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

EOCENE CLIMATES, DEPOSITIONAL ENVIRONMENTS, AND GEOGRAPHY,
GREATER GREEN RIVER BASIN, WYOMING, UTAH, AND COLORADO

By HENRY W. ROEHLER

ABSTRACT

The climates, depositional environments, and geography of
Eocene rocks in the greater Green River basin are investigated to
determine the origin, mode of deposition, and areal distribution of
the Wasatch, Green River, Bridger, and Washakie Formations. The
data indicate that Eocene climates ranged from cool temperate to
tropical and were affected by both terrestrial and astronomical
factors. The terrestrial factors were mainly latitude, altitude,
regional geography, tectonism, and volcanism. The astronomical
factors are interpreted from repetitious rock sequences in the
Wilkins Peak Member of the Green River Formation that record
seasonal changes, 21,000 year precession of the equinox cycles,
100,000 year eccentricity cycles, and an undetermined cycle of
727,000 years.

Eight depositional environments are identified, discussed, and
illustrated by diagrams, columnar sections, and photographs. They
are: (1) fluvial, (2) paludal, (8) freshwater lacustrine, (4) saltwater
lacustrine, (5) pond and playa lake, (6) evaporite (salt pan), (7)
mudflat, and (8) volcanic and fluviovolcanic. The areal distribution
of the eight depositional environments in the Wasatch, Green
River, Bridger, and Washakie Formations is illustrated by photo-
graphs and 13 paleogeographic maps.

INTRODUCTION

In this report lithostratigraphic, biostratigraphic,
and chronostratigraphic data are used to define and
illustrate the climates, depositional environments,
and geography of Eocene formations in the greater
Green River basin. The chapter begins with a discus-
sion of previous investigations of the Eocene
climates, depositional environments, and geography;
it continues with evidence that the Eocene climates
underwent progressive changes and that these
changes affected the type and distribution of

depositional environments; and it ends with graphic
portrayals of the areal distribution of depositional
environments in relation to Eocene stratigraphic
units.

PREVIOUS INVESTIGATIONS
CLIMATE

The significance of the Eocene climates and cli-
mate changes was first recognized by Bradley in
1925 in a report on the origin of the Green River
Formation and its oil shale. He wrote that the geol-
ogy “is complicated by progressive climatic and, con-
sequently, ecologic changes, upon which were
probably also superposed periodic or cyclic phases of
shorter duration” (Bradley, 1925, p. 262). By using
modern analogs, Bradley (1929, p. 93) estimated that
the mean annual precipitation across the floor of the
basin during the Eocene ranged between 35 and 38
inches and the mean annual evaporation from the
water surface of Lake Gosiute was between 39 and
47 inches. Bradley (1963, table 23.4, p. 635) esti-
mated the mean annual rainfall and temperature for
various altitudes across the hydrographic basin of
the lake, and he calculated that the annual precipi-
tation on the surface of the lake during its salting
stage was about 24 inches. In one of his final papers,
Bradley (1973) indicated that oil-shale beds in the
Wilkins Peak Member of the Green River Formation
were deposited in a “desert environment.” A desert
environment suggests that much hotter and drier
conditions were present during oil shale deposition
than the conditions he had described in earlier
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reports. Bradley's discussions of the Eocene climates
indicate that they primarily pertained to the middle
Eocene part of the Green River Formation.

The most reliable information concerning the
Eocene climates comes from the analysis of mega-
scopic and microscopic plant fossils. Brown (1928,
1934) collected and identified 195 species of plant
megafossils in the Green River Formation in south-
western Wyoming. Other species were subsequently
added to Brown's list by MacGinitie (1969). The
significance of these fossils as paleoclimate indicators
was incorporated in a review of Tertiary floras of the
Rocky Mountains published by Leopold and
MacGinitie (1972).

In 1968, while measuring the Washakie basin ref-
erence section (this volume, Chapter D), I collected
28 rock samples for palynological analysis from vari-
ously spaced stratigraphic levels between the base
and top of Eocene outcrops. Twenty-two of the sam-
ples contained identifiable palynomorphs (Chapter D,
table 5). Climatic interpretations from study of these
palynomorphs were included in the above-mentioned
report by Leopold and MacGinitie (1972). According
to these authors, the early Eocene floras suggest a
humid subtropical to warm temperate climate with
summer rainfall and only mild frost. The mean
annual temperature may have been above 13 °C and
the mean annual range of temperature during the
year could have been from about 22 to 28 °C (Leopold
and MacGinitie, 1972, p. 169). The rocks in this
interval include the main body and Niland Tongue of
the Wasatch Formation and the Luman and Tipton
Tongues of the Green River Formation. The earliest
middle Eocene climate, which pertains to parts of the
Cathedral Bluffs Tongue of the Wasatch Formation
and the Wilkins Peak Member of the Green River
Formation, was described as generally hot and dry
(Leopold and MacGinitie, 1972, p. 170). The early
middle Eocene climate during deposition of the lower
part of the Laney Member of the Green River Forma-
tion was characterized as warm and humid with trop-
ical affinities (Leopold and MacGinitie, 1972, p. 171).
The middle middle Eocene floras, in the upper part of
the Laney Member of the Green River Formation,
indicated a climate change to cooler, subhumid condi-
tions (Leopold and MacGinitie, 1972, p. 172). Late
Eocene pollen and leaf data from the Washakie For-
mation indicate that the climate was dry, but temper-
ate (Leopold and MacGinitie, 1972, p. 172).

In correspondence with MacGinitie (written com-
mun., 1976), the temperature and precipitation ranges
for Eocene rocks were reinterpreted based on the pollen
floras collected in the Washakie basin reference section
(Chapter D, this volume). MacGinitie concluded that

WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS

the average temperature was 18 to 19 °C during early
Eocene, 17 to 18 °C during middle Eocene, and 17 °C
during late Eocene. The average annual precipitation
was probably more than 40 inches during early Eocene,
25 to 35 inches during middle Eocene, and 15 to 20
inches during late Eocene. MacGinitie believed that
there was little seasonality in the early Eocene, but
that it became more pronounced in the middle and late
Eocene.

Axelrod (1968) studied Eocene floras of the Snake
River Plain located in Idaho west of the greater
Green River basin. He concluded that in the Eocene
the Snake River Plain was a volcanic plateau, of
which the highest parts, at altitudes of 4,000 to
6,000 ft, were covered with subalpine and conifer-
hardwood forests. These forests graded eastward and
downward in elevation into Wyoming to the western
margins of the greater Green River basin, where
deciduous hardwood and then evergreen broadleaved
forests were present at altitudes of about 1,500 ft.
He interpreted the climates for these zones as cold
temperate for the subalpine forest and warm temper-
ate for the broadleaved evergreen forest (Axelrod,
1968, table 1). As these floras and their characteriz-
ing climates were present in the mountains along
the western margins of the greater Green River
basin, they were also probably present in the moun-
tains that bounded the north, east, and south mar-
gins of the basin.

