
AN ABSTRACT OF THE THESIS OF

DONALD ALBERT HARTMAN
(Name of student)

for the MASTER OF SCIENCE
(Degree)

in GEOLOGY presented on Mc
(Major) (Date)

Title: STRATIGRAPHY AND STRUCTURE OF THE SALT WELLS

ANTICLINE AREA, SWEETWATER COUNTY, WYOMING

Abstract approved:
Dr/Keith F. Ole s

Approximately 4,210 feet of Late Cretaceous and 1,440 feet of

Tertiary sedimentary rocks are exposed in the Salt Wells Anticliné

area of southcentral Sweetwater County, Wyoming. Late Cretaceous

units include the Blair, Rock Springs, Ericson, and Almond Forma-

tions of the Mesaverde Group and the Lewis Shale; Tertiary units in-

dude the Paleocene Fort Union and the Eocene Wasatch Formations,

and the Oligocene or Miocene Bishop Conglomerate. Alluvium, ter-

race gravels, and landslide debris are the most extensive Quaternary

deposits.

The Late Cretaceous rocks of the Rock Springs Uplift exhibit

intricate intertonguing of marine and nonmarine facies, and they re-

cord the eastward regression of the Late Cretaceous sea. Inter-

tonguing of environments in the region resulted from 1) deposition in

a subsiding basin of detritus episodically shed from Laramide source
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areas to the west and northwest, and 2) periodic pulses of basin

subsidence.

Rocks of the Blair and Rock Springs Formations record marine

depositional environments. Regressive littoral sandstones are found

at the base and top of the Blair Formation and at the top of the Rock

Springs Formation. Eastward encroachment of fluviatile deposits

is marked by deposition of the Ericson and lower Almond Formations.

Northerly coarsening of sandstones and southeasterly current direc-

tions in the Ericson indicate that the Wind River Mountains area was

one probable source area. A second, more westerly source area is

indicated by conglomerate lenses and easterly current directions in

the upper Ericson Formation and by the thick sequence of continental

deposits in the lower Almond Formation. Return of marine condi-

tions is recorded by the transgressive marine deposits of the upper

Almond Formation and the offshore marine shales and mudstones of

the Lewis Shale. The latest Cretaceous rocks exposed on the Uplift

record the final regression of the Cretaceous sea. The Cretaceous

period ended with uplift of the Rock Springs area.

The continental deposits of the Paleocene Fort Union Forma-

tion were deposited unconformably along the flanks of the Uplift; in

turn, this formation is conformably overlain by the fluviatile red

bed deposits of the Eocene Wasatch Formation. Contemporaneously

with the deformation of the Uinta Mountains, the Salt Wells folds



were superimposed on the southern part of the Uplift. During

Oligocene or Miocene the Uplift was truncated by the Gilbert Peak

pediment surface. Quaternary fluvial erosion has deeply dissected

the Rock Springs Uplift.
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STRATIGRAPHY AND STRUCTURE OF THE SALT WELLS
ANTICLINE AREA, SWEETWATER COUNTY, WYOMING

INTRODUCTION

Location and Accessibility

The Salt Wells Anticline area includes 112 square miles in

parts of T. 14, 15 and 16 N. , R. 102, 103, and 104 W. , in south-

central Sweetwater County, Wyoming (Plate 1). This area lies on

the southeastern flank of the Rock Springs Uplift approximately 25

miles southeast of Rock Springs, Wyoming.

Wyoming State Highway 430 provides access to the area from

Rock Springs. In addition there are five county roads in the area

including the main road to Clay Basin. Numerous farm roads, jeep

trails, seismic lines, and pipe lines are passable by jeep and contri-

bute to the accessibility of the area.

Previous Work

Hayden (1872, 1873), Powell (1876) and King (1878) presented

early descriptions of the Cretaceous and Tertiary sequences of the

Rock Springs Uplift. Schultz (1907, 1908) in his evaluations of the

coal resources of the region, described the structure of the Uplift

and established the basic stratigraphic units. Schultz (1920) and

Sears (1926) mapped the geology of the southern part of the Uplift and
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Plate 1. Map of Wyoming showing location of the Salt Wells Anticline area.



3

evaluated the petroleum possibilities and discoveries in and about

South Baxter Basin.

The first regional study of Cretaceous rocks of the Rock

Springs Uplift was made by Hale (1950, 1955) who described the

lithologies of the various formations and presented their facies rela-

tions. Smith (1961, 1965) in more recent studies, described the

general lithologic character and changing facies patterns, subdivided,

named and described significant lithologic units, and presented

faunal data which permits regional correlation of the Upper Colorado

and Montana Groups of the Uplift. Many recent contributions, in-

cluding those of Barlow (1961), Douglass and Blazzard (1961), Lewis

(1961), Weimer (1961), Jacka (1965), and Keith (1965), provide

additional information of the depositional environments and facies

relations represented by the Late Cretaceous rocks on the Uplift.

Purpose, Scope and Methods

Twelve weeks were devoted to field work during the summer

of 1966. The purposes were to map, study, and describe the struc-

ture and stratigraphy of the area in greater detail than that previous-

ly published. Field work was concentrated on the Late Cretaceous

Mesaverde Group with emphasis on a detailed study of the Ericson

Formation.

Geologic data obtained from ground traverses were plotted on
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high-altitude (1: 60, 000), vertical aerial photos. Photo interpreta-

tion was used in plotting traces of folds and faults and in the deter-

minàtion of strikes. There is an incomplete coverage of suitable

topographic sheets of the area; consequently, a base map was pre-

pared from planimetric maps available. Geologic data were then

transferred from the photos to this map.

Three stratigraphic sections of the Eric son Formation were

measured using tape, Jacob's staff and Brunton compass. Thick-

nesses of other units were obtained from previously measured sec-

tions and well logs.

All sandstones were classified using Gilbert's classification

(1954, pp. 289-297). Twenty-seven thin sections were studied and

modal analyses were obtained by point counting. Very fine-grained

clastic sediments were classified using Ingram's (1953) classifica-

tion. Clay minerals were determined by X-ray diffraction. McKee

and Wejrts (1953) classification and nomenclature of stratification

and cross-stratification were used in describing bedding character-

istics.

Topography and Drainage

The topography of the area is rugged. Erosion has deeply

dissected the Late Cretaceous cover of the Rock Springs Uplift.
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Mudstones, shales, and thin-bedded sandstones of the Blair and

Rock Springs Formations exposed in the axial basin are eroded to a

badlands topography (Figure 1). Steep west- to north-facing cuesta

scarps, ranging from 400 to 800 feet in relief, are held up by resist-

ant sandstones of the Rock Springs and Ericson Formations (Figure

2), Elevations range from 6,600 feet, along Salt Wells Creek in the

northern part of the area, to 8,300 feet, on Miller Mountain in the

southwestern part.

The major drainage system of the area is that of Salt Wells

Creek and its tributaries which include Bean Springs Creek, Gap

Creek, Tommy James Creek, Dans Creek, Joyce Creek and Pretty

Water Creek. In the southern part the streams are small and

perennial, but to the north they become intermittent. Salt Wells

Creek transects the structure of the southern part of the Uplift

(Plate 3) indicating the superposition of its drainage pattern. All

other creeks are subsequent.

Climate and Vegetation

The climate of the region is semiarid. The average high

temperature during June through September in 1966 was 80. 6°F.

During the same four months 3. 70 inches of rain were recorded at

the weather station at Rock Springs (U. S. Weather Bureau, 1966).

This rainfall occurs largely as afternoon thundershowers which often



Figure 1. Breached axial area of the Rock Springs Uplift. Mud-
stones, shales and thin-bedded sandstones of the Blair
and Rock Springs Formations are eroded to a badlands
topography in the axial basin.
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Figure Z. West-facing cuesta along the east flank of the Uplift.
This cuesta, the White Wall", is held up by resistant
sandstones of the Rock Springs and Eric son Formations.
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causes roads constructed on shaly material to become muddy and

impassable. Gusty winds are common in the afternoons.

Vegetation is sparse, and the distribution of vegetation is con-

trolled by the stratigraphy. Mudstones of the Blair, Rock Springs,

and Almond Formations, and the Lewis Shale support sagebrush and

dryland grasses. Cuesta scarps are generally barren whereas the

dip slopes of the Ericson Formation are covered by juniper, pion

pine, and scrub cedar. Dryland grasses and isolated patches of

sagebrush grow on the pediment surface mantled by the Bishop

Conglomerate. Poplar, aspen, and willow indicate spring lines,

creek drainages or landslides.



REGIONAL SETTING

The Greater Green River Basin is the dominant structural fea-

ture of southwestern Wyoming. This basin is bounded by the over-

thrust belt of western Wyoming on the west, the Gros Ventre and

Wind River Mountains and Sweetwater Arch on the north, the Rawlins

Uplift and Sierra Madre Mountains on the east, and the Uinta Moun-

tains on the south (Plate Z). It is subdivided by the Rock Springs

Uplift--a large, elliptical, asymmetrical, north-south domal struc-

ture located near the center of the basin- -into several smaller

basins, namely, the Green River or Bridger Basin to the west and

the Great Divide and Washakie Basins to the east. According to

Blackstone (1955) the Rock Springs Uplift is the largest anticlinal

feature in Wyoming which retains a cover of Cretaceous rocks. Its

major axis is approximately 90 miles long and is bent towards the

east at both the northern and southern extremities. The simple

domal structure of the Uplift is complicated by normal faulting in the

central part, and by the superimposition of gently southeast-plunging

folds and thrust faulting on the southeast flank.

Rocks exposed on the Rock Springs Uplift and in the flanking

basins are Late Cretaceous to Quaternary in age. Late Niobrara

rocks of the Baxter Shale (Smith, 1965) are exposed in the breached

axial area of the Uplift. Quaternary units are represented by terrace
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Plate 2. Major structural features of southwestern Wyoming.
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gravels, landslide debris, and alluvium.

An elliptical inner sequence of cuestas encloses the topographic

basins of the central part of the Uplift. These cuestas are held up

by resistant sandstones of the Blair, Rock Springs, Ericson and

Almond Formations of the Mesaverde Group which range from Eagle

to pre-Mobridge level of the Pierre Shale in age (Smith, 1965). The

maximum thickness of the Mesaverde Group exposed on the Uplift is

5, 300 feet. Post-Mesaverde Group rocks of Cretaceous age are ex-

posed only on the east flank of the Uplift. The Lewis Shale overlies

the Almond Formation and forms a na r r ow hiracetracku valley.

Along the eastcentral part of the Uplift, the Lewis Shale is overlain

by the Fox Hills Sandstone and the Lance Formation which form low,

west-facing cuestas. North and south of the central part of the Up-

lift, Cretaceous-Tertiary erosion progressively truncates older

Cretaceous rocks and at both ends Paleocene rocks unconformably

overlie the Almond Formation.

Unconformably overlying the Cretaceous rocks along the flanks

of the Uplift and dipping gently into the adjacent basins are onlapping

Tertiary rocks including the Paleocene Fort Union, and the Eocene

Wasatch and Green River Formations. Soft mudtones and shales

alternating with resistant limestones and sandstones have been

eroded to a second, outer sequence of cuestas encircling the Uplift.

The highly dissected plateau of the southern part is a remnant of the
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Oligocene or Miocene Bishop Conglomerate-capped Gilbert Peak

pediment surface which extended northward from the Uinta Moun-

tains (Bradley, 1936). The youngest Tertiary rocks in the region

are alkaline volcanic rocks of the Leucite Hills which have a potas-

sium-argon age of 1.Z5 million years B.P. (Bradley, 1961). This

sequence includes cinder cones, plugs, and flows of Wyomingite

which crop out in the northern part of the Uplift.



'a

STRATIGRAPHY

Subsurface Stratigraphy

Sandstones, si].tstones and mudstones of the Late Cretaceous

Blair Formation are the oldest rocks exposed in the area. Meso-

zoic and late Paleozoic units lying below the Blair have been identi-

fied from logs of wells drilled on the Rock Springs Uplift. The deep-

est penetration on the Uplift is the Mountain Fuel Supply Co. test in

sec. 11, T. 19 N. , R. 104 W. , about 18 miles north of the area.

This well encountered "granite wash" below the Mississippian

Madison Formation (Andrew, 1965). A summary of the subsurface

stratigraphy as interpreted from well logs is presented in Table 1.

About Z5 miles to the southwest, formations found only in the

subsurface on the Uplift or their lateral correlatives crop out along

the north flank of the Uinta Mountains. As in the subsurface of the

Uplift, early and middle Paleozoic rocks are generally absent in the

Uintas. At most places in the Uintas, Mississippian rocks are

either in fault contact with or rest unconformably on the Precambrian

Uinta Mountain Group (Hansen, 1965).

The general absence of Cambrian, Ordovician, Silurian and

Devonian rocks in the region is the result of either non-deposition

or removal by pre -Mississippian erosion. Late Paleozoic rocks

consist of 1 400 + feet of shelf or platform facies carbonates and
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a Sweetwater County, Wyoming.

Age
Thickness Data

Formation
(Feet) Source

Late Baxter Shale 2, 852
Gretaceous FrontieT Formation 100

Early Aspen Shale 268
Cretaceous Dakota Formation 142

Lakota Formation 28

Morrison Formation 410
Curtis Formation 145

Jurassic EntradaFormation 90
Carmel Formation 97
Nugget Sandstone 650

Jelm Formation 365
Triassic Chugwater Formation 565

Dinwoody Formation 315

Permian Phosphoria Formation 225

U

Pennsylvanian
Weber Sandstone
Morgan Formation

1, 025
132+

Mississippian Madison Formation
III-

Precambrian (?) 'Granite Wash"

I. Salt Well Unit No. 1; sec. 1, T. 14 N., R. 103 W. (House, 1955).
XL M. F. S. Co. South Baxter Basin Unit No. 1 (WGA, 1955, Interleaf between pp. 144 and

145).
III. North Baxter Basin in sec. 11, T. 19 N., R. 104W. (Andrew, 1965).
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sandstones deposited east of the Rocky Mountain miogeosyncline.

Triassic and Jurassic systems are approximately 1,250 and 1,400

feet thick respectively. Marine shales and carbonates deposited in

these systems record the persistence of the miogeosyncline to the

west. However, rapid east-west facies changes in these systems in-

dicate a narrowing of the shelf area. Early Gretaceous rocks are ap-

proximately 440 feet thick. The basal Cretaceous is represented by

continental deposits. Middle and late Early Cretaceous deposition of

marine sandstones and shales record the invasion of marine waters

from the east. A short-lived eastward regression of the sea occurred

at the beginning of Late Cretaceous. This regression was followed by

the return of marine conditions and deposition of marine shales and

sandstones which continued in the area through Blair and Rock Springs

time.

