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GEOLOGY OF THE WIND RIVER BASIN, CENTRAL WYOMING 

STRATIGRAPHY AND GEOLOGIC HISTORY OF THE UPPERMOST CRETACEOUS, PALEOCENE, 
AND LOWER EOCENE ROCKS IN THE WIND RIVER BASIN, WYOMING 

By WILLIAM R. KEEFER 

ABSTRACT 

The Wind River Basin, which covers 8,500 square miles in 
central Wyoming, is one of the major sedimentary and struc
tural basins formed in the Rocky Mountain region during Lara
mide deformation. Wide belts of folded and faulted Paleozoic 
and Mesozoic rocks completely encircle the basin, including the 
Granite Mountains on the south, the Wind River Range on the 
west, the Washakie Range, Owl Creek and southern Bighorn 
Mountains on the north, and the Casper Arch on the east. The 
basin floor has marked structural asymmetry ; the structurally 
deepest parts are along the north and east margins. During 
latest Cretaceous, Paleocene, and early Eocene times this ex
tensive trough area was the site of accumulation of a con
tinuous sequence of fluviatile, lacustrine, and possibly marine 
sediments which attain a maximum thickness of nearly 20,000 
feet. 

The stratigraphic units include the Lewis Shale and Mee
teetse and Lance Formations of Late Cretaceous age, the Fort 
Union Formation of Paleocene age, and the Indian Meadows and 
Wind River Formations of early Eocene age. The Wind River 
Formation is the surface rock over much of the basin area, 
whereas the other formations crop out only in a few places 

. around the edges of the basin. Many wells drilled for oil and 
gas in the middle of the basin penetrate all or parts of the for
mations. In general, the individual stratigraphic units are thin 
and unconformable in surface sections along the basin margins, 
but they are conformable and much thicker short distances down
dip from the outcrops. 

The Meeteetse Formation and Lewis Shale are for the most 
part stratigraphic equivalents. The Meeteetse is a nonmarine 
sequence of very carbonaceous strata in the central and western 
parts of the basin. The formation b'as an average thickness of 
about 800 feet, but thins toward the eastern edge of the basin 
where it is overlain and underlain by 20o- to 30Q-foot tongues 
of marine shale and sandstone of the Lewis Shale. Strata of 
the Meeteetse Formation were deposited in widespread swamps, 
broad flood plains, lagoons, and deltas during the brief inva
sions and final retreat of the Lewis Sea across central Wyoming. 

The Lance Formation of latest Cretaceous age consists of 
interbedded sandstone, shale, claystone, carbonaceous shale, and 
thin beds of coal. Conglomerate and conglomeratic sandstone 
crop out in the southern and north-central parts of the basin. 
Thicknesses range from a few hundred feet in most marginal 
areas to more than 5,500 feet in the deep trough areas. Dep
osition during Lance time took place in broad river floor plains, 
swamps, and probably lakes. Rising highlands along the south 

and northwest edges of the basin contributed coarse clastic 
debris, and in those places the Lance is locally unconformable 
on the Meeteetse and older formations. 

The Fort Union Formation includes all the rocks of Paleocene 
age in the Wind River Basin, and throughout most of the region 
it can be divided into two general lithologic units: a lower unit 
of sandstone, conglomerate, shale, and carbonaceous shale de
posited in a fluviatile environment, and an upper unit of very 
fine grained clastic strata deposited in and adjacent to an ex
tensive body of water, referred to as Waltman Lake. The for
mation has a probable maximum thickness of 8,000 feet in the 
deep trough areas of the basin. 

The upper part of the Fort"Union Formation consists of two 
members, one representing deposition in the marginal areas of 
Waltman Lake during its maximum expansion and subsequent 
retreat, and the other representing contemporaneuos deposition 
in the offshore areas. The marginal unit, referred to as the Shot
gun Member, is characterized by dull-gray and tan claystone, silt
stone, and shale and minor amounts of sandstone, carbonaceous 
shale, and coal. The offshore unit, referred to as the Waltman 
Shale Member, is homogeneous dark-brown to black silty mica
ceous shale. The Waltman is the most easily recognized unit 
in the entire uppermost Cretaceous, Paleocene, and lower Eocene 
sequence in the Wind River Basin. It has a maximum thick
ness of 3,000 feet in the northeastern part of the basin, but thins 
to extinction a few miles downdip from the exposures of Paleo
cene rocks along the south and west margins. The Shotgun 
Member thickens correspondingly, but in sections near the south 
and west margins it grades into coarse-grained sandstone and 
conglomerate, similar to strata in the lower part of the Fort 
Union Formation, and also loses its identity. 

Paleontologic data indicate a middle to late Paleocene or pos
sibly earliest Eocene age for the Shotgun Member and middle to 
late Paleocene for the Waltman Shale Member of the Fort Union 
Formation. Remains of marine-type sharks and hystricho
sphaerids in these strata, and glauconite formed in place, sug
gest that Waltman Lake may have been connected to a body of 
marine water, possibly the Cannonball Sea which extended from 
the Gulf of Mexico to South and North Dakota during Paleocene 
time. Tectonic movements ·around all sides of the Wind River 
Basin except the east exerted a significant influence on the 
pattern of sedimentation throughout the epoch. 

The lower Eocene sequence, represented by the Wind River 
and Indian Meadows Formations, includes a maximum of 9,000 
feet of strata in the structurally deepest parts of the Wind River 
Basin. The two unit~ can be separated in some places along the 
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north and east margins of the basin, but not in the central 
part. The Wind River Formation probably comprises all the 
lower Eocene rocks in outcrops along the south and west edges 
of the basin. The lower Eocene rocks were deposited in exten
sive alluvi·al fans around the periphery of the basin during peri
ods of ·active uplift and erosion of the bordering mountain 
ranges ; contemporaneous deposition in the interior regions of 
the basin was in lakes and across broad flood plains. The 
deep trough area of the basin may have been occupied by a ves
tige of Waltman Lake during earliest Eocene time. 

The Indian Meadows Formation of earliest Eocene age (Gray 
Bull of Wood and others, 1941) consists chiefly of varicolored 
red, purple, gray, and white claystone, siltstone, sandstone, 
and conglomerate. Maximum thickness is 4,000-5,000 feet. 
Locally the conglomerate beds are very coarse, with boulders 
several feet across. In places the formation contains large de
tached blocks of resistant Paleozoic rocks, some of which ·are 
ancient landslides from the fronts of rising mountain ranges. 

The Wind River Formation of late early ·Eocene age (Lysite 
and Lost Cabin) also consists chiefly of brightly variegated 
strata. The Lysite and Lost Cabin Members can be distin
guished on the basis of fossil mammals only in their type areas 
along the northeast margin of the basin. However, there also 
seems to be an angular discordance which coincides locally with 
a change in lithology between the two members in this region, 
and these criteria are used to distinguish the Lysite and Lost 
Cabin in outcrops along the east edge of the basin. 

The uppermost Cretaceous, Paleocene, and lower Eocene rocks 
record a history of extensive crustal movement in the Wind River 
Basin and adjacent uplifts during the Laramide. This history 
is summarized as follows : 

1. Late Cretaceous.-Downwarping of the basin floor along 
its north edge probably began as early as Meeteetse and Lewis 
time, and became more pronounced in latest Cretaceous time. 
Upwarping of the Granite Mountains and Washakie Range along 
the south and northwest margins of the basin, respectively, 
took place at the beginning of deposition of the Lance 
Formation. 

2. Paleocene.-The Wind River Range began to rise along the 
west' side of the basin, and broad shallow folds developed in 
the Owl Creek Mountains along the north side. su·bsidence of 
the basin floor and uplift of the Granite Mountains and Washa
kie Range continued. 

3. Early Eocene.-In earliest Eocene time folding and uplift 
of the mountain ranges were accelerated, and reverse faulting 
took place along the northwest edge of the basin. Following 
the deposition of the Indian Meadows Formation, the Owl Creek 
Mountains and Casper Arch were uplifted along extensive re
verse faults. Folding was renewed in some areas during and 
at the end of early Eocene time. The basin floor also continued 
to sink throughout this period. 

Downwarping played a dominant role in the structural evolu
tion of the basin. Subsidence began in Late Cretaceous time, in 
the earliest stage of the orogeny, and continued until the end 
of deposition of the Wind River Formation. Along the north 
and east edges of the basin, where deformation was most in
tense (maximum structural displacement about 35,000 ft), the 
actual movement that can be attributed to subsidence is equal 
to, or exceeds, the amount of uplift of the adjacent Owl Creek 
Mountains and Casper Arch in most places. 

Commercial quantities of petroleum have been discovered in 
several horizons within the uppermost Cretaceous, Paleocene, 
and lower Eocene rocks. Factors favoring the generation and 
accumulation of oil and gas in these strata include (1) an 

abundance of reservoir and source rocks; (2) abrupt facies 
changes from shale to sandstone in the marginal ( updip) areas 
of the basin; (3) presence of unconformities between successive 
stratigraphic units; and ( 4) anticlinal folding in both the 
marginal and interior regions of the basin. The highly organic 
shale and claystone of the Waltman Shale Member of the Fort 
Union Formation are proba'bly the source of much of the oil 
and gas in the lower Tertiary rocks of the basin. 

Coal and lignite beds are present in all the formations except 
the Lewis Shale. The thickest and most extensive coal is in 
the Meeteetse Formation; beds in the other formations are gen
erally thin and discontinuous. Large deposits of uranium oc
cur in the Wind River Formation in the Gas Hills area along 
the south edge of the basin. 

INTRODUCTION 

The Wind River Basin in central Wyoming (fig. 1) 
contains sequences of uppermost Cretaceous, Paleocene, 
and lower Eocene rocks that are among the thickest and 
most complete in the Rocky Mountain region. The 
stratigraphic, structural, and paleontological data now 
available on these strata from nearly all parts of the 
basin afford an opportunity to study the character of 
sedimentation and its relation to the various kinds of 
crustal movements in a major intermontane basin during 
Laramide deformation. A better understanding of the 
major aspects of basin evolution and mountainbuilding 
throughout the Rocky Mountains should thus be gained. 
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FIGURE I.-Index map of Wyoming showing area of Wind River structural basin. 

This report was prepared with the cooperation of the 
Geological Survey o:f Wyoming and the Department 
of Geology of the University of Wyoming as part of a 
program of the Department of the Interior for the de
velopment of the Missouri River basin. 

HISTORY OF INVESTIGATIONS 

The general geologic :features of the Wind River 
Basin were first described by geologists accompanying 
the exploratory expeditions of the U.S. Army before 
1875. The first colored geologic map of the Tertiary 
and older rocks of the basin accompanied a report o:f in
ve~tigation by F. V. Hayden for the years 1859-60 
(I-Iayden, 1869), and a second map by T. B. Comstock 
(in Jones, 1874) differentiated the rocks in the west half 
of the basin. Early note was taken particularly of the 
flat-lying red- and gray-banded Tertiary rocks which 
are extensively exposed across the basin floor; in 1861 

these rocks were :formally referred to as the "Wind 
River deposits" by Meek and Hayden (1861, p. 434). 
Additional descriptions of these strata were published 
by Comstock (in Jones, 1874, p. 128-129) in annual re
ports of the U.S. Geological and Geographical Survey 
of the Territories (:for example, St. John, 1883, p. 255-
263), and by Darton ( 1906a, p. 24-25; 1906b, p. 70). 
It was not tmtil 1910, however, that sufficient strati
graphic and paleontologic data had been obtained to 
definitely assign an early Eocene age to the rocks that 
are now defined as the Wind River Formation 
(Granger, 1910, p. 247). 

Rocks of latest Cretaceous and earliest Tertiary ages 
were recognized by pioneer investigators in many parts 
of the Rocky Mountains and adjacent Great Plains. 
The controversies that arose over the systemic boundary 
within the Laramie beds are well known (Knowlton, 
1922, p. 1-81). Hayden (1869) showed the general 
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distribution of these strata, which he had termed the 
Fort Union or Great Lignite group, in central Wyo
ming and adjacent areas. Eldridge (1894, p. 24-25, pl. 
1) published a brief description of the uppermost Cre
taceous and early Tertiary rocks, which he referred to 
as Laramie, and showed some of the major outcrop 
areas on his geologic map. Darton (1906a, p. 24) also 
gave brief descriptions from exposures in the north
central part of the basin, including some of the coal beds, 
in his study of the Owl Creek Mountains. Other early 
investigations dealt primarily with the occu~rence and 
potential economic value of the coal beds; the first sig
nificant study of the coal in the Wind River Basin was 
that published by Woodruff and Winchester (1912). 

In the early 1940's a systematic program of detailed 
geologic mapping and stratigraphic studies in the Wind 
River Basin was begun by the U.S. Geological Survey·. 
The program was stimulated by extensive development 
of oil and gas fields and reclamation areas in the middle 
and late 1940's and by the discovery of uranium, oil and 
gas in Tertiary rocks during the 1950's. Many individ
uals have been associated with this basinwide study, and 
their work has led to the publication of many geologic 
reports ; some of the areas of study are shown on figure 
2. The primary purpose of the present. report is to 
compile and synthesize all the data that were obtained 

on the uppermost Cretaceous, Paleocene, and lower 
Eocene rocks during these investigations. Additional 
fossil collections, detailed lithologic descriptions, and 
other essential data were obtained by the writer at many 
key localities around the margins of the basin during 
several weeks of fieldwork in the summers of 1959-61. 
This was supplemented by the microscopic examination 
of samples and cores from about 20 wells, representing 
nearly 200,000 feet of drilling, and the study of electric 
and lithologic logs of numerous other wells. 

GEOGRAPHY 

The Wind River Basin occupies 8,500 square miles in 
central Wyoming (fig. 1). It includes most of Fre
mont County and the western part of Natrona County. 
The basin is 180 miles long from northwest to southeast 
and is 75 miles wide. A major part of the structural 
basin is a topographic depress1on bordered by moun
tains on all sides except the east (fig. 3) . The most 
prominent of these mountains is the Wind River Range 
whose rugged peaks attain altitudes of 13,000 feet or 
more along the west margin of the basin. To the north 
the Absaroka Range, Washakie Range, Ow I Creek 
Mountains, and Bighorn Mountains form a nearly con
tinuous mountain barrier for about 100 miles. The south 
edge of the topographic basin is marked by the Beaver 

Fiauam 2.-Prlnclpal sources of geologic map:ptng data used in this report. 
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FIGURE 3.-Major physiographic and structural features in central Wyoming. Dashed llne Indicates approximate outline of Wind River structural basin. 
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Divide-an erosional escarpment 500-1,000 feet high 
which extends eas'tward from the Wind River Range for 
50 miles-by the Rattlesnake Hills, and by another ero
sional escarpment in the extreme southeast corner.- The 
south margin of the structural basin, as developed in 
the lower Eocene and older rocks, however, is the north 
flank of the. Granite Mountains. Thus, the structural 
basin includes part of the upland region commonly 
known as the Sweetwater Plateau which lies south of 
the Beaver Divide (fig. 3). The east edge of the basin 
coincides with the west flank of a major, hut not deeply 
eroded, structural upwarp known as the Casper Arch. 
This region is characterized by low hills and ridges 
which in most places do not form a topographic barrier 
between the Wind River Basin and the Powder River 
Basin to the east; in fact, the entire southeast arm of 
the Wind River Basin drains eastward into the Powder 
River Basin. 

The basin floor is a region of low relief; only a few 
scattered buttes and mesas rise as much as 500 feet above 
the general landscape. Terrace and pediment surfaces 
form extensive tableland areas, but locally there are 
prominent badlands in the soft Tertiary sediments. In 
the northwestern part the altitude of the basin floor is 
about 7,000 feet above sea level, whereas farther to the 
east and southeast in the central part the average alti
tude is 5,000-5,500 feet. The major part of the basin 
area is drained by the Wind River and its tributaries. 
The southeastern part, however, is drained by tribu
taries of the Powder and North Platte Rivers, and the 
region south of Beaver Divide is drained by the Sweet
water River (fig. 3). 

GEOLOGIC SETTING 

The Wind River Basin is one of many structural and 
sedimentary basins formed in the Rocky Mountain re
gion during Laramide deformation. It is surrounded by 
folded and faulted Paleozoic and Mesozoic strata which 
form the flanks of the adjacent mountain ranges and 
anticlinal uplifts. Along the south and west margins 
these strata dip toward the center of the basin at an aver
age of 10°-20°, whereas along the north and east mar
gins the dips are commonly vertical to overturned. The 
basin floor thus is markedly asymmetrical; the struc
turally deepest parts are close to the Ow 1 Creek Moun
tains on the north and to the Casper Arch on the east. 

The center is covered by nearly flat-lying lower 
Eocene rocks which overlap all older strata. The lower 
Eocene sequence is a part of the basin fill that accumu
lated during Laramide deformation and is now being 
stripped away by erosion. 

Until Late Cretaceous time, the present site of the 
Wind River Basin was part of the foreland or stable 

shelf region which lay to the east of the main Cordil
leran geosyncline. Rocks representing all systems, ex
cept possibly the Silurian, were deposited during trans
gressions and regressions of epicontinental seas across 
this region, but the stratigraphic sequence is thin and 
discontinuous as compared to the thick geosynclinal ac
cumulations farther west in Idaho. 

Beginning in Late Cretaceous time, the main sites 
of sedimentary accumulation shifted eastward because 
of uplift west of the present Idaho-Wyoming boundary. 
The last major episode of marine deposition in central 
'Vyoming is marked by the Cody Shale of late Colorado 
(Niobrara) and early Montana (Telegraph Creek, 
Eagle and Claggett) ages. The basal sandstone of the 
Mesaverde Formation was deposited during the east
ward regression of the Cody sea. Minor readvances of 
the sea occurred, as represented by thin tongues of ma
rine shale in the basal part of the Mesaverde Formation 
in the central and eastern parts of the basin; but during 
most of the deposition of the Mesaverde, the basin area 
was an emergent surface of low relief characterized by 
broad flood plains, coastal swamps, deltas, and lagoons. 
Except for brief marine invasions during deposition 
of the Lewis Shale, conditions generally similar to those 
during deposition of the Mesaverde prevailed through
out the rest of Late Cretaceous time. However, during 
the latest part of the period there was local tectonic 
activity that represented the initial phases of the Lara
mide orogeny in central Wyoming, and these move
ments exerted an increasing degree of influence on the 
pattern of sedimentation during all early Tertiary time. 

The complex sedimentary and structural history 
which followed the deposition of the Mesaverde Forma
tion is the major theme of this report. 

STRATIGRAPHY 

The sedimentary sequence here described includes the 
Lewis Shale and Meeteetse and Lance Formations of 
Late Cretaceous age, the Fort Union Formation of 
Paleocene age, and the Indian Meadows and 'Vind River 
Formations of early Eocene age. The Wind River For
mation lies at the surface throughout much of the basin 
area, whereas the other formations crop out only here 
and there along the basin margins (pl. 1) . They are 
widespread in the subsurface, however, and have been 
penetrated by numerous deep wells in the central part 
of the basin. In the northwestern part, west of Steam
boat Butte and Pilot Butte anticlines (locs. 36 and 37, 
pl. 1), meager subsurface data suggest that the lower 
Eocene rocks rest directly on the Mesa verde or older for
mations with no intervening uppermost Cretaceous or 
Paleocene strata, except possible remnants of the Mee-

... 
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teetse Formation in some of the deeper synclinal 
troughs. 

The formations within the uppermost Cretaceous, 
Paleocene, and lower Eocene sequence are thin and un
conformable in most surface sections, but are much 
thicker and virtually conformable only short distances 
downdip from the outcrops. Abrupt changes in lithol
ogy within individual formations are also common near 
the basin margin. Regional correlations are, therefore, 
difficult to establish. 

In the central and northeastern parts of the Wind 
River Basin, the thick homogeneous black W altmian 
Shale Member of the Fort Union Formation is easily 
recognized in well cuttings and on electric logs (figs. 14, 
15 ; pl. 3), and affords an excellent datum for correlation 
of the Paleocene rocks. Other stratigraphic units in the 
structurally deeper parts of the basin are more difficult 
to define, on the other hand, because lithologic changes 

are generally very gradual through the contact zones as 
the result of almost continuous deposition during all 
Late Cretaceous, Paleocene, and early Eocene times. In 
some wells the formation contacts are best defined on 
electric logs, but, owing to the similarities in electrical 
properties shown by many units, correlations based 
solely on electric logs are apt to be misleading unless sup
plemented by a general knowledge of the lithologies 
penetrated. Correlations based particularly on gross 
lithologic aspects, structural relations, and similar en
vironments of deposition can be made with some degree 
of assurance over relatively wide areas. 

Plate 2 shows the author's interpretation of the re
gional stratigraphic relations of the uppermost Creta
ceous, Paleocene, and lower Eocene rocks in the Wind 
River Basin. The sections used in the construction of 
the fence diagram are listed in table 1, and significant 
fossil collections are listed in tables 2 and 3. 

TABLE 1.-List of geologic sections used in construction of fence diagram, plateS 

Geologic Location 
section Depth of 

No. Locality name well Formations studied Source of Information 
(pls.l,2) Section Township Range (feet) 

1 Bench Creek _________ p2, 13, 24 42 N. 108 w. }------- Wind River _____________ Measured by W. R. 
6, 7. 42 N. 107 w. Keefer. 

2 East Fork Wind 14, 15, 22 ______ 6 N. 6W. -------- Wind River (in part), Measured by J. D. 
River. Indian Meadows. Love. 

3 Phillips Petroleum 
Co., Austral 1. 

SWXNEX 7 ___ 3 N. 1 w. 11,370 Wind River _____________ Sample study by W. R. 
Keefer. 

4 Ethete ______________ 22 ________ :_ ___ 1 N. 1 E. -------- Wind River and Fort Measured by K. A. 
Union. Yenne and W. R. 

Keefer. 
5 Hudson _____________ 3,4 ___________ 33 N. 98W. -------- Fort Union (in part) _____ Measured bv R. M. 

Thompson and J. L. 
Weitz. 

6 Stanolind Oil & Gas SE XSE X 3- - -- 33 N. 96W. 8,920 Wind River and Fort Sample study by J. D. 
Co. Johnson 1. Union. Love. 

7 Alkali Butte _________ 16, 20, 21, 28, 1 s. 6E. -------- Wind River (in part), Measured by K. A. 
29, 32, 33. Fort Union, Lance. Yenne and G. N. 

Pipiringos, modified 
by W. R. Keefer. 

8 Conant Creek ________ 28, 32, 33 ____ -.- 34 N. 93 w. -------- Fort Union (in part), Measured by K. A. 
Lance. Yenne and G. N. 

Wind River (in part), 
Pipiringos. 

{5, 9, 10, 16 34 N . . 90W. }------- Measured by K. A. 
9 Castle Gardens _______ Fort Union, Lance, Yenne, J. L. Weitz, 32, 33. 35 N. ·QOW. Meeteetse. and J. Belshe. 

10 Rattlesnake Hills _____ { 3, 4, 9 34 N. 88 w. }------- _ ____ do _________________ Measured by W. R. 
26, 34, 35. 35 N. 88 w. Keefer and E. I. 

Rich. 
11 Cities Service Oil Co. NWXSWX 12 __ 32 N. 85 w: 11, 281 Wind River, Fort Union, Sample study by W. 

Govt. C-1. Lance, Meeteetse, R. Keefer. 
Lewis 

12 Casper CanaL ________ 9, 10, 15 _____ -- 31 N. 82 w. -------- Fort Union (in part), Measured by E. I. 
Lance, Meeteetse, Rich. 
Lewis. 

13 Shotgun Butte _______ 17, 20, 21, 26, 6 N. 1 E. -------- Indian Meadows, Fort Measured by W. R. 
27, 28, 35. Union, Lance, Keefer and M. L. 

Meeteetse. Troyer. 
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TABLE 1.-List of geologic sections used in construction of fence diagram, plate 2-Continued 

Geologic Location 
section Locality name 

No. 
(pls.l, 2) Section Township Range 

14 Phillips Petroleum SEXSEX 27 ___ 5 N. 5 E. 
Co. Boysen 1. 

15 Shell Oil Co. Howard NEXSWX 15 __ 39 N. 93 w. 
Ranch 23-15. 

16 Sinclair-Wyoming Oil NEXNWX 35 __ 39 N. 91 w. 
Co. Lysite 1. 

39 N. 89 w. 17 Pure Oil Co. Bad- NEXNWX 26 __ 
water 1. 

18 Waltman ____________ 4, 5, 8 _________ 36 N. 86W. 

19 British-American Oil SEXSE}{ 3L __ 35 N. 84W. 
Producing Co. 
J. B. Eccles 1. 

20 Pure Oil Co. West 11 _________ :..;· __ 33 N. 84W. 
Poison Spider 1. 

21 Gulf Oil Corp. Mae NWXNW}f3 __ 3 N. 2 E. 
Rhodes 1. 

22 Phillips Petroleum NWXSEX 8 ___ 2 N. 4 E. 
Co. Missouri 1. 

23 Superior.Oil Co. Ful- NWXSEX 26 __ 36 N. 94 w. 
ler Reservoir 1-26. 

24 Humble Oil & Refin- NEXNWX 33 __ 37 N. 92 w. 
i~ Co. Gov't.-

alker 1.. 
25 Continental Oil Co. NWXNWX 28_ 36 N. 90W. 

Squaw Buttes 28-1. 

26 California Co. Cooper SEXSWX 34 ___ 36 N. 87W. 
Reservoir 2. 

27 Continental Oil Co. NEXSEX u ___ 37 N. 91 w. 
Moneta Hills 11-1. 

28 California Co. Mad- NEXSWX 8 ___ 38 N. 89 w. 
den 1. 

UPPER CRETACEOUS SERIES 

ROCKS UNDERLYING THE MEETEETSE FORMATION 
AND LEWIS SHALE 

The Mesaverde Formation, largely a nonmarine se
quence of sandstone, shale, carbonaceous shale, and coal, 
underlies the Meeteetse Formation and Lewis Shale 
throughout the Wind River Basin. In extensive areas 
the upper part of the Mesaverde is characterized by 
massive white to light-gray sandstone which commonly 
forms prominent ridges. This sandstone sequence, re
ferred to as the white sandstone member in the north
central part of the basin and the Teapot Sandstone 
Member in the southeastern part (Keefer and Rich, 
1957, p. 73), contrasts sharply in both lithology and 
topographic expression with the nonresistant rocks of 
the overlying Meeteetse Formation and Lewis Shale. 
Where the sandstone is absent or poorly developed, 
however, the contract, particularly between the Mesa
verde and Meeteetse Formations, is not so easily 
recognized. 

Depth of 
well Formations studied Source of information 
(feet) 

15,050 Wind River, Indian 
Meadows, Fort Union, 
Lance (in part). 

Sample study by W. 
R. Keefer. 

11,474 
_____ do _________________ 

Do. 

12,588 
_____ do _________________ 

Do. 

17,030 
_____ do _________________ 

Do. 

-------- Wind River (in part), Measured by W. R. 
Fort Union, Lance, Keefer and R. L. 
Meeteetse, Lewis. Koogle. 