The Eocene climate during deposition of the Niland
Tongue of the Wasatch Formation was interpreted by
Nichols (1987) using palynomorphs collected from
core samples in the Vermillion Creek basin in Tps.
12-13 N., Rs. 100-101 W., southwestern Wyoming.
Nichols believed that the climate of the floor of the
basin during deposition of the Niland Tongue was
subtropical without freezing temperatures and humid
enough to support luxuriant vegetation.

DEPOSITIONAL ENVIRONMENTS

Understanding of the depositional history of
Eocene rocks in the greater Green River basin has
greatly improved since Hayden (1869, p. 190-191)
first defined the Green River Formation as a group
of shales of “purely fresh-water origin.” King (1878,
p. 446-447) applied the name Gosiute Lake to the
lacustrine basin in which the sediments of the Green
River Formation were deposited; he stated that there
was “evidence of accumulation in still, rather deep
water.” The lacustrine origin of the Green River
Formation was confirmed in a series of reports sub-
sequently published by Bradley (1926, 1929, 1936,
1948, 1959, and 1964). Bradley also acknowledged
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the fluvial origin of the Wasatch and Bridger
(Washakie) Formations in these reports, but he did
not discuss the defining characteristics of the fluvial
environment. Studies of depositional environments of
Eocene rocks in the greater Green River basin have
focused, for example, on the Rock Springs uplift area
(Roehler, 1965), on the Green River Formation of
Wyoming (Eugster and Surdam, 1973), on playa-lake
environments in particular (Wolfbauer, 1973), and on
southwestern Wyoming stratigraphy (Sullivan, 1980).
Numerous additional papers have focused on the sed-
imentology, lithofacies, mineralogy, geochemistry, or
economics of specific areas or specific stratigraphic
units.

The Green River Formation has probably been
studied in greater detail than any other stratigraphic
unit in the Western Interior United States. These
studies have been prompted by the economic impor-
tance of the trona, oil shale, and uranium deposits in
the formation, and by the scientific interest created
by the presence of more than 50 syngenetic and
authigenic minerals (mostly carbonates, silicates,
and phosphates). A long Ilist of investigations
includes important works by Milton and Eugster
(1959), Milton and Fahey (1960), Smith (1961), Man-
nion and Jefferson (1962), Love (1964), lijima and
Hay (1968), Eugster and Hardie (1975), Desborough
(1975), Robb and Smith (1976), Hardie, Smoot, and
Eugster (1978), Surdam and Stanley (1979, 1980),
Mott and Drever (1983), and Sullivan (1985).

Eocene environments of deposition were classified
by Roehler (1965). The environments were listed as:
(1) non-red-bed fluviatile, (2) red-bed fluviatile, (3)
paludal, (4) recurrent lacustrine, (5) shallow lacus-
trine, (6) deep lacustrine, (7) evaporitic, and (8) mud-
flat. These depositional environments were later
modified and expanded by Roehler (1974) to 10 envi-
ronments consisting of: (1) mountain front, (2) red-
bed fluviatile, (3) non-red-bed fluviatile, (4) fresh-
water lacustrine, (5) pond, (6) swamp (paludal), (7)
saline lacustrine, (8) shoreline, (9) mudflat, and (10)
evaporite. Further discussion and refinement of this
classification system appear later in this chapter. The
classification system may not be applicable to rocks of
other geologic ages in other geographic areas, but it
is useful for studying Eocene rocks in the greater
Green River basin.

PALEOGEOGRAPHY

The first maps that show the geographic distribu-
tion of Eocene rocks in the greater Green River basin
were published in 1964 (Bradley, 1964). In 1965,
Roehler (fig. 2, p. 146) illustrated the areal extent of
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the Ramsey Ranch Member of the Wasatch Forma-
tion and the Luman Tongue and Wilkins Peak
Member of the Green River Formation on a map of
the basin co.-piled on a cadastral base. Generalized
paleogeographic maps of poorly identified strati-
graphic levels in the Green River Formation were
later published by Wolfbauer (1973), Surdam and
Wolfbauver (1975), and Stanley and Surdam (1978).
The first definitive investigation of the Eocene geog-
raphy was by Sullivan (1980), who prepared isopach
and lithofacies maps for all of the major strati-
graphic units. The areal distribution and thickness of
stratigraphic units in the Wasatch and Green River
Formations are illustrated by isopach maps in
Chapter E of this volume and by paleogeographic
maps later in this chapter.

TERRESTRIAL FACTORS AFFECTING
EOCENE CLIMATE

Extremes of temperature, precipitation, and evapo-
ration determined the greater Green River basin's
Eocene weather, the weather determined the basin's
climate, and the climate was a major factor in deter-
mining the basin's depositional environments and
geography. The terrestrial elements that affected the
basin's climate were principally latitude, altitude,
regional geography, tectonism, and volcanism.

LATITUDE

The latitude of the greater Green River basin dur-
ing the Eocene was about 35° N., based on the secu-
lar path of the rotational axis of the Earth in
relation to the present position of the north pole
(Milankovitch, 1941, fig. 32). This location is 5°-8° of
latitude south of the present location of the basin. In
terms of climate, the more southerly position of the
basin during the Eocene is probably unimportant, if
considerations are given to other factors, such as its
mid-continent location and the prevailing regional
weather patterns. Temperatures normally decrease
with increasing latitudes, but the decreases are not
necessarily accompanied by uniform changes in pre-
cipitation and evaporation.

The latitude of 35° N. lies near the juncture of the
Hadley and Ferrel atmospheric circulation cells,
where high pressures dominate, prevailing winds are
westerly, and climates are commonly arid (Perl-
mutter and Matthews, 1989). That prevailing winds
during the Eocene were westerly is indicated by the
eastward and southeastward thinning of a number of
regionally correlatable air-laid volcanic ash beds
(tuffs) that are preserved in lacustrine rocks of the
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Green River Formation. Less reliable evidence for a
northwesterly wind direction is found in the orienta-
tion of sedimentary structures in sandstone beds of
the Cottonwood Creek delta, which was located on
the eastern shores of Lake Gosiute (Roehler and
others, 1988, p. A6).