Thesis Area Stratigraphy

Rocks ranging in age from Late Cretaceous to Oligocene or

Miocene are exposed in the Salt Wells Anticline area. The total

thickness of the Cretaceous and Tertiary sequences in the area is ap-

proximately 5, 650 feet. Unconsolidated Quaternary deposits are

found throughout the area.

Approximately 4,210 feet of Late Cretaceous sedimentary rocks

are exposed. This sequence includes the Blair, Rock Springs,
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Ericson, and Almond Formations of the Mesaverde Group, and the

Lewis Shale. The Cretaceous section is separated from the over-

lying Tertiary sequence by an erosional unconformity.

Tertiary rocks have a total thickness of 1,440 feet. This se-

quence includes the Fort Union and Wasatch Formations, and the

Bishop Conglomerate.

A summary of the stratigraphy is presented in Table 2. Areal

distribution of the Cretaceous and Tertiary Formations and the most

abundant Quaternary deposits is shown on Plate 3.

Blair Formation

Schultz (1920) named the Blair Formation for the sequence of

sandstones and sandy shales between the Baxter Shale and the Rock

Springs coal group. The type area for this formation is in the

vicinity of Blair Ranch, sec. 4, T. 16 N. , R. 103 W. , on the east

flank of the Rock Springs Uplift. This information is the basal unit

of the Mesaverde Group as subdivided in the Greater Green River

Basin.

Basal Blair sandstones crop out northwest of the mapped area.

Only the middle shale member and Chimney Rock Sandstone are ex-

posed. The top of the Blair Formation was mapped according to

Schultz's 1920 criteria. He placed the top of this formation at the

base of a persistent white sandstone that marks the base of the lower
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Table 2. Stratigraphic section of the Salt Wells Anticline area, Sweetwater County, Wyoming.

Thickness
Age Formation Feet

Lithology

Quaternary Alluvium 0-45+ Unconsolidated gravel, sand,
silt and clay.

Quaternary Landslide debris Unsorted debris.

Quaternary Terrace gravels ? Poorly indurated gravel.

Unconformity

Oligocene Bishop Conglomerate 0-60 Poorly indurated gravel in a
or Miocene sand matrix.

Unconformity

Eocene Wasatch Formation 80+ Purplish-red, conglomeratic
(top not exposed) sandstone and varicolored

mudstone and shale.

Paleocene Fort Union 1, 300 Sandstone, mudstone, shale,
Formation carbonaceous shale and coal.

Unconformity

Late Lewis Shale 0-200 Gray mudstone and shale.
Qetaceous

Late Almond Formation 6 15-667 Sandstone, mudstone, shale,
Cretaceous carbonaceous shale, coal,

and oyster coquina limestone.

Late Ericson Formation 848-980 Light-gray, salt-and-pepper
cretaceous sandstone, brown sandstone,

mudstone, shale, carbona-
ceous shale, and coal.

Late Rock Springs 1, 100-1, 200 Gray mudstone, sandy shale,
Cretaceous Formation thin-bedded sandstone and

light-gray thick-bedded sand-
stone.

Late Blair Formation 1, 160+ Gray mudstone, light4,r.own,
Cretaceous (base not exposed) thin- and thick-bedded sand-

Stone.
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coal-bearing member (Rock Springs Formation) of the Mesaverde

Group. The top of the Blair Formation consists of a sequence of

yellow to brown sandstones (Chimney Rock Sandstone) which form

the "Golden Wall" escarpment. The Chimney Rock Sandstone in the

northern part of the area has a sharp and well-defined top making it

an easily mappable contact. Other authors, including Hale (1955) and

Keith (1965) place the Chimney Rock Sandstone at the base of the Rock

Springs Formation.

Distribution and Occurrence

On the Rock Springs Uplift the Blair Formation crops out as a

narrow band enclosing Baxter Shale cores of the axial topographic

basins. Approximately ten square miles of Blair Formation are ex-

posed in the mapped area. The most extensive outcrops are in the

northwestern part. Mudstones, shales, and thin-bedded sandstones

of the middle shale member have been eroded to a terrain of low

relief and form an area of badlands topography. An extensive soil

cover has been developed over most of the area, but exposures of

bedrock occur along stream channels.

East of Highway 430 in sec. 6, T. 16 N. , R. 102 W. the

Chimney Rock Sandstone forms a prominent cuesta which has up to

60 feet of relief in the area. Farther north this cuesta exceeds 400

feet in relief and is referred to as the "Golden Wall. " West of Salt



Wells Creek in sec. 7, T. 16 N. , R. 102 W. , an outlier of the

Chimney Rock Sandstone forms a conspicuous hoodoo known as

Chimney Rock (Figure 3). The formation of Chimney Rock and

similar hoodoo rocks on the top of the 'Golden Wall" is controlled by

preferential weathering along a rectangular joint system.

Lithology and Thickness

The Blair Formation is a transitional sequence of intertonguing

nearshore marine sandstones and offshore marine shales and mud-

stones. It consists of upper and lower sandstone members separated

by a thick sequence of marine shale, mudstone and thin-bedded sand-

stone. In the type area the basal sandstone is approximately 140

feet thick, the middle shale member is 1, 050 feet, and the upper

member, the Chimney Rock Sandstone, is 370 feet (Smith, 1965).

The Blair Formation thins to the north and west and grades

laterally to shale to the east and southeast. The drilled thickness

of the Blair Formation in the Salt Wells Field is 1,790 feet (House,

1955) whereas in the northern part of the Uplift the Blair is less than

580 feet thick and is continental in character (McDonald, 1955).

East of the Rock Springs Uplift in the Table Rock Field the interval

occupied by the Blair Formation cannot be recognized. The Chim-

ney Rock Sandstone and the basal Blair sandstones thicken to the

west and northwest and intertongue with the overlying continental



19

deposits.

Figure 3. View south to Chimney Rock. The middle
shale member of the Blair Formation
eroded to a terrain of low relief is ex-
posed to the right of Chimney Rock.

Middle Shale Member. Approximately 1,100 feet of the poorly

exposed middle shale member crop out in the northwestern part of

the area. This member consists dominantly of light-brown, grayish-

orange, and gray mudstone, siltstone and sandy shale. Mudstones

and shales are interbedded with light- to moderate-brown, thin-

bedded, fine-grained, calcareous sandstones. Two to six inch beds

of light bluish-gray to white claystone make up a minor part of this

sequence. At the top of the middle shale member, nodular to platy

sandy shales and mudstones are intricately interbedded with
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thin-bedded,fine-grained, light-brown, calcareous sandstones of the

basal part of the Chimney RockSandstone.

Chimney Rock Sandstone. The uppermost sandstones of the

"Golden Wall" escarpment were named the Chimney Rock Tongue by

Hale (1950). These sandstones have a transitional contact with the

underlying middle shale member and sharp upper contact with the

mudstones and shales of the Black Butte Tongue of the Rock Springs

Formation. The Chimney Rock Sandstone is a prominent cliff-

forming unit along the southeast flank of the Uplift. It caps the "Gold-

en Wall'1 and has conspicuous hoodoos on its upper surface. A

maximum of 60 feet of the Chimney Rock Sandstone is exposed in the

northern part of the mapped area. To the east and southeast the

sandstone thins and grades into shale. In the Blair exposures on

North Salt Wells Anticline, the Chimney Rock Sandstone is less than

20 feet thick.

The Chimney Rock Sandstone is a sequence of thin- to very

thick-bedded, in part laminated, light-brown to grayish-orange,

friable, calcareous sandstones. Thin-bedded sandstones of the basal

part are intricately interbedded with shales, mudstones and silt-

stones. Oscillation and interference ripple marks occur on bedding

surfaces. The upper Chimney Rock sandstones are largely thick-

to very thick-bedded. They weather to a prominent cliff and exhibit

a striking honeycomb weathering. Large - scale, planar
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cross - stratification is the dominant sedimentary structure. Both

upper and lower parts of the Chimney Rock Sandstone have abundant

iron oxide concretions.

A modal analysis was made of moderate yellowish-brown, fine-

grained, laminated, very friable and porous sandstone from the

middle of the Chimney Rock Sandstone at its exposure in sec. 6, T.

16 N. , R. 102 W. (Table 3). This sandstone is a calcareous quartz

wacke. Grains range from angular to rounded with quartz grains

showing all stages of rounding, chert being rounded, and the feld-

spars unaltered and angular. Iron-stained, euhedral to subhedral,

single carbonate (dolomite-ankerite series?) grains are the domi-

nant carbonate in the rock. These grains are commonly bordered

by a rim of clear sparry cement. A primary origin for these carbon-

ate grains is indicated by very slight or no abrasion of the euhedral

crystals, abundance of included materials, grain-on-grain contacts

with the terrigenous components, and characteristic occurrence as

single euhedral grains. Similar criteria have been used by Sabin

(1962) in the identification of primary carbonates in littoral or near-

shore marine sandstones of the Late Cretaceous of the western

interior.

The Chimney Rock Sandstone is fossiliferous. Marine

pelecypod and gastropod casts, molds, and shell fragments were

found at several localities. Blair mudstones and sandstones exposed
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on North Salt Wells Anticline contain abundant carbonaceous matter

as plant hash laminations and plant fragments.

Table 3. Modal analysis of a sandstone from the middle of the
Chimney Rock Sandstone of the Blair Formation.

Mineral %

Quartz 58. 6%
Feldspars 3.8%
Carbonate grains 12. 3%
Carbonate cement 8. 8%
Matrix 10.2%
Chert 4. 7%
Other 1.6%

Total 100. 0%

Total mineralogy includes: quartz, carbonate grains,
chert, orthoclase, plagioclase, microcline, muscovite,
zircon, hematite, magnetite, leucoxene, glauconite,
carbonaceous matter, a matrix of illite (?) or mica,
and carbonate cement.

Age -and Correlation

The Blair Formation, the basal unit of the Mesaverde Group

and the oldest rocks exposed in the mapped area, is Eagle in age

(Smith, 1965). The Chimney Rock Sandstone contains the index

fossil Scaphites hippocrepis which is the zonal index (Weimer, 1961)

to the lowest zone of the Campanian Stage of the Late Cretaceous.

East and southeast of the type area the sandstones grade

laterally into shales. Basal Blair sandstones grade into the shales

of the underlying Baxter Shale whereas the Chimney Rock Sandstone
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grades into the underlying middle shale member. North of the type

area the Blair Formation thins, becomes sandier and finally grades

into continental deposits containing lignites and other carbonaceous

materials.

Hale and Van De Graaff (1964) correlate the Blair Formation

with the Emery Sandstone, Masuk Shale and Blackhawk Formation of

the Wasatch Plateau of northcentral Utah. Smith (1965) considers

the Blair a time equivalent to the upper Mancos Shale in Colorado and

to the Steele Shale on the Rawlins Uplift.

Depositional Conditions

The Blair Formation is a sequence of intertonguing littoral

marine sandstones, and offshore marine mudstones, shales and thin-

bedded sandstones. Basal Blair sandstones and the Chimney Rock

Sandstone mark eastward to southeastward regressions of the

Cretaceous sea. Continental deposits associated with these regres-

sions lie to the west and northwest of the area. Keith (1965) deter-

mined the approximate location of the strand line of the Chimney

Rock regression as a line which extends from T. 16 N. , R. 106 W.

northeast across the Uplift and through the middle of T. 22 N.

R. 100W.

Sandstones of the Blair Formation were deposited in littoral

and nearshore marine environments. Thick- to very thick-bedded,
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well-sorted sandstones with large -scale planar cross -stratification

were deposited in a littoral environment. Thin-bedded sandstones

generally contain considerable mica and matrix indicating deposition

under lower energy conditions of the nearshore marine environment.

The occurrence of glauconite, primary carbonate grains, and marine

pelecypods and gastropods support nearshore and littoral marine

environments of deposition.

Thick sequences of mudstone, shale, and sandy shale contain-

ing abundant very fine-grained carbonaceous matter suggest deposi-

tion in quiet water, presumably in the offshore marine environment.

Because of the abundance of fine r-grained clastic rocks in the south-

eastern part of the Uplift, it is probable that this area occupied the

position of a shelf throughout the middle shale interval of Blair

deposition.

Rock Springs Formation

Schultz (1907) applied the name Rock Springs coal group to a

continental sequence of thick, ridge-forming, brown, yellow and

white sandstones and interbedded shales, claystones, and coals

which is well exposed in the vicinity of Rock Springs, Wyoming.

Sears (19Z6) later gave formational status to this interval. The Rock

Springs Formation is recognized as the basal coal-bearing sequence

of the Mesaverde Group in the Greater Green River Basin.
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Marine correlatives of the type Rock Springs Formation have

been subdivided lithologically along the southeast flank of the Rock

Springs Uplift. Hale (1950) applied the name Black Butte Tongue to

the thick lower sequence of silty to sandy shales and interbedded

thin, very fine-grained sandstones which overlies the Chimney Rock

Sandstone of the Blair Formation. The upper ZOO to 300 feet of the

marine correlatives consist of two regressive deposits, the Brooks

and McCourt Sandstones, which are separated by a thin shale and

mudstone sequence, the Coulson Tongue (Smith, 1961).

In the mapped area the Rock Springs Formation is a marine

sequence which is laterally correlative with the bulk of the continental

sequence exposed at the type area in the northern part of the Uplift.

The base of the formation was mapped as the top of the Chimney

Rock Sandstone which is conformably overlain by mudstones, shales,

and thin-bedded sandstones of the Black Butte Tongue. The top of

the Rock Springs Formation was mapped at the top of the uppermost

regressive sandstone, the McCourt Sandstone. This sandstone is

easily recognized by its distinctive white cap.

Distribution and Occurrence

Outcrops of the Rock Springs Formation occur as a narrow

band outside of the Blair Formation which encloses the axial basins

of the Rock Springs Uplift. This formation also crops out as a
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tains. Marine time equivalents of the type Rock Springs Formation

are recognized in the subsurface in the petroleum fields on the east

flank of the Uplift.

In the northern part of the area the mudstones, shales, and

thin-bedded sandstones of the Black Butte Tongue have been eroded

to form a strike valley between the Chimney Rock Sandstone and the

resistant sandstones of the upper Rock Springs and the Ericson

Formations (Figure 4). In the southern part of the area the Black

Butte Tongue forms an area of low relief which has been eroded to a

badlands topography. Sandstone sequences within the Black Butte

Tongue form low cue stas. In general the Black Butte Tongue is

poorly exposed because of extensive soil and alluvial cover.