10,810 Wind River, Indian Sample study by W. 
Meadows, Fort Union R. Keefer. 
(in part). 

14,305 Wind River, Indian 
Meadows, Fort Union, 
Lance, Meeteetse, 
Lewis. 

Do. 

11,000 _____ do _________________ Do. 

10,500 Wind River, Indian Well log study by W. 
Meadows, Fort Union, R. Keefer. 
Lance, Meeteetse (in 
part). 

Sample study by W. 9, 149 Wind River, Fort Union, 
Lance, Meeteetse. R. Keefer. 

7,242 Wind River; Indian Well log study by W. 
Meadows, Fort Union R. Keefer. 
(in part). 

6,956 Wind River, Indian Sample study by W. 
Meadows, Fort Union, R. Keefer. 
Lance (in part). 

8,631 
_____ do _________________ 

Do. 

5,594 Wind River, Indian Do. 
Meadows, Fort Union 
(in part). 

12,505 Wind River, Fort Union, Do. 
Lance (in part). 

MEETEETSE FORMATION AND LEWIS SHALE 

DEFINITION 

The stratigraphic interval between the Mesaverde 
and Lance Formations consists of nonmarine rocks in 
the central and western parts of the Wind River Basin 
and of interbedded marine and nonmarine rocks in the 
eastern_ part. The nonmarine strata are referred to the 
Meeteetse Formation (Hewett, 1914, p. 102), the type 
section of which is in the Bighorn Basin to the north. 
The marine strata, on the other hand, are placed in the 
Lewis Shale, a name used by Cross and Spencer ( 1899, 
p. 5) for the sequence of sandy shale and claystone of 
marine origin overlying the Mesaverde Formation in 
southwestern Colorado. 

DISTRIBUTION 

Figure 4 shows the distribution of the Meeteetse For
mation and Lewis Shale in the Wind River Basin. 
Exposures are present along the south and east edges 
of the basin and in the Shotgun Butte area in the north-
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TABLE 2.-FossU coZZectiom in the Wind River Basin 

[Stratigraphic positions shown on pl. 2] 

Location USGS 
Collection 1 locality 
on pl. 2 No. 

Fossil type Formation 

Section Township! Range 
--

1A N ~ 29--------1 42 N _ ---1 107 W ---' Wind River -------1 Vertebrate.-------

lB NE~ 10 _______ , 42 N ••• -1 108 W ___ , _____ d0-------------1 Plant_ ___________ _ 

1C 

2A 

SE~ 5 ________ ,42 N •••• ,107 W ___ , _____ do _____________ , Vertebrate _______ _ 

1---------------1---------------- ---------- ---------- Indian Meadows _______ do ____________ _ 

2B 1---------------1----------------1----------1----------I Wind River -------1- ____ do ____________ _ 

4A SE~ 22-------1 1 N.----1 1 E _____ l Fort Union _______ , Plant_ ___________ _ 

6A 1---------------1 (Southeastern I aa N ..•• -1 96 W •••• l Wind River .•••••• ! Vertebrate _______ _ 
part of 
township). 

7A 

Species 

Lambdotherium sp., E8thonyx sp., Ectocian sp., Phena
codus sp., Diacodexis sp., Hyracotherium cr. H. vasac
cieme. 

Equisetum sp., AUantodiopsis erosa, Woodwardia sp., 
Lygodium sp., Thuja sp., Metasequoia occidentalis, 
Sparganium antiquum, Pterocarya sp., Ailanthus sp., 
Mimosites sp., Cercidiphyllum sp., Platanus sp., 
Liquidambar callarche, Cinnamomum sp. 

Hyracotherium cf. H. vasaccieme, Lambdotherium cf. L. 
popoagicum. 

Oxyaena gulo, Haplomylus speirianus, Hyopsodus sim
plex, H. latidem, Hyracotherium sp., H. etsagiCUB, 
Esthonyx bisulcatus, Coryphodon cf. C. elephantopm, 
Coryphodon sp., Phenacodus sp. 

Phenacodus cf. P. wortmani, Heptodon cf. H. ventorum, 
Viverravus cf. V. dawkimianus, Diacodexis cf. D. cha
cemis, cf. Diacodexis sp., Hyopsodus cr. H. mentalis, 
Hyopsodus sp., Hyracotherium sp., Coryphodon sp., 
Didelphos sp. 

Sabalites sp., Ouercus sp., Fagus sp., Carya antiquorum 
Newberry, Cercidip/i.yllum arcticum (Heer) Brown, 
Celastrus ferruginea Ward, Sassafras sp., Viburnum 
antiquum (Newberry) Hollick, Ginkgo adiantoides 
(Unger) Heer, Carpanus sp., Platanus ravnoldsi New
berry, Ulmus sp., Carpites sp., Betula sp., Rhamnus 
goldianus Lesquereux. 

Hyopsodus sp., Didymietis? altidem, Microsyops sp., 
Hyracotherium craspedotus, Hyracotherum? venticolus, 

Heptodon calcfculus, H. ventorum, Lambdotherium 
popoagicum, Coryphodon sp. 

Sequoia reichenbachi (Gelnitz) Heer ----------------------

'-

Age assignment 

Early Eocene (Lost 
Cabin). 

Early to middle Eocene_ 

Early Eocene (Lost 
Cabin). 

Early Eocene (Gray 
Bull of Wood and 
others 1941). 

Identified by (or 
published reference) 

Keefer (1957, p. 190). 

Do. 

Do. 

Love (1939, p. 62-63). 

Early Eocene _________ _J Love (19a9, p. 65). 

Paleocene.--------------' Thompson and White 
(1954). 

Early Eocene (Lost 
Cabin). 

Late Cretaceous ________ _ 

Sinclair and Granger 
(1911, p. 91). 

Dl434 _______ J sw~ 28-------1 1 s ______ , 6 E ••••• l Lance.------------1 {
Plant •• -----------

Spore and pollen. -I See collection D1484, table a-----------------------------1 Cretaceous _____________ _ 

Thompson and White 
(1954). 

7B 1---------------1 NE~ 29 _______ ,1 S ______ , 6 E _____ , Fort Union _______ , Plant.------------1 Cercidiphyllum arcticum (Heer) Brown, Sparganium 
antiquum (Newberry) Berry, Platanus raynoldsi 
Newberry. 

Paleocene ______________ _ 

E. B. Leopold (1962); 1 
G. 0. W. Kremp 
(1960).1 

Yenne and Pipiringos 
(1954). 

7C 

SA 

SB 

sc 

9A 

9B 

----------- ----1{cSEen~t~er202_1_ --- --1}1 S----~-1 6 E.--_J _____ do ____ ---------'--- __ do _____ -------------

Dl486A-C. --1 SE~ a2-------l 34 N ----1 93 W ----1 Lance _____________ , Spore and pollen __ 

!
Plant __ -----------
Invertebrate ___ ---

21540---------' SE~ a2-------l 34 N.---1 93 W ____ , _____ do _____________ , 

{
Plant __ ----------

D1487--------1 NW~ 33------1 34 N ••• -1 93 W •••• l Fort Union ••••••• ! 

l~Y:t~~-~~~~== D150lC------1 SW~ 10.------1 34 N ----1 90 W ----1 Lance·------------1 
Spore and pollen •• 

Ginkgo adiantoides (Unger) Heer, Metasequoia sp., Spar
ganium antiquum (Newberry) Berry, Lemna scutata 
Dawson, Platanus raynoldsi Newberry, P. haydeni 
Newberry, Aralia notata Lesquereux, Cercidiphyllum 
arcticum (Heer) Brown, Alnus sp. Ulmus sp. 

See collection Dl486A-C, table a-------------------------

Late Paleocene _________ _! Yenne and Pipiringos 
(1954); J. A. Wolfe 
(1961).1 

Cretaceous _____________ _! E. B. Leopold (1962); 1 
G. 0. W. Kremp 
(1960).1 

Dryophyllum subfalcatum Lesquereux ____________________ ) 
Unio sp., Viviparus cr. V. retusus (Meek and Hayden), 

Viviparus sp., Campeloma vetula (Meek and Hayden), 
Lioplacodes sp., Hydrobia cr. H. subconica (Meek and Late cretaceous._------
Hayden), Goniobasis cr. G. sublaevis (Meek and Hay-
den), Goniobasis cf. G. tenuicarinata (Meek and Hay-

Yenne and Pipiringos 
(1954). 

den), Physa sp. 
Ginkgo adiantoides (Unger) Heer; Cercidiphyllum arcti- Paleocene ______________ _ Do. 

cum (Heer) Brown. 

~e!~~ec;~~~ ~}:~;:;.,c;~~~1'b;,-Cidiphviium-elii1>ticum_I_Pic>1)8i)i6-i:aie-cre:·----
<Newberry> Brown, Viburnum marginatum Les- taceous. 

G. 0. W. Kremp (1960).1 
R. W. Brown (1950).1 

quereux. 
See collection D1501C, table a--------------------------- CretaceoUS--------------' E. B. Leopold (1962); 1 

G. 0. W. Kremp 
(1960).1 

D1489A ______ , NW~ 5 _______ 34 N ____ 90 w ____ Fort Union ____________ do _____________ See collection D1489A, table a.--------------------------~--------------------------~ G. 0. W. Kremp (1960).1 

9C '--------------- {~~~ ~r------- ~g ~---- ~~;----} .... do _____________ Plant_____________ Onoclea sp., myptostrobus dakotemis Brown, Carya an- Paleocene·-------------- R. W. Brown (1950).1 
~ ------- ---- ---- tiquorum Newberry, CercidiphyUum arcticum (Heer) 

Brown, Carpites verrucosus Lesquereux. 
lOA 
lOB 

Dl503B •• ----I S~ 34--------- 35 N ____ 88 w _________ do _____________ Spore and pollen •• See collection D1503B, table a.--------------------------1---------·-----------------1 G. 0. W. Kremp (1960).1 
--------------- SW~ 21. ______ a5 N ____ 88 W ____ ••••• do _____________ Plant _____________ Glyptostrobus sp., Metasequoia glyptostroboides Hu and Paleocene _______________ J. A. Wolfe (1961).1 

Cheng, Platanus haydeni Newberry. 

See footnotes at end of table. 
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TABLE 2.-Possil collection8 in the Wind River Basin-Continued 

Collection/ USGS 

I 
Location 

on pl. 2 locality I Township 
-I Formation I Fossil type 

No. Section Range 
---

12A I Mesozoic I SWl< 15 _______ 131 N ____ 82 w ____ l Lew>. Shale I Invertebrate ______ 
Dll70. (lower tongue). 

12B I Mesozoic CW~ 15_ ----- 31 N ---- 82 W ---- Lewis Shale j _____ do _____________ 
Dll71. (upper tongue). 

13A --------------- w~ 17__ _____ _ 6 N ----- 1 E _____ Meeteetse _________ Vertebrate _______ _ 
13B D1476E ______ SE~ 20 ______ _ 1ac _______________ sw~ 2L ____ _ 

6 N _____ 1 E _____ Lance _____________ Spore and pollen __ 
6 N _____ 1 E _____ Fort Union Plant ____________ _ 

!
NW~ 26 _____ _ 

13D --------------- E ~ 27--------
D1640 ________ sw~ 36 _____ _ 

13E --------------- SE}4 26 _______ _ 

(lower part). 
6 N _____ 1 E _____ )Fort Union ~----do ____________ _ 
6 N ----- 1 E_____ (Shotgun Vertebrate_-------

Member). 
6 N ----- 1 E_____ Spore and pollen __ 
6 N _____ 1 E _____ Indian Meadows __ Vertebrate _______ _ 

14A 
18A 

D1519B ______ , SE~ 27 _______ ,5 N _____ ,5 E _____ , Fort Union _______ l Spore and pollen __ 
Mesozoic NE~ 10 ______ 36 N ____ 86 W ____ Lewis Shale Invertebrate _____ _ 

Dl173. (lower tongue). 

18B 
18C ~---------------~ 

Dl827A-B ___ j NW~ 8-------~36 N----~86 W ____ l Lance _____________ l Spore and pollen __ 
Center 8------ 36 N ____ 86 W ____ Fort Union Plant ____________ _ 

(lower part). 
18D D1483A-B ••• I NE~ 17 ______ 36 N ____ 86 W ____ Fort Union Spore and pollen __ 

(Waltman 
Shale Member). 

28A D1508B-E_ __ sw~ 8. __ ____ 38 N ____ 89 w _________ do __________________ do ____________ _ 
F --------------- S~ 32 _________ . 42 N ---- 106 W___ Wind River_______ Vertebrate.-------

Species Age assignment 

Inoceramus cf. I. barabini Morton, lnoceramua (Endo- Late Cretaceous (late 
costea) sp., Pteria n. sp., Baculites eliasi Cobban, Bearpaw). 
Acanthoscaphites sp. 

Glycimeris wyomingemis (Meek), Anomia sp., Efllmo- Late Cretaceous 
cardium sp., Turritella sp~ Baculites cf. B. clinolobBtua (Lennep or Fox Hills). 
Elias. 

Fragments of dinosaur bones---------------------------- CretaceoUS--------------
See collection D1476E, table 3--------------------------- _____ do __________________ _ 
ArBlia notata Lesquereux, Platanus raynoldsi Newberry, Paleocene_--------------

Cercidiphyllum arcticum (Heer) Brown, Persea sp. 
Castanea sp., Metaseguoia sp. Ulmus sp., Platanus sp ___ _ 
Phenacodus primaevus, Plesiadapis cf. P. cookeL ---------

Probable late Paleocene. 
Late Paleocene or 

earliest Eocene. 

Identified by (or 
published reference) 

Rich (1962). 

Do. 

Keefer and Troyer, 1956. 
E. B. Leopold (1959).' 
Keefer and Troyer (1956}. 

Do. 
Do. 

See collection D1640, table 3----------------------------- Eocene(?)_______________ E. B. Leopold (1962).1 
Phenacodus sp., Ectocion sp., Hyracotherium sp., Creo- Early Eocene (Gray Keefer and Troyer 

dont (mesonychid?). Bull of Wood and (1956). 
others, 1941). 

See collection D1519B, table 3--------------------------- -------------------------- G. 0. W. Kremp (1960).1 
Inoceramus sp., Pteria subgibbosa (Meek and Hayden), Late Cretaceous (late Rich (1962). 

Pteria (Oxytoma) nebrascana (Evans and Shumard), Bearpaw). 
Modiolus meeki (Evans and Shumard), Polinices sp., 
Acanthoscaphites sp., Baculite., eliasi Cobban. 

See collection D1827A-B, table 3------------------------1 Early Paleocene _________ I E. B. Leopold (1962).1 
Carya antUJuorum--------------------------------------- Paleocene _______________ J. A. Wolfe (1961).1 

See collection D1483A-B, table 

~:~ ~~n~~u~~ E~~~i~~~:::le·a========================i==========================l Hyracotherium cf. H. vasacciense _________________________ Early Eocene (Lost 

G. 0. W. Kremp 
(1960).1 

Do. 
Do. 

Keefer (1957, p. 191). 

26A I D1507A ______ I sw~ 34 _______ 36 N ____ 87 w ____ Fort Union _______ l _____ do ____________ _ 

G --------------- NW~ 12______ 41 N ---- 106 W ________ do __________________ do_____________ Viverravus cf. V. dawkinsianus, Heptodoncf. H. calciculus 
Cabin). 

Early Eocene (Lost 
Cabin). 

Love (1939, p. 65-00). 

C.L. Gazin (1956).1 SE~ 32-------1 6 N _____ j 5 W ____ _ 
Lambdotherium cf. L. progressum, Hyracotherium sp. 

! 
____ do_____________ Hyracotherium sp., Hyopsodus cr. H. simplex (Loomis) Early Eocene (Gray 

Bull or Wood and 
others, 1941). 

H 1---------------11 

21005__ _______ jlNE~ 3 ________ 5 N ____ _ 

!
NE~ 32 ______ ) 

I 1---------------1 SE~ 23 _______ 6 N-----

l
NE~ 22------~ 

J 1---------------1 4 N ____ _ 
SE~~ 22-------

K 1---------------1 26 and 35______ 5 N -----

5 w ____ _ 

Haplomylus speirianus (Cope), cf. Pelycodus trigonodus 
Matthew and Granger, Diacodexis cr. D. metsiacus 

Indian Meadows 1 (Cope), cf. Ectocion sp., cf. Coryphodon sp., Viverravus, 
' -- near V. acutus Matthew and Granger, cf. Didymictus 

sp. 
Invertebrate ______ Physa ct. P. bridgerensis Meek, Physa ct. P. pleromatis Early Eocene ___________ D.W. Taylor (1962).1 

White, A nisus sp., Drepanotrema? sp. 

!
Hyracotherium sp., Haplomylus sp. or small Hyopsodus _____ do ___________________ ] 

5 W-----1 Wind River ______ J Vertebrate ________ L~~bdotherium popoagicum (Cope)--------------------- Early Eocene (Lost C. L. Gazin (1956).1 
Cabin). 

!
Plant_____________ Sparganium antiquum (Newberry) Berry, Juglans sp., Possible middle Eocene Murphy and others 

Platanus raynoldsi, Newberry, Aralia wyomingensis (1956). 
3 w ____ J _____ do ____________ J Knowlton and Cockerell. 

Vertebrate ________ Eotitanops SP-------------------------------------------- Early Eocene (Lost R. L. Hay.2 
Cabin). 

1 E-----'-----do ____________ J _____ do _____________ Ectocion sp., Phenacodus sp., Hyracotherium cf. H. _____ do ___________________ Keefer and Troyer (1956) 
boreale, Pelycodus? sp., Hyopsodus sp., Hyopsodus ct. 
H. mentalts1 Cynodontomys sp., Heptodon brownorum, 
Lambdother~um popoagicum, Crocoailus sp. 

____ do _____________ h Ptilodus cf. P. montanus Douglass, Mimetodon cr. M. 
douglassi (Simpson), Ectypodus? cf. E. silberlingi Simp
son, ?Anconodon gidleyi (Simpson), Eucosmodon? sp., 

Middle or early late 
Paleocene (Torrejon 
or early Tiffany or 
Wood and others, 
1941. 

L 1---------------1 SE~ 30-------1 6 N-----1 3 E-----1 Fort Union (Shot
gun Member). 

Catopsalis cf. C. ftssidem Cope, Peradectes? sp., Gela
stops sp., Diacodon? sp., possibly Aphronorous sp. 
Pentacodon sp., possibly Zanycteris sp., Plesiadapid 
cf. Pronothodectes sp., Claenodon cf. C. jerox (Cope) Keefer (1961). 

M 

Tricentes near T. subtrigonus (Cope), Periptychus cr. 
P. carinidens Cope, Anisonchus near Ausectoriua 
(Cope), Promioclaenus sp., Litomylus? sp., Gidleyina 
sp. Pantolambda cr. P. cavirictus Cope. 

____ do _____ -------~J Corax pri8todontus or Galeocerdosp., Sand shark or mack- 1--------------------------11 
erel shark. 

D1482D-E __ J NEH 3L ____ _I 6 N-----1 3 E ____ _l _____ do ____________ J Spore and pollen __ See collection D1482D-E, table 3------------------------ Eocene?·----------------1 E. B. Leopold (1962).1 
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N 
{sw~ 5 _______ 2 s ______ 6 E _____ }Wind River _______ Vertebrate ________ Phenacodus sp., Huracotherium sp _______________________ Early Eocene ___________ Thompson and White, 

--------------- NE~ 12 ______ 2 s ______ 5 E_____ . 1954. 

lee.,.,"----- 34 N ____ 
92 W ----~ !Plant ... --------__ C"ddiphyUum dllplkum, Ca•u• antfquarom, ""'""'" Pakocene ... ___ --- ------ R. W. Bmwn.• 

p 
sp., Platanus ray'IIOldsi, Platanus haydeni. 

·ni5iiX.::Ef_-~= 
Fort Union __ -----

sw~ aL _____ 34 N ____ 92 W____ Spore and pollen._ See collection D1511A-B, table 3.----------------------- Paleocene_______________ E. B. Leopold (1962); 1 G. 

rEl' ,. _______ 34 N ____ 0. W. Kremp (1960).1 
91 W ---- } ronL ----------- --m •p., M""'-fa '""'"'" (N•wbeny) C .... y {Late Cre-ous •••.•. ___ J. A. Wolfe (1960) .• 

Q --------------- Lance Fokienia n. sp., Vitia stantoni (Knowlton) Brown, 
------------- Grewiopsis saportana Lesquereux. 

D1ML _______ Center 22 _____ 34 N ____ 91 W____ ~re and pollen __ See collection D-1641, table 3 .. -------------------------- Cretaceous ______________ E. B. Leopold (1962).1 
R --------------- NW~ 19 ______ 39 N ____ 89 W ____ Wind River ertebrate ________ Hyopsodus sp., Huracotherium cf. H. borealis, Hyraco- Early Eocene. __________ Tourtelot, (1953). 

(Lysite therium ct. H. craspedotum, Glyptosaurus sp. rN ____ Member). 
89 W ____ Wind River _____ do _____________ Hyopsodus mentalis, Hyrachuus? sp., Coryphodon sp., Early Eocene.__________ Do·----------------

I BE» 11 .. -----
(Lost Cabin Notharctus venticolus, Northcrctus sp., Hyracotherium 

s --------------- Member). sp., Heptodon sp., Phenacodus primaevus, Phenacodus 
NEH 22------- sp., Didymictis protenus, Allognathosuchus sp., Viver-

ravus cf. V. actus, Paramus sp., Stuli-n.odon? sp. or 
Ectoganus sp., Lepisosteus sp. 

T 
{S!-2 25 _________ 37 N ____ 87 W } Wind River _____ do _____________ Phenacodus wortma·ni, Huracotherium sp., cf. Diacodexis Early Eocene___________ C. L. Gazin (1961); 1 

--------------- sw~ aL _____ 37 N ____ 86 w·--- (Lysite sp., Absarokius abbotti, Heptodon cf. H. ventorum, F. C. Whitmore(l961).1 
---- Member). Esthonvx cf. E. bisulcattJ.s, OXyrhina sp. 

u -- .. ------------ NW~ 14 ______ 36 N ____ 87 W ___ Wind River ____________ do _____________ Lambdotherium popoagicum______________________________ Early Eocene (Lost Rich (1962). 
Cabin). 

---------

1 Written communication. a Oral communication. 
2 Unpub. Ph. D. dissertation, Princeton Univ., Princeton, N.J. 
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A12 GEOLOGY OF THE WIND RIVER BASIN, CENTRAL WYOMING 

central part. Meeteetse and Lewis strata have heen 
penetrated by wells in the shallower parts of the basin, 
but no well in the central and northeastern parts has 
been drilled to sufficient depths to penetrate these for-

mations. Subsurface data are lacking in critical areas 
west of Steamboat Butte anticline (loc. 36, pl. 1) ; it is 
not known, therefore, whether Meeteetse strata are 
present in the northwestern part of the basin. 

TABLE 3.-Collections of spore and pollen in Wind River Basin; a selected list of genera of limited stratigraphic range 

[Identified by E. B. Leopold and G. 0. W. Kremp, U.S. Geological Survey; see table 2 and pl. 2 for geographic and stratigraphic positions] 

Colleetlon No. In table 2 and pl. 2 

13B I M 118D I 7A I SA I 80 I 9B I 9A 'lOA 126A 128A I p 114A 113D I 
USGS paleobotanic locality No. 

Genera 

r:>:l Ill 0 0 r:>:l Ill 
I .J: ~ .J: I 

~ r:>:l ~ ~ 0 Ill 

~ 
Ill Ill 

CC> ~ ~ ~ 1'- § ~ ~ ~ 0 
1'- 00 00 ~ 
""" """ """ """ """ """ """ 

ao :s s s s s s s s ~ s s s s ~ s 

Q llsB 

Ill 
~ 

~ ~ s ~ 

----------------------1---1---1-----------------------------
Eocene and younger: 

Platycarya_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _ _ _ _ _ _ _ _ _ _ _ _ _--- _ --- _ - - - ---- - - -- - - -- - --- - - - - ? - - -- - ---
Tilia_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ? _ _ _ _ _ __ _ 

Paleocene and younger: 
Caryapollenites _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X X _ _ _ _ _ __ - X - - - - ---- ---- - - -- X X X - - -- - --- ? 
Pistillipollenites _____ ---------------------- ____ X ---- ---- ---- ---- ---- ---- ---- X ---- X ---- ---- ---- ----

Cretaceous and early Paleocene: 
Classopollis _____ --- ------ _------- _- _----- _--- ---- X X X ---- X X X ---- ---- ---- ---- ---- ---- X 
Cicatricosisporites_________________________ X ---- ---- X ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- X ----
W odehousia _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - - _ - - - _ - - - - - - - - - - - - - - - X - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Cretaceous: · 
Appendicisporites _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ X _______ - _- _- _--- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ----
Aquilapollenites--------------------------- ---- ---- ---- X ---- ---- ---- X ---- ---- ---- ---- ---- ---- X 
Proteacidites ________ :_ _____________________ X ---- ---- ---- X ---- ---- X ---- ---- ---- ---- ---- ---- X 
Hemitelia ________________________________ ---- __ J __ ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- ---- X ----

110" 

(t-------------~ -
" - ---" ', 

'-,,, .1335 '~::-------~
108

~-
", X 1100 

'\.'\ X 660 

" '\. Approximate western limit of 
\. lower tongue of Lewis Shale 

\ 
\~ 

\=<:> .... 
\%. 

\'% 
~--~---------------------~~·---4-JL------------~~-----------T--~ 

\~<:-..... Approximate southwestern limit of x 860 
\ .-. Meeteetse Formation in subsurface 
~ 
~ 

EXPLANATION 
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X 
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Subsurface 
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Numbers refer to total thickness of Meeteetse 

and Lewis Formations 
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upper tongue of Lewis Shale 
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FIGURE 4.--sketch map of Wind River Basin showing thicknesses and distribution of Meeteetse Formation and Lewis Shale. Adapted in part 
from Rich (1958). Correlation diagram through points A-F shown on figure 6. 
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UPPERMOST CRETACEOUS, PALEOCENE, AND LOWER EOCENE ROCKS A13 

LITHOLOGY AND THICKNESS 

The general appearance and lithology of the Mee
teetse Formation and Lewis Shale differ markedly from 
that of the underlying Mesaverde Formation and 
the overlying Lance Formation. The strata are non
resistant for the most part, and form conspicuous strike 
valleys that extend for several :q1iles with few outcrops. 