ALTITUDE

The altitude of the floor of the greater Green River
basin during the Eocene is believed to have been
about 1,000 ft above sea level (Bradley, 1929, p. 89).
The tops of the surrounding mountains were about
3,000 to 4,000 ft higher (MacGinitie, 1969, p. 57). The
mean annual temperature of the floor of the basin is
estimated to have been about 66.5 °F (Bradley, 1929,
p. 93-95), and it presumably fluctuated seasonally.
The mean annual temperature near the crests of the
mountains surrounding the basin may have been as
low as 43 °F (Bradley, 1963, p. 634). Using these
data, the average lapse rate per 1,000 ft of elevation
would have ranged between 5.9 and 7.8 °F.

REGIONAL GEOGRAPHY

Ocean currents and (or) prevailing storm tracks
control the climates of most geographic areas. The
general configuration of the North American conti-
nent has not changed appreciably since the Eocene,
when the greater Green River basin was an inter-
montane area located hundreds of miles from the
closest ocean. This inland location placed the basin
far beyond the influence of circulating warm and cold
ocean currents. The prevailing storm tracks across
the basin are presently directed eastward. There is
no reason to believe that storm tracks during the
Eocene varied much from those of today. The basin
is presently an arid, windy desert with annual pre-
cipitation ranges of 7 to 14 inches; temperatures
range from about ~30 °F to more than 100 °F (Root
and others, 1973). The present basin climate, how-
ever, is much different than the Eocene climate
because the floor of the basin is now about 5,000 ft
higher in elevation.

The prevailing westerly winds that crossed the
basin during the Eocene undoubtedly cooled and lost
moisture as they rose over the mountains that
bordered the basin to the west. As these winds con-
tinued down the east side of these mountains into
the basin, they would have been compressed and
warmed and the remaining moisture would have
been considerably reduced. Such drying winds could
have contributed to the extremely arid conditions
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that are known to have been present during deposi-
tion of parts of the Wilkins Peak Member of the
Green River Formation.

Axelrod (1968, p. 729-730) believed that the volca-
nic plateau located west of the greater Green River
basin during the Eocene (discussed following)
trended north-south for several hundred miles and
rose 3,000 to 6,000 ft above the west margins of the
basin. A topographic feature of this magnitude would
certainly have created a barrier (rain shadow) to
moisture that could have entered the basin from the
west.

TECTONISM

Eocene rocks in the greater Green River basin
were deposited during the waning stages of the Lara-
mide orogeny. The Laramide orogeny involved inter-
mittent uplift in the mountains surrounding the
basin, which was accompanied by thrust faulting
along the mountain flanks. Changes in the physical
configurations of the basin and mountain terranes
brought about by the Laramide orogeny would have
affected the climate as a result of temperature
fluctuations.

Major mountain uplifts are generally accompanied
by the downwarping of parts of adjoining basins. The
location and trends of thickening of Eocene rocks
indicate that such downwarpings occurred along the
north flank of the Uinta Mountains at the south
margin of the basin and along the southwest flank of
the Wind River Mountains at the north margin of
the basin (this volume, Chapter E, fig. 15). These
downwarpings created synclinal depressions, or
troughs. The major depositional axis (a line connect-
ing the deepest parts of the basin) was situated
along the Uinta Mountain trough. As much as
10,000 ft of lacustrine, fluvial, paludal, and volcanic
sediments was deposited in this trough.

The Darby, Wind River, and Sparks Ranch thrust
faults, at the west, north, and south margins of the
basin, were active during the Eocene. Some of the
movements along these faults involved hundreds of
feet of throw. The effects of such movements have
been largely obliterated by postfault erosion and dep-
osition, but one can speculate on their consequences.
Large scarps would have formed along the fault
planes, drainage systems would have been severely
disrupted, and major earthquakes would have
occurred. In this setting, blocked or dammed drain-
ages would have created ephemeral closed lakes,
which would have significantly affected evaporation
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and precipitation within the basin. The earthquakes
would have caused tidal waves on Lake Gosiute,
which would have had devastating effects on the
plant and animal life and sedimentary deposits
located along its shorelines.

SPARKS RANCH THRUST FAULT

An example of faulting that severely disrupted
Eocene sedimentation is visible along the Sparks
Ranch thrust in Tps. 9-11 N., Rs. 100-101 W. in
northwest Colorado (fig. 1). The Wasatch, Green
River, and Bridger Formations are well exposed
there along Vermillion Creek, where they were
mapped and measured by the author (unpublished
data). The formations have a combined total thick-
ness of nearly 5,000 ft on the downthrown northeast
limb of the thrust (note the thickness of lower
Eocene rocks in the Tenneco Oil and Gas Company
Vermillion Creek Well No. 1, fig. 1). The total thick-
ness of the formations decreases rapidly to less than
1,500 ft along 6 mi of southwest-trending outcrops
that cross the fault (between measured sections 1
and 10, fig. 2). The thinning is due to (1) onlapping
and wedgeout of lacustrine sediments toward shore-
lines of Lake Gosiute, (2) thinning of fluvial rocks
onto elevated northeast margins of the Uinta Moun-
tains, and (3) penecontemporaneous erosion and (or)
nondeposition of sediments across the upthrown limb
of the thrust.

As shown in figure 2, the final movement of the
Sparks Ranch thrust fault took place in late early
Eocene during deposition of the Cathedral Bluffs
Tongue of the Wasatch Formation. On the geologic
map of the Vermillion Creek area (fig. 1), the south-
ernmost surface expression of the thrust fault is
located in SE14SW1/, sec. 16, T. 10 N., R. 100 W. At
that location (between sections 2 and 3, fig. 2), the
fault displaces the Wilkins Peak Member of the
Green River Formation and the lower part of the
Cathedral Bluffs Tongue of the Wasatch Formation.
The upper part of the Cathedral Bluffs Tongue and
the overlying Laney Member of the Green River For-
mation are not displaced, but were deposited without
interruption across the older faulted rocks. These
relationships are discernible in figure 3. The amount
of thinning in the Cathedral Bluffs Tongue across the
fault indicates that displacement during the final
fault movement amounted to about 500 ft.

The final movement of the Sparks Ranch thrust
fault had far-reaching effects on the depositional his-
tory of Lake Gosiute and on the Eocene geography of
the greater Green River basin. The final movement
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coincides with a westward tilting of the greater
Green River basin and the withdrawal of the lake
from a 3,000 mi2 area east of the Rock Springs
uplift. The movement marks the end of deposition of
the Wilkins Peak Member in the Great Divide,
Washakie, and Sand Wash basins. The final fault
movement and the basin tilting took place shortly
after deposition of bed 11 at the boundary of the
lower and middle parts of the Wilkins Peak Member
(Chapter E, figs. 23-25). The thrust faulting and
basin tilting apparently had little or no effect on the
deposition of bedded evaporites, as trona and halite
continued to be deposited at the lake basin center,
which was located in the southern part of the Green
River basin.