The Brooks and McCourt Sandstones of the upper Rock Springs

Formation make up the basal part of the "White Wall". The less

resistant Coulson Tongue between the sandstones is eroded to form

a conspicuous notch or a bench (Figure 5).

Litholov and Thickness

Lithologically the Rock Springs Formation of the area is sub-

divided into two offshore marine mudstone, shale and thin-bedded

sandstone units and two nearshore marine to littoral sandstones.

The mudstone, shale and thin-bedded sandstone sequences are the



Figure 4. Strike valley of the Black Butte Tongue. Underlying the Black Butte
Tongue are resistant sandstones of the chimney Rock Sandstone which
form the "Golden Wail'. Overlying the Black Butte Tongue are
resistant sandstones of the upper Rock Springs and Ericson Formations
which form the "White Wall". The and
Sandstones crop out near the base of the "White Wall".

Figure 5. Brooks and McCourt Sandstones are the basal resistant units of the
"White Wall". The Coulson Tongue has been stripped from the top of
the Brooks Sandstone in the left center to form a prominent bench.



Black Butte Tongue (Hale, 1950) and the Coulson Tongue (Smith,

1961); the marine sandstone units are the Brooks and McCourt

Sandstones (Smith, 1961).

The thickness of the Rock Springs Formation shows consider -

able variation on outcrop and in the subsurface. In the northern

part of the Uplift continental deposits of the type Rock Springs

Formation are approximately 1,800 feet thick (Smith, 1965). In the

mapped area this formation is represented by time equivalent marine

sandstones and shales which range from 1,100 feet thick in the

northern part to 1,200 feet in the southern part.

Black Butte Tongue. Lithologically this tongue is very simi-

lar to that of the middle shale member of the Blair Formation.

Medium- to dark-gray, nodular to platy mudstones, and light brown

to gray sandy shales are the dominant rocks. They are generally

laminated, well-compacted, weakly calcareous, contain some

carbonaceous matter, and weather to a yellowish gray. Some inter-

vals of mudstone are thick and homogeneous with poorly defined bed-

ding, but more generally the dominant mudstones are interbedded

with thin-bedded, fine-grained sandstones, siltstones or limy con-

cretionary layers.

At most outcrops the interbedded sandstones make up less than

15% of the total rocks exposed and do not affect the erosional topo-

graphy. However, at some localities interbedded sandstones account
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for 50% or more of the interval, and these sequences are eroded to

form low cuestas. The best example of this sand accumulation in

the Black Butte Tongue is shown by the line of isolated outcrops of

Rock Springs Formation surrounded by alluvium in the North Salt

Wells Anticline area (Plate 3). This lentil of low cuesta-forming

sandstones can be traced northward from exposures in sec. 26, T.

15 N. , R. 103 W. to where they finally grade to shale in sec. 36, T.

16 N. , R. 103 W. , a distance of approximately seven miles.

Interbedded sandstones of the Black Butte Tongue contain an

abundance of sedimentary structures and some organic matter.

Small-scale planar and trough cross-stratification are the most

abundant structures. Other structures include current.oscillation,

and interference ripple marks, isolated shale chip lenses, and con-

voluted bedding. Limy and iron oxide concretions are common.

Carbonaceous matter is plentiful with some laminations consisting

essentially of plant hash. Worm trails and borings are abundant.

A few marine pelecypod casts, molds and shell fragments were found

in the interbedded sequences indicating a marine environment of

deposition.

In the mapped area the Black Butte Tongue makes up the bulk

of the marine equivalents of the Rock Springs Formation. The maxi-

mum thickness of the Black Butte Tongue in the area is approximately

915 feet. North and west of the area the marine shales, mudstones



30

and thin-bedded sandstones of the Black Butte Tongue are replaced

by continental deposits.

Brooks Sandstone, The Brooks Sandstone is the basal sand-

stone in the sequence of resistant beds forming the "White Wall"

cuesta. It is a cliff-forming, grayish-orange to moderate yellowish-

brown, thin- to very thick-bedded, fine- to medium-grained sand-

stone (Figure 6). The basal part of the unit consists of intricately

interbedded to interlaminated sandstone, siltstone and mudstone.

The amount of sandstone increases upward in the unit. The inter-

bedded gradational base is characteristic of littoral marine sand-

stones deposited under regressive marine conditions (Spiker, 1949,

p. 64; Young, 1955). The sharp well-defined top (Figure 5) of the

Brooks Sandstone was developed either as a subaerial erosional sur-

face on littoral deposits during regression, or as a surface of plana-

tion developed during a subsequent marine transgression. The latter

is more likely because the Brooks Sandstone is overlain by marine

mudstones and shales of the Coulson Tongue.

The basal part of the Brooks Sandstone varies considerably in

lithology. Mudstones interbedded with the sandstones are generally

light olive gray, weather to a yellowish gray, and exhibit a nodular

surface, They are laminated to mottled, well-indurated, and weakly

calcareous.

The interbedded sandstones are generally fair to poorly sorted,
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very friable to well-indurated, calcareous, thin-bedded, and fine-

to medium-grained, Generally the basal contact of the individual

sandstones is gradational whereas the upper contact is sharp. mdi-

vidual sandstone beds are not laterally persistent; they either shale-

out laterally, or merge with thicker sandstone beds. Small-scale

cross-stratification, ripple marks, and worm trails and borings

are common sedimentary structures found in these sandstones.

Plant hash laminations and other carbonaceous matter are common

to both mudstones and sandstones of the interbedded basal part.

Pelecypods, gastropods and an ammonite, Placenticeras, showing

affinities with P. syrtal (W, A. Cobban, personal communication),

were collected from the basal Brooks Sandstone.

The thick- to very thick-bedded upper part of the Brooks

Sandstone weathers to a sharp cliff which is generally greater than

30 feet in height and commonly exhibits honeycomb weathering. Iron

oxide concretions are common. Large-scale cross-stratification

consisting of groups of gently inclined laminations is the dominant

internal structure of the sandstone.

Modal analyses of two thin sections of the Brooks Sandstone

were made (Table 4). Samples 109 and Z05 were collected from the

basal part of the Brooks Sandstone and would be classified as

calcareous quartz wackes. Carbonate grains in 205 occur as euhe-

dral to subhedral rhombs very similar to those of the Chimney Rock
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Sandstone. Carbonate in slide 109 is dominantly sparry calcite

cement. Terrigenous grains, with original grain shapes obliterated

by marginal replacement, are nearly floating in the carbonate cement.

Table 4. Modal analyses of sandstones of the upper Rock Springs
Formation.

Mineral

Quartz
Orthoclase
Plagioclase
Carbonate grains
Carbonate cement
Matrix
Muscovite
Chert
Rock fragments
Iron oxide
Other

Total

109 205 27 28 115

43.8 61.0 67.8 60.8 69.4
1.5 1.6 0.5 2.6 2.0
1.7 4.8 1.0 1.9 4.1
1.3 13.3 12.6

37.8 6.0 2.9
8.2 10.8 1.3 4.4 5.9
0. 5
1.5 8.2 28.4 17.6
1,4 1.3 1.6 0.8
1,5 0.5 4.8
0.8 0.7 0.9 0.3 0.2

100.0 100.0 100.0 100.0 100.0

Other mine rals include: microcline, glauconite, chalcedony,
hypersthene, pyroxene, carbonaceous matter, perthite,
chlorite, tourmaline, zircon, and rutile.

In the northern part of the area the Brooks Sandstone is ap-

proximately 130 feet thick. Southward it decreases to approximately

90 feet thick. The loss in thickness results from thin-bedded sand-

stones in the interbedded base grading laterally to shale.

Coulson Tongue. The Coulson Tongue, a thin sequence of

marine mudstones and shales overlying the Brooks Sandstone is not

well-exposed in the mapped area. It is readily eroded to a slope or
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a bench between more resistant sandstones. Because the unit is

generally located near the base of the "White Wall" cuesta, cover

by talus rubble is extensive.

Where exposed the Coulson Tongue consists of olive-gray mud-

stones which weather to a yellowish gray. The mudstones are car-

bonaceous and contain abundant plant hash. Thin-bedded sandstones

are found locally, but are not common.

The Coulson Tongue ranges from 50 to 100 feet in thickness in

the mapped area. Depositional conditions of mudstones and shales

of this unit were apparently very similar to those of the Black Butte

Tongue. Farther north this unit becomes more carbonaceous and

contains thin coals (Smith, 1961).

McCourt Sandstone. The McCourt Sandstone crops out as a

cliff-forming sandstone above the Coulson Tongue in the lower part

of the "White Wall". It is easily recognized by its conspicuous

change in color from light brown in the lower half to a light gray in

the upper part (Figure 7). The top of this sandstone was mapped as

the top of the Rock Springs Formation.

The lower part of the unit is a light-brown to a yellowish-gray,

fine- to medium-grained, friable sandstone. The unit is thickly

bedded and generally does not show any obvious internal bedding.

The basal contact with the underlying Coulson Tongue is sharp to

gradational but in no case is the interbedding at the base as
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Figure 6. The Brooks Sandstone. The intricately inter-
bedded, transitional base and sharp well-
defined top are characteristics of regressive
marine sandstones.

Figure 7. The McCourt Sandstone. Outcrops in the
basal part of the White Wall" show a con-
spicuous white cap. Note the poorly exposed
Coulson Tongue lying between the McCourt
and Brooks Sandstone.
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well-developed or does it cover as thick an interval as that of the

Brooks Sandstone below. Nodular to very irregular ferruginous and

calcareous concretions are common. A modal analysis of a fine-

grained, grayish-orange sandstone, sample 27, is given in Table 4.

The light-gray upper part of the McCourt Sandstone consists of

fine - to medium-grained, thick-bedded, friable, salt-and -pepper

sandstone. Large - scale planar cross - stratification is the dominant

internal bedding. Titanium-bearing sandstone lenses (Houston and

Murphy, 1962) are found locally in beds which range from a few

inches to two feet in thickness at the top of the McCourt Sandstone.

The sharp, well-defined top of the McCourt Sandstone was developed

by subaerial planation of the littoral deposits (Spieker, 1949). Modal

analyses of the white cap are represented by samples 28 and 115 in

Table 4.

The color change between the lower and upper parts of the

McCourt Sandstone varies from sharp to gradational but is present

throughout the region and provides an excellent criterion for recog-

nition of the unit. It is commonly marked by an intense iron staining

and the occurrence of many iron oxide concretions just below the

color change. This color change transects the internal bedding of

the sandstone unit indicating that its origin is post-depositional.

Spieker (1949, p. 64) accounts for the formation of white caps

on littoral marine sandstones as the result of leaching of iron by
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swamp waters where the sandstones are overlain by a paludal Se-

quence. Thin section study of the upper and lower parts of the sand-

stone of the area indicates that the color change is mineralogically

related to the presence of carbonate and associated iron staining in

the lower part and the absence of carbonate in the white cap. Car-

bonate grains of the lower part display zonal growth of euhedra with

the stages of growth well marked by lines of iron oxide. It appears

that the color change of the McCourt Sandstone has resulted from

solution of iron-bearing carbonate from the upper part of the unit

and reprecipitation in the lower iron-stained part. Abundance of iron

staining of the lower part of the sandstone is the result of the

weathering of an iron-bearing carbonate which is probably a mem-

ber of the dolomite-ankerite series.

At the type area in sec. 7, T. 14 N. , R. 103 W. , the McCourt

Sandstone is 105 feet thick. Elsewhere in the area the thickness of

the McCourt Sandstone ranges between 60 and 80 feet.

Age and Correlation

According to Smith (1965) the Black Butte Tongue contains in-

dex fossils Baculites asperiformis and B. obtusus. Other ammonites

collected within the formation include B. haresi and Placenticeras

syrtale. The zonal fossils B. asperiformis and B. obtusus indicate

that the Black Butte Tongue was deposited during the early
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Campanian Stage of the Late Cretaceous.

Smith (1965) correlates the Black Butte Tongue with the

Claggett member of the Pierre Shale. According to Weichman (1961)

the Rock Springs Formation is a time equivalent with the upper part

of the Mesaverde Formation of the western Wind River Basin.

Faunal correlations of Hale and Van De Graaff (1964) indicate that

the Rock Springs Formation of the Uplift is correlative with the

Castlegate Sandstone and the Buck Tongue of the Book Cliffs of Utah

and with the Cow Creek Sandstone of the Rawlins Uplift.

Depositional Conditions

The coal-bearing continental sequence of the Rock Springs

Formation on the northern part of the Uplift changes facies rapidly to

the southeast, and in the mapped area is entirely represented by

marine shales and sandstones. According to Keith (1965) a strand

line, separating continental sediments on the northwest from marine

deposits to the southeast, extended from T. 16 N. , R. 106 W. north-

eastward across the Uplift through the middle of T. 22 N. , R. 100 W.

Strikes of ripple marks in the area range from N. 24° to 41° E.

which correlate approximately with the trend of the strand line postu-

lated by Keith.

Mudstones, shales, and thin-bedded sandstones of the Black

Butte and Coulson Tongues were deposited in the quiet water
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fine- to medium-grained Brooks and McCourt Sandstones with grada-

tional bases and sharp tops were deposited as regressive littoral

marine deposits. The thick fine -grained sequence of the Black Butte

Tongue indicates that throughout most of the Rock Springs deposition

the southeastern part of the Uplift was occupying the offshore marine

shelf environment, Late Rock Springs deposition was marked by

two regressions of the sea from the region separated by a minor

transgression represented by the fine-grained sediments of the

Coulson Tongue.

Ericson Formation

Schultz (1907) referred to the Ericson Formation as a "barren"

sequence of massive white and yellowish sandstones, with minor

shale and bituminous matter, which forms pronounced escarpments.

Sears (1926) named this sequence the Ericson Sandstone after the

excellent exposures in the vicinity of Ericson Ranch in sec. 32., T.

16 N. , R. 102 W. (Figure 8). Hale (1950) applied the name Ericson

Formation because of the lithologic complexity of this sequence.