In the Shotgun Butte area the Meeteetse Formation 
is 660-1,335 feet thick, and can be divided into a lower 
unit of interbedded sandstone, siltstone, shale, carbo
naceous shale, and coal, and an upper unit consisting 
largely of lenticular sandstone. The lower unit is 650-
1,080 feet thick and, where well exposed, presents a 
gray, black, yellow, and brown banded appearance that 
is unique among Upper Cretaceous rocks in the basin 
(fig. 5). One of the most distinguishing features is 
the profusion of spherical cannonball-like calcareous 
sandstone concretions, as much as 3 feet in diameter, 
which weather out on some of the smooth rounded out
crops. The sandstone in the concretions is coarse 
grained and contains abundant grains of brownish-red 
biotite. Some beds are highly bentonitic and weather 
tan or yellow. Coal beds are present throughout the 
lower part of the Meeteetse Formation and several are of 
minable thickness. The thickest bed observed, 16.5 feet 
thick including 7 feet of relatively clean coal at the base, 
is at the Welton mine in sec. 20, T. 6 N., R.1 E. (loc. 39, 
pl.1). 

The lenticular sandstone unit that forms the upper 
part of the Meeteetse Formation in .the 1Shotgun Butte 
area ranges in thickness from 0 to about 320 feet. Indi
vidual sandstone beds are locally as much as 120 feet 
thick. A few thin beds of gray shale are interbedded 
with the sandstone, but little coal is present. 

The lithology, banded appearance, and nonresistance 
of the bulk of the Meeteetse Formation in the Shotgun 
Butte area also characterize the formation in most expo
sures in the southern and eastern parts of the Wind 
River Basin. Thicknesses range from about 390 feet in 
the Casper Canal section, where the Meeteetse is under
lain and over lain by marine tongues of the Lewis Shale 
(section F, fig. 6), to 860 feet in the Castle Gardens 
section (loc. 9, pis .. 1, 2), where no Lewis Shale is 
present. 

The alternation of thin beds of sharply contrasting 
lithologies probably produces the distinctly uneven and 
jagged resistivity curves on electric logs which are asso
ciated with the Meeteetse interval in many subsurface 
sections (see sections B and C, fig. 6). In well cuttings 
a diagnostic feature is the abundance of coal and other 
carbonaceous material as compared with that in both 
the overlying Lance Formation and the underlying 
Mesaverde Formation. 

'165-797 0-<65--2 

The Lewis Shale in the Wind River Basin consists of 
an upper and lower tongue, each consisting of inter
bedded gray, olive-gray, and buff shale and fine- to me
dium-grained sandstone. The lower tongue, which 
ranges in tliickness from 0 to 390 feet, directly overlies 
the Mesaverde Formation and extends west in the basin 
almost to the measured section at the north end of the 
Rattlesnake Hills (loc.10, pls.1, 2). The upper tongue, 
separated from the lower tongue by an eastward pro
jecting tongue of the Meeteetse Formation, is about 200 
feet thick in the Casper Canal section and 120 feet thick 
in the Tidewater Associated Oil Co. Poison Spring 1 
(sections E and F, fig. 6), but it does not extend as far 
west as the Cities Service Oil Co. Govt. C-1 (section D, 
fig. 6). In the True Oil Co. Sun Ranch 1 (section 0, 
fig. 6), the stratigraphic interval occupied by the lower 
tongue of the Lewis Shale farther east contains lithol
ogies representing both the Lewis Shale ~nd the Mee
teetse Formation, indicating a near-shore condition. 

Written descriptions of the Meeteetse Formation and 
Lewis Shale at the Shotgun Butte and Casper Canal lo
calities have been given by Keefer and Troyer (1964, p. 
65-68, 77-80, 106-108) and Rich (1962, p. 473-478), 
respectively. The section measured at Castle Gardens is 
given as stratigraphic section 1 of this report. 

CONTACT WITH THE LANCE FORMATION 

The Meeteetse Formation seems to be absent in the 
belt of outcrops extending eastward·from Alkali Butte 
to Muskrat Creek, and beds believed to represent the 
Lance Formation rest directly on the Mesaverde For
mation (fig. 7). 

In the Shotgun Butte area, the Lance Formation is 
conformable on the Meeteetse Formation in the section 
directly west of the butte (loc. 39, pl. 1), but to the south 
toward Little Dome anticline ( locs. 39 and 40, pl. 1), the 
Lance bevels down to the lower part of the Meeteetse 
Formation (Keefer, 1960, p. B233-B234; Keefer and 
Troyer, 1964J. These unconformities extend only short 
distances into the subsurface, however, for the Meeteetse 
Formation seems to be fully represented in wells that 
have been drilled only a few miles downdip from the 
outcrops (for example, locs. 21, 23, 49, and 50, pl. 1) ; 
elsewhere in the Wind River Basin the Meeteetse and 
Lance Formations are apparently conformable. Al
though individual beds of similar lithology are present 
in both formations in most places, the basal beds of the 
Lance are predominantly massive sandstone as com
pared to the thin-bedded sandstone, shale, and coal in 
the Meeteetse Formation. This lithologic difference is 
well defined on some electric logs (fig. 6) . Where the 
Lance Formation directly overlies the Lewis Shale, the 
contact is easily recognized in both surface and sub
surface sections. 



FIGURE 5.-0utcrop of Meeteetse Formation south of Shotgun Butte, sec. 16, T. 5 N., R. 1 E. Note banded appearance. 
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FIGURE 6.-Correlation of Meeteetse Formation and Lewis Shale, southeastern Wind River Basin. In part after Rich (1958) ; line of section shown on figure 4. For each well, 
resisti:yity log on right, self-potential log on left. 
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FIGURE 7.-Unconformlty between Lance (Kl) and Mesaverde (Kmv) Formations along east flank of Alkali Butte anticline, sec. 4, T. 2 S., R. 6 E. 



·-

UPPERMOST CRETACEOUS, PALEOCENE, AND LOWER EOCENE ROCKS A17 

CONDITIONS OF DEPOSITION 

The Meeteetse Formation was deposited in wide
spread swamps, broad flood plains, and lagoons that lay 
along the west edge of the Late Cretaceous sea. The 
thin tongues of marine shale and sandstone of the Lewis 
Shale represent minor readvances of the sea into the 
eastern part of the Wind River Basin. There is little 
evidence of local tectonic activity during the deposition 
of the Meeteetse and Lewis, except possibly a little 
downfolding of the major trough area along the present 
north margin of the basin (fig. 6; Keefer, 1960, p. 
B233). 

AGE AND CORRELATION 

Marine invertebrate fossils were collected from both 
the upper and lower tongues of the Lewis Shale in the 
eastern part of the Wind River Basin by Rich ( 1962, 
p. 474-478). The fossils from the lower tongue (colin. 
12A and 18A, table 2) are equivalent in age to the 
upper part of the Pierre Shale; those from the upper 
tongue (colin. 12B, table 2) are equivalent to the Fox 
}!ills Sandstone in the northeastern part of the Powder 
River Basin, Wyo. (fig. 8). 

Plat;t remains, including Sequoia reichenbachi, frag
ments of large dinosaur bones (colin. 13A, table 2), and 
spore and pollen of Late Cretaceous age were collected 
from the Meeteetse Formation at a few localities; these 
fossils, however, do not define the specific time zones 
represented. Inasmuch as strata of the Meeteetse For
mation intertongue with the Lewis Shale in the eastern 
part of the basin, the Meeteetse there is also inferred to 
be largely correlative with the upper part of the Pierre 
Shale and the Fox Hills Sandstone in eastern WyominO', 
Because individual stratigraphic units in the Upp:r 
Cretaceous sequence over much of the Rocky Mountain 
region tend to transgress time-older to the west, 
younger to the east (Weimer, 1960)-strata assigned 
to the Meeteetse Formation may be somewhat older in 
the western part of the vVind River Basin than in the 
eastern part. 

Figure 8 also sho)Vs equivalent rocks in other basins 
adjacent to the Wind River Basin. Cobban and Ree
side ( 1952) correlated the Lewis and Meeteetse Forma
tions with the American and European standard 
sections. 

LANCE FORMATION. 

DEFINITION 

. The name "Lance Creek beds" was introduced by 
}!atcher (1903, p. 369) for the uppermost Cretaceous 
strata ~verlying the Fox }!ills Sandstone along Lance 
Creek Jn the southeastern part of the Powder River 
Basin, Wyo. The name was modified to Lance Forma
tion by Stanton ( 1910), and this name subsequently has 

been used to designate rocks of latest Cretaceous age in 
many other parts of Wyoming (fig. 8), including the 
Wind River Basin, even though the character of the 
rocks varies greatly from place to place. 

DISTRIBUTION 

The Lance Formation crops out extensively along the 
south and east margins of the Wind River Basin. It is 
absent along the west margin of the basin, but occurs 
in limited outcrops in the Shotgun Butte area. The 
formation is also widespread in the subsurface where it 
has been wholly or partly penetrated by many wells. 

LITHOLOGY AND THICKNESS 

The Lance Formation is a sequence of interbedded 
white, gray, and buff, fine- to coarse-grained, in part 
conglomeratic 8andstone; gray to black shale and clay
stone; and brown to black carbonaceous shale and coal. 
Thicknesses range from zero to several hundred feet 
along the south and west margins of the basin, but in
crease to a maximum of more than 5,000 feet in the 
north and eastern parts (fig. 9). The thickest surface 
section observed, 5,130 feet, is northeast of Waltman 
(loc. 18, pis. 1, 2) . The formation probably is about 
6,000 feet thick to the north and west. The writer be
lieves, for example, that the Pure Oil Co. Badwater 1 
and 2-A ( locs. 17 and 68, pl. 1) bottomed within the 
Lance Formation at depths of 17,030 and 16,500 feet, re
spectively, after penetrating more than 5,500 feet of 
Lance strata. 

In areas where the Lance Formation is thickest, sand
stone generally predominates in the lower part and 
shale and claystone in the upper part.. In the thicker 
surface sections, such as at the north end of the Rattle
snake Hills, along the Casper Canal, and at Waltman 
(locs. 10, 12, and 18, pis. 1, 2), the upper shale 
and claystone commonly have a definite banded appear
ance, although the individual bands are generally 
thicker and duller looking than those in the underlying 
Meeteetse Formation (fig. 10). Many of the shale and 
claystone beds are bentonitic, and characteristically 
weather to smooth rounded hills and slopes which are 
strewn with large selenite crystals. 

In the Shotgun Butte area, where the Lance 'Forma
tion has a maximum thickness of 1,150 feet (loc. 39, pl. 
1), the lower part consists of white to light-gray and 
buff sandstone with thin irregular beds and lenses of 
conglomerate. The conglomerate contains granule
sized fragments and scattered pebbles of chert, siliceous 
shale, and porcelanite. The upper part of the Lance 

. Formation in the Shotgun Butte area is predominantly 
shale and claystone similar to that in thicker sections 
elsewhere in the basin. 
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FIGURE 8.-Nomenclature and correlation of uppermost Cretaceous, Paleocene, and lower Eocene rocks in the Wind River Basin and adjacent regions in Wyoming. 
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FIGURE D.-Isopach map of Lance Formation. 

In the vicinity of Castle Gardens (loc. 9, pis. 1, 2; fig. 
11) the Lance is chiefly white to light-gray massive 
crossbedded sandstone containing thin beds of carbo
naceous shale. Correlations are more uncertain farther 
west, but in outcrops extending from Muskrat Creek 
westward to Alkali Butte, the formation is believed to 
be represented by a heterogeneous unit of white to gray 
sandstone, carbonaceous shale that weathers dark bluish 
gray, and thin reddish-brown ironstone beds. The 
ironstone beds locally contain siliceous shale fragments, 
rounded polished chert pebbles, and abundant fresh 
water mollusks ( colln. 8B, table 2). The sequence 
seems to be bounded both at the top and bottom by un
conformities; intraformwtional unconformities may also 
occur locally. Paleontologic data indicate that most of 
this unit is Late Cretaceous in age. 

Written desc1:iptions of the Lance Formation have 
been published for the Shotgun Butte area by Keefer 
and Troyer (1964, p. 64, 75-77) and for the southeastern 
part of the basin by Rich (1962, p. 480-481). Sections 
for the Castle Gardens and Conant Creek areas are given 
as stratigraphic sections 1 and 2 of this report. 

CON'l'AC'l' WI'l'H FOR'l' UNION FORMATION 

The Lance Formation is overlain with erosional and 
(or) angular unconformity by the Fort Union Forma-

tion of Paleocene age in nearly all exposures of these 
rocks around the margins of the Wind River Basin. In 
most places the angular discordance is slight and not 
easily detected, although at some localities, such as the 
north end of the Rattlesnake Hills (loc. 10, pis. 1, 2), the 
discordance is as much as 8°. The unconformities seem 
to extend only short distances into the subsurface, how
ever, and the two formations are conformable in the 
major basin trough area where deposition was virtually 
continuous from Late Cretaceous into Paleocene time. 
The surface sections at Waltman (fig. 10) and Shotgun 
Butte (locs. 18 and 13, pls. 1, 2) represent two such con
formable sequences. · 

In most outcrops the contact is marked by a lithologic 
change from dull-gray and tan, banded soft shale, clay
stone, and sandstone below to white sandstone and 
siltstone interbedded with thin conspicuous ledgy red
brown ironstone beds above (fig. 10). The color con
trast is especially well exhibited in the exposures at 
Shotgun Butte, at the north end of the Rattlesnake 
Hills, and at Waltman (locs. 39, 10, and 18, pl. 1). 

The Lance interval on electric logs generally is char
acterized by a sharp and well-defined alternation of 
high and low resistivity and self-potential peaks cor
responding to the sequence of interbedded shale, clay
stone, and sandstone in the upper part of the formation. 



FIGURE 10.-Exposure of upper part of Lance Formation (Kl) and lower part of Fort Union Formation (Ttl) in overturned sequence northeast of Waltman, sec. 8, T. 36 N., 
R. 86 W. Contact is transitional and is drawn between predominantly shaly strata below and predominantly sandy strata above. Arrow indicates horizon of fossil collection 
18B, tables 2 and 3. 

FIGURE 11.-Part of Lance Formation, locally referred to as Castle Gardens sandstone, at Castle Gardens, sees. 9 and 10, T. 34 N., R. 90 W. The locality is famous for 
Indian pictographs. 
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In contrast, the basal strata of the Fort Union Forma
tion, predominantly sandstone, commonly produce a 
more expanded series of resistivity and self-potential 
curves on electric logs (pl. 3) . 

CONDITIONS OF DEPOSITION 

In contrast to the depositional history of earlier Cre
taceous time, the sedimentary pattern during the deposi
tion of the Lance Formation was significantly influenced 
by local tectonic movements representing the start of 
basin growth. Probably the most prominent feature 
was an .extensive downwarp along the present north 
margin of the Wind River Basin. As much as 6,000 
feet of fine-grained clastic strata accumulated in this 
area during Lance time (fig. 9). Although most of these 
strata seem to have been deposited in broad river flood 
plains and in swamps, some of the thick noncarbona
ceous gray slw1e and claystone beds in the upper part 
of the formation may have originated in large lakes. 
E. B. Leopold (written commun., 1963) reported that 
spore and pollen assemblages in the uppermost beds of 
the Lance Formation near Shotgun Butte are indica
tive of fresh-water and brackish-water environments. 

During the same time, rising highlands in the re
gions now occupieq by the Granite Mountains and the 
Washakie Range contributed coarse clastic debris that 
was deposited along the southwest (Alkali Butte-Co
nant Creek area) and northwest (Shotgun Butte area) 
margins of the basin. From the available evidence, on · 
the otl~er hand, it seems probable that little or no arching 
took place along the present trends of the Wind River 
Range, Owl Creek Mountains, and the Casper Arch 
during Lance time. 

AGE AND CORRELATION 

Fossil leaves, spores and pollen of Late Cretaceous 
age, and fragments of dinosaur bones were collected 
frmn the Lance Formation at many localities in the 
vVind River Basin (tables 2, 3). The paleontologic 
data indicate that the contact between the Lance and 
overlying Fort Union Formation selected on the basis of 
physical evidence (for example, lithology, unconformi
ties, and color.contrasts, as previously described) coin
cides closely with the Cretaceous-Paleocene boundary 
in most of the surface sections studied. One exception 
is at the Waltman locality (loc. 18, pls. 1, 2) where the 
upper few feet of beds placed in the Lance Formation 
ou field evidence contain a spore and pollen assemblage 
of earliest Paleocene age (colin. 18B, tables 2, 3). This 
is the thickest surface section in the basin, and the strata 
are transitional through the contact zone. There is a 
lithologic change from predominantly gray and tan 
shale, claystone, and sandstone below to predominantly 

white sandstone above, and this change was considered 
to mark the formation contact (fig. 10). Detailed strat
igraphic and paleontologic studies in this area may lo
cate the Cretaceous-Paleocene boundary more closely. 
No paleontologic data were obtained from subsurface 
sections; the contacts seem to be transitional in most of 
these sections and probably do not everywhere coincide 
precisely with the systemic boundary. 

Correlation of the Lance Formation with equivalent 
rocks in adjacent parts of Wyoming is shown on figure 
8. Correlations with the standard American and Euro
pean sections are shown by Cobban and Reeside ( 1952). 

PALEOCENE SERIES 

FORT UNION FORMATION 

DEFINITION 

Meek and Hayden ( 1861, p. 433) first used the term 
"Fort Union group" (and the synonymous term "Great 
Lignite group") in descriptions of the thick series of 
claystone and sandstone containing abundant lignite 
beds near Fort Union, N.Dak. Rocks now assigned to 
both the Cretaceous and Tertiary were included, and 
much controversy arose over their exact correlation 
throughout the western Great Plains and Rocky Moun
tain regions. Weed (1896), working in south-central 
Montana, was one of the first to restrict the Fort Union 
to the Tertiary (Eocene). Brown ( 1938) satisfactorily 
demonstrated that the disputed lignite-hearing strata 
overlying the Hell Creek Formation and underlying 
the vV asatch Formation in western North Dakota and 
eastern Montana "constitute a recognizable, measurable, 
and mappable unit, carrying a distinctive flora and 
fauna differing significantly from those of the Hell 
Creek and .Wasatch." He (p. 422) further proposed 
that the age of these rocks (now referred to the Fort 
Union Formation) be designated as Paleocene. 

In the Wind River Basin the Fort Union Formation 
includes all rocks of Paleocene age and regionally can 
be divided into two general lithologic sequences: a lower 
part of interbedded sandstone, conglomerate, shale, and 
carbonaceous shale deposited in a fluviatile environ
ment; and an upper: part of very fine grained clastic 
strata deposited in and adjacent to an extensive body 
of water.1 This _upper part contains two distinct rock 
types deposited contemporaneously in the marginal and 
offshore areas of the lake. The marginal unit, charac
terized by gray and tan shale, siltstone, claystone, and 
sandstone, has been named the Shotgun Member; the 
offshore unit, consisting of homogeneous dark-brown 

1 As is described more fully in a following section, evidence is incon
clusive as to whether this body of water was marine or lacustrine. For 
convenience of discussion, however, it is here referred to as Waltman 
Lake. 
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to black silty micaceous shale, has been named the Walt
man Shale Member (Keefer, 1961) . 

DISTRIBUTION 

The Fort Union Formation crops out in a narrow 
discontinuous belt along the east, south, and west mar
gins of the Wind River Basin (pl. 1). Along the north 
margin there are extensive exposures in the Shotgun 
Butte area and small outcrops along the south side of 
Bad water Creek (loc. 66, pl. 1), but elsewhere the for
mation is overlapped by lower Eocene rocks. A thin 
sequence of conglomerate on the south side of the Dubois 
anticline (locs. 32 and 33, pl. 1), in the northwest cor
ner of the basin, may also represent the Fort Union For
mation. Many wells penetrate the formation in the 
central part. 

The Waltman Shale Member of the Fort Union For
mation is thickest along the north margin of the basin, 
thins progressively southward, and wedges out within a 
few miles downdip from exposures of Paleocene rocks 
along the south margin (fig. 14; pl. 3) . The Shotgun 
Member thickens correspondingly, but in sections near 
the south margin it grades into coarse-grained sand
stone and conglomerate similar to strata in the lower 
part of the Fort Union Forlll:ation and loses its iden
tity. It is not feasible, therefore, to divide the Paleocene 
sequence into individual members in the surface sec
tions and nearby subsurface sections between Alkali 
Butte and the north end of the Rattlesnake Hills (locs. 
7 and 10, pis. 1, 2). The same is true for the south
eastern part of the basin. However, ·in the Shotgun 
Butte area, the Shotgun Member is easily distinguished 
from the lower part of the formation, though the Walt
man Shale Member is absent. 

THICKNESS 

The thickness of the Fort Union Formation varies 
considerably along the basin margins largely because 
of erosion. Along the west and south sides the thickness 
ranges from 200 to 1,000 feet; to the north and east to
ward the major basin trough it increases appreciably 
and in some places may be as much as 8,000 feet (fig. 12). 
The Shotgun Butte and Waltman surface sections (locs. 
13 and 18, pis. 1, 2), with thicknesses of 3,925 arid 2,970 
feet, respectively, are in the main trough area. 

LOWER PART OF FORT UNION FORMATION 

The lower part of the Fort Union Formation is char
acterized by white to gray fine- to coarse-grained mas
sive to crossbedded sandstone, interbedded with dark
gray to black shale, claystone, siltstone, and brown car
bonaceous shale. Some of the uppermost sandstone 

beds are highly glauconitic. Abundant thin brown
weathering ironstone beds are present in most places, 
and lenticular coal beds occur locally. The sequence 
commonly forms resistant ridges in outcrops (fig. 13), 
and on electric logs it produces a more expanded series 
of resistivity and self-potential curves than the overly
ing or underlying strata (pl. 3). Thicknesses range 
from 575 to 1,500 feet in the line of wells extending 
eastward from the Superior Oil Co. Fuller Reservoir 
1-26 to the California Co. Cooper Reservoir 2 (loc. 23 
and 26, pis. 1, 2) . Along the north margin of the basin, 
in the major trough area, maximum thicknesses are more 
than 3,500 feet. 

In the Shotgun Butte area, as well as in some sections 
near the south edge of the basin, the lower part of the 
Fort Union Formation locally contains much coarse
grained sandstone and conglomerate. These beds have 
abundant chert, quartz, porcelanite, and siliceous shale 
fragments ranging in size from coarse sand grains to 
cobbles as much as 6 inches across. A typical section 
containing conglomerate ~beds near Shotgun Butte has 
been described by Keefer and Troyer (1964, p. 72-75). 

In the north and northeastern parts of the basin, the 
lower part of the Fort Union Formation predomi
nantly consists of fine-grained sandstone, siltstone, 
shale, and claystone. Studies of cuttings and cores 
from the Phillips Petroleum Co. Boysen 1, Shell Oil 
Co. Howard Ranch 23-15, Sinclair-Wyoming Oil Co. 
Lysite 1, Pure Oil Co. Badwater 1, and California Oil 
Co. Madden 1 (locs. 14--17 and 28, pis. 1, 2) indicate 
that very little coarse clastic debris is present in the 
sequence in these regions despite their proximity to the 
Owl Creek Mountains. A typical section was pene
trated by the California Co. Madden 1, and is given as 
stratigraphic section 3 of this report. 

In the surface section near Waltman (loc. 18, pis. 1, 
2), the lower part of the Fort Union Formation is 
2,325 feet thick and consists chiefly of white fine- to 
coarse-grained sandstone with numerous thin brown 
ironstone beds at the base (fig. 10) and of interbedded 
very fine grained sandstone and siltstone at the top. 
The thick siltstone units characteristically weather into 
conspicuous white castlelike spires and walls. 

The contact between the lower part of the Fort 
Union Formation and the overlying Waltman Shale 
Member is sharp and well defined on electric logs (fig. 
15; pl. 3). Lithologically, however, most subsurface 
sections show a thin transitional zone of interbedded 
sandstone, black micaceous shale, carbonaceous shale, 
and thin coal beds at the top of the lower part that 
represents deposits laid down during the beginning 
episodes of the development of Waltman Lake. 
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FIGURE 12.-Isopach map of Fort Unlon Formation. 

WALTMAN SHALE MEMBER 

The Waltman Shale Member of the Fort Union For
mation was named from exposures about 21J.t, miles 
northeast of Waltman in the NElti sec. 17, T. 36 N., 
R. 86 W. (l(eefer, 1961, p. 1315-1319). These outcrops, 
which are part of the sequence of vertical to overturned 
beds along the west flank of the Casper Arch (pl. 1; 
fig. 23), extend southeastward for 5 miles (fig. 13). 
At the type section (loc. 18, pl. 1; loc. 1, fig. 23) the 
1nember is 643 feet thick and is characterized by choco
late-brown and gray silty and shaly claystone with a 
few thin beds of ledge-forming sandstone. One o:f the 
most characteristic features of the claystone is an abun
dance of uniformly disseminated minute white mica 
flakes. The member is overlain with angular discord
ance by the Wind River Formation of early Eocene 
age; its base is also in contact locally with Wind River 
strata along normal :faults of small displacement 
(l(eefer, 1961, p. 1317). 

Southeast of the type section the sandstone beds are 
progressively thicker and more prominent, so that at the 
southeast .end of the outcrop belt, in sees. 24 and 25, 
T. 36 N., R. 86 W .. (fig. 23), the member contains several 
sandstone units that are 25-30 :feet thick. Some of this 
sandstone is conglomeratic, having abundant pebbles o:f 

black chert and scattered cobbles of white Precambrian 
granite as much as 6 inches across in a coarse-grained 
arkosic sandstone matrix. The southernmost outcrop 
of the shale observed by the writer is about 1% miles 
south of Hells Half Acre in sees. 7 and 18, T. 35 N., R. 
85 W. (fig. 23). There the shale unit is only about 50 
feet thick and is both underlain and overlain by coarse
grained arkosic conglomeratic sandstone. 

In all other exposures of Paleocene rocks around the 
margins o:f the "Vind River Basin, the Waltman Shale 
Member is absent ; either it has been truncated by over
lying lower Eocene strata, or it has changed laterally 
into a different lithologic facies. Possibly some thin 
beds of the shale extend into outcrops in a :few places 
along the south margin of the basin, but i:f so, they have 
not been recognized. 

The Waltman Shale Member o:f the Fort Union For
mation is widespread in the subsurface of the Wind 
River Basin, underlying more than a thousand square 
miles. Thicknesses range from zero in wells near the 
south and west margins of the basin to more than 3,000 
:feet in wells near the north margin (fig. 14). In both 
lithologic and electric log characteristics, the member is 
the most easily recognized unit in the entire Tertiary 
sequence of this region. The dark-brown to black color 



FIGURE 13.-Exposure of Waltman Shale Member of Fort Union Formation 3.5 miles southeast of type section in sec. 23, T. 36 N., R. 86 W. Ridges in background are 
formed by sandstone in lower part of Fort Union Formation. 
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FIGURE 14.-Isopach ma:p of Waltman Shale Member of Fort Union Formation. 

and its almost lustrous uniformly silty and micaceous 
chnracter are particularly diagnostic features of the 
shale in well cuttings. The shale is generally fissile in 
the subsurface, although in several cores examined, the 
shale broke into small blocky fragments as does the rock 
in exposures near Waltman. On electric logs the mem
ber is characterized by low self-potential and resistivity 
curves in contrast to more expanded curves· for both 
the underlying and overlying strata (fig. 15; pl. 3). 
Individual units, as shown on figure 15, are easily iden-

. tified in sections that are several miles apart. The 
cause for the characteristic marker peaks is not readily 
apparent from sample studies, but they may reflect slight 
but significant changes in the matrices of seemingly 
uniform rocks. 