VOLCANISM

Voleanic dust that enters the atmosphere from
great volcanic eruptions is known to have major
effects on the Earth's climate. The presence of the
dust causes a scattering and reflection of solar radia-
tion before it reaches the Earth, thereby reducing
surface temperatures. According to Brooks (1926, p.
135) cold years followed the great volcanic eruptions
of Asama in 1783, Tomboro in 1815, Krakatoa in
1883, and Katmai in 1912. The Krakatoa eruption
ejected an estimated 18 km3 of material into the
atmosphere, and much of it stayed there for nearly
21/, years (Alvarez and others, 1980, p. 1105). During
the Eocene, a volcanic field extended westward from
the Yellowstone Park area in northwest Wyoming
across southern Idaho and northern Nevada into
northern California, Oregon, and southern Washing-
ton (Axelrod, 1968, fig. 1). During the early and
early middle Eocene, airborne volcanic ash from
intermittent eruptions in this volcanic field drifted
eastward across the greater Green River basin, set-
tled out of the atmosphere, and accumulated in beds
that range in thickness from a few inches to a few
feet. The intensity and frequency of these eruptions
increased during the middle Eocene during deposi-
tion of the Sand Butte Bed of the Laney Member of
the Green River Formation (Chapter D, table 3), and
from then until the end of the Eocene Epoch tuf-
faceous sediments composed most of the rocks depos-
ited in the greater Green River basin area. The
Eocene volcanism also had far-reaching effects on
sedimentation within the basin. It not only contrib-
uted to the infilling and extinction of Lake Gosiute,
but also caused a cooling of the late middle and late
Eocene climates, which is reflected in the paleoflora
(Chapter D, table 5).
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WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS
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Jsc -

EXPLANATION

Holocene and/or Pleistocene:

Qa-Quaternary alluvium
Miocene and Oligocene:
Tbp-Browns Park Formation
Tbe-Bishop Conglomerate
Eocene:
Tb-Bridger Formation
Tgla-Laney Member of Green
River Formation
Twc—Cathedral Bluffs Tongue of
Wasatch Formation
Tgtw-Rife Bed of Tipton Shale Member and
Wilkins Peak Member of
Green River Formation
Tgt-Scheggs Bed of Tipton Shale Member of
Green River Formation
Twn-Niland Tongue of Wasatch Formation
Tglu-Luman Tongue of Green River Formation
Twt-Unnamed local tongue of the
Wasatch Formation
Twm~Main body of Wasatch Formation
Cretaceous:
Kal-Almond Formation
Ke-Ericson Sandstone
Kmn-Main body of Mancos Group
Kf-Frontier Formation
Km-Mowry Shale
Kd-Dakota Sandstone
Jurassic:
Jm-Morrison Formation
Jsc—Curtis Member of Stump Formation
Je—Entrada Formation
Jc-Carmel Formation
Jg-Glen Canyon Sandstone
Triassic:
Rec—Chinle Formation
Rcs—-Shinarump Member of Chinle Formation
Rm~Moenkopi Formation

Contact
53

e Strike and dip of inclined beds

—— Normal or reverse fault—Dotted where
concealed. Bar and ball on downthrown

side
—A_—A__A_ Thrust fault—Showing dip direction
0 Location and number of measured section

shown in figure 2

D5069
L] USGS fossil locality and number

R10TW RIBOW

W05 [

108°40"
I

Tenneco Oil Company
Vermillion Creek No. 1
Formation log tops:
Main body of Wasatch Formation 883 ft

Fort Union Formation 3,506 ft
Lewis Shale 6,273 ft

Almond Formation 6,562 ft
Total depth 6,988 ft
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FIGURE 1 (above and facing page).—Vermillion Creek area, northwest Colorado. A, geologic map; B, generalized index map of greater
Green River basin showing location of Vermillion Creek area (shaded), major structural features, towns, and townships and ranges.

ASTRONOMICAL FACTORS AFFECTING Fischer (1986). My investigations supplement the data
EOCENE CLIMATE and support the conclusions of Bradley and Fischer.
Astronomical factors affecting deposition of the RECORD OF THE SEASONS
Green River Formation were investigated at length
by Bradley (1929). Bradley discussed the origin, com- VARVES
position, and rates of accumulation of varves, the Varve deposition occurs in lakes where sediment sup-
presence of sunspot cycles in varved rocks, and the | ply or productivity varies seasonally, and where the
cycle of the precession of the equinoxes. Bradley’s | bottom sediments are not mixed by wave action,
observations were expanded in a paper published by | currents, bottom-dwelling organisms, or overturn. Most
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U.S. Department of Energy, Wyoming No. 12,
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U.S. Department of Energy, Wyoming No. 11,
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U.S. Bureau of Mines, Wyoming No. 1,
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Union Pacific Railroad Company, Blue Rim 44-19,
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Energy Research and Development Administration,
White Mountain No. 1, sec. 7, T. 18 N., R. 106 W.

Energy Research and Development Administration,
Blacks Fork No. 1, sec. 24, T. 16 N, R. 108 W.

Union Pacific Railroad Company, El Paso No. 44-3,
sec. 3, T.15 N., R. 109 W.

U.S. Department of Energy, Currant Creek Ridge
No. 1, sec. 14, T. 14 N, R. 107 W.

U.S. Geological Survey, Measured section No. 1
(Roehler, 1981), T. 12-13 N, R. 106 W.
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CYCLOSTRATIGRAPHY IN WILKINS PEAK MEMBER OF GREEN
RIVER FORMATION

Astronomical time rarely agrees with geologic
time. An exception to this rule is found in the cyclo-
stratigraphy of the Wilkins Peak Member of the
Green River Formation, where eccentricity and pre-
cessional cycles form clearly defined time increments.
The obliquity cycle was not identified in the Wilkins
Peak Member, but an undetermined cycle with a
period of about 727,000 years is present.

PRECESSION OF THE EQUINOXES

The polar axis of the Earth revolves around the
ecliptic pole in a nonconcentric manner with a period
that averages 21,000 years. This motion, which
causes the equinoxes to slide westward along the
ecliptic at the rate of 50 seconds per year, is called
the precession of the equinoxes (Baker, 1961, p. 45).