This formation is subdivided into four members: a thin basal mem-

ber consisting of mudstone, carbonaceous shale, coal, and brown-

ish weathering sandstone; a lower, thick, cliff-forming, light-gray,

salt-and-pepper sandstone member; a middle, bench-forming,



Figure 8. View north to the type section of the Ericson Formation, in secs. 31
and 3Z, T. 16 N. , R. 1OZ W.
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mudstone, carbonaceous shale, coal, and brownish weathering sand-

stone member; and an upper, thick, cliff-forming, light gray, salt-

and-pepper sandstone member. These are respectively named the

"transition" zone (Keith, 1965), Trail Member (Smith, 1961),

"rusty" zone (Hale, 1950) and Canyon Creek Member (Smith, 1961).

The base of the Ericson Formation was mapped at the top of

the regressive McCourt Sandstone of the Rock Springs Formation.

The "transition" zone concordantly overlies the McCourt Sandstone

and in turn is conformably overlain and intertongues with the Trail

Member. North of the area the "transition" zone thickens and

merges with the uppermost continental deposits of the type Rock

Springs Formation. To the east, the thick sandstone members of

the Ericson Formation which crop out along the east flank of the Up-

lift undergo rapid lateral facies changes. In the subsurface in the

Table Rock area the entire Ericson interval, Table Rock Facies

(Douglass and Blazzard, 1961), is lithologically similar to that of

the "transition" and "rusty" zones of the mapped area.

The thin sequence of mudstone, ca.rbonaceous shale, coal and

brownish weathering sandstone overlying the McCourt Sandstone is

assigned to the Rock Springs Formation by Smith (1961), who named

it the Gottsche Member, and by Keith (1965), who named it the

"transition" zone. Douglass and Blazzard (1961) consider the same

sequence as a tongue of the Table Rock Facies of the Ericson
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Formation. Keith's "transition" zone is an appropriate designation

for this lowland continental sequence. However, the "transition"

zone is included in the Ericson Formation because this sequence is

more closely related to the continental deposits of the Ericson Form-

ation than to the marine equivalents of the Rock Springs Formation.

The top of the McCourt Sands ton& in the area marks both a significant

change in lithology and environment of deposition. The Ericson

Formation, in turn, is conformably overlain by the Almond Forma-

tion.

Distribution and Occurrence

On the Rock Springs Uplift the Ericson Formation crops out as

a narrow band encircling the older Cretaceous formations. It also

crops out as cuesta- and hogback-forming sandstones in the vicinity

of Clay Basin and Linwood southwest of the Uplift along the north

flank of the Uinta Mountains. This formation is recognized in the

subsurface in the various fields on the east flank of the Uplift and in

the Vermilion Basin to the southeast.

The resistant, light-gray sandstones of the Ericson Formation

weather to form the prominent "White Wall" escarpment enclosing

the axial basins of the Rock Springs Uplift. On the east flank of the

Uplift the gently, easterly dipping sandstones form a prominent

cuesta, while on the west flank steeper west-dipping sandstones form
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hogback ridges. The less resistant "rusty" zone between the lower

and upper sandstone sequences forms a bench in the cuesta scarp

(}'igure 9). Throughout the area the overlying Almond Formation

has been eroded from the top of the Ericson Formation leaving an

extensive stripped structural surface which supports abundant scrub

cedar, juniper and pion pine (Figure 10).

Lithology and Thickness

The four-fold lithologic subdivision of the Ericson Formation

is recognizable throughout the area. The "transition" and "rusty"

zones consist of bench-forming mudstones, carbonaceous shales,

coals and brownish weathering sandstones. These sequences are

characterized by considerable lateral and vertical variation in litho-

logy. The Trail and Canyon Creek Members are persistent cuesta-

forming, light-gray, salt-and-pepper sandstones.

In the area the thickness of the Ericson Formation increases

from 848 feet in the northern part (Sec. 4, T. 16 N., R. 102 W.) to

937 feet at the type locality and to 980 feet in the southern part (secs.

7, 17, 18, and 20, T. 14 N., R. 103 W.). Farther south at Clay

Basin the four-fold subdivision of the Ericson Formation persists,

but the "transition" and "rusty" zones and the Trail Member are

thinner than those of the southern part of the Uplift. Actual thick-

ness of the Canyon Creek Member cannot be determined because of
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Figure 9. The tirustylt zone, the middle member of the
Ericson Formation, is eroded to form a bench
in the "White Wall. "

Figure 10. The dip slope of Ericson Formation. The
dark vegetation patch results from growth of
scrub cedar, juniper and piion pine on this
stripped structural surface. The Almond
Formation crops out in the foreground.
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post-Ericson and pre-Hiawatha erosion. In the subsurface in the

Vermilion Basin southeast of the Uplift, the basal "transition" zone

is missing in the 1500 foot Ericson interval (Smith, 1965). In the

Table Rock area to the east, the Ericson Formation is represented

by the coal-bearing Table Rock Facies which is 1,176 feet thick.

"Transition" Zone and "Rusty" Zone. Lithologically the

"traflsitiofl" and "rusty" zones are very similar to the type Rock

Springs Formation and the lower alluvial member of the Almond

Formation. Brownish and medium-gray to black carbonaceous

shales, and mudstones which commonly weather light gray make up

nearly 50 percent of the sequences. Carbonaceous matter is abun-

dant and consists of broadleaf and conifer plant remains, plant

"hash" laminations, coaly and amber blebs, and thin coal beds and

lenses. The vertical sequence of carbonaceous mudstone (containing

plant fossils), carbonaceous shale, thin-bedded coal, and thick-

bedded brownish weathering, fine- to medium-grained sandstone

with a basal scour-and-fill contact is common in these members and

often repeated in a cyclic pattern. Coal beds make up nearly ten

percent of the "transition" zone with individual beds up to 3. 5 feet

thick. Excellent development of carbonaceous shale, mudstone, and

coal sequence in the "transition" zone is exposed in the southeast

corner of sec. Z, T. 14 N. , R. 103 W. The "rusty" zone is well

exposed at the type area of the Ericson Formation.
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Thin- to thick-bedded lenticular, brownish weathering, fine-

to medium-grained, calcareous sandstones are found throughout the

area in the "transition" and "rustyt' zones, Sandstones are more

abundant in the "rusty" zone which takes its name from their weather-

ing color. Generally the sandstones have sharp, scour-and-fill basal

contacts with the underlying shales and mudstones and have grada-

tional tops which are interbedded with overlying mudstones and

shales. Like the finer grained rocks, the sandstones contain abun-

dant carbonaceous matter, Cross-bedding is not abundant but both

planar and trough cross-stratification are found. Other sedimentary

structures found in the "transition" and "rusty" zones include con-

voluted bedding in the shales and mudstones, shale chip conglomera-

tic lenses in basal parts of sandstones, large- and small-scale scour-

and-fill structures, and, rarely, ripple marks.

The thickness of the "transition" zone ranges from 111 feet in

the northern part to 83 feet at the type locality and to 46 feet in the

southern part. The "rusty" zone, on the other hand, thickens from

north to south through the area. In the northern part it is approxi-

mately 135 feet thick, and increases to 154 feet at the type locality

and to 218 feet in the southern part.

Trail and Canyon Creek Members. The Trail and Canyon

Creek Members are the cliff-forming sandstones of the Ericson

Formation. They consist dominantly of thick- to very thick-bedded,
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lenticular, light-gray, noncalcareous, salt-and-pepper sandstones.

The lenticular sandstones are highly cross-bedded with large-scale

planar and trough cross-stratification being the dominant internal

structures. Horizontal laminations, graded bedding, multiple scour-

and-fills and convoluted bedding are common. The sandstones are

characteristically fine- to medium-grained, well-sorted, and very

porous and friable. Conglomerate lenses occur in the basal part of

the Canyon Creek Member in the southwestern part of the area. Iron

oxide concretions and iron staining are found infrequently in these

members.

In general the Trail Member ranges from 307 to 340 feet in

thickness with the thickest section being that of the type locality.

The Canyon Creek Member thickens from 95 feet in the northern

part to 359 feet at the type locality and to 396 feet in the southern

part.

Directional Characteristics of Ericson Cross-beddin

A study of the cross-bedding was made in the area in order to

determine the paleoslope of the depositional environment and the

source area of the Ericson sandstones. The 915 strikes and dips of

cross-bedding used in this analysis were measured on the plane of

the cross-stratification. The attitude of the formation was removed

by rotation on a stereonet and the attitude obtained was that of the
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cross-bedding with respect to a horizontal surface. The corrected

strikes and dips of the cross-bedding at each locality were then

plotted on a rose diagram to illustrate graphically the distribution of

the cross-stratification. The azimuths of the dip of the cross-

bedding were summed and the average determined in order to obtain

the mean dip direction of the cross-bedding. The mean dip direction

is used as an approximation of the downstream current direction for

that locality. Current directions were determined for each locality

and plotted on Figure 11 (Trail Member) and Figure 1Z (Canyon

Creek Member).

All 915 cross-bedding attitudes determined in the field were

taken in the Trail and Canyon Creek Members and are represented

on the figures. It was not uncommon for the range of azimuths at a

locality to nearly cover the 360 degree spectrum. This was especial-

ly true where the measurements were obtained from outcrops show-

ing primarily trough cross - stratification. Polymodal distributions

occurred only in a few cases when the rose diagrams were plotted

with thirty degree intervals.

The mean current direction for the Trail Member as deter-

mined from the ZO localities plotted in Figure 11 is an azimuth of

157° or a bearing of S. Z3° E. The average azimuths of individual

localities in this member ranged from 53° to 195° . Only one local-

ity indicated a northeasterly current direction and this was in the
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Figure 11. Mean current directions determined
from cross-bedding in the Trail
Member of the Ericson Formation.



northern part of the area. Three localities indicated current direc-

tions slightly to the southwest and these were found in the southern

part of the area. The average azimuths for the various localities

when plotted on a rose diagram show a unimodal distribution. The

predominant current direction indicated by the cross-bedding analy-

sis of the Trail Member is to the south-southeast. The source area

indicated, therefore, was to the north-northwest.

The average current direction of the Z6 localities in the Canyon

Creek Member is an azimuth of 113° or a bearing of S. 67° E. The

range of average azimuths for this member is from 400 to 1780. It

is apparent from Figure 1Z that this average current direction is the

result of the average of a bimodal distribution of the mean dip direc-

tions. One mode has an approximate average azimuth of 1400 and

the localities for this mode are in the northern and central parts of

the area. The other mode results from measurements concentrated

in the southeastern part of the area, and it has an average azimuth

of approximately 90°. The bimodal distribution of the cross-bedding

directional properties of the Canyon Creek Member indicates two

predominant current directions and either two source areas or two

agents of distribution. If two source areas existed, one lay to the

north-northwest and the other to the west or slightly to the south-

west of the area.
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+ average of more than 25 cross-bedding attitudes

.. average of 5 to 25 cross-bedding attitudes

Figure 12,. Mean current directions determined
from cross-bedding in the Canyon
Creek Member of the Ericson Forma-
ti on.
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Petrography

Nineteen thin sections of sandstones, seven clay separations,

and numerous hand specimens were studied in analyzing the rocks of

the Ericson Formation. Petrographically the Ericson Formation

may be divided into two suites, the Trail and Canyon Creek suite

and the "transition's and "rusty" zone suite. The sandstones do not

show much lithologic variation throughout the Ericson Formation

(Figure 13). Sandstone rock types include calcareous quartz

arenite and wacke, quartz arenite, and calcareous feldspathic

arenite and wacke. The components of the Ericson sandstones are

quartz, chert, carbonate grains, orthoclase, plagioclase, micro-

dine, quartzite, hematite, fine-grained metamorphic and sedimen-

tary rock fragments, chalcedony, muscovite, biotite, magnetite,

ilimenite, leucoxene, tourmaline, zircon, garnet, rutile, igneous

rock fragments, a matrix consisting of kaolinite and mica (or illite),

and carbonate and siliceous cement.

Although the two suites possess a similar overall mineralogy,

they do have distinct mineralogical and textural differences which

reflect varying conditions of the depositional environment and of the

provenance of the Ericson Formation. Approximately 75 percent of

the Ericson Formation of the area consists of the lithologies ascribed

to the Trail and Canyon Creek suite. This suite dominantly consists



Fe id spars

and quartzite

Unstable fine-
grained rock
fragments

Figure 13. Classification of Ericson sandstones. Arenites are
plotted as dots and wackes are plotted as circles.
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of fine- to medium-grained sandstones with a few fine-pebble con-

glomerate lenses in the basal Canyon Creek Member in the south-

western part of the area. Its light-gray, salt-and-pepper appear-

ance results from the mixture of black chert with gray quartz, white

chert, and fresh feldspar. The sandstones are well-sorted, very

porous, friable and well-compacted. They consist dominantly of

rounded to angular grains of quartz and chert weakly cemented by

silica. The sandstone units are lenticular and exhibit considerable

planar and trough cross-stratification. Thin shale lenses make up

less than five percent of the suite.

Modal analyses of sandstones of the Trail and Canyon Creek

suite are presented in Table 5. The most abundant mineral is

quartz which makes up 45 to 79 percent of the detrital grains.

Chert, next in abundance, ranges from ten to 36 percent. Fresh,

angular, unaltered feldspar is invariably present and makes up as

much as seven percent. Rock fragments, other than chert, are

least common and make up less than 11 percent in this suite.

Identification of the rock fragments is difficult because of their fine-

grained texture, but they appear to include, in order of decreasing

abundance, quartzite, fine.-grained sedimentary rocks, and fine-

grained metamorphic rock fragments.

Although brownish-weathering, fine- to medium-grained sand-

stones are the dominant lithology of the "transition" and "rusty"



Table 5. Modal analyses of sandstones of the Trail (105, 110, 121, and 182) and Canyon Creek
Members (135, 136, 138, 180, 194, and 200).

Mineral 105 110 121 182 135 136 138 180 194 198 200

Quartz 63,5 72.3 76.1 79.2 59.9 49.8 62.9 60.9 44.8 49,3 75.5
Plagioclase 0.8 Tr Tr 0.8 0.7 Tr 2.3 2.3 1.0 1,1 0.7
Orthoclase 6.3 6.9 1.3 5.1 3.6 2.9 2.1 3.8 4.2 3,9 1,8
Matrix 1,2 1.7 2.5 2.0 6.0 2.1 2.7 3.8 4.2 10,3 1.5
Muscovite Tr Tr
Chalcedony 0.8 Tr 0.6 Tr Tr 0.7 1.1 Tr
Chert 21.2 12.5 14.8 10.2 18.8 34.4 21.1 22.4 35.8 27.5 19.4
Quartzite 2.0 2.5 0.8 1.9 2.3 2.1 2.9 1.6 Tr 1.7 Tr
Rockfragments 3.9 3.1 2.8 0.8 8.1 7.3 5.6 5.0 8.1 4.8 Tr
Other 0.3 1.0 1.1 0.6 1.4 0.4 0.2 1.2 0.3 1.1

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

U-'
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zones suite, mudstones, shales, siltstones, and thin coals make up

nearly 50 percent of these sequences. In general the rocks of this

suite are fair to poorly sorted. The sandstones are generally well-

indurated. Carbonaceous matter is abundant. Modal analyses of

sandstones from this suite are presented in Table 6.