Several samples of cores and cuttings have been 
analyzed chemically and studied in thin section. These 
samples, however, represent such a small part of the 
member as a whole, both vertically and horizontally, 
that the analytical results may not be significant. 
Chemical analyses of three shale samples from the 
Waltman Shale Member are given in table 4. The 
distribution of certain elements in the shale, as derived 
from semiquantitative spectrographic analyses of 11 
samples from widely scattered localities, is presented on 
figure 16. 

TABLE 4.-0hemical analyses, in percent, of shale from Walt
man Shale and Cannonball Members of Fort Union Forma
tion and average composition of selected samp·zes from the 
Pierre Shale and Green River Formation 

1 V. C. Smith, analyst. 
2 Type area of Waltman Shale Member, outcrops in sec. 27, T. 36 N., R. 86 W. 
a Humble Oil & Refining Co. Govt.-Witt 1,sec. 24, T. 36 N., R. 88 W., depth4,00().-

4,300 ft (loc. 75, pl. 1). 
4 Same well as above, depth 5,00().-5,300 ft. 
6 Shale from the type area or the Cannonball Member or Fort Union Formation, 

Y.l mile west of Mandan, N.Dak. (outcrop in T.139 N., R.81 W.;samplefurnished by 
P. 0. McGrew). 

a Average composition of 69 samples of bentonite, shale, claystone, and madstone 
from the Pierre Shale in South Dakota and.adjacent parts of North Dakota, Nebraska, 
Wyoming, and Montana; H. A. Tourtelot, written commun., 1961. 

7 Average composition of26 samples of shale and siltstone from Green River Forma
tion, Green River Basin, Wyo.; analyEes furnished by J.D. Love, U.S. Geological 
Survey. Samples are f10m phosphate-rich zones; hence they have higher than 
average P206 content. 

s Because of the presence of oil and organic matter, values given for HsO+ and FeO 
from Waltman Shale Member samples may be in error. 

a Combined H20 content. 
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Figures shown are approximate midpoints of arbitrary ranges of content; the ranges are bounded by multiples of the progression 1.0, 2.1, 4.6, and 10; at least 60 percent of the results are expected to be in the correct range. f;J 
e Modal value from group of 11 samples of the Waltman Shale Member of the Fort Union Formation, Wind River Basin, Wyo.; analyses by N. M. Conklin and P.R. Barnett, U.S. Geological Survey. 
0 Modal value from group of 67 samples of Pierre Shale and equivalent rocks, and some older Cretaceous shales of marine origin, from Wyoming, Nebraska, South Dakota, North Dakota, and Montana; from 

Tourtelot, 1963, p. 48. 
X Modal value from group of 22 samples of sbale and siltstone from Green River Formation, Green River Basin, Wyo.; data furnished by J.D. Love, U.S. Geological Survey. 
Symbol representing modal value displaced toward adjacent range if that range contains half as many samples as modal range. 

FIGURE 16.-Distribution of elements in Waltman Shale Member of Fort Union Formation, Pierre Shale, and Green River Formation as shown by semiquantitative spectrographic analyses. 
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Thin-section studies by H. A. Tourtelot (written com
mun., 1960) show that the shale commonly contains 
quartz, feldspar, pyrite, glauconite, and mica. Calcite 
and dolomite are present only in minor amounts, as indi
cated by the low percentages of CaO, MgO, and C02 in 
table 4. Clay comprises 50-60 percent of most samples; 
X-ray analyses of the total clay fractions from five sam
ples are given in table 5. The analytical results indicate 
that the clay fractions of samples from the upper part 
of the Waltman Shale Member contain appreciable 
amounts (20-30 percent) of montmorillonite, whereas 
those from the lower part contain no montmorillonite. 
This difference may reflect a significant change between 
the types of sediment that were being carried into Walt
man Lake during deposition of the lower and upper 
parts of the member; however, the available data are as 
yet too meager for reliable conclusions. 

The glauconite apparently was derived both from 
preexisting rocks and from alteration in place of iron
rich minerals (H. A. Tourtelot, written commun., 1960) ~ 
Many of the grains which are inferred to have been al
tered in place have one or more straight edges that may 
be original crystal boundaries or cleavage faces. Some 
grains show relicts of internal cleavage that have no re
lation to the aggregate extinction characteristics of 
glauconite. Interstitial clay is partly altered to green 
material that could be either glauconite or chlorite. 

TABLE 5.-X-ray analyses of clay from the Waltman Shale 
Member of the Fort Union FONnation 

[Analyses by H. A. Tourtelot, U.S. Geological Survey] 

Location of sample 

.S Clay minerals 
S .Z. (percent of total clay fraction) 
~ ~ 1----;----:----;----;;---

"'"' .:::,.bj 

~g 

~~ 
~B 
E-< 

--1-----------1------------
18 Waltman surface section (type 

area).l 
75 Humble Oil & Refining Co. Govt

Witt 1. Depth 4,00()-4,300 ft.t 
75 Same well as above. Depth 5,000-

5,300 ft.2 
28 California Co. Madden 1. Depth 

5,200-5,500 ft.2 
15 Shell Oil Co. Howard Ranch 23-15. 

Depth 5,200-5,700 ft.2 

50 30 30 10 ------ 30 

65 20 40 25 10 

60 ------ 50 30 ------ 20 

60 ------ 40 30 25 

Total clay fraction and mineral com
position similar to samples from 
loc. 28 and depth 5,000-5,300 ft at 
loc. 75. 

1 Sample from upper part of Waltman Shale Member. 
2 Sample from lower part of Waltll!an Shale Member. 

The shale also contains appreciable amounts of or
ganic material. One of the most distinctive features of 
the rock, particularly in beds near the base and top of 
the Waltman Shale Member, is scattered threadlike 
laminae of black shiny coal. The organic content of 4 
shale samples, analyzed by J. W. Smith, U.S. Bureau 
of Mines, ranges from 2.5 to 6.5 percent. Upon retort
ing, about 25 percent of the organic matter is recover-

able as oil, which is a yield of 2.5-4 gallons per ton of the 
original raw shale. The remaining 75 percent of the 
organic matter is in the form of minute, thoroughly dis
seminated particles of coal. The carbon-hydrogen ratio 
of the organic material (ranging from 11 : 1 to 15 : 1) is 
similar to that of coal, which begins at a ratio of about 
12:1 (J. W. Smith, written commun., 1961). Samples 
of the coal interbedded with shale and sandstone just 
below the base of the Waltman Shale Member in the 
Continental Oil Co. Squaw Buttes 1-2 (loc. 65, pl. 1) 
are of high subbituminous or low bituminous rank 
(J. M. Schopf, written commun., 1960). 

The shale ranges from light chocolate brown and gray 
in outcrops to dark brown and black in subsurface sec
tions; these color differences may be caused by weather
ing. The shale is highly organic, and upon weathering, 
chemical and (or) physical changes probably occur in 
some of the organic constituents. 

The contact between the Waltman Shale Member and 
the overlying Shotgun Member is transitional, and 
thin beds of black shale alternate with fine-grained 
sandstone, carbonaceous shale, and coal. The contact 
is generally placed at the top of the main shale mass, 
although on this basis some sandstone beds are inevi
tably included in the Waltman Shale Member and black 
shale beds in the Shotgun Member. The transitional 
contact is likewise apparent on many electric logs (fig. 
15; pl. 3). 

SHOTGUN MEMBER 

The Shotgun Member of the Fort Union F'ormation 
was named from exposures in the vicinity of Shotgun 
Butte (loc. 13, pl. 1), a prominent topographic feature 
in the SE cor. T. 6 N., R. 1 E., in the north-central 
part of the Wind River Basin (Keefer, 1961, p. 1311; 
fig. 25). The outcrop belt completely encircles the 
butte and extends south about 6 miles toward Little 
Dome anticline (loc. 40, pl. 1). The member is also well 
exposed near Twin Buttes, about 8 miles east of Shot
gun Butte in the southwestern part ofT. 6 N., R. 3 E. 
(loc. 45, pl. 1). 

The Shotgun Member in the type area is remarkably 
even bedded soft claystone, siltstone, shale, and sand
stone. In the section at Armstrong mine (loc. 40, .Pl. 
1) the upper part contains some thick conglomerate 
beds. The rocks are mostly gray, oltve green, buff, 
brown, and tan, but a few zones are pale red and purple. 
Several thin brown carbonaceous shale beds crop out as 
conspicuous dark bands on the normally light-colored 
slopes, and thin beds of resistant sandstone and siltstone 
locally form ledges in otherwise deeply weathered and 
dissected outcrops. 
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The thickest exposure ( 2,830 ft) of the member di
rectly west of Shotgun Butte (loc. 13, pl. 1) was desig
nated as the type section (Keefer, 1961). Written de
scriptions at various localities in the Shotgun Butte area 
have been published by Keefer and Troyer (1964, p. 61-
63,72,105,115-117). 

The only other known exposures of the Shotgun Mem
ber in the Wind River Basin are in an isolated outcrop 
on the south side of Bad water Creek near the center of 
T. 39 N., R. 89 W. (loc. 66, pl. 1; fig. 22). These strata 
were described by Tourtelot ( 1953). The exposed part 
of the member on Badwater Creek is 1,600 feet thick, 
overlain with angular unconformity by conglomerate of 
late early Eocene age, and faulted at the base against 
rocks of late Eocene age (cross section 0-0', fig. 24). 

The Shotgun Member is widespread in the subsurface 
of the Wind River Basin, where it forms the series of 
sandstone, shale, and carbonaceous beds overlying the 
Waltman Shale Member (pl. 3) that were deposited 
during the withdrawal of Waltman Lake. Thicknesses 
range from 0 to as much as 1,100 feet in wells along the 
south margin of the basin and from 150 feet to more 
than 2,200 feet in wells along the north margin. Con
sideraible local variation in the thickness is the result of 
erosion of the crests· of rising anticlines during the close 
of Paleocene and the beginning of Eocene deposition. 

In subsurface sections along the north margin of the 
:Wind River Basin, the lithology of the Shotgun Mem
ber is similar to that in the type area and at the Bad
water Creek locality. To the south, however, the mem
ber becomes progressively coarser grained and more. 
conglomeratic, and contains abundant arkosic material. 
Thus, it is difficult to distinguish from the lower part of 
the Fort Union Formation where the intervening Walt
man Shale Member is absent (pl. 3) . 

In some places the facies change from shale and clay
stone of the Waltman Shale Member to sandstone and 
siltstone of the Shotgun Member is relatively abrupt. 
One of the best examples is near the Continental Oil Co. 
Squaw Buttes 28-1 (loc. 25, pis. 1, 2), where the upper 
part of the Fort Union Formation is about 1,250 feet 
thick and consists of individual units of black silty mi
caceous shale, as much as 60 feet thick, interbedded with 
about equal amounts of white to gray fine- to coarse
grained sandstone, which is in part conglomeratic. 
This suggests that the ancient shoreline oscillated in 
this area, resulting in alternating offshore and fluviatile 
deposits. Two or three miles farther south the shale 
tongues are absent. 

Another example of abrupt facies change within the 
upper part of the Fort Union Formation was observed 
in the sections penetrated by the California Co. Madden 
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1, and Pure Oil Co. Badwater 1 and 2-A (loc. 28, 17, and 
68, pl. 1). As shown on plate 3, the Waltman Shale 
Member, which is aboat 2,600 feet thick in the Madden 
well, grades laterally into the sandstone, siltstone, and 
carbonaceous shale of the Shotgun Member in the Bad
water 1. The distance between the 2 wells is about 4 
miles. 

FORT UNION FORKATION (UNDIVIDED) IN WESTERN AND 
SOUTHERN WIND RIVER BASIN 

Because the Waltman Shale Member is absent, the 
Fort Union Formation is not readily divisible into indi
vidual members in the western, southern, and south
eastern parts of the Wind River Basin (pl. 2). In these 
regions the formation is largely a series of interbedded 
white, gr~y, tan, buff, and brown sandstone, conglomer
ate, shale, and siltstone. Thicknesses range from 210 
feet in the Ethete section to about 1,000 feet at the north 
end of Alkali Butte anticline (locs. 4 and 7, pis. 1, 2). 

In the line of sections extending eastward from Alkali 
Butte to the north end of the Rattlesnake Hills (loc. 
10, pis. 1, 2), conglomerate beds in the lower part of the 
formation consist almost entirely of fragments of quart
zite, chert, and siliceous shale in a nonarkosic sandstone 
matrix; but there is a gradual change upward through 
arkosic sandstone into conglomerate containing a bun
dant Precambrian granite cobbles in the upper part. 
This transition is well shown in both the Alkali Butte 
and Castle Gardens sections. Along the west margin 
of the basin, on the other hand, all the conglomerate is 
arkosic and contains ~ranite cobbles. 

Descriptions illustrating the lithology of the Fort 
Union Formation (undivided) along the west and south 
margins of the Wind River Basin are given in strati
graphic sections 4, 5, and 6 of this report. A generalized 
description of the exposures at the north end of the 
Rattlesnake Hills was given by Rich (1962, p. 484). 

In the Alkali Butte area (loc. 7, pis. 1, 2) the arkosic 
sandstone and granite-cobble conglomerate forming the 
upper part of the Fort Union Formation rests with an
gular unconformity on the lower part of the formation 
(Keefer, 1960, p. B235). The extent of this unconform
ity is not known, but it seems to continue only a short 
distance downdip. The thin sequence of Paleocene beds 
cropping out along the west margin of the basin (for 
example, at the Ethete section) is arkosic, which may 
indicate that only the upper part of the Fort Union 
Formation is preserved and that older Paleocene rocks 
have been beveled. However, sufficient data were not 
obtained for more precise correlations with various 
members of the Fort Union in adjacent subsurface sec
tions. 
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CONTACT WITH LOWER EOCENE ROCKS 

The contact relations between the Fort Union For
mation and the overlying lower Eocene rocks, repre
sented by the Indian Meadows and Wind River Forma
tions, vary consideraqly from place to place in the Wind 
River Basin. In most outcrops the contact is easily 
recognized because of angular unconformity (figs. 17-
19) and a change from bright-red, purple, and gray 
strata above to dull-colored strata below. The contact 
is difficult to determine in many subsurface sections, 
however, because the rock units are thick and conform
able, lithologic changes are more gradual through the 
contact zone, and paleontologic data are very meager. 

Throughout much of the basin, the contact between 
the Paleocene and Eocene rocks in the subsurface has 
been placed at the top of well-bedded sandstone, black 
silty shale, carbonaceous shale, and coal which charac
terize the Shotgun Member of the Fort Union Forma
tion. In places where the basal Eocene rocks h.re gray, 
gray green, and pale green and grade into the dark
gray and· black strata of the Shotgun Member, however, 
the location of the contact is uncertain. On some elec
tric logs the sandy beds assigned to the basal Eocene 
show more expanded resistivity and self..:potential 
curves than the underlying strata, and the contact is 
selected on this basis (fig. 15; pl. 3). In other logs, 
however, there are no conspicuous differences among the 
curves. In the southeastern part of the basin, the con
tact between the Fort Union Fonnation and the overly
ing lower Eocene sequence is placed at the base of a thick 
series of coarse arkosic sandstone. In other parts of the 
basin, abundant arkose is present in the upper part of the 
Fort Union Formation as well as in the basal Eocene 
strata. Generally, the sandstone in the lower Eocene 
rocks is coarse grained and unconsolidated in well cut
tings, whereas the sandstone in the underlying Fort 
Union Formation is fine grained, better consolidated, 
and contains flakes of white mica and an abundance of 
green mineral grains, some of which are glauconite. 

COND.J.TIONS OF DEPOSITION 

The tectonic movements which began in latest Cre
taceous time in the Wind River Basin continued through 
the Paleocene Epoch and continued to influence the pat
tern of sedimentation. Locally derived coarse clastic 
debris was spread. basinward by streams which flowed 
across broad shelve~ flanking the rising highlands along 
the south and west margins of the basin. Concomitant 
down warping along the present northeast margin of th~ 
basin resulted in tlle accumulation of a thick sequence of 
fine-grained fluviatil~ sediments in the major basin 
trough area during early Paleocene time and of several 

thousand feet of lacustrine or marine deposits in middle 
and late Paleocene time. 

The shoreline of Waltman Lake migrated from east to 
west across the Wind River Basin, and apparently the 
water body extended eastward, and perhaps northeast
ward, beyond the present limits of the basin. The lake 
formed rapidly, particularly in the major trough area, 
but it subsided slowly as it filled with fine-grained detri
tus contributed by the surrounding highlands at a rate 
commensurate with the rate of sinking. Sedimenta
tion took place largely under quiet-water conditions, 
and this environment prevailed for a long time. By the 
end of Paleocene time the lake had largely disappeared, 
although vestiges probably remained in the central part 
of the basin (fig. 33) . 

ABSENCE OF CARBONATE ROCKS 

During Paleocene time thick sequences of carbonate 
rocks, especially those in the Madison Limestone ( Mis
sissippian), Bighorn Dolomite (Ordovician), ·and Gal
latin Limestone (Cambrian), were eroded from the 
slopes of the rising mountain masses along the south, 
west, and northwest edges of the Wind River Basin. 
(See section, "Summ·ary of geologic history and paleo
geography.") Despite this, carbonate rocks of any kind 
are rare in the Paleocene sediments in the basin. It is 
assumed that nearly all the carbonate rocks were de
stroyed by chemical weathering during erosion and that 
only a residue of chert and other siliceous rocks was 
preserved during transport and redeposited along with 
the coarser grained sediments of the Fort Union Forma
'tion, even though deposition 1nust have been rather 
rapid in some . places. Furthermore, little calcareous 
material was precipitated during deposition of the 
Waltman Shale Member, and the environment in Walt
man Lake was apparently unfa vorahle for the existence 
or preservation of remains of mollusks and other lime
secreting organisms. 

In the Hoback Basin and Jackson Hole regions, 50-
75 miles to the west, the Paleocene sequences also consist 
chiefly of fluviatile and lacustrine deposits containing 
abundant carbonaceous material. There, however, the 
strata include thin beds of very limy claystone and shale 
with limestone nodules and abundant mollusks, and the 
conglome~ates are composed in part of limestone and 
dolomite fragments (Dorr, 1956, p. 102-105; Love, 1956, 
p. 84-85). Carbonate rocks and mollusks are also pres
ent in the next younger Indian Meadows and Wind 

· River Formations (early Eocene) in the Wind River 
Basin.· 

This difference in depositional conditions with respect 
to calcium carbonate has not been studied in detail, and 



FIGURE 17.-Unconform!ty between Indian Meadows Formation (Ti) and overturned strata of Mesaverde lKmv), Meeteetse (Km), and 
Fort Union (Tf) Formations at Twin Buttes, sec. 33, T. 6 N., R. 3 E. and sec. 4, T. 5 N., R. 3 E. 
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no satisfactory explanation can be made on the basis 
of available data. The most obvious difference in envi
ronment between Paleocene and Eocene times in the 
Wind River Basin, and between this basin and adjacent 
regions to the west during the Paleocene Epoch, was the 
presence of Waltman Lake. The environmental condi
tions that were associated with this large body of water 
must have had a profound influence on the associated 
sediments and invertebrate :faunas in and around the 
lake. Perhaps one of the chief contributing factors to 
the absence of carbonates, at least in the Waltman Shale 
Member, was the abundance of decaying plant remains 
which mantled large areas of the lake floor. During 
decomposition, concentrations of carbon dioxide, hydro
gen sulfide, and organic acids would increase, and the 
pH of the water would be lowered. Consequently, much 
of the introduced calcareous material would be dis
solved. Another factor influencing carbonate deposi
tion is the probability of at least limited circulation 
between the lake water and waters from an open sea, 

which could reduce the concentration of carbonate
forming components in the lake (see below) . These and 
other aspects of the lake and its environment require 
additional investigation. 

IIARINE VERSUS LACUSTRINE ORIGIN FOR THE WALTIIAN 
SHALE MEIIBER 

It has been generally assumed that marine sedimenta
tion in Wyoming ceased in Late Cretaceous time, and 
that those Tertiary sediments which were deposited in 
bodies of standing water are lake sediments. Most fea
tures of the Waltman Shale Member of the Fort Union 
Formation could indicate deposition in either a marine 
or lacustrine environment. However, certain evidence 
favors a marine origin (Keefer, 1961, p. 1321-1322). 
This includes (1) the presence of marine-type shark 
remains in equivalent strata of the Shotgun Member 
near Twin Buttes (loc. 45, pl. 1), only a few miles land
ward (west) from the shoreline of Waltman Lake; 
(2) the presence of microfossils (Hystrichosphaerida) 

FIGURE lB.-Unconformity between Lysite Member of Wind River Formation (Twl) and nearly vertical strata of Lance (Kl) and Fort 
Union (Tf) Formations at Hells Half Acre, sec. 36, T. 36 N., R. 86 W. 
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which, so far as is known, are· restricted to strata de
posited in marine or brackish waters (Wilson and Hoff
meister, 1955); and (3) the widespread occurrence of 
glauconite, some of which formed in place (normally 
considered to be indicative of marine conditions), in 
the shale and associated sandstone beds. 

The shark ·fauna a;t Twin Buttes (colin. L, tahle 2) 
probably is especially significant. It includes an abun
dance of two or more distinct types of sharks which, 
as far as is known of their past distribution as well as 
the distribution of related living forms, were exclusively 
marine in habitat (D. H. Dunkle, written commun., 
1959). Although sharks now inhahit. certain rivers and 
lakes in vavious parts of the world, only one species is 
known to have adapted itself permanently to fresh
water conditions (Bigelow and Schroeder, 1948, p. 341, 
381). Furthermore, the rivers and lakes currently in
habited by sharks either are near the open ocean, or 
were once part of the open ocean. 

The nearest known occurrence of marine strata of 
Paleocene age is the Cannonball Member at the 'base of 
the Fort Union Formation in North and South Dakota. 
The Cannonball is considered to be Paleocene, but, ex
cept for the area of outcrop shown on figure 20, very 
little is known about the movements, extent, and dura
tion of the sea in which it was deposited. The close 
affinities between the Foraminifera of the Cannonball 
Member and the Foraminifera of the Midway Group 
of the Gulf Coast region (Fox and Ross, 1942), how
ever, have prompted general acceptance of the theory 
that the Cannonball sea originated in the Gulf Coast 
region and spread northward across the Great Plains 
Bit least as far as the Canadian border (fig. 20) during 
early Paleocene time. The western edge of the main 
body of water was probably somewhere in western N e
braska and western South Dakota, and complete with
drawal may not have taken place until the late Paleo
cene. Any arm of the open sea that connected central 
Wyoming and the region to the east during middle and 
late Paleocene time would therefore seem to have :been 
in the southern pal't of the Powder River Basin of east
ern Wyoming, where the Paleocene section thicJmns 
rapidly southward, at least as far as the line where 
appreciable pre-Eocene ·beveling begins. Furthermore, 
the northern part of the Casper Arch, which lies be
tween the Wind River and Powder River Basins (fig. 
3), did not begin to rise until after Paleocene time; so 
there was no obstruction to the movement of wa;ter 
across ·this entire region. 

Evidence ·for an extensive open-sea connection be
tween central Wyoming and the Great Pl·ains region to 
the east, however, has not been reported from the Paleo
cene rocks of the intervening Powder· River Basin. In 

a brief summary of the Fort Union strata in that basin, 
Brown (1958) noted that the rocks are mainly non
marine, and were deposited on flood plains and in estu
aries, sloughs, and swamps not much above sea level 
but in some places considerably inland from the open 
sea to the east and northeast. Thus, the conclusion is 
that Waltman Lake was ·an isolated body of water that 
had been linked to an open sea by rivers or narrow 
estuaries to provide access for migrating sharks. The 
low salinity of the lake waters, as indicated by the ab
sence of evaporites in the Waltman Shale Member, also 
suggests that the lake basin drained to the sea. If the 
presence of glauconite in the Waltman strata can be 
considered a specific indicator of marine conditions, 
however, then there might have been at least a small 
flow of marine waters into central Wyoming through 
westward-projecting estuaries. 

AGE AND CORRELATION 

Paleontologic evidence, based on studies of fossil 
vertebrates, leaves, spores and pollen collected from 
many localities throughout the Wind River Basin 
. (tables 2, 3) , suggests that the thicker sections of the 
Fort Union Formation may contain rocks representa
tive of each subdivision of Paleocene time. Fossil mam
mals, leaves, and spores and pollen from the Shotgun 
Butte area ( colln. 13D, L, and ·M, tables 2, 3) indicate 
that the Shotgun Member ranges in age from late mid
dle or early late Paleocene (Torrejonian or Tiffanian 
of Wood and others, 1941) at the base to latest Paleo
cene or earliest Eocene at the top. Spore and pollen 
assemblages from the Waltman Shale Member in other 
parts of the basin indicate a similar age range. From 
these ages it is inferred that the thick sequence of strata 
forming the lower part of the Fort Union Formation 
may range from early to middle Paleocene ( Puercan 
and Dragonian of Wood and others, 1941), although 
the fossils reported-largely plants- are not diagnos
tic as to the Paleocene provincial ages that are 
represented. 

An interesting collection of seeds and fruits that are 
rarely preserved as fossils was obtained from sandstone 
and ironstone beds in the Fort Union Formation at the 
north end of Sand Draw anticline (loc. 47, pl. 1). The 
following forms were identified by J. A. Wolfe (written 
commun., 1961) : 

JugZans'! sp. 
Pterocarya ( Oycloptera) sp. 
Pterocarya (Diptera'!) sp., aff. Bowerbankella sp. 
Magnolia'! sp. 
PaZaeophytocrene sp. 
Nyssa sp. 
Langtonia sp. 



FIGURE 19.-Unconformity between Wind River (Tw) and Fort Union (Tf) Formations north of Castle Gardens, sec. 33, T. 35 N., R. 90 W. 
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Adapted from 
Stokes, 1960 
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In addition to the large variety of fossil mammals at 
the Twin Buttes locality (colin. L, table 2; loc. 45, pl. 1), 
the fauna also contains abundant teeth of marine-type 
sharks. Included are two types of teeth, one represent
ing either a species of sand shark or mackerel shark, and 
the other representing either the mackerel shark Coram 
pristodontus or the tiger shark Galeocerdo (D. H. 
Dunkle, written commun., 1959). The geologic range 
of these sharks is from Late Cretaceous to late Tertiary 
or Recent; their significance was discussed in the pre
ceding section of this report. 

Correlation of the Fort Union Formation in the 
Wind River Basin with equivalent rocks in adjacent 
regions is shown on figure 8. Diagnostic mammalian 
faunas have been reported from the Paleocene rocks 
particularly in the Bighorn, Hoback, and Green River 
Basins, and also from the Bison Basin area at the south
east end of the Wind River Range (Gfl~Zin, 1961, p. 47-
51). In these occurrences, as in the Wind River Basin, 

rocks representing the Ti:ffanian (and· (or) Torrejo
nian) of Wood and others ( 1941) seem to be the most 
fossiliferous of all the Paleocene. 

