation are derived mainly from plutonic
source rocks. The rocks overlying the middle of the
Sand Butte Bed of the Laney Member are derived

WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS

EXPLANATION

Conglomerate
Sandstone
Siltstone
Shale

% Clay shale or low-grade oil shale

% Oil shale

% Carbonaceous shale
Mudstone (gray or green)
Mudstone (variegated)
Mudstone (dolomitic)
% Limestone

E Coal

Tuff

---------- Boundaries of lower, middle, and
upper Eocene rocks

* Vertebrate fossil locality

423 Numbered beds described in the
detailed reference sections

mainly from volcanic rocks (fig. 6). Most of the plutonic
and volcanic material in these rocks was reworked by
fluvial processes prior to burial, and much of it has
been diagenetically altered. Mineral grains such as
quartz exhibit only slight rounding, suggesting that
the sediments composing the plutonic source rocks
were transported only short distances before depo-
sition. The volcanic rocks are mostly eruptive andesites
from source areas outside the greater Green River
basin. Pebbles of extrusive porphyritic andesite were
found in a few conglomerates in the Adobe Town
Member in the Washakie basin. They were found in
bed 636 (pl. 2) in sec. 20, T. 13 N., R. 97 W. (composed
90 percent of andesite pebbles), in an unidentified
bed in the northeastern part of the basin in sec. 21,
T. 15 N, R. 99 W. (composed 5 percent of andesite
pebbles), and in an unidentified bed in the south-
western part of the basin in sec. 18, T. 14 N, R. 98 W.
(composed 55 percent of andesite pebbles). The ande-
site pebbles are well rounded (many are egg shaped)
and appear to have been transported by streams for
long distances (as much as 200 mi from the Absaroka
volcanic field in northwest Wyoming). Many of the
limestones in the Green River Formation, particularly
those deposited in the salt waters of Lake Gosiute
during deposition of the Rife Bed of the Tipton Shale
Member, Wilkins Peak Member, and LaClede Bed of
the Laney Member, are partly or completely altered to
dolomite. Evaporites are present in these same
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Ficure 21.—Stratigraphic distribution and relative amount of kaolinite in Eocene rocks in Washakie
basin reference section based on peak heights from X-ray diffractograms.
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Figure 22.—Stratigraphic distribution and relative amount of illite in Eocene rocks in Washakie basin reference section based on peak
heights from X-ray diffractograms.
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Ficure 23.—Stratigraphic distribution and relative amount of montmorillonite in Eocene rocks in
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Ficure 25.—Stratigraphic distribution and relative amount of potassium feldspar in Eocene rocks in Washakie basin reference section based
on peak heights from X-ray diffractograms.
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Ficure 26.—Stratigraphic distribution and relative amount of analcime in Eocene rocks in Washakie basin reference section based on peak
heights from X-ray diffractograms.
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burial. The clinoptilolite in the Laney Member of the
Green River Formation and in the Washakie Forma-
tion (fig. 27) was deposited during freshwater stages of
Lake Gosiute and in freshwaters on flood plains that
developed after the lake had disappeared.

According to Minato and Utada (1969, p. 132-133),
zeolite minerals are used as agents for moisture
adsorption and deodorization, as an additive to aid in
the retention of fertilizer on agricultural lands, and for
papermaking. Mercer (1969, p. 209) stated that clinop-
tilolite, as an agent for the removal of ammonium
nitrogen from wastewaters, will have major use in
control of water pollution. Beds containing large
amounts of minable clinoptilolite are concentrated in
two stratigraphic intervals in the Adobe Town Member
of the Washakie Formation, beds 566-589 (279 ft thick)
and beds 603618 (184 ft thick). Bed 579 in the lower of
the two intervals is called the robins-egg-blue marker.
This bed ranges from less than 10 ft to more than
100 ft thick and is composed more than 50 percent of
clinoptilolite. It is estimated to contain at least 5 billion
tons of clinoptilolite (Roehler, 1973c¢, p. 55). Clinoptilo-
lite appears to be an easily exploited, inexhaustible
resource in the Washakie basin.

MORDENITE

Mordenite, another member of the zeolite group, is a
hydrous calcium sodium aluminum silicate mineral
with chemistry similar to clinoptilolite. Mordenite is a
high-silica type of zeolite (Minato and Utada, 1969,
p. 130). It generally contains more sodium than potas-
sium, and this chemical parameter commonly distin-
guishes it from clinoptilolite (Sheppard, 1971, p. 301~
302). Clinoptilolite and mordenite commonly coexist
and are difficult to differentiate, but X-ray diffraction
techniques are adequate for this purpose. Mordenite
forms by the alteration of tuffaceous rocks and is
characterized by relict vitroclastic textures (Goodwin
and Surdam, 1967, p. 307).