Sandstones of the "transition" and "rusty" zones suite have

nearly the same general mineralogical composition as the Trail and

Canyon Creek suite except for an abundance of carbonates, iron

oxide, and mica. Carbonates are the diagnostic criteria which dif-

ferentiate this suite from that of the Trail and Canyon Creek suite.

Carbonate materials consist of detrital dolomite grains and sparry

calcite cement.

Detrital carbonate grains generally have iron oxide-stained

margins. They are either enclosed in a sparry calcite cement

which is in optical continuity with the grains or in grain-on-grain

contact with terrigenous grains. The detrital carbonate grains occur

as aggregates of euhedral rhombs, microcrystalline aggregates,

abraded euhedral rhombs, rounded grains, and partially rounded

grains with one or two cleavage borders. They are commonly as-

sociated with carbonaceous matter, highly iron-stained matrix

material, and mica.



Table 6. Modal analyses of sandstones of the "transition" zone (116 and 118) and the "rusty" zone
(125, 127, 130, 131, 181, and 189).

Mineral 116 118 125 127 130 131 181 189

Quartz 52.7 52.7 57,5 55.1 45,2 38.7 47.2 40.0
Plagioclase 0.8 Tr 2.2 3.2 1.2 2.5 1.6 3.3
Orthclase 1,2 Tr 5.4 4.5 3.1 6.8 3.7 7.8
Carbonate grains 11.0 3.0 4.3 3.0 8.1 Tr 0.8
Carbonate cement 15.8 37. 3 14. 7 24. 6 34. 5 Tr 37. 0 14.2
Matrix 1.1 1.2 3.2 1.9 1.7 6.0 1.3 4.8
Ironoxide 2.3 Tr 3.4 1.4 2.4 7.7 1.0 2.3
Muscovite 1.7 1.0 0.5 Tr Tr 0.5
Chalcedony 0.6 0.8 Tr 1.3 2.1
Chert 12.4 5.3 5.6 3.6 6.2 18.1 5.2 17.9
Quartzite Tr Tr 1.3
Rockfragments 1.1 2.2 Tr 1.7 7.4 1.8 5.8
Carbonaceous matter 1.1 Tr
Other 1.0 1.3 1.4 0.4 0.5 2.1 1.2 0.5

Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0

OIa'
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Age and Correlation

No diagnostic fossils have been found in the Ericson Forma-

tion. The relative age of the Ericson Formation is determined

stratigraphically as the interval above the Baculites asperiformis

zone of the Rock Springs Formation and below the B. eliasi zone of

the Almond-Lewis interval. The Ericson Formation thus defined

was deposited in the Rock Springs Uplift area throughout most of the

Campanian Stage of the Late Cretaceous and is middle Pierre in age

(Cobban and Reeside, 1952).

The distribution and facies changes of the Ericson Formation

on the flanks of the Rock Springs Uplift have been discussed previous-

ly. Weichman (1961) considers the Phayles Member of the Mesa-

verde Group of the Wind River Basin and the Parkman Formation of

the Powder River Basin as time equivalents of the Eric son Forma-

tion. Hale (1950) correlates the Ericson Formation with the lies

Formation of northwestern Colorado. According to Hale and Van

De Graaff (1964), the Ericson Formation is time equivalent with the

Neslen Facies of the Price River Formation and with the Mount

Garfield Formation in northcentral Utah.

Depositional Conditions

Two associated continental environments of deposition are

represented in the Ericson Formation of the mapped area. Source



rocks indicated by petrographic study of the sandstones include

sedimentary rocks, metamorphic rocks and plutonic rocks. The

occurrence of feldspar and detrital carbonate grains indicates that the

sediments were derived from areas in which mechanical weathering

was dominant over chemical weathering and preserved by rapid

transport and deposition.

The Trail and Canyon Creek Members represent deposits of

lateral accretion of streams on an inland floodplain. They are thick-

to very thick-bedded, lenticular, highly cross-bedded, well-sorted,

fine- to medium-grained sandstones and were deposited by the down-

stream migration of sandwaves (Allen, 1965). The sandstones of

these members represent channel bar and point bar deposits.

Energy conditions were relatively high and matrix materials were

winnowed from the sands leaving a well-sorted, very porous, well-

compacted deposit. Carbonate grains are absent in these units and

were probably removed from the depositional environment by solu-

tion of the grains by running water.

The "transition" and "rusty" zones represent deposits of both

vertical and lateral accretion of streams on a lowland floodplain.

These deposits are poorly sorted indicating lower energy conditions

in the depositional environment. In these sequences the sandstones

represent point bar and channel bar deposits of lateral accretion,

whereas the mudstones, carbonaceous shales and thin coals result
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from vertical accretion in the flo2dbasins adjacent to stream

channels. The abundance of carbonaceous matter and coaly beds

indicates reducing conditions in the marshy and swampy environ-

ments of the floodbasin. Carbonate materials are preserved in the

sandstones of this environment because the poor sorting decreases

porosity and permeability of the sandstones reducing the effectiveness

of fluids in dissolving the carbonate grains.

The preservation of fresh and unaltered feldspar and detrital

carbonate grains requires conditions in which mechanical weathering

is dominant over chemical weathering. These conditions may be

met by climatic extremes and by rapid erosion, deposition and burial.

Similar detrital dolomites occur in the poorly sorted fluviatile

deposits of the Cretaceous Trinity Group of central Texas (Amsbury,

1962) and in fluviatile deposits of the Amsden Formation of the

Philipsburg area of Montana (Strickler and Zeisloft, 1965). Modern

detrital dolomites occur in stream sediments of central Texas and in

the San Saba and Colorado River sands (Amsbury, 1962). The

modern detrital dolomites are derived from dolomite source rocks

in areas with subhumid to arid climates. The abundance of carbona-

ceous matter including coals and fossil broadleafs and conifers mdi-

cates that the climate during Ericson deposition may have been more

humid than that indicated by the modern occurrences. The very thick

Ericson sequence, deposited in a relatively short interval of time,



indicates that rapid erosion, transportation, deposition and burial

were probably the dominant processes responsible for the preserva-

tion of detrital carbonate and fresh angular feldspar.

The abundance of rounded quartz, chert, and detrital carbonate

grains indicates that sedimentary rocks were the dominant source

rocks. A pre-existing sedimentary source rock area is supported

by the occurrence of abraded overgrowths on well-rounded quartz

grains, an impoverished heavy mineral suite consisting primarily of

rounded tournialines and zirons, and sedimentary rock fragments.

Quartzite grains, garnets and fine-grained metamorphic rock

fragments were derived from metamorphic source rocks. Igneous

or metamorphic source rocks contributed angular quartz, fresh,

angular feldspar, and micas.

Paleozoic and early Mesozoic sedimentary rocks, and meta-

morphic and igneous rocks uplifted and exposed in the Late

Cretaceous deformation of the Wind River Mountains (Bell, 1955;

Berg, 1961) contributed the bulk of the detritus deposited in the in-

land and lowland floodplain environments of the Ericson Formation.

This source area is indicated by northerly increase in grain size,

predominance of south-southeast current directions, and the preser-

vation of feldspars and detrital dolomite grains which indicate a

relatively close source area. Conglomerate lenses and easterly

current directions in the Canyon Creek Member in the southwestern
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part of the area suggest a second source area with similar rock

types to the west or slightly to the southwest.

Almond Formation

Schultz (1907) applied the name Almond coal group to the upper-

most coal-bearing rocks of Montana age exposed on the Rock Springs

Uplift. The type area lies east of Almond (Point of Rocks) and con-

sists of sandstones, mudstones, carbonaceous shales and numerous

coal beds. Sears (19Z6) gave this sequence formational rank.

Jacka (1965) has found the Almond Formation to be divisible into two

genetic intervals: a lower alluvial interval consisting of channel,

floodplain, swamp and lacustrine deposits, and an upper transitional

and marine member consisting of barrier bar and associated depos-

its. The Almond Formation is the uppermost formation of the Mesa-

verde Group in the Greater Green River Basin.

Carbonaceous shales, mudstones, siltstones, and lenticular

sandstones of the basal Almond Formation conformably overlie the

thickly bedded, light-gray sandstones of the Canyon Creek Member

of the Ericson Formation (Figure 14). In turn the transitional sedi-

ments of the upper Almond Formation are conformably overlain by

Lewis mudstones and shales. Well records on the east flank of the

Uplift indicate an intertonguing between the Almond Formation and

the Lewis Shale (Barlow, 1961), In the mapped area the top of the
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Figure 14. The contact between Ericson and Almond
Formations. Carbonaceous shales and thin-
to thick-bedded sandstones of the alluvial
member of the Almond Formation overlie
the very thick-bedded sandstones of the
Canyon Creek Member of the Ericson
Formation.

Almond Formation was selected arbitrarily as the top of the first

sand lying west of the strike valley of the Lewis Shale. Where the

Almond Formation is overlain unconformably by the Paleocene Fort

Union Formation the contact is drawn between isolated outcrops of

the regolith (Ritzma, 1965) at the base of the Fort Union Formation.

Distribution and Occurrence

The Almond Formation is exposed in a nearly continuous band

about the Uplift and is concealed only on the southwestern flank where

it is covered by onlapping early Tertiary rocks and the
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Bishop Conglomerate. In the subsurface on the east flank of the Up-

lift the Almond Formation is a major petroleum producer.

In the area the Almond Formation forms a sequence of low,

west-facing cuestas lying between the "White Wa1P' cuesta or dip

slope of the Ericson Formation, and the strike valley of the Lewis

Shale, Differential weathering of mudstones and carbonaceous shales

interbedded with resistant sandstones has formed a bench-and-bluff

topography. Throughout the southern part of the area the Almond

Formation is poorly exposed because of extensive soil and vegetation

cover.

Lithology and Thickness

Extreme lateral and vertical lithologic variation characterizes

the Almond Formation, A lithologic subdivision of the Almond

Formation is not possible because of its lithologic complexity, but

Jacka's (1965) genetic subdivisions are definable and indicate a sig-

nificant change in depositional conditions during Almond time, Con-

tinental deposits of the lower alluvial member comprise up to 75

percent of the formation, whereas transgressive marine deposits

make up the upper transitional marine member,

Thicknesses of the Almond Formation are quite variable along

the east flank of the Rock Springs Uplift and range from 555 feet in

the central part of the Uplift to approximately 670 feet at the northern
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and southern parts (Lewis, 1965), In the area the Almond Forma-

tion progressively thins from 667 feet at the north end to 615 feet on

the north flank of North Salt Wells Anticline, To the east the Almond

is largely replaced by mudstones and shales of the Lewis Shale.

Typical Almond thicknesses encountered in the petroleum fields on

the east flank of the TJplift range from 300 to 400 feet (Cox, 1962).

Alluvial Member. The alluvial member contains the continen-

tal deposits of the lower part of the Almond Formation, Mudstones,

carbonaceous shales, claystones and lignitic coals make up 55 to 80

percent of the alluvial member, Locally coals comprise up to ten

percent. Sandstones make up 15 to 35 percent of the sequence and

siltstones are least abundant and make up less than ten percent of

the section,

Mudstones, the dominant rock type of the alluvial member,

occur in sedimentation units ranging from six inches to twenty-five

feet in thickness. They are generally light to dark gray, weather

to yellowish gray or tan, and contain abundant carbonaceous matter.

Carbonaceous shales and lignitic coals are commonly interbedded

with the mudstones. Fossil leaves and conifer twigs were found in

the mudstones and associated thin-bedded sandstones.

The sandstones of the alluvial member are fine- to medium

grained, calcareous to noncalcareous, and range in color from light

gray to reddish brown, Sandstone units are one inch to 20 feet thick
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with most units being less than ten feet thick, Basal contacts of the

sandstones are of the scour-and-fill type with up to two feet of relief.

Tops of the sandstones are gradational and often interbedded with

overlying mudstones and shales, Planar cross -stratification is the

dominant sedimentary structure, Carbonaceous matter is abundant

in the basal and upper parts of the sandstone units,

The change from continental deposits of the alluvial member

to transgressive marine deposits of the transitional marine member

is difficult to delineate because the transition in environments is

conformable and gradational, The top of the alluvial member was

picked at the first occurrence of marine fossils in the sequence.

The transition is also marked by the change from the dominance of

mudstones, carbonaceous shales and coals with subordinate sand-

stones of the alluvial member to a dominance of sandstones with

subordinate mudstones and oyster coquinas of the transitional

marine member, Thicknesses of the alluvial member range from

250 feet in the northern part of the area to 350 feet in the southern

part,

Transitional Marine Member, Sandstones are the dominant

rocks of the transitional marine member making up 55 to 70 percent

of the interval, Shales, mudstones and carbonaceous shales make

up 25 to 40 percent of the section, Limestones, generally in the

form of oyster coquinas, make up nearly five percent of the sequence.



Siltstones and coals make up less than five percent of some sections

and are totally absent in others.

Sandstones of the transitional marine member are generally

light gray to light brown, non-calcareous to slightly calcareous,

friable, fine- to medium-grained and well-sorted. Sedimentation

units range from one inch to 50 feet in thickness with several sand-

stones Z5 to 35 feet thick generally present in most sections. The

very thick-bedded sandstones contain abundant large-scale, planar

and trough cross-stratification. Thin- and thick-bedded sandstones

are generally lenticular, calcareous, fine-grained and weather a

grayish orange to light brown. The thin-bedded sandstones are

interbedded with mudstones and carbonaceous shales. Pelecypods,

Ophiomorpha borings (Toots, 1961), and worm trails are commonly

found in these sandstones, Symmetrical, asymmetrical and inter-

ference ripple marks are found frequently on bedding surfaces.

Mudstones and shales of the transitional marine member are

generally dark to light gray, well-indurated, micaceous, and slightly

calcareous. Carbonaceous matter is abundant, and locally mud-

stones grade vertically into carbonaceous shales and thin coals.