LOWER EOCENE ROCKS 

INDIAN MEADOWS FORMATIO~ 

DEFINITION 

The name Indian Meadows Formation was applied 
by Love (1939, p. 58-59) ·to rocks of earliest Eooene 
age along the east side of the East Fork Wind River 
in the northwestern part of the Wind River Basin (fig. 
21). Love included about 900 feet of strata in the type 
section, which extends from near the center of sec. 22 
to the center of sec. 14, T. 6 N., R. 6 W. On the basis 
of vertebrate fossils in the lower part of the :formation, 
he (Love, 1939, p. 63) concluded that the Indian Mead
ows was correlative in time with the beds of Gray Bull 
age of Wood· and others (1941) (earliest Eocene) in 
the lower part of the Willwood Formation in the Big-



A36 GEOLOGY OF THE WIND RIVER BASIN, CENTRAL WYOMING 

horn Basin (Granger, 1914, p. 202-205; Van Houten, 
1945, p. 426-428). 

Later work in the type area by J. F. Murphy (written 
commun., 1962) has shown, however, that there is a 
distinct lithologic and faunal break approximately in 
the middle of the sequence originally assigned to the 
Indian Meadows Formation. The lower half contains 
the earliest Eocene (Gray Bull) fauna discussed hy 
Love, whereas the upper half contains fossils of later 
early Eocene age (Lysite and (or) Lost Cabin) and 
thus correlates with the Wind River Formation. Re
garding lithology, Murphy stated that the sandstone 
and conglomerate in the Indian Meadows includes both 
Paleozoic and Precambrian rock types, whereas the 

coarse fraction in the Wind River is almost exclusively 
from Precambrian rocks. Also, the fine-grained sedi
ments of the Indian Meadows are largely brick red, 
whereas those of the Wind River are reddish pink, 
owing to color dilution by arkosic grit. 

Accordingly, the Indian Meadows Formation, as used 
in this report, is restricted to the lower unit of earliest 
Eocene age, and its type section is confined to the north
east quarter of sec. 22, T. 6 N., R. 6 W. (fig. 21); the 
upper unit is assigned to the Wind River Formation. 
Although the two formations -appear ·to he conformable 
at this locality, about 1 mile south, across a major re
verse fault, the Wind River Formation rests uncon
forma:bly on Lower Cretaceous rocks (fig. 21). 
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DISTRIBUTION 

The Indian Meadows Formation crops out extensively 
northwest of the type section, although in some places 
it cannot be differentiated from the Wind River For
mation (Keefer, 1957, p. 187-188). The formation can 
be traced for about 6 miles along the strike southeast 
of the type section (fig. 21), but there it also merges 
with, and becomes indistinguishable from, the basin 
facies of the Wind River (J. F. Murphy, written com
mun., 1962). 

Elsewhere in the basin, rocks believed to correlate 
with the Indian Meadows Formation are exposed only 
in the Shotgun Butte area (Keefer and Troyer, 1956), 

R. 89 W. 

0 2 MILES 

in a small area at the west end of Cedar Ridge (fig. 22), 
in a few buttes about 1¥2 miles northeast of the town 
of Armin to (fig. 23), and at the base of Clarkson Hill 
in the extreme southeastern part of the basin (Rich, 
1962, p. 487-488; loc. 81, pl. 1). Except at Shotgun 
Butte, . where earliest Eocene vertebrate fossils have 
been found, these correlations are based solely on the 
physical stratigraphic and structural relations with the 
enclosing rocks at the locality indicated. So far as is 
known, rocks equivalent to the Indian Meadows are not 
exposed along the west and south margins of the Wind 
River Basin. 

EXPLANATION 

• Upper Eocene rocks 
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Wind River Formation 
Twlc, Lost Cabin Member 
Twl, Lysite Member 

Indian Meadows Formation 
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FIGURE 22.-Generallzed geology of the Badwater Creek area. Based on Tourtelot (1953). 'Structure section along line 0-0' 
shown on figure 24. 
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The extent of the Indian Meadows Formation in the 
subsurface is not known. Because the major basin 
trough was subsiding through all of latest Cretaceous 
~nd early Tertiary times, it seems likely that strata 
equivalent to the Indian Meadows are an indistinguish-

able part of a continuous depositional sequence of lower 
Eocene rocks in the deep trough areas. This interpre
tation is shown on structure sections drawn through 
selected wells along the north and east margins of the 
Wind River Basin (sections 0-0', D-D', and E-E', fig. 
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24). The stratigraphic sections penetrated by these 
wells, as determined from well cuttings, and the regional 
geologic structure require the presence of a. thick se
quence of strata younger than the Fort Union Formation 
but older than the major reverse faulting in the Owl 
Creek Mountains and Casper Arch. These strata are 
thus older than the major movements of Laramide de
formation in this region and are also older than the 
comparatively undeformed beds of the overlying Wind 
River Formation. 

LITHOLOGY AND THICKNESS 

In its type area along the East Fork Wind River 
(fig. 21), the Indian Meadows Formation is com
posed of variegated brick-red, purple, gray, and white 
claystone, siltstone, sandstone, and conglomerate and 
thin beds of gray algal-ball limestone. The conglom
erate consists chiefly of rounded pebbles and cobbles 
of granite of Precambrian age, and limestone, dolomite, 
sandstone, quartzite, and chert of Paleozoic age. Large 
podlike masses (maximum length more than one-quar
ter of a mile) of resistant Paleozoic rocks are incor
porated within the variegated sequence in some places. 
The formation, which generally weathers to prominent 
badlands, is highly folded and faulted (cross section 
A-.A.', fig 24). Lithologic descriptions obtained fron1 
exposures about 6 miles southeast along strike from the 
type section are given in stratigraphic section 7 of this 
report. 

Northwest of the type area, along the south flank of 
the Washakie Range (loc. 34 and vicinity, pl. 1) , the 
Indian Meadows Formation consists of 150-200 feet 
of red massive cliff-forming conglomerate with cobbles 
and boulders as much as 6 feet long of Paleozoic sand
stone, limestone, dolomite, and chert. The formation 
may also be represented in the basal part of the lower 
Eocene sequence in the spectacular red-banded cliffs and 
badlands along the main channel of Wind River; but 
in these exposures the strata contain fragments of Pre
cambrian granite, gneiss, and schist, and cannot be dis
tinguished lithologically from the overlying Wind River 
Formation (l(eefer, 1957, p. 18·7-188). Paleontologic 
evidence (colin. F and G, table 2) indicates that earliest 
Eocene strata do not extend as far northwest along the 
river as the town of Dubois. 

One of the thickest and best exposed sections of the 
Indian Meadows within the Wind River Basin is at 
Shotgun Butte (fig. 25; Keefer and Troyer, 1964, p. 
71-72). This prominent topographic feature, in the 
SE cor. T. 6 N., R. 1 E. (loc. 13, pl. 1), rises 500 feet 
above the general landscape and is composed entirely 
of the bright-red, gray, and tan banded rocks of the 
Indian Meadows Formation. These strata have been 

preserved from erosion by being downfolded in a large 
syncline (cross section B-B', fig. 24). 

Near Twin Buttes, 8 miles east of Shotgun Butte 
(near locs. 44 and 45, pl. 1 ~, the Indian Meadows For
mation consists of thin conglomerate beds that cap hills 
and slopes (fig. 17) . The conglomerate is similar to 
that in the upper part of the formation at Shotgun 
Butte and likewise is distinguished by the absence of 
Precambrian rock fragments. The relative abundance 
of such fragments in the overlying Wind River For
mation provides a useful criterion for separating the 
two formations in the Shotgun Butte area. 

Along Bad water Creek at the northwest end of Cedar 
Ridge, sees. 9 and 16, T. 39 N., R. 89 W. (fig. 22), 
Tourtelot (1946) described a series of varicolored silt
stone, sandstone, conglomerate, and algal-ball lime
stone which he referred to as "beds of early Wasatchian 
age" and tentatively correlated them with the Indian 
Meadows Formation. Later, he (Tourtelot, 1948, 1953) 
included them in the Lysite Member of the Wind River 
Formation. Additional surface and subsurface studies 
in the region by the author and J. D. Love, however, 
indicate that the sequence is overlain unconformably by 
the Lysite Member. The basal part is terminated in 
most places against the Cedar Ridge fault (fig. 22), but 
in a very small-area on the south side of Badwater Creek 
it directly overlies the Shotgun Member of the Fort 
Union Formation with an angular discordance of about 
70°. Although no fossils have yet been found, these 
strata are here assigned to the Indian Meadows 
Formation. 

Maximum thickness of the Indian Meadows Forma
tion in the Badwater Creek area is about 2,500 feet in 
surface exposures, but may increase to as much as 
4,000 or even 5,000 feet in nearby subsurface sections 
(cross section 0-0', fig. 24). The conglomerate beds 
consist mostly of boulders of sandstone, siliceous shale, 
and chert as much as 4 feet ·across; but they contain 
few or none of the limestone and dolomite fragments 
that are common in the overlying Lysite Member of the 
Wind River Formation. 

Rocks believed to be equivalent to the Indian Meadows 
Formation are present in small exposures 1%-2 miles 
northeast of the town of Armin to (fig. 23). These 
rocks, which are about 50 feet thick, are a series of 
conglomerate beds containing sandstone, siliceous shale, 
and chert cObbles that unconformably overlie the Upper 
Cretaceous Cody Shale and underlie varicolored shales 
of the Wind River Formation. 

The basal Eocene sequence in exposures at Clarkson 
Hill in the extreme southeast corner of the Wind River 
Basin (loc. 81, pl. 1) is characterized by arkosic sand-
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FIGURE 25.-lndlan Meadows Formation on west side of Shotgun Butte, sees. 26 and 85, T. 6 N., R. 1 E. Coarse conglomerate forms ledges near top of butte, and fine-grained 
variegated strata are at base of butte; difference in altitude between top and base of butte Is 500 feet. 
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stone and conglomerate with thin interbeds of carbona
ceous siltstone and claystone. Rich ( 1962, p. 487-488) 
referred to these strata as the "conglomeratic sandstone 
unit" of the Wind River Formation, but he tentatively 
concluded that they may correspond in age· to the In
dian Meadows Formation because they are overlain 
unconformably by beds of known early Eocene age and 
underlain unconformably by beds of Paleocene and Late 
Cretaceous age. 

In most subsurface sections the interval of the Indian 
Meadows Formation can be determined only generally 
because of lithologic similarities with the younger lower 
Eocene rocks, and, in some wells, with the underlying 

·Fort Union Formation as well. The probable strati
graphic and structural position of the Indian Meadows 
Formation in a few selected areas is shown on figure 24. 
Its position is particularly well shown in the Badwater 
area where surface and subsurface data are adequate 
and can be closely integrated (pl. 3; fig. 22; cross section 
0-0', fig. 24). Projection of stratigraphic units into 
the subsurface from the exposures along Cedar Ridge, 
and correlation of units in the California Co. Madden 
1 and the Pure Oil Co. Badwater 1 and 2-A, indi
cate that 4,000-5,000 feet of strata are present above the 
top of the Fort Union Formation and below the Wind 
River Formation. In the Pure Oil Co. Badwater 1 
these rocks qccupy the interval1,897-4,350 feet, and are 
characterized by red, gray, and gray-green siltstone and 
fine-grained sandstone which in places contains some 
very coarse chert grains. Carbonaceous shale and coaly 
beds occur in the lower 400 feet. In contrast, the over
lying Lysite Member of the Wind River Formation is 
predominantly coarse-grained sandstone with abundant 
fragments of limestone and dolomite. A similar succes
sion is also present in the Pure Oil Co. Badwater 2-A 
where the Indian Meadows Formation occupies the 
depth interval 1,555-2,620 feet. About 3 miles to the 
south, however, in the California Co. Madden 1, the 
basal beds of the Wind River Formation apparently rest 
directly on the Fort Union Formation, and the inter
vening strata of the Indian Meadows Formation have 
been removed by pre-Wind River erosion (pl. 3; cross 
section 0-0', fig. 24). 

Correlations of lower Eocene rocks in subsurface sec
tions along the east margin of the Wind River Basin 
are not so apparent, hut they are probably comparable 
to those in the Badwater area. Several hundred to 
several thousand feet of unidentified strata overlying the 
Fort Union Formation have been overridden by west
ward-moving reverse fault blocks along the west flank 
of the Casper Arch and are over lain unconformably 
by the Wind River Formation (cross sections D-D' and 
E-E', fig. 24). These strata include coarse-grained 

arkosic sandstone similar to that described by Rich 
( 1962) in the basal Eocene rocks at Clarkson Hill (loc. 
81, pl. 1), which he tentatively concluded may corre
spond in age to the Indian Meadows Formation. 
In the vicinity of British-American Oil Producing Co. 
J. B. Eccles 1 (cross ~section E -E', fig. 24) , these strata 
have a probable maximum thickness of 6,000 feet or 
more, but because of faulting, a total of only about 
2,930 feet (interval 6,060-8,990 ft) was penetrated 
in the well itself. The arkosic material is mostly white 
feldspar that is relatively unaltered near the top of the 
interval, but is progressively more altered toward the 
base. The interbedded shale, claystone, and siltstone is 
variegated red and purple in some places but gray, 
gray green, and black in others. 

ANCIENT LANDSLIDES IN THE INDIAN MEADOWS FORMATION 

Large masses of resistant Paleozoic rocks, several 
miles from their nearest mountain .source, are incor
porated within the Indian Meadows Formation in the 
northen1 and northwestern parts of the Wind River 
Basin. The largest are in the type area (Love, 1939, 
p. 60-62) and near Twin Buttes (near loc. 45, pl. 1) 
in the Shotgun Butte area (I{eefer and Troyer, 1964, 
p. 36-37). The detached masses are mostly Gallatin 
Limestone of Late Cambrian age, Bighorn Dolomite 
of Ordovician age, Madison Limestone of Mississippian 
age, Tensleep Sandstone of Pennsylvanian age, and 
rocks of the Phosphoria Formation of Permian age; 
each mass is composed of rocks from only one or two 
of these formations. Relatively undisturbed bedding 
is exhibited in some of the blocks; but generally the 
strata are highly distorted and brecciated, which sug
gests that they once had been an accumulation of very 
coarse rubble which was later compacted and cemented 
into coherent blocks. All the masses ·seem to have been 
emplaced contemporaneously with extensive uplift and 
reverse faulting along the flanks of the adjacent moun
tain ranges. 

The question arises as to whether the detached blocks 
were emplaced by faulting or by gravity sliding. The 
ultimate interpretation depends in large part on the 
angle of dip of associated reverse faults. If these faults 
are low-angle overthrusts, direct tectonic emplacement 
of the detached masses may be. inferred; but if the 
faults are high-angle, then origin by gravity sliding 
seems to be the more logical interpretation. 

At the Twin Buttes locality, masses of Bighorn Dolo
mite and Madison Limestone as much as 1,000 feet long 
in the basal part of the Indian Meadows Formation 
were probably emplaced by gravity sliding (Keefer 
and Troyer, 1964, p. 37; fig. 26). The nearest source 
of the Ordovician and Mississippian strata is about 2 
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miles to the north, in a segment of the Ow 1 Creek Moun,. 
tains which was uplifted at ~the beginning of Eocene 
time along the steep north-dipping Cottonwood Creek 
reverse fault. The most plausible explanation, as 
shown on figure 26, is that the hlocks of Paleozoic rocks 
were parts of large landslides that sloughed off the 
front of the rising fault blocks during the period of 
active erosion accompanying the uplift. Cambrian 
shale probably provided a ready glide plane for the 
slides in the mountains,. and soft shale in the Upper 
Cretaceous and Paleocene strata may have further fa
cilitated sliding as the masses moved onto the basin 
floor. Although the actual glide plane is conjectural, 
it probably was inclined at about 5° (fig. 26). 

The detached masses in the type area of the Indian 
Meadows Formation along the East Fork Wind River 
are not so readily explained. There, the major reverse 
faults are buried 'by relatively undeformed Tertiary 
strata, and the nearest source for the Paleozoic rocks is 
5-6 miles distant( Love, 1939). These masses may have 
had a history similar to those at Twin Buttes; or they 
may have been subject to a more complex series of move
ments, such as those described 'by Pierce ( 1957) for the 
origin of large detachment blocks in the Heart Moun
tain area along the northwest margin of the Bighorn 
Basin. 

CONTACT WITH THE WIND RIVER FORMATION 

The Indian Meadows Formation is overlain uncon
formably by the Wind River Formation in most out
crops along the margin of the Wind River Basin where 
the two units occur in juxtaposition. The unconformity 
can be projected downdip from the outcrops, but it 
probably does not extend for more than a few miles 
toward the interior of the basin. In some places, the 
composition of the conglomerate beds in the Indian 
Meadows Formation is distinctly different from that 
of the beds in the Wind River Formation, as is indicated 
by the following observations: 

1. Along the south flank of the Washakie Range, in the 
extreme north western part of the Wind River 
Basin ( loc. 34, pl. 1) , the Indian Meadows Forma
tion contains only Paleozoic rock fragments, 
whereas the overlying Wind River Formation is 
very arkosic, indicating sources in Precambrian 
terrane. 

2. In the type area, the conglomerate in the Indian 
Meadows contains both Paleozoic and Precambrian 
rock types, whereas the coarse fraction in the Wind 
Rivet is almost exclusively from Precambrian 
rocks. Algal-ball limestone beds are present in 
both units, but are generally more abundant in the 
Indian Meadows. 

3. In the Shotgun Butte area the conglomerate in the 
Indian Meadows Formation is nonarkosic, but that 
of the Wind River Formation is very arkosic. 

4. In the Bad water area, the conglomerate beds assigned 
to the Indian ~ieadows Formation are character
ized by fragments of sandstone, chert, and siliceous 
shale, whereas those in the overlying Lysite Mem
ber of the Wind River Formation contain conspic
uous quantities of limestone and dolomite. 

5. Along most of the east margin of the Wind River 
Basin, and in the southeast corner, the entire lower 
Eocene sequence is arkosic and cannot be subdi
vided on the basis of composition of the con
glomerates. It should be noted, however, that the 
arkosic material in beds assigned to the Indian 
Meadows Formation as seen in well cuttings con
sists predominantly of white feldspar grains, 
whereas that in the Wind River Formation con
tains many pink grains. 

The Indian Meadows and vVind River Formations 
can be distinguished, according to the general criteria 
given above, in a few of the subsurface sections along 
the north and east margins of the Wind River Basin. 
In most sections, however, there is no reliable basis for 
subdivision, and except for those wells located only a 
few miles downdip from the outcrops, no attempt was 
made to differentiate the lower Eocene sequence in sub
surface sections throughout the remainder of the Wind 
River Basin. Electric log charaCteristics of strata in 
the deep trough area show no special d!agnostic features 
in the strata presumed to be the downdip equivalent of 
the Indian Meadows Formation. The sections of lower 
Eocene rocks penetrated by wells in the other parts of 
the basin are treated in the discussion of the Wind 
River Formation. 

CONDITIONS OF DEPOSITION 

Strata of the Indian Meadows Formation were de
posited during the period of active erosion which fol
lowed the pronounced uplift of the mountain masses 
bordering the Wind River Basin at the beginning of 
Eocene time. The coarse conglomerate originated as a 
series of extensive alluvial fans and stream-channel de
posits along the south flanks of the Washakie Range 
and Owl Creek Mountains. Powerful streams, with 
headwaters in the ancestral Granite Mountains to the 
south, flowed northeastward across the southeastern 
part of the basin and probably across the present site 
of the Casper Arch into the southern part of the Powder 
River Basin. Thick sequences of coarse arkosic sand 
and gravel derived from the central core of the Granite 
Mountains, alternating with finer grained silt and clay, 
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were deposited across broad flood plains. The major 
basin trough along the north margin of the basin con
tinued to subside, and several thousand feet of fine
grained clastic debris accumulated in it. As is dis
cussed more fully below, it seems possrble that lakes 
occupied parts of the trough almost continuously 
through Indian Meadows time. 

AGE AND CORRELATION 

Collections of fossil mammals in the type area (colin. 
2A and H, table 2) and in the Shotgun Butte area 
(colin. 13E, table 2) indicate that the Indian Meadows 
Formation is earliest Eocene in age and correlative 
with the beds of Gray Bull age in the lower part of 
the Willwood Formation in the Bighorn Basin. Equiv
alent strata are present in nearly all the other sedi
mentary basins of Wyoming, but they have not been 
generally distinguished a,s formations (fig. 8). 

WIND RIVER FORMATION 

DEFINITION 

Meek and Hayden (1861, p. 434) first used the terrn 
"Wind River deposits" in describing the prominent 
series of beds between the "true lignite beds of the 
Tertiary" (Fort Union or "Great Lignite group") be
low and the "White River Tertiary deposits" ahove in 
central Wyoming and adjacent regions. Frequent men
tion of these deposits (also as "Wind River group") 
was made by Hayden in his later reports on the geology 
of various parts of Wyoming. St. John (1883, p. 228-
269), during his reconnaissance studies in the north
w~ern part of the Wind River Basin, apparently was 

the first to employ the term "Wind River Formation." 
N-o type section has ever been designated. 

Granger (1910, p. 241-246) recognized two litho
logically and faunally distinct units within the Wind 
River Formation in the northeastern part of the basin, 
and Sinclair and Granger (1911, p. 104) named the 
Lost Cabin and Lysite as formations of the Wind River. 
The faunal distinction was based largely on the pres
ence of the genus Lambdotherium in the Lost Cabin 
beds and on its absence in the Lysite beds. Subsequent 
workers described the Lysite and Lost Cabin as mem
bers of the Wind River Formation (Wood and others, 
1941; Tourtelot, 1948, p.114). 

DISTRIBUTION 

The Wind River Formation has the most widespread 
outcrops of any stratigraphic unit in the Wind River 
Basin; it is the surface rock in nearly 4,000 square miles 
of the central part of the basin. Division of the forma
tion into the Lysite and Lost Cabin Members, however, 
has been made only along the east and northeast mar
gins of the basin. 

LITHOLOGY AND THICKNESS 

Because the Wind River Formation originated dur
ing the active erosional period that followed the uplift 
of the mountain ranges along the margins of the Wind 
River Basin, its thickness and lithology vary consid
erably from place to place. In general, however, two 
facies predominate-a coarse boulder facies represent
ing deposition along the mountain slopes and a fine
grained commonly btigh~ly varicolored facies repre• 
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senting deposition farther out in the basin. As might 
be expected under these conditions, there is a complete 
gradation of the two facies in areas which overlap both 
the mountain and basin structural provinces. Depend
ing on the transport power of the ancient streams, the 
coarse facies may extend several miles into the basin, 
or it may be confined to the relatively narrow mountain 
slopes. 

The thickness of the Wind River Formation ranges 
from a wedge-edge at the basin margins to several thou
sand feet in the major trough area. As mentioned pre
viously, it is difficult to distinguish the Wind River 
Formation from the Indian l\{cadows Formation in 
most subsurface sections, so that individual formation 
thicknesses can be determined only in a general way. 
Although the Wind River is the surface formation 
throughout most of the basin, it is rarely well exposed, 
because the strata are flat lying and easily weathered; 
the basin floor has low relief and in many places is 
covered by sand and gravel. In a few localities, how
ever, the combination of topographic relief and struc
tural conditions is such that several hundred feet of 
beds are exposed almost continuously. A few areas 
representing different parts of the basin are described 
below to illustrate the significant stratigraphic features 
of the Wind River Formation. 

NORTHWESTERN WUID RIVER BASIN 

Some of the thickest and best exposures of the Wind 
River Formation occur near Dubois in the northwestern 
part of the Wind River Basin. The basinward facies, 
consisting chiefly of brightly varicolored beds, are con
tinuously exposed in badlands that extend north from 
the main channel of Wind River (loc. 31, pl. 1) for 8 
miles to the upper reaches of Little Horse Creek (loc. 30, 
pl. 1). The strata have a composite thickness of more 
than 1,800 feet, and have been divided into 5 distinct 
units (Keefer, 1957, p. 188-193), which are summarized 
as follows: 

1. Upper variegated sequence ( >100 ft)-gray, greenish-gray, 
and light-red highly tuffaceous and bentonitic shale, clay
stone, siltstone, and fine-grained sandstone ; contains 
Didymictus altidens of late early Eocene (Lost Cabin) 
age ; overlain unconformably by upper Eocene or Oligocene 
rocks. 

2. Conglomerate sequence (100 ft)-lower 40 feet is tan massive 
conglomerate containing fragments of Precambrian and 
Paleozoic rocks as much as 6 feet long; overlying 40 feet is 
tan fine- to coarse-grained tuffaceous sandstone and minor 
amounts of gray claystone and brown carbonac-eous shale; 
upper 20 feet is chiefly brown carbonaceous shale with 
abundant black coal partings; unit unconformably overlies 
next older beds in some places. 

3. Middle variegated sequence (675--800 ft)-bright red, purple, 
and gray bentonitic claystone and siltstone, and white to 

gray tuffaceous sandstone and siltstone; lower half con
tains 10- to 15-foot beds of massive conglomeratic sandstone 
with abundant pebbles and cobbles of Paleozoic limestone, 
chert, and sandstone; at White Pass (loc. 29, pl. 1) the 
upper 48 feet contains a 37-foot bed of brown carbonaceous 
shale with coal· partings overlain by 11 feet of white ben
tonite and bentonitic claystone ; fossil vertebrates (colin. 
10, table 2) indicate a late early Eocene (Lost Cabin) 
age. 

4. Tuffaceous sandstone sequence (290-390 ft)-greenish-gray 
and gray soft tuffaceous fine- to coarse-grained sand
stone and minor amounts of shale, carbonaceous shale, 
and conglomerate; sandstone contains abundant grains of 
biotite and plagioc.lase feldspar; conglomerate beds are 
20-30 feet thick and contain well-rounded pebbles and 
cobbles of Precambrian quartzite, granite, and schist; 
Paleozoic limestone, sandstone, and chert ; and Tertiary 
volcanic rocks; fossile leaves (coHn. 1B, table 2) ind.fcate 
an early to middle E'Oeene age. This is the only zone of 
Precambrian quartzite cobbles and also the lowest strati
graphic occurrence of lithic fragments of Tertiary volcanic 
rocks observed in the Wind River Formation in the north
western part of the basin. 

5. Lower variegated sequence (555 ft)-red siltstone and shale, 
buff fine-grained shaly sandstone, and white to buff cobble
and-pebble conglomerate; conglomerate contains Precam
brian granite and Paleozoic rock fragments as much as 6 
inches long; shale and siltstone are bentonitic in upper 
part; forms conspicuous badlands; fossil vertebrates (coHn. 
1A., F, and G, table 2) indicate a late early Eocene (Lost 
Cabin) age. This sequence grades westward into the 
coarse arkosic sandstone of the mountainward facies and 
rests with pronounced angular discordance on underlying 
Paleozoic and Mesozoic rocks. 