Mordenite forms under less saline, alkaline con-
ditions than does analcime, and in the Washakie basin
reference section it occurs only in rocks deposited in
freshwater (figs. 5, 28). Mordenite is present in small
amounts in a number of beds in the LaClede and Sand
Butte Beds of the Laney Member of the Green River
Formation, and it is a common mineral throughout the
Washakie Formation. The low peak heights on X-ray
diffractograms (fig. 28) indicate that the mineral is
probably not sufficiently concentrated to have eco-
nomic importance, except for those beds where it
coexists with clinoptilolite and analcime.
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X-RAY FLUORESCENCE

Twenty-one spot samples of rocks from the Washakie
basin reference section were analyzed by X-ray fluor-
escence (table 4) to determine the occurrence and
relative amounts of 18 selected elements. The analyses
are qualitative scans, and the data are shown as raw
counts. No anomalously high concentrations of ele-
ments are revealed by the data.

OIL SHALE ASSAYS

0il shale deposits in the Washakie basin were first
reported by Winchester (1923). The stratigraphy of the
oil shale-bearing units was later investigated by
Roehler (1969). An evaluation of oil shale resources
from data collected from cores of the Green River
Formation in the southwest part of the basin was
published by Trudell and others (1973). Oil shale
outcrops were mapped, and resource estimates for
selected beds in the basin listed by Roehler (1973c).

0il shale in Eocene rocks in the Washakie basin is
concentrated in the Luman Tongue, Scheggs Bed of the
Tipton Shale Member, Rife Bed of the Tipton Shale
Member, and LaClede Bed of the Laney Member of the
Green River Formation. A few thin oil shale beds are
also present in the Niland Tongue of the Wasatch
Formation and Sand Butte Bed of the Laney Member
of the Green River Formation (pl. 2). The term oil shale
in this report refers to all types of kerogenaceous rocks
regardless of their composition or the amount of oil
they will yield by assay. The term “rich oil shale” is
used to identify beds that will yield more than 15
gallons of oil per ton of rock by assay, and the term
“lean oil shale” is used to identify beds that will yield
less than 15 gallons of oil per ton of rock by assay.

Two lithologically distinct types of kerogenaceous
rocks are present—shales and dolomites. The kerogen-
aceous shales are generally of freshwater origin, tan to
brown, commonly varved, generally papery, and very
fossiliferous. They comprise most of the lean oil shale
beds in the section. The outcrops of these beds
commonly weather drab brown to drab gray brown and
form smooth unbroken slopes. The shales consist
chiefly of quartz, feldspar, and clay. The carbonate
content is generally less than 6 percent. The kerogen-
aceous dolomites (also called kerogenaceous marl-
stones, mudstones, or clay shales) are mostly of salt-
water origin, dark brown to black, hard, dense, and
seldom fossiliferous. They comprise most of the rich oil
shale beds in the section. The outcrops of these beds
commonly weather light gray to silver gray and form
slopes broken into benches by resistant beds of
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Ficure 27.—Stratigraphic distribution and relative amount of clinoptilolite in Eocene rocks in Washakie
basin reference section based on peak heights from X-ray diffractograms.
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Ficure 28.—Stratigraphic distribution and relative amount of mordenite in Eocene rocks in Washakie basin reference
section based on peak heights from X-ray diffractograms.
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extremely rich oil shale, algal limestone, oolitic
limestone, and sandstone. The beds are dominantly
carbonates (generally 40-50 percent), with lesser
amounts of quartz, clay, and zeolite.

The oil shale samples collected for assay during
measurement of the Washakie basin reference section
are channel samples. The amount of oil in these
weathered samples has been reduced from about 5 to
25 percent by oxidation and biogenic degradation as a
result of surface exposure. Because of this weathering,
the oil shale assays from the reference section are
compared to assays of unweathered core samples from
the nearby U.S. Bureau of Mines Washakie basin
Coreholes No. 1, located in sec. 17, T. 14 N, R. 99 W,
and No. 1A, located in sec. 24, T. 14 N., R. 100 W. Oil
yields of the outcrop and core samples were determined
by the Fischer retort method, whereby the kerogen
(insoluble organic material) in the rocks is converted
by distillation into a low-quality crude oil. The samples
were assayed at the U.S. Bureau of Mines Laramie
Energy Research Center, Laramie, Wyo.

LUMAN TONGUE

One thick bed of lean oil shale is present at the top of
the Luman Tongue, and several thin beds of lean oil
shale are spaced through the middle and lower parts of
the tongue (fig. 29). The oil shale beds in the tongue
consist of kerogenaceous shale of freshwater lacustrine
origin. The oil shale beds along the Luman outcrops
were so badly weathered that samples were not
collected for Fischer assay. Instead, visual estimates of
oil yields (based on color) were recorded for each bed in
the field, and these estimates are illustrated in figure
29. The estimates suggest that few, if any, of the beds
will have oil yields in excess of 15 gal/ton. The
estimated oil yields in the Luman Tongue agree with
the assays of cores from the tongue from the U.S.
Bureau of Mines Washakie basin Corehole No. 1A,
located in sec. 24, T. 14 N, R. 100 W. (Trudell and
others, 1973, p. 147-148).