Mudstone and shale beds range from two to Z5 feet in thickness with

most units being five to 15 feet thick. They are commonly associ-

ated with thin-bedded sandstones, siltstones and coals.

Limestones, relatively rare in the Mesaverde Group, make up
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a noticeable part of the transitional marine member, Most abundant

and significant are oyster coquinas which consist mainly of oyster

shells and fragments with a variable amount of sand matrix. They

occur in beds up to seven feet thick which are resistant and cap low

cuestas, Thin-bedded sandy to silty limestones and argillaceous

limestones occur locally and are associated with mudstone units.

Repetition of oyster coquinas in the vertical sequence displays

a cyclic pattern in the transitional marine member, A complete

cycle encountered consists of:

5) carbonaceous shale and mudstone and thin-bedded sand-

stone;

4) coquina or very fossiliferous sandstone;

3) mudstone, locally grading vertically to carbonaceous

shale and thin coal beds;

Z) sandstone, very thick-bedded, light gray, well-sorted,

fine- to medium-grained with large-scale planar and

trough cross-stratification;

1) mudstone, medium to dark gray, well-indurated, and

slightly calcareous,

Jacka (1965) has interpreted similar vertical lithologic sequences to

represent an environmental sequence of marine shale, barrier island

sandstone, marsh, oyster bay, and lagoon or bay deposits, The

marsh and oyster bay deposits are the environments most often



missing in incomplete cycles. At least four successive depositional

cycles can be recognized in the transitional marine member.

Ae and Correlation

According to Smith (1965) no diagnostic fossils have been found

n the Almond Formation, Zapp and Cobban (1960, p. 249) report

the occurrence of the zonal index fossil, Baculites eliasi, in the basal

Lewis Shale near the Wyoming-Colorado state line southeast of

Baggs, Wyoming. Stratigraphically, Weimer (1961) considers the

basal Lewis Shale southeast of Baggs to be time equivalent to the

non-marine beds of the Almond Formation on the east flank of the

Uplift. Baculites eliasi is the zonal index fossil to the latest

Campanian Stage (Weimer, 1961) of the Late Cretaceous. Cobban

and Reeside (1952) consider the Almond Formation as late Pierre

in age.

In part, the Almond Formation grades eastward and inter-

tongues with the basal part of the Lewis Shale. Hale and Van De

Graaff (1964) consider the Almond Formation as time equivalent to

the Williams Fork Formation of northwestern Colorado and to the

Farrer Facies of the Price River Formation in the western Book

Cliffs area of Utah, According to Weichman (1961) the Almond

Formation is time equivalent to the marine and continental sequence

which overlies the Phayles Member of the Mesaverde Group in the



eastern Wind River Basin; these rocks, in turn, are correlated with

the Teapot Formation of the Powder River Basin.

Depositional Conditions

Many lenticular channel sandstones with scour-and-fill bases

and transitional tops associated with mudstones, carbonaceous

shales and numerous coal beds indicate a lowland continental environ-

ment of deposition for the alluvial member of the Almond Forma-

turn. Carbonaceous shales, mudstones, and coals represent deposits

of vertical accretion occurring in the swampy floodbasin areas of the

floodplain. Lenticular sandstones are the lateral accretion deposits

of meandering river channels.

The transitional marine member has features characteristic

of shallow marine deposition. These features include marine

pelecypods, Ophiomorpha borings, worm trails and borings, oyster

coquinas, and symmetrical and interference ripple marks. Mud-

stones, carbonaceous shales, thin-bedded sandstones, thin coals,

and oyster coquinas are deposits which formed in coastal swamps,

marshes, tide flats and lagoons behind barrier bars. Barrier bar

deposits consist of very thick-bedded, light-colored, well-sorted

fine- to medium-grained, linear sandstones which contain abundant

large-scale cross-stratification (Figure 15). Dark-gray, and slight-

ly calcareous mudstones were deposited in the open ocean seaward
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Figure 15. Barrier island sandstone in the transitional
marine member of the Almond Formation.
This sandstone crops out just north of the
Highway 430 in sec. 4, T. 15 N. , R. 1OZ W.

from the barrier bars.

The relatively thin Almond Formation consisting predominant-

ly of sandy to silty shales, in the central part of the Uplift led

Lewis (1961) to postulate that a marine embayment--the Haliville

embayment- -was present in this region throughout most of the

Almond deposition. Northward thinning of the alluvial member and

northward thickening of the transitional marine member along the

southeast flank of the Uplift support the presence of this embayment.

The predominance of continental deposits of the alluvial member of

the southern part of the area probably represents a region of deltaic

deposition. The continuation of continental deposition in this region
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further supports a westerly source of detritus since the deltaic

deposits would be separated from a Wind River Mountain source

area by the Hailville marine embayment.

Lewis Shale

The Lewis Shale was first described by Cross and Spencer

(Wilmarth, 1938) for exposures at Fort Lewis in the La Plata Valley

in southwestern Colorado. At its type area it consists of a series of

drab to gray sandy shales and claystones which contain local thin

layers of impure limestone or concretionary masses. The name

Lewis Shale has been widely used to designate the interval of marine

mudstones and shales between the uppermost beds of the Mesaverde

Group and the continental deposits of post-Montana age (Reeside,

1924). Schultz (1907) applied the name Lewis Shale to the thin inter-

val of dark gray to black shales which form a strike valley between

the Almond coal group and the Laramie Formation (Lance Formation)

on the east flank of the Rock Springs Uplift.

In the mapped area the Lewis Shale conformably overlies and

intertongues with the uppermost sandstones of the Almond Forma-

tion. The basal contact was drawn arbitrarily at the top of the first

sandstone to the west of the strike valley developed on the Lewis

Shale. In turn, the Lewis Shale is unconformably overlain by the on-

lapping Paleocene Fort Union Formation. The top of the Lewis Shale
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was mapped at the base of the regolith (Ritzma, 1965) developed at

the base of the Fort Union Formation (Figure 16).

Distribution and Occurrence

Rocks assigned to the Lewis Shale have been recognized in

northwestern New Mexico, western Colorado and southern and cen-

tral Wyoming. In the Greater Green River Basin the Lewis Shale

crops out along the eastern and southeastern flanks, and in a narrow

band along the east flank of the Rock Springs Uplift. The Lewis

Shale is a mudstone and shale sequence which has been eroded to

form a "racetrack" valley along the eastern and southeastern parts

of the area. The Lewis Shale is very poorly exposed because of

extensive valley fill and soil cover.

Lithology and Thickness

The lithologic description of the Lewis Shale is made from

limited exposures preserved below the regolith beneath the cue sta-

forming resistant basal Fort Union sandstones, and from chips re-

covered from seismic shot holes. The best records of the lithologic

character of the Lewis Shale are obtained from well logs from the

various petroleum fields on the east flank of the Uplift.

The Lewis Shale is predominantly a sequence of medium- to

dark-gray mudstones and shales which weather medium to light gray
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Figure 16. Regolith at the base of the Fort Union Forma-
tion. Light-brown sandstones of the Fort
Union Formation cap the cuesta above the
light-gray regolith. The Lewis Shale has
been eroded to form the strike valley to the
left of the cuesta.

with local light-brown ferruginous staining. Very thin-bedded,

calcareous sandstones which weather light brown are found locally

near the base of the formation.

The maximum thickness of the Lewis Shale in the area is ap-

proximately 200 feet and occurs in the strike valley in sec. 4, T.

15 N. , R. 102 W. South and west of this location progressively

older beds of the Lewis Shale are truncated by Cretaceous-Tertiary

erosion. The Lewis Shale finally disappears under the onlapping

Fort Union Formation in sec. 19, T. 14 N. , R. 102 W. along the

south flank of Salt Wells Anticline. North of the mapped area the
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maximum thickness of the formation is approximately 450 feet (Hale,

1950). This probably represents the true thickness of the formation

deposited in the region since the Lewis is conformably overlain by

the regressive marine Fox Hills Sandstone which, in turn, is con-

formably overlain by the continental Lance Formation. East of the

Rock Springs Uplift the Lewis Shale thickens considerably. Thick-

nesses in the Table Rock Field are 1,100 to 1,250 feet (Cox, 1962)

and on the eastern margin of the Washakie Basin over 2,700 feet

(Post, 1955).

Age and Correlation

Faunal collections and analyses of Late Cretaceous rock have

been made by Weimer (1961) , Smith (1961), and Zapp and Cobban

(1962). Index fossils collected in the Lewis Shale or its correlatives

include Baculites clinolobatus, B. eliasi, B. grandis and Inoceramus

fibrosus. According to the Cretaceous faunal zones presented by

Weimer (1961) these index fossils indicate that the Lewis Shale of the

Washakie Basin was deposited in the latest Campanian and

Maestrichtian Stages of the Late Cretaceous. According to Reeside

(1924, p. 18) the Lewis Shale of Wyoming is younger than that of the

type area because it contains a true Fox Hills fauna which is later

than any part of the Lewis or its correlatives of the San Juan Basin.

The Lewis Shale of the Washakie Basin appears to be a
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correlative of the Mobridge level of the Pierre Shale (Smith, 1965).

In part the Lewis shale is correlative with the upper Almond Forma-

tion, Fox Hills Sandstone, and Lance Formation. The Late

Cretaceous continental Williams Fork Formation of northwestern

Colorado appears to be time equivalent with the Lewis.

Depositional Conditions

Deposition of the Lewis Shale marks the last transgression of

the Late Cretaceous seas into southwestern Wyoming. The transi-

tional deposits of the transitional marine member of the Almond Form-

ation mark the first pulse of this transgression. During Lewis

deposition, the east flank of the Rock Springs Uplift was the site of

offshore marine deposition as indicated by the relatively homogeneous

nature of the dark-gray mudstones which make up the bulk of the

formation.

Fort Union Formation

The Fort Union Formation (the Great Lignitic Group) was first

described by Meek and Hayden for exposures near Fort Union, North

Dakota (Wilmarth, 1938). Throughout the western interior this

formation is recognized as a drab, nonmarine sequence of sandstones

and shales with associated coal-bearing zones.

The name Fort Union Formation is assigned to a continental
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sequence of sandstones, shales, and coals unconformably overlying

the Lewis Shale or Almond Formation and conformably overlain by

the Wasatch Formation. The Fort Union Formation progressively

onlaps older Cretaceous rocks southward along the southeast flank

of the Rock Springs Uplift and westward along the south flank of Salt

Wells Anticline. A light-gray to bluish-gray regolith (Figure 14),

best developed upon the Lewis Shale, conspicuously delineates the

Cretaceous-Tertiary unconformity. Excellent exposures of the

regolith crop out south of Highway 430 in secs. 4 and 9, T. 15 N. , R

102 W., and along the north flank of Salt Wells Anticline just east of

the area. Discontinuous and locally silicified outcrops of the rego-

lith were found at the Almond-Fort Union contact in secs. 23 and 24,

T. 14 N., R. 102 W. Altogether 200 feet of Lewis Shale and up to

100 feet of Almond Formation were removed by Cretaceous-Tertiary

erosion prior to the southward and westward progressive onlap of the

Fort Union Formation.

Distribution and Occurrence

Rocks are assigned to the Fort Union Formation in parts of

Saskatchewan, North and South Dakota, Montana, Wyoming,

Colorado and New Mexico (Wilmarth, 1938). It is unlikely that this

formation extended blanket-like over this area; rather, it probably

was deposited in several separate basins created in the Rocky
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Mountain Region during the Laramide revolution. It is widely dis-

tributed on the north, south, and east flanks of the Greater Green

River Basin and forms an outer sequence of cue stas about the Rock

Springs Uplift.

In the area the Fort Union Formation crops out as low cuestas

in the eastern part of North Salt Wells Syncline, and along the

southeastern flank of Salt Wells Anticline. The cuestas are formed

by differential weathering of resistant thick- to very thick-bedded

sandstones interbedded with carbonaceous shales, mudstones and

coals. Much of the outcrop area of the Fort Union Formation con-

sists of poorly exposed soil- and vegetation-covered dip slopes and

valleys.

Character and Thickness

Rocks of the Fort Union Formation represent two facies of

continental deposition. A lowland fluviatile sequence, consisting of

thick- to very thick-bedded, lenticular, yellowish and orangish

weathering sandstones and siltstones, carbonaceous shales, and

numerous coals makes up the bulk of the formation. Three tongues

of fluviatile red bed sequences consisting of thick- to very thick-

bedded, purplish-red, lenticular sandstones, and varicolored shales

and mudstones are found in the middle part of the formation.

The dominant rocks of the lowland fluviatile sequence are thin-
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stones which weather to yellowish and orangish hues. Sandstone

units generally have scour-and-fill bases and transitional tops.

Small- and large-scale, planar and trough cross-stratification are

the dominant sedimentary structures. The sandstones are generally

non-calcareous and contain abundant carbonaceous materials includ-

ing coaly fragments, carbonaceous laminae and plant fossils, and

ferruginous concretions. Shales and mudstones of the lowland

fluviatile sequence weather a distinctive yellowish orange or

yellowish gray. Carbonaceous shales and lignitic coals are found

commonly near the the base or top of mudstone units. Coal beds up

to 7 feet thick were found in this sequence.

Red bed fluviatile sequences are characterized by distinctive

thick- to very thick-bedded, purplish-red, fine- to coarse-grained

sandstones. Chert-pebble and shale-chip conglomerate lenses are

commonly found near the base of sandstone units which are in scour-

and-fill contact with underlying shales and mudstones. The tops of

the sandstones are very thin- to thin-bedded and commonly inter-

bedded with overlying shales and mudstones. Varicolored shales

and mudstones associated with the purplish-red sandstones are

shades of gray, yellow, green, and red. The mudstone and shale

sequences are thicker than those associated with the lowland

fluviatile sandstones and have a conspicuous absence of carbonaceous
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matter and coals.

According to Roehler (1961) 1,300 feet of Fort Union Forma-

tion are exposed on the south flank of Salt Wells Anticline. West of

the area in T. 15 N. , R. 105 W., 950 feet of the Fort Union Forma-

tion are exposed with the basal one half consisting of red bed fluvia-

tile deposits. Wells drilled in the Table Rock Field northeast of the

area record approximately 1,200 feet of Fort Union Formation (Cox,

1962). This sequence consists of sandstone, siltstone, sandy shale,

shale and coal indicating deposition under predominantly lowland

fluviatile conditions.