The stratigraphy of the Wilkins Peak Member is
distinguished by 77 depositional cycles, each of
which is composed of repetitive lithologies that
reflect periodic climate changes during the late early
and early middle Eocene (Roehler, 1991b). At the
depositional centers of the basin of Lake Gosiute, the
lithologies of each of the cycles consist of dark-brown
oil shale at the base, white to brown bedded evapor-
ites (trona or halite) in the middle, and dark-green
dolomitic mudstone at the top (Roehler, 1982). The
oil-shale beds were deposited in large saltwater
lakes, when the climate was warm and humid; the
bedded evaporites were deposited in salt pans as the
lakes shrank in size and eventually dried up, when
the climate was hot and arid; and the mudstones
were deposited on mudflats that covered the floor of
the basin after the lakes had dried up, also when the
climate was hot and arid. Thin-bedded dolomites and
varved mudstones of playa lake origin are commonly
present in the mudflat mudstones. Partial cycles
occasionally are present where one of the three
lithologies in the cycles is missing by erosion, non-
deposition, or dissolution. The 77 cycles are easily
correlated across the Green River basin in drill holes
and outcrop sections using the oil-shale beds that
form the base of the cycles (fig. 6).

I have selected the Energy Research and Develop-
ment Administration Blacks Fork Corehole No. 1 in
sec. 24, T. 16 N, R. 108 W. (fig. 6, point 7) to illustrate
the lithologic and chronologic relationships of the 77
depositional cycles. The core from this hole has been
preserved and is available for inspection at the U.S.
Geological Survey Core Research Center, Building
810, Denver Federal Center, Denver, Colo.
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Fischer assay
DEPTH (gal/ton)
(FT) 10 50

EXPLANATION

Laney Mbr
LaClede Bed
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Mudstone, marlstone, and thin beds of dolomite— Deposited
on mudflats and in playa lakes across abandoned lake bottoms

(o]

m
Trona and associated bedded evaporite minerals—Deposited

in salt pans following lake contractions
Oil shale—Deposited during lake expansions
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]

E Limestone—Mostly deposited in playa lakes
=

Siltstone—Fluvial or shoreline deposits
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Sandstone—Fluvial or shoreline deposits

i Shale—Barren lake and mudflat deposits
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Algal limestone (stromatolite)—Deposited in nearshore
areas of expanded lakes
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~~~~ Tuff—Airfall volcanic ash deposits
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FIGURE 7.—Energy Research and Development Administration

Blacks Fork Corehole No. 1 showing lithologies, histograms of

1.6 million Fischer assays of oil-shale beds, depositional cycles 1-77,

years bundles of depositional cycles A-Q, and superbundles I-I1I (top
of 111 undetermined).
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Wilkins Peak Member

The stratigraphic positions of the 77 depositional
cycles are indicated in figure 6 and shown in detail on
the right side of the Blacks Fork No. 1 core in figure 7.
The numbers identify the oil-shale beds at the base of
each depositional cycle utilizing histograms of oil
yields determined by Fischer assay. Each cycle, how-
ever, includes not only the numbered oil-shale beds
but also the beds composed of evaporites, mudstones,
I and other lithologies that overlie and separate the oil-
shale beds.

The lithologies of the depositional environments in
depositional cycle 23 in the Blacks Fork No. 1 core are
described in figure 8. Cycle 23 is considered to be
representative of the depositional cycles, although
none of the 77 cycles is precisely like any other in
thickness or composition. The basal oil shale in the
cycle, between 1,204.5 ft and 1,203.4 ft, is composed of
black, varved shale and one thin layer of tan-brown,
lenticular dolomite. The salt pan in the cycle is located
between 1,203.4 ft and 1,201.0 ft. The brown trona
deposited in the salt pan contains thin interbedded
black oil shale, which suggests that deposition in the
pan was at times interrupted by lacustrine flooding.
The dark-olive-green mudflat mudstone, from 1,198.9
7D 1,676 f ’ ft to 1,193.6 ft, is characteristically massive, or
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FIGURE 8 (facing column).—Depositional environments and litholo-

gies of depositional cycle 23 in the Wilkins Peak Member in the
Blacks Fork No. 1 core shown in figure 7. Corehole depths in
feet.

unbedded, but contains some very thin beds of gray-
green dolomite and a thin layer of tuff near the base.
At the base of (from 1,201.0 ft to 1,198.9 ft) and inter-
bedded with the mudflat mudstones are playa lake
deposits that consist of varved or very thin bedded,
dark-green, or dark-olive-green mudstone containing
thin beds of tan-gray dolomite. Veinlets and thin lay-
ers of shortite crystals are abundant and are believed
to have formed from saline pore waters during diagen-
esis. Pyrite is present in a few mudstones.

The Wilkins Peak Member in the Blacks Fork
Corehole No. 1 is 1,063 ft thick (rounded to the near-
est whole foot). The member is composed of 262 ft of
oil shale in beds that range from less than 1 ft to
more than 16 ft but average 3.4 ft thick. Using the
observed average rate of deposition of 4,200 years
per foot (discussed previously), the time required to
deposit the oil shale in the member was about 1.1
million years.

Deposition of the entire Wilkins Peak Member is
believed to have taken about 1.6 million years. This
length of time has been estimated from the strati-
graphic thickness of the member, from varve counts,
and from potassium-argon dates of biotites in air-fall
tuffs determined by Evernden and others (1964),
Mauger (1977), O'Neill (1980), and Krishtalka and
others (1987). O’'Neill (1980, p. 51) calculated a date
of about 46.6 Ma for a tuff bed located a few feet
below the top of the Wilkins Peak Member. No accu-
rate ages have been established for tuff beds located
in the lower part of the member, but the base of the
member should date at about 48.2 Ma. The 48.2 Ma
date for the base of the member may or may not
agree with wide-ranging radiometric ages listed for
the upper lower Eocene by Krishtalka and others
(1987, table 4.1). If the total time required to deposit
the Wilkins Peak Member was 1.6 million years, the
77 depositional cycles in the member have an aver-
age period of 20,779 years. This number conforms
closely to the average period of 21,000 years for the
cycle of the precession of the equinoxes. Each of the
77 depositional cycles in the Wilkins Peak Member
thus appears to represent one precessional cycle.