South of the Wind River, along the slopes of the 
Wind River Range, the mountain ward facies of the 
Wind River Formation consists of white to tan arkosic 
sandstone containing abundant coarse angular grains 
of quartz and feldspar. In some places siltstone, shale, 
and carbonaceous shale with coal partings are inter
bedded with t.he sandstone. Southeast of Dubois, in 
Torrey, Dinwoody, and Bull Lake Canyons, this facies 
contains boulders as much as 10 feet across, chiefly of 
Precambrian granite (fig. 27). 

CROWHEART BUTTE AREA 

In the Crowheart Butte area (loc. 35, pl. 1), the Wind 
River Formation commonly consists of a basal conglom
eratic sequence, a middle variegated sequence, and an 
upper tuffaceous sandstone sequence (Murphy and 
others, 1956). The basal conglomerate, 50-200 feet 
thick, is composed predominantly of Precambrian gran
ite and metamorphic rock fragments in some places 
and of Paleozoic or Mesozoic rocks in others. Boulders 
in some deposits are as much as 10 feet long. The mid
dle variegated sequence is largely red, gray, and gray
green siltstone interbedded with coarse-grained sand
stone and pehble conglomerate. This sequence has a 



FIGURE 27.-Wind River Formation (Tw) overlapping Triassic rocks ("Ru) along north wall of Dlnwoody Canyon, sec. 31, T. 5 N., R. 5 W., and sec. 36, T. 5 N., R. 6 W. 
Deposits near top of ridge partly glacial In origin. 
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probable maximum thickness o:f about 2,000 feet. The 
upper part of the Wind River Formation in this area 
is buff coarse-grained tuffaceous sandstone and tuff, 
about 250 feet thick, with a 30- to 40-foot conglomerate 
at the base containing abundant well-rounded pebbles 
and cobbles of Precambrian quartzite and some Ter
tiary volcanic rocks. This conglomerate is similar to 
that in the tuffaceous sequence in the northwestern part 
of the Wind River Basin (see preeeding description), 
and may be correlative with it. 

Crowheart Butte, because of its topographic position 
contains the youngest Tertiary strata in this part of the 
basin. Although most of the butte is formed by the 
Wind River Formation, there is some question whether 
the uppermost tuff and tuffaceous sandstone beds also 
belong in the Wind River Formati'cm, or are part of 
the next younger Aycross Formation. Hay ( 1956, p. 
1894-1895) and J. F. Murphy (unpub. map, U.S. Geol. 
Survey) considered all the beds to be part of the Wind 
River Formation. J.D. Love (oral commun., 1961), on 
the other hand, recognized an erosional unconformity 
with considerable local relief about 50 feet stratigraphi
cally below the top of the butte. The strata above the 
unconformity contain much more volcanic debris than 
those below it. Love considered this unconformity to 
mark the Wind River-Aycross contact, and so mapped 
it on the geologic map of Wyoming (Love and others, 
1955). 

Fossil vertebrates indicate a late early Eocene (Lost. 
Cabin) a.ge for most of the Wind River Formation in 
the Crowheart Butte area. Fossil leaves (colin. J, table 
2) from near the top of 'the tuffaceous sequence, but 
below the unconformity described above, have a middle 
Eocene aspect (Murphy and others, 1956). 

SOUTHWESTERN WIND RIVER BABIN 

Along the northeast flank of the Wind River Range 
(for example, Table Mountain, loc. 43, pl. 1) the strata 
are predominantly boulder conglomerate interbedded 
with coarse arkosic sandstone (Thompson and others, 
1950). Individual boulders are as much as 15 feet 
across at the western edge of the exposures, hut the 
maximum size diminishes rapidly eastward (basin
ward). The fragments are mostly of Precambrian ig
neous and metamorphic rocks, some of which are soft 
and deeply weathered; but resistant Paleozoic rock 
fragments are abundant in places. Maximum pre
served thickness of this mountainward facies is about 
200 feet. 

East of the mountains and foothills, the Wind River 
Formation generally .consists of a basal arkosic sand
stone and conglomerate overlain by a prominent series 
of badland-forming red, purple, gray, and whirte clay-

stone and siltstone with lenses of tan to brown coarse
grained arkosic sandstone (Thompson and others, 
1950). Maximum thickness is about 2,000 feet. Some 
of the varicolored strata, especially in the upper part 
of the formation, are highly bentonitic and we3!ther 
into smooth rounded hills and slopes. Conspicuous in 
this sequence are zones of white to gray resistant tuff 
which form excellent marker beds in several areas. One 
of the tuff z·ones, about 1,000 feet stratigraphically 
above the base of the Wind River Formation (referred 
to as the Hudson tuff zone by Thompson and White, 
1954), is about 20 feet thick, and extends in surface 
exposures east and southeast of the town of Hudson 
for a distance of about 9 miles. Tuff also crops out 
prominently around the edges of Riverton Dome, 
Beaver Creek, Alkali Butte, and Sand Draw anticlines 
(Thompson and White, 1954). Sinclair and Granger 
(1911, p. 93-94) gave detailed descriptions of these 
rocks, inpluding a chemical analysis; they observed, 
from thin-section studies, that the chief constituents are 
glass shards, orthoclase, plagioclase, biotite, hornblende, 
and a black opaque mineral, probably iron oxide. The 
tuff is also slightly radioactive ( J. D. Love, oral 
commun., 1962). 

Lambdotheriwm-bearing beds occur both above and 
below the tuff in the Beaver Creek area ( colln. 6A, table 
2), indicating a late early Eocene (Lost Cabin) age for 
at least the upper part of the Wind River Formation 
in that region. However, 1,DOO. feet or more of Wind 
River strata underlie the lowest known occurrence of 
Lambdotherium, so •that the lower part of the formation 
may contain beds equivalent to the Lysite Member. 

SHOTGUN BUTTE AREA 

Some of the best localities at which to study the 
stratigraphic and structural relations of the Wind River 
Formation are in the Shotgun Butte area (Troyer and 
Keefer, 1955; Keefer and Troyer, 1956; 1964, p. 
38-39). The thickest section, about 1,000 feet, is ex
posed west of the northwest end of Muddy Ridge (loc. 
41, pl. 1). The strata at that locality are typical of the 
basin facies; they consist of interbedded bright-red, 
purple, gray, and white claystone, shale, sandstone, and 
conglomerate. Conglomerate beds are generally most 
abundant in the basal part of the formation, and are 
composed chiefly of fragments of Paleozoic rock and 
of Precambrian granite ranging in length from % to 
2 inches. In at least one place (loc. 42, pl. 1) the con
glomerate consists entirely of well-rounded Precam
brian quartzite cobbles similar to those described in the 
Crowheart Butte area and in the northwestern part of 
the basin. Fossils diagnostic of the Lost Cabin Member 
of the Wind River Formation have been found in the 
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Shotgun Butte area (colin. K, table 2), but none that 
are restricted to the Lysite Member. 

NORTHEASTERN WIND RIVER BASIN 

The type areas for the Lysite and Lost Cabin Mem
hers of the Wind River Formation are in the northeast
ern part of the Wind River Basin. The lithologic and 
faunal differences between these two units were first 
recognized and described by Granger ( 1910, p. 241-246), 
and new formation names-later changed to member 
rank-were applied a year later by Sinclair and 
Granger (1911, p. 104-105). Generalized descriptions 
were given by these early workers, but specific type sec
tions were not selected. The type area of the Lysite is 
on Lysite and Cotton wood Creeks, north of the town of 
Lost Cabin (primarily in the west half ofT. 39 N., R. 
90 W.) ; the type area of the Lost Cabin Member is east 
of Lost Cabin along Alkali Creek and on the drainage 
divide between Alkali and Poison Creeks (northeastern 
part ofT. 38 N., R. 89 W.). Additioilal stratigraphic 
and paleontologic data have been supplied by Tourtelot 
(1946; 1948,p.114-119; 1953) and VanHouten (1945, 
p. 428-430). Part of their exposures near the type areas 
is mapped on figure 22. 

The Lysite Member of the Wind River Formation is 
yellow to brown sandstone and conglomerate interbed
ded with red, gray, and greenish-gray sandy claystone 
and siltstone; a partial section is given in stratigraphic 
section 8 of this report. At some localities, particularly 
near the mountains, Lysite strata are predominantly 
conglomeratic. At the west end of Cedar Ridge (loc. 
66, pl. 1; fig. 22), for example, the basal560 feet consists 
almost entirely of very coarse conglomerate, with some 
boulders as much as 20 feet long (Tourtelot, 1946). 
Nearly all the resistant rock types of the Paleozoic ~
quence that crop out in the nearby Owl Creek and Big
horn Mountains are represented, but one of the most 
distinguishing features is the almost complete absence 
of Precambrian rock types. 

The maximum thickness of the Lysite Member in 
outcrops on the ~outh side of Cedar Ridge (cross section 
C-0', fig. 24) appears to be about 2,000 feet. In the 
Stuarco Oil Co. Govt. 1 (loc. 58, pl. 1) nearly 3,000 feet 
of strata were assigned to the member on the basis of 
sam pie studies. 

The Lost Cabin Member of the Wind River Forma
tion consists of gray, yellow, and brown sandstone with 
locally prominent beds of conglomerate alternating with 
violet, red, purple, gray, and green sandy claystone and 
clayey sandstone (Tourtelot, 1946; see stratigraphic 
sections 9 and 10, this report). The conglomerate beds, 
most abundant closest to the mountains, are composed 
chiefly of Precambrian igneous and metamorphic rocks 

with some fragments of Cambrian sandstone; largest 
boulders are about 6 feet across. Maximum thickness 
of the member may be as much as 2,000 feet. 

On of the chief differences between the two members 
of the Wind River Formation in their type areas is 
the composition of the conglomerates. The Lost Cabin 
Member contains abundant Precambrian rock frag
ments, whereas the Lysite Member contains few, if any. 
This distinction is useful in local geologic rna pping in 
the northeastern part of the basin (Tourtelot, 1946, 
1953), and the same criterion has been used by the writer 
in distinguishing the Lysite and Lost Cabin Members 
in wells drilled a few miles downdip from the outcrops. 
Although correlations are very uncertain in these sub
surface sections, a distinction can be made, on the basis 
of sample studies, between highly arkosic strata above 
(considered to be indicative of the Lost Cabin Member) 
and strata which contain an abundance of limestone, 
dolomite, and chert fragments below (considered to ~e 
indicative of the Lysite Member). In the Pure 01l 
Co. Bad water 2-A (pl. 3), for example, the lithologic 
change takes place at a depth of about 1,000 feet; if the 
correlations shown are correct, then an unconformity 
between the Lysite and Lost Cabin Members is indi
cated, at least across the crest of the large Lost Cabin 
anticline (cross section C-0', fig. 24). Tourtelot 
(1946), on the other hand, did not recognize an uncon
formity in surface exposures and described the contact 
as being transitional through a zone about 100 ·feet 
thick. 

Large and varied vertebrate faunas have been col
lected from the Lysite and Lost Cabin Members in the 
northeastern part of the Wind River Basin (Van Hou
ten, 1945, p. 428-430; Tourtelot, 1948, p. 114-119). 
The most reliable criterion for separating the two faunas 
is the presence or absence of Lambdotherium, although 
each member also contains other relatively diagnostic 
species of fossil mammals. Lambdotherium is re
stricted to the Lost Cabin Member, and its presence 
has provided a valuable means for distinguishing strata 
of latest early Eocene age throughout much of the Wind 
River Basin, as well as adjacent regions. Paleontologic 
definition of the Lysite Member, on the other hand, is 
not so precise. The absence of Lambdotherium is not 
in itself indicative, unless the rocks in question have 
enough other faunal elements to warrant correlation 
with the Lysite. This is true for the type area of the 
Lysite Member but not for most other areas· in the 
Wind River Basin. 

EASTERN AND SOUTHEASTERN WIND RIVER BASIN 

In the eastern and southeastern parts of the basin, the 
Wind River Formation consists of basal varicolored 
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strata overlain, in places unconformably, by greenish
gray and tan sandstone. The sandstone unit has been 
traced into the type area of the Lost Cabin Member, 
and the varicolored unit is considered to be the Lysite 
Member. The upper unit contains Lambdotherium, 
but paleontologic evidence that the lower unit is of 
Lysite age is inconclusive. The Lysite and Lost Cahin 
Members, as here designated in the southeastern part 
of the Wind River Basin, correlate wholly or partly 
with the upper greenish-gray and tan sequence and the 
lower variegated sequence, respectively, of the lower 
fine-grained facies of the Wind River Formation of 
Rich (1962, p. 488-493). 

Strata assigned to the Lysite Member are red, purple, 
gray, greenish-gray, and white siltstone and claystone 
interbedded with white, gray, and buff lenticular sand
stone, in part arkosic. Thicknesses range from a maxi
mum of a·bout 1,000 feet in surface sections to 3,000 
feet or more in the subsurface (cross sections D-D' and 
E-E', fig. 24). The unit is well exposed for 11 miles in 
a series of bluffs including, and extending northwest 
from, the spectacular badlands at Hells Half Acre to 
Arminto (figs. 23, 28). Good exposures are also present 
in places along the east flank of the Rattlesnake Hills 
(Rich, 1962,p. 490-491). 

The basal beds of the Lysite Member are conglomer
atic in most places and generally consist of rock frag
ments from both Paleozoic and Mesozoic formations. 
Along the east edge of the badlands at Hells Half Acre, 
the lower few feet is highly ferruginous arkosic sand
stone with abundant coarse angular grains and small 
pebbles of quartz, feldspnr, and chert. In the vicinity 
of the Continental Oil Co. Hells Half Acre 1 (Inc. 79, 
pl. 1) the most conspicuous rock in the basal conglom
erate is black to dark-brown petrified wood in rounded 
fragments as much as 3 feet long. Boulders and cob
bles of Paleozoic and Mesozoic rocks are also present 
at -that locality. Farther south, near West Poison 
Spider oil field (near loc. 20, pl. 1), the conglomerate 
contains boulders of virtually tmweathered Precam
brian granite. In general, conglomerate beds are not 
so prominent in the basal part of the member along 
the east flank of the Rattlesnake Hills. 

In all surface exposures around the southeastern part 
of the Wind River Basin, the Lysite Member overlies 
older strata with conspicuous angular discordance. One 
of the hest exposures of the unconformity is at the east 
rim of Hells Half Acre, where the Lysite strata dip 
20°-30° westward and the underlying Fort Union and 
:Lance strata dip from 45° westward to nearly vertical 
(fig. 18). The relatively steep dips in the Lysite indi-
cate that it was also involved in the folding of the 
Casper Arch. In a few places, as at locality 18 (pl. 1) 

and in the vicinity of West Poison Spider oil field, 
Lysite strata are cut by normal faults. 

The only fossil vertebrates collected from strata as
signed to the Lysite Member in this part of the basin 
are from 2 to 3 miles northwest of locality 18 (pl. 1). 
This assemblage (colin. T, table 2) , however, indicates 
only that the age is early Eocene, although the absence 
of Lambdotherium might possibly indicate a tempora] 
equivalence to the Lysite Member as it is defined in the 
type area farther north west. 

The Lost Cabin Member of the Wind River Forma
tion in the southeastern Wind River Basin is character
ized by gray, greenish-gray, yellowish-gray, and tan 
arkosic sandstone and siltstone. The sandstone is com
monly conglomeratic and contains abundant boulders 
and cobbles of granite, quartz, and chert. Maximum 
thickness of the member in this part of the basin is prob
ably about 1,000 feet, but only a few tens of feet is ex
posed at any one place because of recent erosion. Fossil 
vertebrates collected by Rich ( 1962, p. 493) includ~ 

Lambdotherium popoagicum Cope 
Hyracotherium sp. 
Hyopsodus wortmani Osborn 
Hyopsodus mentalis Cope 
Oynodontomys sp. 
cf. N otharotus nunienus (Cope) 
cf. Palaeictops sp. 
cf. Didelphodus sp. (colin. U, table 2 and loc. 73, pl. 1) 

In some places in the eastern and southeastern parts 
of the basin there is a conspicuous angular unconform
ity between the Lysite and Lost Cabin Members. Such 
a relation is well shown along the west rim of Hells 
Half Acre where 20-30 feet of the dull-colored gently 
dipping beds of Lost Cabin forms the upper part of the 
rim bevel across the more steeply dipping red-banded 
strata of the Lysite Member (fig. 28). Similar relations 
are also present at the north end of the Rattlesnake 
Hills (loc. 7 4, pl. 1), but farther southeast (loc. 78, pl. 
1) the two members are apparently conformable (Rich, 
1962, p. 490-491). 

SOUTHERN WIND RIVER BASIN 

In the outcrop belt extending westward from the Rat
tlesnake Hills to Alkali Butte ( locs. 7 4 and 7, pl. 1), the 
Wind River Formation generally consists of a thin 
series of coarse-grained sandstone and conglomerate at 
the base overlain by varicolored siltstone and claystone 
interbedded with white, gray, and tan lenticular sand
stone. Some of the best exposures are in the vicinity of 
Castle Gardens (loc. 62, pl. 1) and at Double Butte 
(near loc. 49, pl. 1). Maximum thickness in surface 
sections is about 1,000 feet. The sandstone and con
glomerate series is arkosic nearly everywhere, and in 



FIGURE 28.-Pr ominent badlands in variegated strata of Lysite Member of Wind River Formation at Hells Half Acre, sec. 36, T. 36 N., R. 86 W. Arkosic sandstone of Lost 
Cabin Member (Twlc) of Wind River Formation forms dark band at top of rim and unconformably overlies Lysite Member. 
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some places the conglomerate contains boulders and cob
bles of granite as much as 1 fo<Jt long. Other common 
constituents are chert, quartzite, and siliceous shale. In 
many outcrops the basal beds are saturated with oil. 

The '\tVind River strata in this region are virtually 
undeformed, with basinward (north) dips not exceed
ing 5° in most places, and overlrup all older rocks with 
conspicuous angular and erosional unconformity. 
Slight angular and erosional unconformities may also 
be present wi,thin the formation itself, for in some 
places the basal beds seem to be overlapped by the 
younger beds. Because of generally poor exposures, 
however, the extent of these unconformities was not 
determined. 

The stratigraphic and structural relations suggest 
that the bulk of .the 'Vind River Formation along the 
south margin belongs to the Lost Cabin Member. Snme 
of the basal conglomerate, however, particularly where 
overlain unconformably by younger beds, may be equiv
alent to the Lysite Member. Heptodon sp. and Hyra
cotherium sp. were collected (loc. 57, pl. 1) from about 
3,000 feet above· the base of -the formation, hut these 
species indicate only that the strata are early Eocene 
and younger than Gray Bull of "rood and 'Others 
(1941). 

GAS HILLS AREA 

The 'Vind River Formation covers an extensive area 
in Tps. 32 and 33 N., and Rs. 88 to 93 W., which is 
south of the main basin area along the north side of 
the Beaver Divide escarpment (VanHouten and '\tVeitz, 
1956). The Gas Hills uranium district, where uranium 
ores are mined from sandstone within the 'Vind River 
Formation, ·occupies about 40 square miles in the eastern 
part of this outcrop area (Zeller ru1d others, 1956; Zel
ler, 1957). The formation was deposited on a surf.ace 
of considerable relief cut in the Paleozoic and Mesozoic 
rocks; no uppermost Cretaceous or Paleocene rocks are 
present. 

The Wind River Formation in this region was di
vided into b~o units by Zeller and others ( 1956). The 
lower unit ranges in thickness from 0 to 130 feet and 
consists of grayish-green to light-gray siltstone and 
claystone and some gray very fine grained sandstone. 
A minor amount of red banding is present locally. The 
unit contains a few thin lenticular carbonaceous silt
stone beds; toward the base, the siltstone and sandstone 
are commonly stained with oil. The upper part of the 
formation, 300-800 feet thick, is predominantly yellow
ish-gray, dusky-yellow, in part reddish-brown, medium
grained to very coarse grained and granular cross
bedded a.rkosic sandstone with some intercalated mud
stone, carbonaceous shale, and siltstone. Conglomerate 

beds 10-15 feet thick are common in places, and contain 
boulders and cobbles of granite as much as 2 feet long. 

Lithologic descriptions of the Wind River Formation 
in the Gas Hills area are given in stratigraphic sections 
11 and 12 of this repovt. 

The lower part of the Wind River Formation in the 
Gas Hills area has yielded no fossils. It is believed to 
be largely representative of the Lost Cabin Member, 
btit the basal part may be equivalent to the Lysite. The 
uppermost part of the formation, as mapped by Van 
Houten and Weitz ( 1956) and by Zeller and others 
(1956), contains poorly preserved leaves. The follow
ing forms were collected in sec. 27, T. 33 N., R. 89 W. 
(loc. 72, pl. 1) : 

Zizyphu.s cinnamomoides 
Zelkova nervosa 
Quercus castaneopsis 
Sparganium antiqmtm 
Leguminosites sp. 
Aralia sp. 
Ulmus sp. 

Although this flora has some middle Eocene aspects, 
VanHouten (1955, p. 6) suggested that it may be tran
sitional between early and middle Eocene floras, and 
that all the Wind River strata in this region could there
fore be of early Eocene age. On the other hand, from 
studies in the Sweetwater Plateau region to the south 
and west, Love (oral commun., 1962) tentatively con
sidered the plant-bearing beds to form part of a transi
tional sequence which is better assigned to the next over-, 
lying unit of middle and ~pper Eocene rocks rather than 
to the '\tVind River Formation. Although correlations 
are as yet uncertain, the questiona;ble strata at locality 
72 (pl. 1) may be equivalent to the so-called transi
tional beds mapped by Van Houten ( 1954) as part of 
the middle and upper Eocene sequence farther west 
along the Beaver Divide escarpment (see discussion 
below). 

LOWER EOCENE ROCKS IN CENTRAL PART OF WIND 
RIVER BASIN 

The Lost Cabin Member of the Wind River Forma
tion forms the surface rock throughout the central 
Wind River Basin. In most wells, however, as has been 
discussed, there are no criteria either on the basis of 
sample or electric-log studies for separating the Wind 
River Formation into its individual members, or from 
the Indian Meadows Formation. The lower Eocene 
rocks are therefore treated as a unit. 

The thickness of the lower Eocene sequence increases 
appreciably toward the major basin trough area (fig. 
29). Maximum thickness may exceed 9,000 feet in the 
north-central and southeastern parts of the basin, as is 
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indicated by sample studies of the Phillips Petroleum 
Co. Boysen 1 and the British-American Oil Producing 
Co. J. B. Eccles 1 (locs. 14 and 19, pis. 1, 2). As might 
be expected, the isopach map of the lower Eocene rocks 
(fig. 29) reflects the structural configuration of the 
basin floor in many places. 

The lower Eocene rocks also become finer grained to
ward the center of the basin, and the interforma
tional and intraformational unconformities disappear. 
Most sections are characterized by varicolored red, gray, 
and gray-green c1aystone and siltstone interbedded with 
white to gray fine- to medium-grained sandstone. In 
some places the upper several hundred feet is predomi
nantly buff to gray sandstone-similar to the surface 
rock over much of the central basin area-that grades 
downward into the varicolored strata. In the southP-rn 
part, such as at the sites of the Superior Oil Co. Fuller 
Reservoir 1-26 and the Continental Oil Co. Squa:w 
Buttes 28-1 (locs. 23 and 25, pis. 1, 2), beds of medium
to coarse-grained arkosic sandstone extend many miles 
northward into the central part of the basin. 

At Contjnental Oil Co. Moneta Hills 11-1 (loc. 27, 
pis. 1-3), according to the author's interpretation, the 
lower part of the lower Eocene sequence is predomi-
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nantly gray to black carbonaceous shale and claystone, 
and contains abundant ostracodes in some beds (strati
graphic section 13, this report). These rocks grade 
downward into strata of the Fort Union Formation. 
These relations suggest that the lower E'Ocene strata 
representing Indian Meadows and perhaps part of Ly
site time in this area were deposited in, or adjacent to, 
a body of water, possibly a relict of the Paleocene Walt
man Lake (fig. 33). 

OTHER STRATA ASSIGNED TO WIND RIVER FOIUtlATION 

In the southeast corner of the Wind River Basin, 
Rich (1962, p. 493-496) described arkosic sandstone 
and conglomerate which overlies all older Wind River 
strata with erosional unconformity and which, in turn, 
is pverlain with angular unconformity by the Oligocene 
White River Formation. The chief difference between 
this conglomerate unit and the conglomerates in under
lying lower Eocene strata (see discussion under "East-

. ern and southeastern Wind River Basin") is the grewter 
abundance of arkosic material-mostly boulders and 
cobbles of light-gray to white granite and coarse angu
lar fragments of feldspar-and the paucity of Paleo
zoic and Mesozoic rock types (Rich, 1962, p. 495). 
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FIGURE 29.-Generalized isopach map of lower Eocene rocks. 
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Although these rocks have yielded no fossils, they 
are overlain by Oligocene rocks and underlain by Eo
cene rocks, so that they could range from lower Eocene 
to lower Oligocene. Rich (1962, p. 496) concluded that 
the conglomerate beds are best assigned to the lower . 
Eocene. The most compelling evidence is that middle· 
and upper Eocene and lower Oligocene rocks in nearby 
areas contain abundant volcanic debris (Van Houten, 
1955), whereas the conglomerate sequence contains none. 
These conglomerates may therefore represent a part of 
late early Eocene time younger than the Lost Cabin 
Member of the, Wind River Formation in areas farther 
to the north. 

The original distribution of the conglomerates is not 
known. They may have been restricted to the present 
outcrop area in the southeastern corner of the basin 
(Rich, 1962), or they may have been spread farther 
out into the basin and subsequently eroded. 

In a narrow strip along the north side of the Beaver 
Divide escarpment, Van Houten (1954) described a 
zone of variable thickness (as much as 185 ft), without 
red layers, which is transitional (between the typical 
varicolored strata of the Wind River Formation below 
and the predominantly greenish-yellow and yellowish
gray_ sandstone and siltstone of middle and late Eocene 
age ahove. For convenience in geologic mapping, the 
top of the Wind River Formation was -arbitrarily 
placed at the base of these "transition beds" (Van Hou
ten, 1954), but it is yet to -be determined that this sur
face coincides with the early Eocene and middle Eocene 
time boundary (see discussion of Wind River Forma
tion in Gas Hills area, p .. A51). 

Coarse arkosic sandstone and conglomerate contain
ing pebbles and cobbles of volcanic rocks are exposed 
in a prominent ridge that projects northward from 
the main part of Beaver Divide along the east edge of 
the Gas Hills area (near loc. 71, pl. 1) . They seem 
to overlie all older rocks, including known Wind River 
strata, with angular unconformity. The age of these 
rocks is not known, but VanHouten and Weitz (1956) 
have considered them to be intermediate between that 
of the Wind River Formation below and the middle and 
upper Eocene beds above. The ridge may represent an 
eastward extension of the "transition beds" just 
described. 