Age and Correlation

The Fort Union Formation is the basal Tertiary unit on the Up-

lift. It unconformably overlies Late Cretaceous beds and lies below

the Wasatch Formation which has been dated as early to middle

Eocene by vertebrate fossils (Gazin, 1965). Early to late Paleocene

ages have been determined by Rolland W. Brown from plant fossils

collected from the Fort Union Formation on both flanks of the Uplift

(Roehler, 1961). Stratigraphic position and paleontological evidence

support a Paleocene age for the Fort Union Formation in the Greater

Green River Basin. Other Paleocene formations in the Greater

Green River Basin include the Almy, Evanston, and Hoback Forma-

tions.



Depositional Conditions

Cretaceous-Tertiary erosion in the Rock Springs Uplift area

was followed by continental deposition of the Paleocene Fort Union

Formation. Lenticular, thin- to very thick-bedded sandstones with

scour-and-fill bases and transitional tops represent deposits of

lateral accretion of meandering streams, Associated shales, mud-

stones, carbonaceous shales, and coals are deposits of vertical

accretion in the adjacent floodbasins.

Red bed fluviatile sequences are diagnostic of well-drained up-

land areas (Roehler, 1965). Red colors of the sandstones and asso-

ciated shales result from in situ oxidation of the iron-rich sediments.

High oxidation in this environment is supported by the relative ab-

sence of carbonaceous matter and coals.

Yellow and orange colors of the sandstones and shales of the

lowland fluviatile deposits result from outcrop weathering of the

iron-bearing minerals contained in the rocks. Fresh samples of

the sandstones and shales are generally gray or greenish, probably

related to ferrous iron. Ferrous iron and the abundance of carbon-

aceous shales and coals indicate reducing conditions probably result-

ing from a poorly drained paludal environment.
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Wasatch Formation

The Wasatch Formation was named by F. V. Hayden for a

thick sequence of cliff-forming conglomerates west of Fort Bridger

in southwestern Wyoming (Wilmarth, 1938). Throughout the Rocky

Mountains this formation is recognized as a sequence of fluviatile

conglomerates, red bed sandstones and varicolored shales and mud-

stones.

Rocks assigned to the Wasatch Formation consist of fluviatile

red bed sandstones and associated varicolored shales and mudstones.

The contact with the underlying Fort Union Formation exposed along

Highway 430 (Roehier, 1964) was traced around the Salt Wells folds

and into the southeastern part of the area on aerial photos. Litho-

logically the contact is placed at the base of a 13-foot, purplish-red

sandstone containing conglomerate lenses near the base. This sand-

stone is the basal unit of a thick sequence of fluviatile red bed sand-

stones and varicolored shales and mudstones that crop out south of

the mapped area.

Distribution and Occurrence

The Wasatch Formation ranks as one of the most widespread

units of the Rocky Mountains. It is recognized in Montana, south-

western North Dakota, Wyoming, Colorado, Utah and northwestern
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tion probably was deposited in several separate basins, and not as a

blanket-like regional cover. In the central Greater Green River

Basin the Wasatch Formation crops out in the outer sequence of

cuestas which surrounds the Rock Springs Uplift. In the south-

eastern part of the area the Wasatch Formation caps the south-

easternmost north-facing cuesta along the south flank of Salt Wells

Anticline.

Character and Thickness

The basal Wasatch Formation is lithologically indistinguish-

able from the fluviatile red bed sequences of the middle part of the

Fort Union Formation. The rocks consist predominantly of purplish-

red, conglomeratic, medium- to coarse-grained sandstones. The

sandstones are lenticular and have scour-and-fill basal contacts.

In general they are thick- to very thick-bedded and are better

indurated than the lighter colored sandstones of the underlying Fort

Union Formation. Varicolored shales and mudstones make up a

very minor part of the formation exposed in the area, but farther

south thick sequences of the varicolored finer grained clastics are

exposed in north-facing cue stas. No carbonaceous shales or lignitic

coals were found in the Wasatch Formation.

Less than 75 feet of the basal Wasatch Formation are exposed
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in the mapped area. Farther south at the Middle Mountain Oil

Field, the No. 1 Unit penetrated 4, 070 feet of the Wasatch Forma-

tion (Olson, 1955).

Age and Correlation

No fossils were found in the Wasatch Formation. On the east

flank of the Rock Springs Uplift mammalian faunas have been col-

lected from beds of the Wasatch Formation at six localities. Gazin's

(1965) analysis of these collections indicates that the Wasatch

Formation along the east flank of the Uplift is of early to middle

Eocene age.

Because of the limited and incomplete exposures of the Wasatch

Formation, the stratigraphic equivalence of the formation in the

mapped area with that of adjacent areas cannot be accurately deter-

mined. Wasatch beds are probably part of the "main body" of the

Wasatch Formation (Roehler, 1965).

Depositional Conditions

Red bed fluviatile sandstones of the Wasatch Formation are

diagnostic of well-drained upland areas adjacent to mountain fronts

or local topographic highs (Roehler, 1965). Commonly associated

with the red sandstones are varicolored finer grained shales

and mudstones. These rocks were deposited in environments where
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Bishop Conglomerate

The Bishop Conglomerate was defined by Powell (1876) for ex-

posures on Bishop Mountain (now known as Pine Mountain) which lies

about ten miles south of the area. This formation is the same as the

Wyoming Conglomerate described by Emmons (1877) in the same

region. It is a poorly indurated gravel deposit, of variable thick-

ness, composed of boulders, cobbles and pebbles in a sand matrix.

In the area the Bishop Conglomerate is deposited unconform-

ably upon the gently dipping Rock Springs, Ericson and Almond

Formations. The gradient of the north-sloping planar Gilbert Peak

surface, which truncates the Rock Springs Uplift, is approximately

115 feet per mile at the exposures on Miller Mountain.

Distribution and Occurrence

The Bishop Conglomerate mantles the Gilbert Peak pediment

surface (Bradley, 1936) which extends northward from the Uinta

Mountains into the Green River Basin of Wyoming (Figure 17).

Remnants of this formerly extensive pediment surface are found in

northeastern Utah, northwestern Colorado, and southwestern

Wyoming. The largest remnant of Bishop-capped surface is that

preserved on Miller Mountain in the southern part of the Uplift.
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crop out along the western margin of the mapped area (Plate 3).

Several isolated patches of Bishop Conglomerate are preserved at

elevations greater than 7,900 feet east of Miller Mountain.

The best exposures of the Bishop Conglomerate occur in the

upper parts of stream valleys which dissect the plateau surface. In

places the gravels appear to be rudely stratified (Figure 18). How-

ever, at most exposures the gravels, largely unconsolidated, do not

show any stratification. Dryland grasses and low sagebrush cover

the Bishop Conglomerate-mantled plateau surface.

Character and Thickness

The Bishop Conglomerate consists of boulders, cobbles and

pebbles in a matrix of coarse- to medium-grained sand. The gravels

range from angular to rounded depending upon composition and

particle size. Subangular boulders, cobbles and pebbles of red and

white quartzite are predominant. The abundance of red quartzite

gives the unit a pinkish cast. The remainder of the gravel material

consists of better rounded cobbles and pebbles of chert, limestone,

green quartzite, phyllite, schist, and gneiss. The matrix of the

Bishop Conglomerate consists of angular fine to very fine pebbles

of quartzite, and subangular to rounded, coarse- to fine-grained

quartz sand. There is a noticeable absence of silt- and clay-sized

particles.



Figure 17. The Gilbert Peak pediment surface. The
north-sloping surface is well-displayed at
Maxon and Miller Mountains.

Figure 18. The contact between Bishop Conglomerate
and Ericson Formation. Rudely stratified
Bishop Conglome rate unconformably over -
lying south-dipping Ericson Formation on
Miller Mountain.



No measured thicknesses are available for the Bishop Con-.

glome rate in the area. The approximate maximum thickness, as

determined from topographic maps, is 60 feet. Most exposures on

Miller Mountain are 20 to 40 feetin height. In some areas the

Bishop Conglomerate has been stripped from the Gilbert Peak sur-

face. South of the area the Bishop Conglomerate becomes thicker

and coarser (Bradley, 1936). A local northward thickening and

coarsening results from the interfingering of Uinta Mountain-derived

conglomerates with the wash apron developed about Aspen Mountain

in T. 17 N. , R. 104 W. (Rich, 1910).

Age and Correlation

The youngest rocks truncated by the Gilbert Peak surface are

the late Eocene Green River Formation (Bradley, 1936). Overlying

the Gilbert Peak surface in the northern part of the Rock Springs Up-

lift are late Pliocene (Bradley, 1961) volcanics of the Leucite Hills.

Stratigraphically Sears (1924) correlated the Bishop Conglomerate

with the basal conglomerate of the Browns Park Formation. Brad-

ley (1936) considers the Gilbert Peak pediment surface older than

the Bear Mountain surface because the Gilbert Peak surface is topo-

graphically higher.

No fossils have been recorded from the Bishop Conglomerate.

Hansen (1965) considers the Browns Park Formation on the north flank
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the Bishop Conglomerate is taken to be Oligocene or Miocene since

it is pre-Browns Park and post-Green River.

Depositional Conditions

The Bishop Conglomerate was deposited upon a rather evenly

truncated surface which shows little evidence of chemical weathering.

There is no soil zone at the basal contact any place in the region. In

some places a thin, one to two inch, zone of iron- staining of the

underlying sandstone is found. Underlying the Bishop gravels on

Miller Mountain there are potholes formed in Ericson sandstone at

an erosional surface; these were produced prior to the deposition of

the conglomerate.

Peneplanation under moist conditions (Rich, 1910), glacial out-

wash as a result of glaciation in the Uinta Mountains (Hares, 19Z6),

and lateral planation and aggradation under arid conditions (Bradley,

1936) are the various origins which have been suggested for the Gil-

bert Peak surface and the capping Bishop Conglomerate. The fresh,

unweathered erosional surface, lack of soil zones, and fresh and

undecayed conglomerate are characteristics more common to

processes of pedimentation.
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Mapped Quaternary deposits include terrace gravels, landslide

debris and alluvium (Plate 3). Terrace gravels and landslide depos-

its make up less than 7 square miles of the area mapped and are

found only in the southern part. Alluvium is distributed throughout

the area, but is confined to valleys of the present drainage system.

Talus cones, alluvial fans, colluvium, and dunes are areally re -

stricted Quaternary deposits which were not mapped.

Terrace Gravels

Terrace gravels are found only in Tommy James Basin in the

southwestern part of the area (Plate 3). They consist largely of re-

worked Bishop Conglomerate, and rock fragments and sand derived

from the Mesaverde Group sandstones. Particle sizes range from

boulders one and one-half feet in intermediate diameter to a matrix

of medium- to fine-grained sand. The gravels are poorly sorted,

show a wide range of rounding and reflect a local origin of materials.

In some places the basal part of the gravel deposit is well-cemented

by calcium carbonate.

The terrace gravels were deposited as a wash apron on the

north flank of Miller Mountain and form a gently north-sloping sur-

face of low relief. They were deposited after the erosion of the topo-

graphic crestal basins and prior to the dissection of the modern



drainage system. Deposition of the terrace gravels possibly may be

related to aggradation during late Pleistocene.

Landslide Debris

Landsliding occurs at the higher elevations on Miller Mountain

in the southwestern part of the area and in Dry Canyon near the

center, Rock Springs, Ericson and Almond Formations of the Mesa-

verde Group, and Bishop Conglomerate, are involved in this mass

wasting process. Most landsliding has resulted from undercutting

by streams, a consecuent oversteepening of the slope, and a sliding

of rock units down dip.

Landslide deposits consist of very poorly sorted rock debris

and form an irregular hummocky topography which is poorly drained

and supports poplar and aspen. Crescentic scars are well-displayed

at the head-walls of the landslides on Miller Mountain. The land-

slide in Dry Canyon, a large rotational block of Rock Springs and

Ericson sandstones, has a hummocky topography, abundance of

aspen and poplar, and a reversal in dips along its eastern margin.

Alluvium

Those deposits mapped as Quaternary alluvium (Plate 3) in-

dude both the older valley fill and the modern alluvial deposits. The

older valley fill forms a terrace that lies about 25 feet lower than
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that of the terrace gravels in Tommy James Basin. In general the

valley fill deposits are deeply gullied, have a well-developed soil

cover and support dryland grasses and sagebrush. They are best

exposed along the entrenched stream channels of the present-day

drainage system. Although the valley fill is unconsolidated, the

deposits stand up as steep walls along the entrenched creeks. At

least ten feet of alluvium are exposed along most streams. South of

the Husky-Continental gas well along Salt Wells Creek, the thickness

of exposed valley fill is more than 45 feet.

Alluvial deposits are light-colored, stratified sands, silts and

clays with subordinate pebble and cobble lenses. Sand grains and

sandstone fragments derived from the nearby Mesaverde Group and

Tertiary formation are the dominant particles. Subordinate consti-

tuents are shale chips, coal fragments, clay and silt from Late

Cretaceous and early Tertiary rocks, and chert and red quartzite

pebbles and cobbles from the Bishop Conglomerate and terrace

gravels.

Deposition of the valley fill followed the dissection of the ter-

race gravels. Present-day streams have been entrenched in the

valley fill. Numerous washouts in roads on valley fill indicate that

the alluvial deposits are being eroded rapidly and that the present

entrenchment of the streams is a continuing process.
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STRUCTURAL GEOLOGY

Folding

Cretaceous and Tertiary rocks on the southeast flank of the

Rock Springs Uplift have been deformed into a series of gentle folds

whose axes trend from nearly north-south to approximately east-

west. Each fold shows a marked swing in its axial trace toward the

southeast or east down plunge (Plate 3). Anticlinal folds include

North Salt Wells and Salt Wells anticlines, and the major axis of the

Rock Springs Uplift. Synclinal folds include North Salt Wells and

Salt Wells synclines and an unnamed syncline between Salt Wells

Anticline and the major axis of the Uplift. The northern part of the

area encompasses part of the homoclinal sequence of gently easterly

dipping strata of the undeformed east flank of the Uplift. The

southern part consists of strata dipping homoclinally to the south in-

to the Red Creek Syncline.

Folds in the area are broad and open with dips ranging from

one to seventeen degrees. The folds plunge gently at one to two

degrees east to southeast into the Washakie Basin. North Salt Wells

and Salt Wells anticlines are asymmetrical with their northern flanks

slightly steeper. The axial culmination of Salt Wells Anticline lies

in the vicinity of sec. 10, T. 14 N. , R. 103 W. North Salt Wells

Anticline, immediately northwest of the area, and Salt Wells
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production. The crestal regions of the anticlines are deeply

breached by erosion.