During each precessional cycle, the obliquity of the
ecliptic affects climate changes. The greater the oblig-
uity, the farther the distance of the Sun is to the
equator, the quantity of heat received at the equator
decreases, and the quantity of heat received at the
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polar and temperate regions increases. Conversely, as
the obliquity of the ecliptic decreases, the heat
received at the equator increases and at the polar
and temperate regions it decreases. The oil shale
beds in the 77 depositional cycles of the Wilkins Peak
Member are believed to have been deposited during
periods ‘of lesser obliquity, when the climate was
warm and humid, and the evaporites and mudflats in
the cycles are believed to have been deposited during
periods of greater obliquity, when the climate was hot
and arid. These Eocene climate changes mimic those
of the Pleistocene glacial-interglacial periods des-
cribed by Milankovitch (1941).

ECCENTRICITY CYCLES

The Earth’s orbit around the Sun is elliptical. Its
distance from the Sun in this elliptical orbit varies
from 91,300,000 miles (perihelion) to 94,500,000
(aphelion), with an eccentricity of 0.017 or 1/60
(Baker, 1961, p. 39-49). The period of the cycle of
this eccentricity is about 100,000 years. When the
Earth is at perihelion it travels in its orbit more
rapidly than it does at aphelion. As stated by
Brooks (1926, p. 116), “the season which coincides
with perihelion will be short and relatively warm,
that which coincides with aphelion will be long and
relatively cold.”

The 77 depositional cycles, or cycles of precession
of the equinoxes, in the Wilkins Peak Member are
grouped into bundles that range from 4 to 6 but
average 5. These bundles are discernible from the
grouping of oil-shale beds in the Blacks Fork Core-
hole No. 1 (fig. 7), where they are labelled A to Q. If
the precessional cycles had a period of 20,779 years
(discussed previously) and they generally form bun-
dles of five, then each bundle represents about
103,895 years, which conforms to the 100,000 year
eccentricity cycle.

The cause for the precessional bundling was
explained by Fischer (1980, p. 101), who wrote that
because the eccentricity orbit is cyclic “with a mean
period about four or five times that of the preces-
sional cycle, it follows that precessionally induced
climate fluctuations should wax and wane in a
rhythmic pattern *** in bundles or sets.” Preces-
sional cycles 1 to 5 that compose eccentricity cycle A
and precessional cycles 6 to 10 that compose eccen-
tricity cycle B in figure 7 are enlarged in figure 9 to
illustrate details of the oil-shale histograms. Each of
the oil-shale peaks in the histograms in figure 9 cor-
responds to a relatively cooler and wetter climatic
period that resulted in expansions of Lake Gosiute.

WASATCH, GREEN RIVER, AND BRIDGER (WASHAKIE) FORMATIONS

These were followed by lake contractions, salt-pan
development, and lake extinctions that occurred dur-
ing hot and dry periods in the intervals between the
oil-shale peaks. The cooler and wetter periods are
believed to correspond to the aphelia of the preces-
sional cycles (times of minimum insolation) and the
hotter and drier periods to the perihelia of the
precessional cycles (times of maximum insolation).
The intervals, or breaks, between the bundles proba-
bly occurred during the perihelia of eccentricity
cycles.

UNDETERMINED ASTRONOMICAL(?) CYCLES

The groups of five eccentricity cycles in the Wilkins
Peak Member in the Blacks Fork Corehole No. 1 can
be grouped into superbundles of seven each. These
superbundles are labelled I-III in figure 7. Note that
only the basal part of superbundle III is present in
the upper part of the Wilkins Peak Member. The
interval that separates superbundles I and II is
about 50 ft thick and the interval that separates
superbundles II and III is about 38 ft thick. The time
represented by these intervals is roughly estimated
to be about 31,000 and 23,500 years, respectively,
which corresponds to a period equal to one preces-
sional cycle for each interval. These “gaps” appear to
represent climatic periods that were uniformly hot
and dry; the reason for their presence between the
superbundles is unknown.

The superbundles are composed of seven eccentric-
ity cycles that average 103,895 years each (discussed
previously), and each superbundle consequently rep-
resents a period of a little more than 727,000 years.
Fischer (1980) reported that Gilbert (1895), while
investigating rhythmic features of the Upper Creta-
ceous Niobrara Formation in southeastern Colorado,
found a sequence of rocks that consisted of 33 lime-
stone-shale couplets ranging in thickness from about
1.5 to 2.6 ft. According to Fischer (1980, p. 96),
Gilbert believed the 33 couplets represented 21,000
year precessional cycles, or a total of 693,000 years.
The astronomical origin of Gilbert’s 693,000 year
cycle was not explained; however, it closely corre-
sponds to the 727,000 year superbundles that are
present in the Wilkins Peak Member.

Ramsbottom (1979) concluded from studies of the
Carboniferous System in northwestern Europe that
Westphalian rocks there transgressed and regressed
as a result of eustatic changes at an average rate of
1.66 million years. Whether major sea-level changes
of this sort could be related to the 1.6 million year
period required for the deposition of the Wilkins
Peak Member remains a matter for speculation.
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might have influenced climate. The prevailing west-
erly winds that crossed the basin undoubtedly cooled
and lost moisture as they rose over the mountains
that bordered the basin to the west. Such drying
winds may have contributed to the arid conditions
that prevailed in the basin during deposition of the
Wilkins Peak Member of the Green River Formation.

The waning stages of the Laramide orogeny
occurred during deposition of the Wasatch, Green
River, and Bridger (Washakie) Formations in the
Eocene Epoch. The Laramide orogeny involved uplift
and flank thrusting of the mountains surrounding
the greater Green River basin, which was accompa-
nied by rapid subsidence at depositional centers
located within the basin. As a result of these tectonic
events, the depositional centers of the basin during
early Eocene shifted from east to west during middle
Eocene and then from west to east during late
Eocene.

A volcanic field extended from the Yellowstone
Park area across the northwestern United States
during the Eocene. Airborne volcanic ash from inter-
mittent eruptions in this field spread eastward
across the basin during the early Eocene, when tuff
beds up to a few feet thick were deposited. The
intensity and frequency of these eruptions increased
during the middle Eocene, and from then until the
close of the Eocene, the rocks deposited in the basin
were mostly tuffaceous. Volcanism is believed to be
responsible for a cooling of the late Eocene climate,
and it probably contributed to the infilling and
extinction of Lake Gosiute.

A record of seasonal lacustrine deposition in Lake
Gosiute is recorded by varves in oil-shale beds. An
interval of these varves was counted and was found
to average about 4,200 years per foot. Eleven- to
twelve-year sunspot cycles have been reported in the
varved oil-shale beds, but I did not identify such
cycles during this investigation.