CONTACT WITH YOUNGER ROCXS 

The Wind River Formation is overlain by younger 
Tertiary rocks in a few places around the margins of 
the Wind River Basin (pl. 1). Along the south mar
gin, as discussed in the preceding paragraphs, the for
mation is conformably overlain by a transition zone of 
uncertain age which, in turn, grades upward into strata 
of known middle Eocene age. In the southeastern part 

of the basin the conglomerate sequence that is tenta
tively assigned to the upper part of the Wind River 
Formation is overlain with conspicuous angular dis
cordance by the White River Formation of Oligocene 
age (Rich, 1962, p. 496); no intervening middle and up
per Eocene rocks have been recognized with certainty, 
although remnants may be present locally. At the 
northeast edge of the basin, upper (and possibly mid
dle)· Eocene rocks are faulted down against the Wind 
River Formation (fig. 22; Tourtelot, 1953; Tourtelot 
and Thompson, 1948) ; therefore depositional contact 
relations cannot be observed. In the northwestern part 
of the basin the Wind River Formation is overlain 
directly by middle and upper Eocene strata throughout 
a considerable length of outcrop (Keefer, 1957). The 
contact there is marked by an angular and erosional un-· 
conformity, although in some places the degree of dis
cordance is slight. 

The Wind River Formation and younger rocks differ 
chiefly in the relative amount and composition of in
corporated volcanic debris. Volcanic material in the 
Wind River Formation is generally limited to tuffaceous 
and bentonitic strata in the upper part and scatt~red 
volcanic pebbles in a few places. In contrast, middle 
and upper Eocene rocks are commonly highly tuffaceous 
throughout, and contain abundant volcanic boulders and 
cobbles which reflect the widespread eruptions in the 
volcanic fields of the Absaroka Range and Rattlesnake 
Hills at the close of early Eocene time (see Sinclair 
and Granger, 1911; Van Houten, 1955; Hay, 1956; 
Tourtelot, 1957). 

CONDITIONS OJ!' DEPOSITION 

Conditions similar to those that existed during the 
time of Indian Meadows deposition also prevailed dur
ing the deposition of the Wind River Formation. 
Coarse bouldery debris stripped from the flanks of the 
uplifted mountain ranges was deposited in fans and 
stream channels, along the mountain slopes and foot
hills; in some places the coarse detritus was spread 
many miles into the basin proper. By the end of early 
Eocene time the granitic cores of all the bordering 
ranges had been deeply eroded, except for the Casper 
Arch (fig. 3) that had been warped up at the I>eginning 
of Wind River time. Extensive flood plains and broad 
stream channels characterized the interior of the basin. 
The major trough area continued to sink throughout all 
early Eocene time, and lakes and swamps developed in 
the larger low land regions. 

The origin of the characteristic red banding in lower 
Eocene rocks has been the subject of much debate. In 
some localities it can be satisfactorily demonstrated that 
red layers are composed of debris eroded from the thick 
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Triassic Chugwater Formation and other red forma
tions exposed along the basin margins and redeposited 
in adjacent lowlands. However, this process does not 
account for all the red strata in the lower Eocene se
quence. Van Houten ( 1948) concluded that the source 
of much of the red-banded Tertiary deposits in inter
montane basins was from mantles of red soil developed 
under a warm humid climate in the broad upland re
gions surrounding the basins. Streams carried the red 
sediment onto the basin floors and redeposited it in lay
ers. He (Van Houten, 1948, p. 2120-2121) also pre
sented evidence that the intercalated green and green
ish-gray siltstone resulted from the reduction of the 
original iron-oxide pigment by decaying plant .remains 
during periods of heavy vegetation. 

AGE AND CORRELATION 

The Lysite and Lost Cabin Members of the Wind 
River Formation are early Eocene as indicated by nu
merous collections of fossil vertebrates (see table 2). 
Fresh-water mollusks of Eocene age are also present 
(table 6). In a few localities fossil plants similar to 
those in the Green River Formation to the southwest, 
and generally considered to be indicative of middle 
Eocene age, have been collected from the Wind River 
Formation (for example, colln. 1B and J, table 2). 
Van Houten (1955, p. 6)· suggested that the transition 

from typical early Eocene floras to middle Eocene floras 
may have occurred in the Wind River Basin before the 
end of early Eocene time. Most of these floral com
parisons, however, were made at a time when the Green 
River Formation was regarded as wholly middle Eo
cene. Several workers (Bradley, 1959 ; :1\{cGrew and 
Roehler, 1960; Pipiringos, 1961) have since shown that 
the lower part of that formation is early Eocene, or 
transitional between early and middle Eocene. 
. Strata equivalent to the Wind River Formation are 

widespread in nearly all the intermontane basins of 
Wyoming. Correlative units are shown on figure 8. 

YOUNGER TERT~Y ROCKS 

No Tertiary rocks younger than the Wind River For
mation crop out in the central part of the Wind River 
Basin, except possibly the uppermost beds on Crow
heart Butte (loc. 35, pl. 1), which may be middle Eo
cene. Upper and possibly middle Eocene rocks crop 
out extensively along the northeast margin of the basin, 
however, and these,oas well as thick sequences of Oligo
cene rocks, are also widespread in the Absaroka Range 
at the northwest margin and in the Beaver Divide area 
along the south margin. Miocene and Pliocene strata 
underlie extensive areas in the Sweetwater Plateau and 
Granite Mountains regions farther to the south. 

TABLE 6.-Mollu8canfauna8 in the Wind River Formation 
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SUMMARY OF GEOLOGIC HISTORY AND 
PALEOGEOGRAPHY 

The sedimentary and structurn1 history and the geog
raphy of the Wind River Basin during latest Creta
ceous, Paleocene, and early Eocene times are portrayed 
in five diagrams (figs. 30-34). Although information· 
is still inadequate for parts of the basin, the stratigraph
ic and structural data presented in the foregoing pages 
permit reconstruction of the major physiographic and 
tectonic features during successive stages of basin evo
lution. The diagrams are adapted in part from a series 
of maps prepared by J. F. Murphy and J.D. Love (un
pub. recs., U.S. Geol. Survey; see also Murphy and 
Love, 1958; Love, 1954a). 

The landscape in central Wyoming at the time of 
maximum westward advance of the Lewis Sea is re
constructed on figure 30. The land must have been 
characterized by extensive nearly featureless plains over 
which a relatively uniform sheet of highly carbonaceous 
sediment, the Meeteetse Formation, was deposited. The 
surface probably sloped gently eastward and broad 
deltas extended many miles into the sea. Except for 

EXPLANATION 
(Figurco 30 through 34) 

!Jl Wi•dF~+"'" ~0:: 
Indian Meadows Formation 

j { ~'ort u!:'~!mation ~ 

( ~ )~ ~~ Lance Formation tj 
~~ ~ ~ 

0 
Meeteetse ~'ormation and Lewis Shale 5 
~ 

Pre-Meeteetse and pre-Lewis Mesozoic rocks 

~ 
Paleozoic rocks 

r;~:;<:~ 
~ 

Precambrian rocks 

local minor warping, no tectonic activity is recorded in 
the strata of the Lewis and Meeteetse Formations. Up
lifts apparently existed in eastern Idaho, a few hundred 
miles to the west, and these furnished fine-grained clas
tic debris to the eastward-flowing rivers. Volcanic ash, 
probably derived from centers west or northwest of the 
Yellowstone region, was also deposited across central 
Wyoming. 

At the beginning of deposition of the Lance Forma
tion, broad upwarps began to form in the present areas 
of the Granite Mountains along the south edge of the 
basin and along the Washakie Range at the north west 
edge. By the end of Lance time these upwarps had 
become relatively wel\-defined and in some places had 
been eroded into the Lower Cretaceous rocks (fig. 31). 
There is no definite evidence, however, for uplift of the 
Wind River Range at this time. The basin trough sank 
markedly during deposition of the Lance Formation, 
and lakes may have formed. Major exterior drainage 
was eastward, although some areas in the southwestern 
part may have been drained by southward- and south
westward-flowing streams. 
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FIGURI!l 30.-Wind River Basin at maximum westward advance of Lewis Sea. 
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FIGURE 31.-Wind River Basin near end of Lance deposition. See figure 30 for explanation. 

The Wind River Range began to rise along the west 
side of the basin probably at the beginning of Paleocene 
tim~. Broad low northwest-trending folds also formed 
at this time at the present site of the Owl Creek Moun
tains along the north side. The Granite Mountains and 
the Washakie Range continued to rise, and folding took 
place in soine of the marginal areas of the basin proper. 
By mid.dle to late Paleocene time the Precambrian crys
talline cores of the Wind River Range and Granite 
Mountains had been breached locally, but in the Wash
akie Range and Ow 1 Creek Mountains dissection had 
probably not yet reached. the Paleozoic rocks in most 
places. Although locally derived material accumulated 
along the mountain slopes, deposition during the Paleo
cene Epoch was confined largely to the central down
warped part of the basin. The landscape during the 
maximum expansion of Waltman Lake is reconstructed 
on figure 32. This water body extended eastward be
yond the present limits of the basin for an unknown 
distance. 

In earliest Eocene time, during deposition of the In-

dian Meadows Formation, folding and uplift of the 
mountain masses became more prominent, marginal 
folds were greatly accentuated, and large-scale reverse 
faulting took place in the north western part of the 
basin. Very coarse clastic debris accumulated in ex
tensive alluvial fans in front of the rising highlands to 
the north and northeast. In the southeastern part of 
the basin a broad fan was spread eastward and north
eastward into the present site of the Powder River 
Basin. This huge deltalike deposit, which is now the 
Indian Meadows Formation, may have formed a drain
age barrier between the two basins and blocked the 
eastern side of Waltman Lake. The lithology of the 
basal Eocene rocks in the central part of the basin 
indicates that this lake may have persisted in at least 
restricted form during Indian Meadows time, and 
perhaps part of Lysite time as well. Thick deposits 
accumulated in the central part of the basin, which con
tinued to subside throughout the period, and also in a 
narrow synclinal area in the northwestern part of the 
basin (fig. 33). 
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FIGURE 32.-Wtnd River Basin during deposition of Waltman Shale Member of Fort Union Formation. See figure 30 for explanation. 

After the deposition of the Indian Meadows Forma
tion, the central and ea·stern parts of the Owl Creek 
Mountains and the Casper Arch were uplifted along 
extensive reverse faults. Large areas of P~ecambrian 
rocks in both the 'Vind River Range and Granite l\1oun
tains, as well as small areas in the 'V ashakie Range, 
Ow I Creek, and Bighorn Mountains, were exposed to 
erosion, and the smaller folds along the basin margins 
were deeply dissected. All streams that formerly had 
flowed out of the basin probably were blocked, and for 
a brief time interior drainage prevailed. Lakes prob
ably occupied the central part of the basin during ea.r
liest Wind River time. A reconstruction of this land
scape is shown on figure 33. In many places the terrain 
was similar to that of today. 

Extensive lowering of the highlands surrounding the 
Wind River Basin continued throughout Wind River 
time. The highland debris was spread basin ward on 
all sides and was supplemented during the latter part 
of early Eocene time by volcanic debris from the Ab
sarok~-.Ye~lowstone region. By the end of early Eo
eerie time the accumulated sediment lapped hig:h onto 

the mount:'tin flanks and probably buried .the Casper 
Arch, as well as parts of the Washakie Range and Ow 1 
Creek l\1ountains (fig. 34). Exterior drainage toward 
the east had been reestablished. The major basin 
trough areas continued to sink, but by the end of early 
Eocene time, or shortly thereafter, the downwarping 
movements had nearly ceased. 

Renewed folding and. faulting of existing structural 
features, such as the Casper Arch, took place during 
and at the end of Wind River deposition: New 'folds 
and reverse faults were established in some areas, but 
with few exceptions these were relatively minor features 
which did not significantly modify the earlier struc
tural trends. 

Following early Eocene time the Wind River Basin 
was the site of virtually continuous aggradation until 
nearly the close of the Tertiary Period. This basin 
fill was predominantly volcanic in contrast to· the non
volcanic locally-derived clastic material of the older 
parts of the fill. Although the major mountain-build
ing movements of the Laramide in this area were 
largely over by-the close of early Eocene time, extensive 
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FIGURE 33.-Wind River Basin at beginning of Wind River deposition. See figure 30 for explanation. 

deformation also occurred in some of the marginal areas 
of the basin later in the Tertiary Period. 

SIGNIFICANCE OF DOWNFOLDING IN BASIN TECTONICS 

The stratigraphic studies of uppermost Cretaceous, 
Paleocene, and lower Eocene rocks in the vVind River 
Basin show that down warping played a dominant role 
in the structural evolution of the basin. Subsidence 
began in Late Cretaceous time, in the very earliest stage 
of the Laramide deformation in central Wyoming, and 
sinking was continuous until at least the close of early 
Eocene time. Along the north and east edges of the 
basin, where deformation was most intense, the actual 
movement that can be attributed to subsidence in many 
places is equal to, or exceeds, the amount of uplift of 
the adjacent Ow I Creek Mountains and Casper Arch. 
Plate 4 and figure 36 illustrate some of the important 
relations. 

The interpretations of absolute movements of adja
cent crustal blocks shown on these geologic sections are 
based on the following premises : 

1. Sea level has remained relatively constant from Late 
Cretaceous time to the present. Kay (1955, p. 667) 
states, "Most stratigraphic geologists judge that 

the changes in [sea] level have been of magnitude 
of only a few hundred feet from period to 
period * * * ." 

2. Deposition of the uppermost Cretaceous and Paleo
cene strata took place at or near sea level. Accord
ing to Dorf (1959, p. 185-187), the flora of the 
Eocene rocks in this region suggests a subtropical 
climate; it is therefore inferred that the base level 
of deposition of these strata was not significantly 
higher (perhaps a maximum of 1,000-2,000 ft above 
sea level) than that which existed during Paleocene 
and Late Cretaceous times. The present altit~de 
of the basin has resulted from epeirogenic uplift 
later in Tertiary time (VanHouten, 1961, p. 619-
621; Love, 1960, p, 212). 

Interpretations of various stages in the growth of the 
Wind Ri~er Basin are depicted on plate 4A-E. The 
Lewis Shale and Meeteetse Formation represent the 
youngest strata laid down during the preorogenic 
period. At this stage, as shown on plate 4A, the upper 
surface of these formations was approximately at sea 
level, and the upper surface of the Precambrian rocks 
was 12,500 feet below sea level (line Z on cross sections). 
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FIGURm 34.-Wind River Basin at end of Wind River deposition. See figure 30 for explanation. 

Subsidence began in latest Cretaceous time, and by 
the end of La-nce deposition about 6,000 feet of sedi
ments lu\d accumulated in the trough area. The surface 
o£ the Precambrian rocks 'vas. 'varped down a like 
amount beneath the trough, but the adjacent Owl Creek 
1\1ountains had probably not yet begun to rise (pl. 4B). 
Thus, downwarping wns the dominant expression o:f 
the orogeny in its earliest stages along the north margin 
o£ the 'Vind River Basin. . 

Deformation of the Owl Creek 1\1ountnins began in 
Paleocene time, and culmina-ted in major uplift of the 
range along reverse faults in early Eocene time (pl. 
40-E). Subsidence of the adjacent basin trough was 
continuous throughout this period, but the sinking had 
nearly ceased by the end o£ early Eocene time. During 
the orogeny, structural displacement totaled about 
33,500 feet: 16,000 feet of actual subsidence and 17,500 
feet of uplift (pl. 4E). The present struct1-1ral setting 
(pl. 4/l') indicates that epeirogenic uplift in late Ter
tiary time was about 4,000 feet, and that normal 
faulting lowered the Owl Creek Mountains block only 
a few hundred feet with respect to the basin in all post
Eocene time. 

An east-west geologic section across the southeastern 
part of the 'Vind River Basin and adjacent parts of 
the Rattlesnake Hills and Casper Arch, as it may have 
been at the end of early Eocene time, is sketched in 
figure 36. The total offset between the basin and the 
Casper Arch was about 21,500 feet, o£ which 14,500 feet 
can be attributed to actual subsidence of the basin floor. 

During Laramide time extensive downwarps also 
formed in many of the other intermontane basins of 
Wyoming (Love. 1960). Active subsidence of certain 
crustal blocks, such as the Wind River Basin, was thus 
.an integral part o£ the regional mountain-building 
process in central Wyon1ing. 

Two divergent views are widely held regarding 
crustal movem~mt in this region (fig. 37). One inter
pretation, prompted by the obvious asymmetry of most 
basins and mountain ranges, as well as by the apparent 
shortening of the crust, is that deformation resulted 
from lateral compression, with extensive, nearly hori
zontal movements along low-angle reverse faults (fig. 
37). The second popular interpretation is that move
ment between adjacent crustal blocks was largely verti
cal and that lateral displacement along reverse faults 
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FIGURE 35.-Index map showing lines of section A-A', plate 4, and 
section B-B', figure 36. 

SOURCES OF DATA 

1. Seaboard Oil Co. Double Butte 1, sec. 2, T. 34 N., R. 93 W. 
2. Humble Oil & Refining Co. Poison Creek 1, sec. 32, T. 37 N., 

R. 93 W. (projected into plane of section from well location 3.5 
miles to west). 

3. Shell Oil Co. Howard Ranch 23-15, sec. 15, T. 39 N., R. 93 W. 
(projected into plane of section from well location 1.7 miles to 
west) ; McCulloch Oil Corp. Govt. Voth 1, sec. 26, T. 39 N., 
R. 92 W. (projected into plane of section from well location 
4.5 miles to east). 

4. G and G 011 Co. Nieber Dome 1, sec. 19, T. 45 N., R. 92 W. 
5. Pure Oil Co. Worland 1, sec 18, T. 48 N., R. 92 W. (projected 

into plane of section from well location, 1 mile to east). 
6. True 011 Co. Sun Ranch 1. 
7. British-American Oil Producing Co. J. B. Eccles 1. 

is confined to the upper peripheral portions of the blocks 
(fig. 37). Which, if ·either, is correct depends on the 
configuration of the major faults at depth. Data for 
determining this are far too few. 

Down ward movements, however, were as important 
as upward movements in the tectonic evolution of the 
Wind River Basin. A comparison of total vertical 
movement with demonstrable, but nqt necessarily total, 
horizontal movement (pl. 4 and fig. 36) suggests 
strongly that the former was dominant in this region. 
The causes of the observed basin subsidence and moun
tain uplift are still unknown. 

ECONOMIC GEOLOGY 

OIL. AND GAS -

Commercial quantities of petroleum have been pro
duced from many zones within the uppermost Creta
ceous, Paleocene, and lower Eocene rocks in the struc
turally deeper parts of the Wind River Basin (table 7). 
Active oilseeps and oil-saturated sandstone are wide
spread along the hasin margins (Tourtelot, 1953; 
Keefer and Rich, 1957, p. 76; Thompson and White, 
1952). Favoring the gener.ation and accumulation of 
oil and gas in the basin rocks are ( 1) abundant reservoir 
and source rocks, ( 2) abrupt facies changes from shale 
to sandstone in the ma~ginal (updip) areas of the basin, 
(3) unconformities between successive stratigraphic 
units, and ( 4) folding in both the marginal and interior 
regions of the basin. 

Oil and gas from the uppermost Cretaceous and 
lower Tertiary rocks have been found in both structural 
and stratigraphic traps. Along the margins of the 
basin, many anticlines plunge sharply basinward and 
are covered by the nearly flat-lying strata of the Wind 
River Formation. Many of these folds do not have 
mappable structural closure, but oil and gas traps may 
exist within the uppermost Cretaceous and lower Ter
tiary rocks where sandstone beds lens out along the 
flanks of the folds and where there are unconformable 
relations between strata across the structures (Keefer, 
1960). Anti clinical folds are also present in the struc
turally deeper parts of the basin, and these folds have 
locally influenced the accumulation of hydrocarbons. 
Some of these folds are reflected in the isopach maps 
(figs. 9, 12, 14, and 29). 
· Conditions seem especially favorable for the strati
graphic entrapment of oil and gas in the Lance and 
Fort Union Formations and in the basal part of the 
lower Eocene section. These units contain thick se
quences of shale in the central part of the basin which 
grade into sandstone toward the margins where updip 
pinchouts of strata are to be expected. The thick highly 
organic shale and claystone of the Waltman Shale 
Member of the Fort Union Formation, for example, 
may provide the source of much of the oil and gas in the 
lower Tertiary rocks. Inasmuch as the shale and clay
stone yield liquid hydrocarbons in laboratory distilla
tion tests (see stratigraphic discussion of Waltman 
Shale Member, p. A28), it is likely that oil and gas 
should also be released from these rocks under the 
proper natural conditions and migrate into the adjacent 
sandstones. 
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B B' 
10,000' Rattlesnake Hills I ________________ WindRiverBasin ____________ ~asp~Arc~-

16 
SEA LEVEL 

-10,000' 

-20,000' 

0 2 3 4 5 MILES 
Precambrian rocks 

-30,00Q'J-------------------------------------------------------------------------------~ 

FIGUIU!l 3'6.-Restored section (B-B') at end of early Eocene time across southeastern part of Wind River Basin. Line of section shown on 
figure 35. x, present topographic profile; Y, postulated position of topographic profile at end of early Eocene time; Z, top of Precambrian 
rocks .at beginning of deformation. 

LATERAL COMPRESSION VERTICAL UPLIFT 

FIGURE 37.-Alternate interpretations of crustal movement tn central Wyoming. 

TABLE 7.-0il and gfJ8 discovery wells in uppermost Cretaceous, Paleocene, and lower Eocene rocks in the Wind River Basin 
(as of April 1, 1962) 

[MCFG, thousand cubic feet of gas per day; BO, barrels of oil per day; BC, barrels of condensate per day] 

Location 
Locality Total Producin~ Initial 

No. Company Well depth Bottom formation zone dept Formation production 1 
(pl. 1) Section Town- Range (feet) (feet) 

ship 
---

46 Shell OiL __________ Pavillion 14-12.------- sw~sw~ 12 ••. 3N. 2E. 6,505 Fort Union _______ 3, 838-3, 858 Wind River or 1.945 MCFG 
Indian Mead-
ows. 

76 California ___ ------- Cooper Reservoir t_ ___ SE~SW~ 3 ____ 35N. 87W. 4,843 _____ do _____________ 
3,66~3.688 Fort Union _______ 8,000MCFG 

65 Continental on ____ Squaw Butte Unit 1-2_ NEHSE~ l_ ___ 36N. 90W. 8,648 Lance _____________ 7, 268-7,291 _____ do _____________ 2,856 MCFG 
25 ----.do ___ • __________ Squaw Buttes 28-L ___ NW~NWH28- 36N. 90W. 6,960 ____ .do _____________ 6, 338-6, 354 Lance _____________ 2,200 MCFG 
77 California ___ ------- Waltman L---------- NE~SWH3L_ 37N. 86W. 11,899 Mesaverde ________ 5, 68Q-5, 694 ____ .do _____________ 194 BO 

Lanoo •.••. --------1 
9, 101-9.163 ____ .do _____________ 4,220 MCFG 

60 BC 
70 Humble Oil & Frenchie Draw 1_ _____ NE~NE 21~--- 37 N. 89W. 10,112 9, 241-9,295 _____ do ______ ------- 5,055 MCFG 

Reflning. 57 BC 
9, 831-9,891 _____ do _______ ------ 5,074 MCFG, 

60 BC 
51 Shell on et aL _____ Dinty Moore Reser- NE~SW~ 3 ____ 37N. 92W. 10,000 _____ do _____________ 9, 138-9, 144 Fort Union __ ----- 2,591 MCFG, 

voir Govt. 1. 40 BC 
48 Humble On & Polson Creek L _______ NE~NEJ4 32 ___ 37 N. 93W. 9,009 _____ do ____________ • 5, 418-5, 432 ----_do _____________ 2,447 MCFG, 

Reflning. 8BC 
28 California ___ ------- Madden L----------- NE~SW~4 8 ____ 38N. 89W. 12,505 _____ do _____________ { 6, 484-6, 518 ~- ... do •••••..•••.•. 315 MCFG 

7, 288-7, 307 
60 _____ do ______ -------- Lost Cabin Unit SEHSE~ 5.---- 38N. 90W. 8,990 _____ do _____________ { 8, 793-8, 809 Lance _____________ 8,275 MCFG 

Spratt 1. 8, 934-8, 948 
61 ----.do ______ -------- Lost Cabin Govt. L __ SWHNW~410 __ 38N. 90W. 10,505 _____ do _____________ 3,171-3,210 Wind River _______ 256 BO 
53 ---_.do ______________ Lost Cabin Govt.- NW~NEH 5 ___ 38 N. 91 w. 4,400 Wind River _______ 4, 155-4, 178 

_____ do _____________ 38 BO 
Langsdorf 1. Lot2 

17 Puro on ____________ Badwater L __________ NE~NWH35 __ 39 N. 89W. 17,034 Lance _____________ 15, 216-16,472 Lance _____ -------- 5,500 MCFG 
56 Gulf OiL __________ Dolls Hill Unit SW~NE~ 23.._ 39N. 91 W. 7,328 Fort Union _______ 6, 78Q-6, 827 Fort Union _______ 21,000 MCFG 

54 Sunray Midconti-
Lysite-Feder all. 

1,000 MCFG Lysite-Federall-A •. NW~SE~ 32 ___ 39N. 91 w. 4, 749 Wind River or { 4, 17o-4, 180 } Wind River or 
nent. Indian Mead- 4, 659-4, 688 Indian Mead-

ows. ows. 
15 Shell on ____________ Howard Ranch 23-15 •• NE~SW~ 15.__ 39N. 93W. 11,474 Lance •. _---------- 8, 318-8, 952 Fort Union _______ 2,163 MCFG 

I 

1 Initial production data from Conservation Division, U.S. Geological Survey, Casper, Wyo., and from Petroleum Information, Inc., Denver, Colo. 

7<00--79'7 Q-65..--5 
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To date, drilling to test this potential source of petro
leum in some of the more favorable areas has met with 
varying degrees of success. Although oil and gas have 
been reported in nearly all wells penetrating the Fort 
Union Formation, not all the shows have been com
mercial. The following factors may be partly respon
sible for failure of some wells to produce: 

1. . Organic content of the Waltman Shale Member is 
in the form of minute particles of lignite and coal, 
and hence may not convert readily to liquid hydro
carbon in sufficient quantities for commercial pro
duction in some areas. 

2. The enclosing strata, though predominantly sand
stone, may not be sufficiently porous or permeable 
to serve as adequate reservoirs. 

3. The proper ·combination of physical stratigraphic 
and structural features to ensure trapping may be 
rare. 

4. Times of folding and of development of some struc
tural traps may not have coincided with major 
times of oil migration. 