SCHEGGS BED OF TIPTON SHALE MEMBER

The lean oil shale beds that make up the Scheggs
Bed of the Tipton Shale Member (fig. 30) are similar in
composition and appearance to the oil shale beds in the
underlying Luman Tongue. The oil shales in the
Scheggs Bed are similarly deeply weathered along
outcrops, and the samples collected for assay con-
sequently have lower than normal oil yields. Few of
the unweathered oil shale beds in the member are
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expected to yield more than 15 gal/ton by assay. In the
Washakie basin Corehole No. 1A, located in sec. 24,
T. 14 N, R. 100 W, the highest recorded oil yield was
12.0 gal/ton for a bed 1 ft thick near the top of the
member (Trudell and others, 1973, p. 147).

RIFE BED OF TIPTON SHALE MEMBER

The Rife Bed of the Tipton Shale Member is com-
posed mostly of thick beds of lean oil shale with some
thin interbedded rich oil shale. The upper few feet of
bed 266 (fig. 30) assayed 19.1 gal/ton, which is the
richest interval assayed in the member. The Rife
Bed in the U.S. Bureau of Mines Washakie basin
Corehole No. 1A, located in sec. 24, T. 14 N, R. 100 W.,
has a 3.1-ft-thick bed at the top of the member that
averaged 25.4 gal/ton; 14 underlying beds, from lesz
than 1 to slightly more than 4 ft thick, yielded slightly
more than 15 gal/ton (Trudell and others, 1973,
p. 145-146).

WILKINS PEAK MEMBER

The Wilkins Peak Member in the reference section is
a mixture of saltwater lacustrine and mudflat deposits
that contain traces of kerogen, except for bed 289
(fig. 30), which assayed 6.3 gal/ton. The Wilkins Peak
Member thickens southward from 119 ft in secs. 29 and
30,T. 16 N., R. 100 W., where the reference section was
measured, to 214 ft in the U.S. Bureau of Mines
Washakie basin Corehole No. 1, located in sec. 17,
T. 14 N,, R. 99 W. The oil shale beds in the corehole
assayed less than 15 gal/ton, except for one bed less
than 1 ft thick in the upper part of the member that
assayed 22.7 gal/ton (Trudell and others, 1973, p. 143).

LANEY MEMBER

The Sand Butte Bed of the Laney Member contains
five thin beds of oil shale (beds 463, 465, 470, 474, and
482, pl. 2) that by visual estimates will yield less than
15 gal/ton of oil by assay. These beds are entirely of
freshwater lacustrine origin. The Sand Butte Bed
unconformably overlies a thick section of rich oil shales
that are present in the LaClede Bed of the Laney
Member (fig. 31; pl. 2). The oil shale beds in the lower
and middle parts of the LaClede Bed (beds 373-443,
fig. 31) are mostly kerogenaceous dolomites of salt-
water lacustrine origin, and the oil shale beds in the
upper part of the LaClede Bed (beds 444-452, fig. 31)
are mostly kerogenaceous shales of freshwater lacus-
trine origin. The oil shales between beds 390 and 443
(fig. 31), adjacent to the buff marker, are without doubt
the thickest, richest oil shale section in the Washakie
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Ficure 29.—Estimated oil yields of weathered oil shale from outcrops in the Luman Tongue of the Green River Formation in
Washakie basin reference section.

basin. Most of the oil shale beds in this section will
yield more than 15 gal/ton by assay, many will exceed
25 gal/ton by assay, and a few thin beds in the vicinity
of the reference section have assayed more than 40
gal/ton (Roehler, unpub. data). Assays from the U.S.
Bureau of Mines Washakie basin Corehole No. 1,
located in sec. 17, T. 14 N., R. 99 W., indicate that the
section between beds 390 and 443 may contain as much
as 200 million barrels of shale oil per square mile in the
southwestern part of the Washakie basin (Roehler,
1973c¢, p. 49, table 2).

PALYNOMORPHS

Twenty-two spot samples of gray to black carbona-
ceous shale, shale, and mudstone from widely spaced
vertical intervals in the Washakie basin reference
section were collected for palynological identifications.
The stratigraphic positions of the samples and their
assigned paleobotany locality numbers are shown on
table 5. The samples were prepared in the U.S. Geo-
logical Survey paleontology and stratigraphy labora-
tory, Denver, Colo., and the taxa were identified by
E.B. Leopold (written commun., 1976).
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Ficure 30.—Oil yields by Fischer assay of weathered oil shale from outcrop samples of the Scheggs and Rife Beds of the Tipton Shale Member,
and Wilkins Peak Member of the Green River Formation in the Washakie basin reference section.

The palynomorphs indicate that distinctly different
groups of plants were present that reflect different
climates for the Washakie basin area during the
Eocene Epoch (Leopold and MacGinitie, 1972, p. 169—
172). In terms of precipitation and temperature, the
Eocene climates were moist and warm (warm tem-
perate) during the early Eocene, moist and hot (semi-
arid) and then dry and hot (arid) during the late early
and early middle Eocene, wet and hot (subtropical)
during the middle middle Eocene, and dry and cool

(cool temperate) during the late middle and late
Eocene. Within these basic climates, each from 2 to 10
million years long, were lesser and commonly cyclic
climate changes of 15-25 thousand years duration
(Chapter F, this volume). The climate changes are
apparent not only from the palynologic data but also by
distinct changes in the composition and areal<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>