The precession of the equinoxes is recorded in the
Wilkins Peak Member of the Green River Formation
by 77 depositional cycles. These cycles average about
20,779 years in duration, and at the lake basin cen-
ter each consists of three repetitive lithologies: (1) oil
shale that was deposited at the base of each cycle
during expansions of Lake Gosiute, when the climate
was warm and temperate, (2) bedded evaporites that
were deposited in the middle of each cycle in salt
pans, as the lake retreated to its depositional centers
when the climate was hot and arid, and (3) mudflat
mudstone that was deposited at the top of each cycle,
after the lakes had dried up, and also when the cli-
mate was hot and arid. Some playa lake limestones
and dolomites are interbedded with the mudflat
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mudstone. Stages of cyclic deposition in the Wilkins
Peak Member are illustrated by schematic cross sec-
tions in figure 90.

The 77 depositional cycles that record the 20,779
year cycles of the precession of the equinoxes are
grouped into bundles of 4 to 6, but averaging 5. Each
bundle of five then comprises about 103,895 years,
which conforms to the 100,000-year eccentricity
cycle. The eccentricity cycles are further grouped into
superbundles of seven each, representing approxi-
mately 727,000 years. The origin of the superbundles
has not been determined.

DEPOSITIONAL ENVIRONMENTS

Eight depositional environments are identified in
Eocene rocks in the greater Green River basin: (1)
fluvial, (2) paludal, (3) freshwater lacustrine, (4) salt-
water lacustrine, (5) pond and playa lake, (6) salt
pan, (7) mudflat, and (8) volcanic and fluviovolcanic.
The fluvial environments consisted of mostly alluvial
fans and large pediments that were located along
mountain flanks and the basin margins, and fluvial
flood plains that were located in the interior of the
basin. Freshwater ponds were fairly common on the
flood plains. Paludal environments, consisting of for-
est swamps and reed swamps, were present in topo-
graphically low areas, particularly in association
with lakes and along depositional axes. Freshwater
lakes were present at times at depositional centers
or along depositional axes, and when they enlarged,
they expanded across the lower topographic parts of
the basin floor. Saltwater lakes appeared during a
late early Eocene climate change to hot and arid con-
ditions, and these lakes persisted into the early
middle Eocene. The saltwater lakes periodically
retreated to salt pans located at depositional centers
of the lake basin, where bedded evaporites (trona
and halite) were deposited. When the saltwater lakes
dried up and disappeared, the floor of the former
lake basin became mudflats on which playa lakes
occasionally formed. Tuff beds and tuffaceous rocks
are common in the lower Eocene and become increas-
ingly more abundant in the middle and upper
Eocene.

PALEOGEOGRAPHY

The Wasatch, Bridger, and Washakie Formations
are composed of mostly fluvial flood-plain deposits
that have two distinct colors: (1) red or variegated,
and (2) gray and green. The red or variegated colors
are most common along the margins of the basin,
where topographic relief was low to moderate, soils
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FI1GURE 89 (above and facing page).—Average annual precipitation
and temperature ranges and types of Eocene climates in
Washakie basin. Bed numbers and lithologies are from the
Washakie basin reference section (Chapter D, pl. 2). Data modi-
fied from Brown (1928), Axelrod (1968), and Leopold and
MacGinitie (1972).

Unconformity

were well drained, and iron compounds in the soils
were oxidized. The gray and green colors are most
common toward the basin center, where topographic
relief was little or none, soils were permanently
water saturated, and iron compounds in the soils
were reduced. The flood-plain deposits of the
Wasatch, Bridger, and Washakie Formations inter-
tongue with and generally envelop the lacustrine
rocks that make up the Green River Formation.

The flood plains of the Wasatch, Bridger, and
Washakie Formations occasionally contained ponds
in which gray, brown, or tan fossiliferous limestoné
was deposited, in beds seldom more than 2 ft thick.
The flood plains occasionally also contained marsh
areas where thin carbonaceous siltstone or carbon-
aceous shale beds were deposited that contain poorly
preserved fossil wood and leaf fragments.

A structural and topographic depression formed
along the southern part of the greater Green River
basin during the early Eocene. This depression,
called the Uinta Mobuntain trough, paralleled the
northern flank of the Uinta Mountains and extended
eastward to the southwestern part of the Washakie
basin. From there the depression continued north-
eastward across the Washakie basin, where it turned
northward into the southern part of the Great Divide
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basin. This depression, or trough, or branches or
segments of it, persisted in the greater Green River
basin throughout the remainder of the Eocene, and it
formed the primary depositional axis for Eocene
sedimentation.

The Ramsey Ranch Member of the Wasatch For-
mation was deposited in the Uinta Mountain trough.
The member is composed of mostly gray and green
rocks of mixed flood-plain, paludal, and lacustrine
origins. Interbedded with and surrounding the mem-
ber are mostly gray and green or red or variegated
flood-plain deposits that are characteristic of the
remaining parts of the Wasatch Formation. Forest
swamps were present intermittently along the length
of the Uinta Mountain trough, and from these
numerous subbituminous coal beds formed. The
lacustrine rocks are composed mostly of oil shale and
limestone; they comprise the embryonic stages of
development of Lake Gosiute. The Eocene climate
was warm temperate at the beginning of deposition
of the Ramsey Ranch Member, but it began to mod-
erate during deposition of the member. The precipita-
tion and temperature increased and the climate
changed to subtropical. By the end of deposition of
the Ramsey Ranch Member, the lakes that occupied
the Uinta Mountain trough began to coalesce and
enlarge. Eventually, they expanded to form a single,
large, deep, freshwater lake that occupied about
6,650 mi2 of the Uinta Mountain trough during
deposition of the Luman Tongue of the Green River
Formation.

The lacustrine sediments deposited in the Luman
Tongue formed mostly oil shale. They were deposited
within the Uinta Mountain trough for more than 1
million years. By the end of that time, the precipita-
tion and temperature had decreased, the climate
again had become warm temperate, the lake had
contracted, and sediments of swamp and flood-plain
origins had invaded the lake margins. The sediments
deposited in the Uinta Mountain trough during an
extended warm temperate period that followed make
up the Niland Tongue of the Wasatch Formation.

The climate in the greater Green River basin again
became subtropical at the end of deposition of the
Niland Tongue. This climate change caused a
renewed expansion of Lake Gosiute, by again inun-
dating the Uinta Mountain trough. After filling the
trough, the freshwaters of the lake slowly expanded
outward onto the floor of the greater Green River
basin. At its maximum expansion, the lake covered
nearly three-quarters of the basin, an area of about
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FicUure 90.—Three stages of cyclic deposition in Lake Gosiute during deposition of Wilkins Peak Member of Green River Forma-
tion. A, lake expansion; B, lake contraction; C, lake extinction.