Faulting
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Faulting in the area is restricted to a single thrust fault along

the south flank of Salt Wells Anticline (Figure 19). At the top of the

ridge in the southeast corner of sec. 4, T. 14 N. , R. 103 W. , the

fault plane is dipping south at approximately 20g. The fault steepens

downward and dips approximately 700 south where it enters the

Black Butte Tongue of the Rock Springs Formation. The fault is

marked by a gouge zone which ranges from six to twelve inches in

thickness. The maximum vertical displacement at the fault is 200

feet in sec. 4. Where the fault leaves the mapped area in sec. 16,

T. 14 N., R 102 W., it appears to be normal fault.

Jointing

Throughout the area there is a pronounced northwest-northeast

rectangular joint system. Northwesterly joint trends range from
0 0 0 0N. 22 to 59 W.; northeasterly joints trend from N. 58 to 63 E.

The inclination of the joint planes ranges from 60° to vertical. The

jointing pattern controls the development of hoodoo rocks and, in

part, the drainage pattern on dip slopes. An excellent example of



94

Figure 19. Thrust fault along the south flank of Salt Wells
Anticline. The vertical displacement at the
fault is approximately 200 feet.

-
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Figure 20. Jointing on the dip slope of the Chimney Rock
Sandstone. Picture is taken of outcrops im-
mediately north of the mapped area.
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jointing is displayed on the dip slope of the Chimney Rock Sandstone

of the Blair Formation immediately north of the area (Figure 20).

Deformational History

Eastward directed compressional forces produced north-south

lines of folding and thrusting at the eastern margin of the Rocky

Mountain geosyncline during the Late Cretaceous and early Tertiary.

These Laramide forces produced the overthrust belt of western

Wyoming (Plate 2). The Rock Springs Uplift and associated Douglas

Creek Arch are broad folds developed on the foreland by the

Laran-iide forces during the latest Cretaceous. The relationship of

the Rock Springs Uplift with Douglas Creek Arch is based by a

similar north-south alignment, a similarity in structural pattern and

a similar time of origin as determined by the unconformities on

their flanks (Gow, 1950).

On the west flank of the Rock Springs Uplift, the Paleocene

Fort Union Formation overlies unconformably the Late Cretaceous

Almond and Ericson Formations with marked angular discordance

(Roehler, 1961). On the east flank the Cretaceous and Paleocene

rocks appear concordant, but when the regolith at the base of the

Fort Union Formation is traced southward from the eastcentral part

of the Uplift it is found to progressively onlap 700 feet of Lance

Formation (Ritzma, 1965), 450 feet of Lewis Shale and approximately



100 feet of Almond Formation. The unconformable contacts between

the Late Cretaceous rocks and the Paleocene Fort Union Formation

on both flanks of the Uplift indicate the development of the Rock

Springs Uplift occurred during the latest Cretaceous and earliest

Tertiary. Progressive southward erosion of successively older

Cretaceous rocks along the flanks of the Uplift and subsequent onlap

of Paleocene rocks indicate that the southern part was probably the

most strongly warped upward.

The Paleocene Fort Union and Eocene Wasatch formations

participated in the folding of the transverse Salt Wells folds in the

southern part, indicating that this folding occurred later than the

formation of the Rock Springs Uplift. Northward directed compres-

sional forces, related to the deformation and uplift of the Uinta

Mountains, were responsible for the transverse nature of these

folds. According to Anderman (1955) the folding and faulting of the

north flank of the Uinta Mountains occurred during early and middle

Eocene time. Simultaneously, the Salt Wells folds and thrust fault-

ing were superimposed on the southern part of the Uplift.
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GEOLOGIC HISTORY

Late Cretaceous deposition in southwestern Wyoming occurred

along the western margin of the Cretaceous epicontinental sea which

connected the Gulf of Mexico with the Arctic Ocean and extended

eastward into the central plains. The 6,000 to 18, 000 feet of con-

formable Late Cretaceous rocks (Weimer, 1961) were deposited in a

continually downwarping depositional basin. Vast amounts of detritus

shed from western and northwestern source areas resulted in an

eastward regression of the Late Cretaceous sea and subsequent en-

croachment of fluviatile continental deposits. Periodic westward

transgressions of the Cretaceous sea were triggered by pulses of

subsidence of the basin. Rocks of the Late Cretaceous Mesaverde

Group and the Lewis Shale record the depositional conditions

occurring in the area. The distribution and variation in depositional

conditions on the southeast flank of the Uplift are illustrated in

Figure 21.

Rocks of the Blair and Rock Springs Formations record the

persistence of marine conditions in the area during deposition of

the lower Mesaverde Group. In both formations the occurrence of

thick sequences of sandy shales, mudstones and thin-bedded sand-

stones (middle shale member of the Blair Formation and the Black

Butte and Coulson Tongues of the Rock Springs Formation) indicate



K

KbJ

NW SE

0 0 o
0

00 00000 00 0000
0oo00°o°oo 00000000

0 0 0

0

0 0 00

01 0 OoQO
0 000
00 0

0
0

00 0
0 0 0

00 0001,0 0

o00
0 0 0 0

-

(J///////// // /1 ////////////////////////////////0000000000 00
00000 o000.0: 000 0oo:

0 00 0000 000
00000

000000000 0 00

- //(/.i''.''..y.',.'.' ( , f

I 1

Offshore Marine

Littoral Marine

Dam F

Transitional Marine

VJA]
Lowland Floodplain

000 0
o 0000 Oo

Inland Floodplain

1,000 feet

500

0

Figure 21. Diagrammatic section of the Late Cretaceous Mesaverde Group inthé Salt Wells
Anticline area, Sweetwater County, Wyoming.



that deposition was predominantly in the relatively low energy off-

shore marine environment. Sandstone members at the base and top

of the Blair Formation and at the top of the Rock Springs Formation

mark periods of regression of the Cretaceous sea. The sandstones

at the base of the Blair Formation, not exposed in the mapped area,

mark a regression of the sea between Baxter and Blair deposition.

Continental deposits associated with this regression occur west of

the Rock Springs Uplift. A second regression of the sea during

Blair time is marked by the Chimney Rock Sandstone at the top of

the formation. The strand line of this regression extends from T.

16 N. , R. 106 W. northeast across the Uplift and through the middle

of T. 22 N. , R. 100 W. (Keith, 1965). Northwest of this strand line

the rocks, characterized by lenticular sandstones, carbonaceous

shales and mudstones, and coals, record the occurrence of dominant-

ly lowland continental conditions. To the southeast well-sorted,

calcareous sandstones, and thick sequences of sandy shales, mud-

stones, and thin-bedded sandstones record littoral and offshore

marine conditions.

The Black Butte Tongue of the Rock Springs Formation repre-

sents a second marine transgression with the strand line trending

N.
450 E. and located immediately north of Rock Springs (Zapp and

Cobban, 1962). Time equivalent rocks northwest of the strand line

make up the type Rock Springs Formation which was deposited in a
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lowland continental environment. Late Rock Springs deposition in

the mapped area was marked by two regressions, recorded by the

Brooks and McCourt Sandstones, which are separated by a minor

transgression represented by the Coulson Tongue.

The regression of the McCourt Sandstone was succeeded by the

southward and eastward expansion of lowland continental conditions

of the "transition zone of the basal Ericson Formation. Orogenic

activity in the Wind River Mountains area shed large quantities of

coarser detritus to tue southeast into the Rock Springs Uplift area.

Pulses of this orogeny are recorded by the thick white sandstone

sequences of the Trail and Canyon Creek Members of the Ericson

Formation. Conglomerate lenses and easterly current directions in

the Canyon Creek Member of the southern part of the area indicate

uplift of a second source area to the west. The lowland continental

rocks of the tirustyll zone separate the Trail and Canyon Creek Mem-.

bers and mark a lull in the uplift of Wind River Mountains. East and

southeast of the Ericson outcrops on the Rock Springs Uplift, the in-

land continental Trail and Canyon Creek Members change facies

rapidly to rocks indicating deposition in a lowland continental environ-

me nt.

Lenticular sandstones, carbonaceous shales and mudstones,

and coals of the alluvial member of the Almond Formation mark the

return of fluviatile lowland conditions to the east flank of the Uplift.
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The alluvial member, in turn, is conformably overlain by coastal

swamp, marsh, lagoonal, oyster bay, barrier bar and offshore

marine deposits of the transitional marine member of the Almond

Formation. These rocks mark the beginning of the final advance of

the Cretaceous sea into the region. A marine embayment in the

central part of the Uplift throughout most of Almond deposition is

indicated by a relatively thin continental sequence overlain by rela-

tively thick transitional marine sequence.

The thin sequence of mudstones and shales of the Lewis Shale

record the return of offshore marine conditions to the east flank of

the Rock Springs Uplift. Cretaceous-Tertiary erosion has removed

any record of the Lewis Shale from the west flank of the Uplift, but

in all likelihood the marine transgression did not extend far west of

the Uplift since the Lewis Shale is less than 450 feet thick on the east

flank and is rapidly thinning to the west. Following the Lewis trans-

gression, Late Cretaceous deposition in the region was brought to a

close by the deposition of the regressive marine Fox Hills Sandstone

and the overlying lowland continental deposits of the Lance Forma-

tion. Both crop out in the northeastern and central parts of the east

flank, and they probably were deposited in the mapped area, but

have been removed by Cretaceous-Tertiary erosion.

Uplift of the Rock Springs area occurred during latest

Cretaceous and earliest Tertiary. Cretaceous-Tertiary erosion
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progressively eroded older formations from north to south along

the flanks of the Uplift.

The uplift and erosion of the Late Cretaceous rocks were fol-

lowed by deposition of onlapping lowland continental, and fluviatile

red bed sequences of the Paleocene Fort Union and Eocene Wasatch

Formations.

Northward directed compressional forces during early and

middle Eocene folded and faulted the north flank of the Uinta Moun-

tains and superimposed the transverse Salt Wells folds on the south-

east flank of the Rock Springs Uplift. During middle and late Terti-

ary arid conditions persisted in southwestern Wyoming and great

pediments were formed on the north flank of the Uinta Mountains.

A large remnant of the Oligocene or Miocene Gilbert Peak pediment

surface with its mantle of Bishop Conglomerate is preserved in the

southern part of the Uplift.

Quaternary erosion dissected the Gilbert Peak surface and

formed the axial Baxter Basins. Salt Wells Creek was superposed

upon the structures of the east flank, Terrace gravels were deposit-

ed as wash aprons at the base of the large cuestas in the southern

part of the Uplift in a later stage of aggradation. Rejuvenation of the

drainage in the region formed the present drainage pattern and dis-

sected the terrace gravels. A subsequent period of aggradation re-

sulted in extensive deposition of valley fill. Presently, stream
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erosion and entrenchment, and mass wasting are important pro-

cesses in the area.
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ECONOMIC GEOLOGY

Petroleum

The Rock Springs Uplift was recognized as an anticlinal struc-

ture late in the nineteenth century, and at the turn of the century

several unproductive shallow wells were drilled along the crest of

the Uplift. In 1922 natural gas of commercial importance was dis-

covered in South Baxter Basin by Ohio Oil Company (Andrew, 1965).

Presently there are seven producing fields on the Uplift and seven on

the east flank. Production in these 14 fields is from the Nugget,

Morrison, Lakota, Dakota, Frontier, Lewis and Almond Formations.

Thirteen wells have been drilled in the mapped area. In 1949

the Husky-Continental Salt Wells Unit No. 1 was drilled on Salt Wells

Anticline in sec. 11, T. 14 N. , R. 103 W. , and completed as a gas

well. Four additional wells were drilled, three of which were dry.

Production from the two-well Salt Wells Field is dually from the

Frontier and Dakota Formations. The Salt Wells Anticline has been

drilled without success east and northeast of the Salt Wells Field.

The major axis of the Rock Springs Uplift has been penetrated

by three wells in the area; there have been shows of gas or oil in the

Frontier and Dakota but no production. North Salt Wells Anticline,

which produces to the northwest in the Joyce Creek Field, has been

penetrated by three dry wells. Apparently both North Salt Wells
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Anticline and the major axis of the Rock Springs Uplift are too far

down plunge for closure in the area.

No production can be expected from the Almond and Lewis in

the mapped area since both formations crop out. It is of interest,

however, that excellent examples of barrier island sandstones are

exposed in the transitional marine member of the Almond Formation.

These sandstones are similar to the producing Almond sands of the

Patrick Draw Field where the accumulation of petroleum occurs in

such stratigraphic traps (Weimer, 1966).

The Brooks and McCourt Sandstones of the Rock Springs Form-

ation and the Ericson Formation do not appear as likely targets for

petroleum exploration on the east flank of the Uplift. These sand-

stones are open to outcrop in the central part of the Uplift. Both

Brooks and McCourt Sandstones undergo lateral facies changes to

marine mudstones and shales to the east and southeast. Likewise,

the thickly bedded sandstones of the Ericson Formation which crop

out in the area change laterally to the east to thin-bedded sand-

stones, mudstones, carbonaceous shales, and coals representing

deposition in the lowland floodplain environment. However, to the

southeast the Ericson Formation retains its thickly bedded character

and is a reservoir for petroleum at the Canyon Creek and Trail

Fields of the Vermilion Basin (Smith, 1961) and the Middle Mountain

Field (Olson, 1955).
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Coal

Coal beds of the Mesaverde Group and overlying early Tertiary

rocks have been an important economic resource of the Rock Springs

Uplift and adjacent basins since the first railroad entered the region

in the middle 1800's. Coal was mined on the Uplift from 1868 until

1953 when the mines were closed down because of lack of market

Andrew, 1965).

In the mapped area coal beds are found in the "transition" and

"rusty" zones of the Ericson Formation and in the Almond and Fort

Union Formations. Coal beds are most abundant in the basal part

of the units. In general the coal beds are lignitic to sub-bituminous,

poorly developed, laterally discontinuous, and thin. Because of the

poor quality of these coals and the lack of concentration in any strati-

graphic interval, the coal-bearing units appear to be of little eco-

nomic importance.

Sand and Gravel

Well-sorted sand in large quantities can be obtained from the

dunes developed on the dip slopes of the west-facing cuestas. Both

sand and gravel are available from either the Bishop Conglomerate

or from some of the terrace gravels. Gravels of the Bishop Con-

glomerate are largely unconsolidated and consist predominantly of
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pebbles and cobbles of quartzite and chert. On Miller Mountain

these gravel deposits are areally extensive and exceed 100 feet in

thickness.
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