15,000 mi2. The lacustrine sediments deposited in
this expanded lake make up the Scheggs Bed of the
Tipton Shale Member of the Green River Formation.

The Wind River Mountains were uplifted during
late stages of deposition of the Scheggs Bed. Ensuing
erosion in the mountains caused a broad wedge of
course clastic sediments, mostly sandstone, to spread
southward into Lake Gosiute. This wedge of clastic
sediments, forming the Farson Sandstone Member of
the Green River Formation, rapidly filled the north-
west part of the lake with as much as 400 ft of delta
and beach deposits, thereby reducing the size of the
lake by nearly 6,500 mi2. During the lake infilling, a
band of gray, green, and brown flood-plain deposits
intertongued with and replaced the lacustrine sedi-
ments of the Farson Sandstone Member along the
northwest margins of the basin. These flood-plain
deposits compose the Alkali Creek Tongue of the
Wasatch Formation.

Deposition of the Rife Bed of the Tipton Shale
Member of the Green River Formation followed depo-
sition of the Scheggs Bed. The contact of these units
is sharp, and it coincides with an abrupt climate
change to hotter and drier conditions, the closing of
the outlet of Lake Gosiute, and an abrupt change in
the lake waters from fresh to saline. Lake Gosiute
again contracted to the area of the Uinta Mountain
trough, where it occupied an area of about 7,000 mi2
for nearly 500,000 years. Organic mud (oil shale)
was deposited in deep waters across the central part
of the Rife lake, and algal limestones and thin sands
were deposited along its shorelines.

The climate of the basin was periodically very hot
and very dry in the late early Eocene and early
middle Eocene during deposition of the Wilkins
Peak Member of the Green River Formation. Alter-
nating cyclically with the hot and dry periods were
periods when the climate was warm and temperate.
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Expansion, contractions, and extinctions of Lake
Gosiute occurred 77 times as a result of these cyclic
climate changes. During lake expansions, lacustrine
oil shale was deposited; during lake contractions to
salt pans, bedded evaporites (trona and halite) were
deposited; and during lake extinctions, mudflat mud-
stone and playa lake limestone-dolomite were depos-
ited. During lake contractions, red or variegated
flood-plain deposits that compose parts of the Cathe-
dral Bluffs Tongue of the Wasatch Formation were
deposited across evacuated parts of the lake basin.

The climate during deposition of the upper part of
the Wilkins Peak Member changed from hot and dry
to subtropical and then to tropical. As the precipita-
tion increased as a result of these changes, cyclic
deposition ended, the outlet of the lake opened, the
lake waters changed from saline to fresh, and the
LaClede Bed of the Laney Member of the Green
River Formation was deposited.

Lake Gosiute reached its maximum size and depth
during deposition of the LaClede Bed. The lake cov-
ered more than 15,400 mi2, Sediments deposited in
the lake exceeded 800 ft in thickness and locally rep-
resent the thickest interval of sustained oil-shale
deposition in the greater Green River basin. Algal
reefs were represent in the shallow nearshore waters
of the lake and most of the shorelines consisted of
beach and delta sand.

The Godiva Rim Member of the Green River For-
mation intertongues with and replaces the lower part
of the LaClede Bed along the eastern margins of the
greater Green River basin. The Godiva Rim Mem-
ber is composed of gray mudflat mudstone and flood-
plain sandstone with some interbedded brown and
gray lacustrine oil shale, limestone, and sandstone.

The Rock Springs uplift was a major anticlinal
structure at the end of the Cretaceous Period. It was
subsequently peneplained, and by the end of the
Paleocene Epoch, it was buried and obliterated.
Lower Eocene rocks were consequently deposited in
uninterrupted fashion across the buried uplift area.
Renewed uplift of the Rock Springs anticline took
place in the early middle Eocene during late stages
of deposition of the LaClede Bed of the Laney Mem-
ber. This uplift raised the center of Lake Gosiute to
form an island, which was soon connected to the
northern shores of the lake to form a peninsula.
Lake Gosiute then slowly retreated southward from
the east and west arms of the lake until it was once
again restricted to its depositional axis located along
the southern margins of the basin. The newly
uplifted crest of the Rock Springs anticline was then
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subjected to subaerial erosion and the sediments
derived from there constitute the Sand Butte Bed of
the Laney Member of the Green River Formation.
The erosion surface on which the Sand Butte Bed
rests is called the Tower unconformity.

The Sand Butte Bed was deposited in a 3,500 mi®
area of the central part of the greater Green River
basin that includes the Rock Springs uplift and adja-
cent areas. The northern part of the Sand Butte Bed
intertongues with the Bridger Formation and the
Hartt Cabin Bed of the Laney Member. The southern
part of the bed intertongues with the LaClede Bed of
the Laney Member. The bed is composed of mostly
fluvial channel and interchannel sandstone and
interbedded tuff in the northern part of the Rock
Springs uplift. These rocks grade southward across
the uplift into lacustrine shoreline and delta sand-
stone and then into lacustrine oil shale. The Sand
Butte Bed is irregularly lenticular in cross section
and has thicknesses that range from less than 1 to
nearly 900 ft.

The Hartt Cabin Bed of the Laney Member of the
Green River Formation is composed of rocks of mixed
lacustrine and fluvial origins. It was deposited dur-
ing the drying-up stages of Lake Gosiute as the lake
expanded and contracted but eventually retreated
from the central and southern parts of the greater
Green River basin into the southeast corner of the
basin. As the lake retreated, mostly sand and lime of
shallow lacustrine origin intertongued with and were
replaced by gray and green sand and mud of flood-
plain origin. Where deep, open-water parts of the
lake persisted near the east end of the Uinta Moun-
tains, organic mud (oil shale) was deposited as the
final remnants of the LaClede Bed of the Laney
Member. At times, the Hartt Cabin Bed occupied as
much as 6,100 mi2 of the floor of the greater Green
River basin. The thickness of the bed varies greatly,
from less than 1 to about 800 ft, because of its inter-
tonguing and unconformable relationships with adja-
cent formations.

The Bridger and Washakie Formations were
deposited during the closing stages of Lake Gosiute
and after deposition of the Green River Formation.
They are composed of mostly gray and green
tuffaceous flood-plain deposits consisting of sand-
stone and mudstone and some conglomerate, lime-
stone, shale, siltstone, carbonaceous shale, and
carbonaceous siltstone. The Bridger Formation has a
maximum thickness of about 2,100 ft and the
Washakie Formation has a maximum thickness of
about 3,200 ft.
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