Understanding the time and space relations of fold
ing is essential to evaluating the oil and gas potential 
of any deformed region. Such understanding has been 
effectively applied by Murphy and others (1956) to two 
parallel series of anticlines in the northwestern part of 
the Wind River Basin. Circle Ridge, Maverick Spring, 
and Little Dome anticlines constitute one series and 
Dry Creek, Northwest Sheldon, and Sheldon Dome 
anticlines constitute the other (fig. 38). All six folds 
have well-defined structural closure and are eroded to 
rocks older than the Meeteetse Formation. These 
two anticlinal complexes have nearly identical patterns 
of oil and gas production: (1) Circle Ridge and Dry 
Creek (also called Rolff Lake) anticlines, at the north
west ends, are the most prolific producers; (2) Maver
ick Spring and Northwest Sheldon anticlines, in the 
middle, are only moderate producers; and ( 3) Little 
Dome and Sheldon Dome anticlines, at the southeast 
ends, are minor producers. To explain this pattern, 
Murphy and others ( 1956) suggeste9. that only a single 
large northwest-trending anticline was formed along 
each alinement during the initial stage of folding in 
Paleocene time (fig. 38a), and at that time much of the 
available oil migrated into the highest structural posi
tions, now occupied by Circle Ridge and Dry Creek 
anticlines. Renewed folding with a northeast trend at 
the end of early Eocene time divided each of the large 
ancestral folds into three small anticlines (fig. 38b), 
separated by structural sags, but at this time there was 
not much oil left to migrate into the Maverick Spring 
and Northwest Sheldon anticlines and still less into the 

Little Dome and Sheldon Dome anticlines. The struc
tural history is well recorded in the Paleocene and lower 
Eocene rocks along the flanks of the folds. 

Paape ( 1961, p. 193) pointed out that some anticlines 
along the south margin of the Wind River Basin have 
structural closure in strata of the Wind River Forma
tion at the surface but no closure in the older rocks at 
depth. He suggested that this resulted from the follow
ing sequence of events: ( 1) pre-Wind River folding, 
with northward tilting of pre-Wind River rocks, (2) 
deposition of the Wind River Formation and slight 
north ward tilting of these strata, and ( 3) post-Wind 
River tilting toward the south, enough to produce south
ward dips in the Wind River strata in some places but 
not enough to reverse the steeper north dips in the older 
rocks at depth. 

COAL 

Coal and lignite beds are present in all the formations 
described in this report except the Lewis Shale. The 

· thickest and most extensive beds are in the Meeteetse 
Formation. In the Shotgun Butte area (loc. 39, pl. 1), 
:for example, a single seam near the top of the Meeteetse 
is 161f2 feet thick, and nearby there are several beds 3-5 
:feet thick. In general, however, most coals in the 
uppermost Cretaceous and lower Tertiary rocks are thin 
and discontinuous and have little economic value. 
Although a few of the thicker seams, such as those in 
the Meeteetse Formation in the Shotgun Butte area, 
have been exploited in the past, no mines are currently 
active in the Wind River Basin. 

The coal and lignite beds have never been systemati
cally studied. Descriptions of coal in various parts of 
the basin are included in papers by Woodruff and 
Winchester (1912), Thompson and White (1952), 
Keefer (1957, p. 216-217), Rich (1962), and l{eefer and 
Troyer ( 1964). 

URANIUM 

Large deposits of uranium occur in lower Eocene 
rocks in the Gas Hills area. Extensive exploitation, 
largely by open-pit mining began in 1955; most o:f the 
mines are in T. 39 N., Rs. 89 and 90 W. The geologic 
setting of the deposits has been described by Love 
(1954b), Zeller and others (1956), Grutt (1956, p. 362-
366), and Zeller ( 1957) . 

The uranium deposits in the Gas Hills area are in the 
upper coarse-grained facies of the Wind River Forma
tion (see stratigraphic discussion of Wind River For
mation in Gas Hills area, p. A51). The uranium
bearing minerals generally occur as interstitial fillings 
in irregular blanketlike bodies of sandstone. Uraninite 
and coffinite are the chief ore minerals in the unoxidized 
zones, and uranium phosphates, silicates, and hydrous 
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FIGURE 38.-Evolution of folds in northwestern part of Wind River Basin, based on Murphy and others (1956). 

oxides in the oxidized zones (Zeller, 1957, p. 157). The 
contact between the oxidized and unoxidized zones is 
near the water table, and the main ore is just below the 
water table. Zeller concluded that at least some of the 
uranium deposits are very young (late Tertiary or 
Pleistocene) and are related to the movement of ground 
water, that the uranium was introduced by alkaline 
ground water rich in carbonate, and that the uranium 
was precipitated where these waters came in contact 
with reducing environments in stratigraphic and struc
tural traps, such as were apparently present in the 
coarse sandstone of the Wind River Formation. Studies 
by Rosholt ( 1958, fig. 5) indicate that some of the ore 
was deposited 12,000-20,000 years ago. The original 
source of the uranium is not known. Love ( 1961, p.- 33) 
suggested that some of it may have been leached from 
the Moonstone Fonnation of Pliocene age before the 
strata of that formation were removed by erosion from 
the Gas Hills area. Zeller (1957, p. 158) listed as pos
sible sources the White River Formation of Oligocene 
age and the Precambrian granitic debris so abundant in 
the Wind River Formation. 

Rich ( 1962) observed that many of the lower Eocene 
strata are radioactive in the southeastern part of the 
Wind River Basin, but that they contain actual ura
nium minerals only locally. 

OTHER COMMODITIES 

Deposits of sand and gravel, reworked in part from 
underlying strata of the Wind River Formation by 
stream and wind erosion, occur locally and have been 
used in the surfacing of roads and in the construction 
of canals, small dams. and other features. Bentonite 

and other clays occur in the Wind River Formation, as 
well as in the Meeteetse Formation, but their economic 
potential has not been studied. A deposit of titanifer
ous sandstone in the lower marine tongue of the Lewis 
Shale in outcrops along the southeast edge of the Wind 
River Basin (loc. 80, pl. 1) has been d.escribed by Hous
ton and Murphy ( 1963, p. 101). Sandstone samples 
from the weathered zone have an average content of 
5.2 percent titanium oxide (Ti02 ) and 21.7 percent 
ferrous oxide (Fe20 3 ). A sample from the unweathered 
zone contains 7.9 percent Ti02 and 63.7 percent Fez9a· 

STRATIGRAPHIC SECTIONS 

L Section of Lance and Meeteetse Formations at OastZe Gwr
dens, sees. 5, 9, 10, and 16, T. 94 N., R. 90 W. (Zoe. 9, p'ts. 1, 2) 

[Modified from section measured by K. A. Yenne, J. L. Weitz, and John 
Belshe. Units 44 through 53 are locally referred to as Castle 
Gardens sandstone] 

Fort Union Formation: Feet 
Siltstone, gray, shaly to blocky; spore and pollen 

(colin. 9B, tables 2, 3) -------------------------- 11.0 
Conformable contact. 
Lance Formation: 

59. Sandstone, light-gray (weathers red brown), fine-
grained, soft; ferruginous in part____________ 7 

58. Siltstone and shale, graY---------------------- 13 
57. Sandstone, gray (weathers red brown), fine-

grained ------------------------------------ 16 
56. Shale, gray ; some interbedded buff to red sand-

stone -----------------·---------------------
55, Sandstone, gray (weathers red brown), fine-

grained ------------------------------------
54, Shale, light- to dark-gray ; grades into sandstone_ 
53. Sandstone, ligh.t-gray to white, m~dium-grained, 

massive to crossbedded ; black and pink grains 
common ; small pellets of claystone and silt
stone; forms cliff in places------------------

19 

16 
12 

78 
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1. Section of Lance and .Meeteetse Formations at Castle Gar- ,1. Section of Lance and Meeteetse Formations at Castle Gar-
dens, sees. 5, 9, 10, and 16. T. 34 N., R. 90 W. (loc. 9, pls. 1, dens, sees. 5, 9, 10, and 16, T. 34 N., R. 90 W. (Zoe. 9, pls. 1, 
2) -Continued 2) -Continued 

Lance Formation-continued Feet 
52. Sandstone, light-gray to white, medium- to 

coarse-grained, crossbedded ; some lenses of 
claystone pellets ; a few thin brown carbona-
ceous shale beds ; fossil plants and spore and 
pollen assemblage of Late Cretaceous age 
(conn. 9A, tables 2, 3) ; forms cliff in places___ 282 

51. Sandstone, light-gray to white (weathers buff in 
part), medium-grained, crossbedded; lenses of 
claystone pellets; forms cliff in places________ 48 

50. Sandstone, gray (weathers red brown), very fine 
grained, ferruginous; forms ledge____________ 3 

49. Shale, dark-gray, green, and brown; car"Qonaceous 
in part with thin coal partings______________ 15 

48. Sandstone, light-gray, fine- to medium-grained; 
lenses of claystone pellets ; forms cliff in places 27 

47. Shale, dark-gray and brown; carbonaceous in 

part --------------------------------------- 14 
46. Sandstone, light-gray to white, medium-grained ; 

ferruginous in part ; some interbedded brown 
carbonaceous shale--------------------------. 40 

45. Sandstone, ligh~gray to white, fine- to coarse
grained, crossbedded ; many zones of siltstone 
pellets and fragments as much as 1ft in length 81 

44. Sandstone, .light-gray to white, fine-grained; 
crossbedded in part ; ferruginous in part ; some 
ferruginous sandstone concretions as much as 
6 ft across__________________________________ 47 

Total Lance Formation _______________ _ 

Conformable contact. 
Meeteetse Formation: 

43. Coal and shale, dark-gray to black, carbona-

ceous --------------------------------------
42. Partly covered ; underlain. mostly by gray and 

buff sandstone and shale ___________________ _ 
41. Coal, lignitic _________________________________ _ 

40. Partly covered ; underlain mostly by sandstone 
and shale-------------------~---------------

39. Shale, dark-gray, carbonaceous, coaly _________ _ 
38. Sandstone, gray, fine-grained _________________ _ 
37. Sandstone, gray, very fine grained, calcareous, 

crossbedded; forms ledge ___________________ _ 

36. Shale, gray to green, silty ; 6-in. coal bed at top; 
a few carbonaceous layers throughout _______ _ 

35. Sandstone, light-gray, fine-grained _____________ _ 
34. Shale, gray to green, silty ; minor amount of 

sandstone ----------------------------------
33. Sandstone, buff to brown, fine-grained, calcareous, 

cross bedded, lenticular----------------------
32. Shale and siltstone, gray-green ; some thin fer

ruginous sandstone beds-----~---------------
31. Shale,. dark-gray, carbonaceous, coaly-----------
30. Shale and siltstone, gray to olive-green; a few 

thin sandstone and carbonaceous shale beds __ _ 
29. Covered; probably sandstone __________________ _ 

28. Partly covered ; sandstone, buff, coarse-grained, 
calcareous, crossbedded; large mica grains ___ _ 

27. Covered; probably sandstone __________________ _ 

718 

4 

10 
2 

55 
1 

10 

2 

9 
30 

9 

2 

6 
5 

26· 
50 

39 
82 

Meeteetse Formation-Continued Feet 
26. Siltstone, gray-green ; contains some thin ferrugi-

nous sandstone lenses; 1 ft of brown carbona-
ceous shale in middle ____________________ .____ 10 

25. Shale, dark-gray ; some carbonaceous layers____ 7 
24. Shale, gray-green---------~------------------- 12 
23. Sandstone, buff to brown, fine-grained, calcare-

ous, crossbedded; forms ledge________________ 1 
22. Shale, gray to green; weathers buff; 6-in. coal 

bed near middle----------------------------- 10 
21. Coal, lignitic__________________________________ 5 
20. Sandstone, light-gray, fine-grained_____________ 20 
19. Coal, lignitic __ :.._______________________________ 1 
18. Shale, chocolate-brown, carbonaceous___________ 1 
17. Sandstone, gray to buff, fine-grained; some gray-

green shale--------------------------------- 16 
16. Covered ; underlain mostly by dull gray and buff 

fine-grained sandstone ; 6-in. bed of lignitic coal 
near tOP------------------------------------ 82 

15. Sandstone, gray (weathers brown), fine-grained, 
calcareous, crossbedded---------------------- 1 

14. Sandstone, gray to buff, fine-grained, shaly ------ 5 
13. Coal, lignitiC-------:---------------------------- 1 
12. Shale, chocolate-brown, carbonaceous___________ 1 
11. Shale, gray-green_____________________________ 10 
10. Covered ; probably underlain mostly by gray 

sandstone ---------------------------------- 224 
9. Sandstone, gray, fine-grained; 2-ft lignitic coal 

bed 3 ft from toP---------------------------- 21 
8. Shale, chocolate-brown, carbonaceous, sandy; 

contains some gypsum--------------~-------- 18 
7. Shale, black to chocolate-brown, carbonaceous; 

6-in. lignitic coal bed near middle____________ 13 
6. Sandstone, white to light-gray, medium-grained, 

crossbedded, soft ; thin carbonaceous layers ; 
forms valley-------------------------------- 28 

5. Coal, lignitic __________________ _:_______________ · 2 

4. Shale, chocolate-brown, carbonaceous, silty ; con-
tains plant fragments_______________________ 1 

3. Shale, dark-gray, poorly fissile-~--------------- 10 
2. Sandstone, red-brown, fine-grained, ferruginous, 

gypsiferous -------------------------------- 6 
1. Shale, dark-gray, poorly fissile ________________ :- 12 

Total Meeteetse Formation______________ 860 
Conformable contact. 
Mesaverde Formation: 

Sandstone, white to light-gray, fine- to coarse-grained, 
soft, carbonaceous ; shale pellets and ferruginous 
balls 6 in. across; forms cliff____________________ 39 

2. Section of Lance Formation 1 mile east of Conant Creek, sees. 
32 and 33, T. 34 N., R. 93 W. (Zoe. 8, pls.1, 2) 

[Modified from section measured by G. N. Piplrlngos and K. A. Yenne] 

Fort Union Formation: Feet 
Poorly exposed ; composed of white very coarse 

grained conglomeratic sandstone and gray to buff 
siltstone and shale ; conglomerate contains pebbles 
of chert and quartz as much as %-in. long________ 10+ 
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2. Section of Lance Formation 11nile east of Conant Creek, sees. 
8~ and 88, T. 84 N., R. 93 W. (Zoe. 8, pZs. 1, 2)-Continued 

Angular unconformity. 
Lance l!"'ormation : Feet 

27. Sandstone, brown, very fine grained, ferruginous, 
oolitic ; sporadic pebbles of black and green 
chert ; fresh water mollusks and plant remains 
of Late Cretaceous age (colin. 8B, table 2) ____ 1 

2(i. Sandstone, gray (weathers buff to yellow), very 
fine to medium-grained; a few thin shale 
partings------------------------------------ 15 

25. Shale, gray-green, fairly fissile_________________ 2 
24. Sandstone, reddish-brown, very fine grained, fer

ruginous, oolitic; sporadic pebbles of black and 
green chert; fresh water gastropods; forms 

ledge -------------------------------------- 1 
23. Sandstone, gray to brown, medium-grained, soft, 

porous ------------------------------~------ 6 
22. Sandstone, reddish-brown, very fine grained, fer-

ruginous, oolitic; sporadic pebbles of black and 
green chert; sporadic fresh-water mollusks and 
plant remains, including Dryophyllnm S'Ubfal
ccttmn Lesquereux of Late Cretaceous age; 
forms ledge -------------------------------- 1 

21. Sandstone, gray, very fine to ·coarse-grained, 
porous, friable; scattered small pebbles of 

chert -----------------------~-------------- 2 
20. Sandstone, reddish-brown and gray, very fine 

grained; upper 1 ft conglomeratic with smooth 
rounded black and green chert pebbles________ 4 

Possible unconformity. 
19. Shal~ carbonaceous--------------------------- 5 
18. Sandstone, gray, very fine grained ; forms ledge__ 2 
17. Shale, gray to brown, carbonaceous ; a few thin 

beds of sandstone___________________________ 11 
16. Sandstone, gray and brown (weathers silver 

gray), medium-grained, limonitic; minor 
amount of carbonaceous shale________________ 5 

15. Shale, gray, blocky; plant fragments____________ 2 
14. !Jignite. brown and black______________________ 1 
13. Sandstone, gray, medium- to coarse-grained, mas-

sive, porous---------------------------~-~--- 10 
12. Sandstone and shale interbedded ; sandstone is 

gray, very fine grained; shale is gray to brown, 
carbonaceous ; a few thin coal beds----------- 31 

11. Sandstone, buff, very fine grained, shaly, 6-in. bed 
of ironstone at top__________________________ 3 

10. Shale, brown, carbonaceous ; spore and pollen of 
Late Cretaceous age (conn. 8A, tables 2, 3) ___ 10 

9. Sandstone, buff, very fine grained ; 6-in. bed of 
ironstone at tOP----------------------------- 4 

8. Coal, black; impure in lower half______________ 2 
7. Sandstone, gray and buff, very fine grained, 

shaly -------------------------------------- 10 
6. Shale, brown, carbonaceous ; in part lignitic_____ 5 
5. Sandstone and shale interbedded : sandstone is 

gray and tan, very fine grained, shaly in part ; 
shale is gray, gray-green, and brown, and car
bonaceous in part--------------------------- 30 

4. Shale, gray and brown, carbonaceous ; a few thin 
sandstone beds------------------------------ 12 

765-797 0 - 65 - 6 

2. Section of Lance Formation 1mile east of Conant Creek, sees. 
32 ana 33, T. 34 N., R. 93 W. (Zoe. 8, 1Jls. 1, B)-Continued 

Lance Formation-Continued Feet 
3. Sandstone, gray and brown, coarse-grained ; abun-

dant thin 'Carbonaceous shale partings ; forms 
slabby cliff__________________________________ 9 

2. Shale, brown, carbonaceous; some interbedded 

sandstone ---------------------------------- 3 
l. Sandstone, gray (weathers white), medium- to 

coarse-grained, massive, porous; contains silt
stone partings as much as 6 in. thick ; forms 
conspicuous laminated outcrop_______________ 39 

Total Lance Formation __________________ 226 
Unconformity. 
Mesa verde Formation: 

Sandstone, buff to brown, fine- to medium-grained, 
calcareous; forms broad dip slopes_______________ 2 

3. Generalized section of the lower part of the Fort Union 
Fo1·mation, California Co. Madden 1, sec. 8, T. 38 N., R. 89 
W. (Zoe. 28, pls. 1, 2) 

[Sample study by W. R. Keefer] 

Fort Union Formation : 
'Valtman Shale Member: 

Shale, black, silty, micaceous ___________ _ 
Lower part: 

19. Sandstone, gray, fine-grained ; some 
dark-gray to black shale __________ _ 

18. Shale and sandstone interbedded : 
shale is gray to black, slightly mica
ceous ; sandstone is light gray, fine 
grained ; minor amount of black 
carbonaceous shale _______________ _ 

Depth 
(feet) 

3,440-6,020 

6,020-6,070 

6,070-6,260 
17. Sandstone, white, fine- to medium

grained-------------------------~ 6,260-6,280 
16. Shale and siltstone, gray to black; 

some fine-grained sandstone ________ 6, 280-6, 340 
15. Sandstone, gray, fine-grained; some 

coarse grains of quartz ____________ 6,340-6,360 
14. Shale, siltstone, and claystone, dark-

gray to black ; minor amount of 
black carbonaceous shale and gray 
sandstone------------------------ 6,360-6,470 

13. Sandstone, white, fine- to coarse
grained; abundant rounded to sub-
angular coarse quartz grains _______ 6, 470-6, 520 

12. Shale and siltstone, gray to black ; 
minor amounts of black earbona-
ceous shale and gray to gray-green 
sandstone------------------------ 6,520-6,740 

11. Sandstone, gray, fine-grained _________ 6, 740-6, 760 
10. Shale, gray to black, ·silty------------ 6, 760-6, 790 

9. Sandstone, gray to ,gray-green, fine-
grained ; some interbedded black 
shale---------------------------- 6,790-6,860 

8. Shale and siltstone, dark-gray to black, 
clayey in part; abundant carbona-
ceous material near base __________ 6, 860-7, 080 

7. Sandstone, gray to dark-gray, fine-
grained ; minor amout of black shale 
and siltstone ______________________ 7, 080-7, 600 
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3. Generalized section of the lower part of the Fort Union 
Formation, Oalijor·nia Co. :JJfadden 1, sec. 8, T. 38 N., R. 89 
W. (loc. :28, pls.l, :2)-Continued 

Fort Union Formation-Continued 
Lower part-Continued 

6. Sandstone, shale, and siltstone inter
bedded, gray to black ; some carbo-
naceous shale ; core sample in inter-
val 8,110-8,130 ft contains spore and 
pollen assemblage (con. 28A, tables 

Depth 
(feet) 

2, 3)----------------------------- 7,600-8,200 
5. Sandstone, fine- to coarse-grained ; 

abundant coarse grains of quartz 
and chert ; minor amount of dark-
gray to black shale and siltstone __ 8, 200-8, 380 

4. Shale, black, clayey ; minor amount of 
siltstone and carbonaceous shale ___ 8, 380-8, 440 

3. Sandstone, white, fine-grained ________ 8, 440-8, 490 
2. Shale, black, clayey----------------- S, 490-8, 550 
1. Sandstone, white, very fine-grained to 

coarse-grained ; coarse angular 
grains of quartz, white mica, and 
chert ; minor amount of black shale 
and siltstone ______________________ 8,550-8,720 

Lance Formation : 

Total lower part of Fort Union 
Formation -----------------

Shale and siltstone, dark-gray ; minor amount 
of dark-gray fine-grained sandstone. . 

2,700 

4. Section of J?ort Union Formation near Ethete, sec. :2:2, T: 1 N., 
R.1 E. (loc. ~. pls. 1, 2) 

[Measured by K. A. Yenne and W. R. Keefer] 

Wind River Formation : 
Sandstone, yellow-brown conglomeratic, arkosic; 

fragments of siliceous shale and granite as much 

Feet 

as 6 in. long____________________________________ 10+ 
Angular unconformity. 
Fort Union Formation: 

12. Claystone, brown, carbonaceous________________ .1 
11. Claystone, light-gray, gray-green, and buff ; a few 

thin lenses of ferruginous sandstone and iron-

stone -------------------------------------- 82 
10. Sandstone, light-brown, fine-grained, carbona-

ceous--------------------------------------- 2 
9. Sandstone, white to light-gray, fine-grained____ 8 
8. Shale, gray-green_____________________________ 3 
7. Siltstone, light-gray to white, sandy, hard; forms 

ledge -------------------------------------- 26 
6. Claystone, light-gray to white, sandy, hard______ 5 
5. Claystone, light-gray ; a few thin lenses of iron-

stone ------------~---------------.--------- 6 
4. Sandstone, red-brown, fine-grained, ferruginous__ 1 
3. Covered; probably underlain mostly by sand-

stone -------------------------------------- 33 
2. Shale, gray-green ; thin lenses of ferruginous 

sandstone and ironstone; fossil plants______ 33 
1. Sandstone, light-gray (weathers light brown), 

medium- to coarse-grained; crossbedded in 
part; nearby, unit contains rounded pebbles and 
cobbles of granite, sandstone, quartz, and chert 
as much as 6 in. long; forms cliff_____________ 9 

Total Fort Union Formation _____________ 209 

4. Section of Fort Union Format·ion near Ethete, sec. 22, T. 1, N., 
R. 1 E. (loo. ~. pls. 1,. 2)-Continued 

Angular unconformity. 
Cody Shale (Upper Cretaceous) : Feet 

Siltstone and s·andstone, gray-green and brown, 

thin-bedded ---------------------------------- 50+ 

5. Section of Fort Union Formation at north end of Alkali 
Butte anticline, sees. 20, 28, and 29, T. 1 S., R. 6 E. (Zoe. 7, 
pls.1, 2) 

[Modified from section measured by K. A. Yenne and G. N. Plplrlngos] 

Wind River Formation : 
Sandstone and siltstone, gray, tan, and red; con-

glomeratic in part_ __________________________ _ 

· Angular unconformity. Discordance is slight at this 
locality, but along the strike, Wind River strata bevel 
successively older beds and rest on the lower part 
of the Fort Union Formation. 

Fort Union Formation: 
49. Sandstone, shale, siltstone, and conglomerate 

interbedded; gray, tan, yellowish-tan, and 
brown ; sandstone is coarse grained and 
arkosic in part; conglomerate contains peb
bles and cobbles of granite and chert ; in-
dividual units not described ______________ _ 

48. Conglomerate, tan to yellowish-tan, arkosic ; 
rounded pebbles of pink to gray granite, 
dark-red to brown chert and quartzite, and 
fossil wood as much as 2 in. long ___________ _ 

Apparent conformity. This horizon may mark contact 
between Shotgun Member and lower part of Fort 
Union Formation as these units are defined else
where. Along the :flanks of this anticline arkosic beds 
in upper part of Fort Union Formation bevel across 
lower part of formation and rest on Cretaceous strata 
(Keefer, 1960, p. B235) . 

47. Shale, gray and brown, carbonaceous in part; 
a few lenses of ferruginous sandstone ; plant 
fragments in lower 2 ft_ __________________ _ 

46. Sandstone, light-gray, fine- to medium-grained, 
highly crossbedded, conglomeratic; pebbles 
of gray quartz and chert ; carbonaceous 
shale partings throughout_ _______________ _ 

45. Shale and claystone, gray and brown, carbo
naceous in part; fossil leaves common 

( colln. 7C. table 2) ------------------------
44. Conglome~ate, light-gray, buff, yellow, and 

brown ; pebbles of gray chert, quartz and 

fossil wood-------------------------------
43. Shale, graY---------------------------------
42. Sandstone, buff and yellow, medium-grained __ _ 
41. Conglomerate, ·light-gray, buff and yellow; 

pebbles of gray chert and quartz ; lenses 
of sandstone _____________________________ _ 

40. Shale, gray, slightly sandy-------------------
39. Partly covered, underlain mostly by gray sand-

stone ------------------------------------
38. Sandstone, light-gray to buff, coarse-grained; 

conglomeratic in part_ ____________________ _ 

37. Conglomerate, light-gray, buff, and yellow; 
pebbles of gray chert and quartz ; lenses of 
brown shale and sandstone _______________ _ 

Feet 

50+ 

450 

4 

21 

6 

8 

23 
3 
3 

11 
6 

10 

17 

23 

t' 
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5. Section of Fort Union Formation at north end of Alkali 
butte anticline, sees. ~0, ~8, and ~9, T. 1 S., R. 6 E. (Zoe. 7, 
pZs. 1, !)-Continued 

Fort Union Formation-Continued 
36. Sandstone, light-gray, coarse-grained, con-

glomeratic -------------------------------
35. Sandstone, gray and brown, fine-grained ; shale 

partings ; crystals of gypsum and stringers 
of a yellow earthy mineral (jarosite?) 
common ; plant fragments ________________ _ 

34. Sandstone, gray, very coarse grained, con
glomeratic, calcareous ; pebbles of gray 
quartz OJ?.d black chert; lower 1 ft is quartz-
itic and weathers red brown ______________ _ 

33. Partly covered ; underlain mostly by light-gray 
tlne- to medium-grained oil-stained ( ?) sand-
stone ; scatte·red gray shale _______________ _ 

32. Sandstone, gray, buff, and yellow, medium-
grained, soft ; gray shale in upper half __ _ 

31. Sandstone, buff-yellow, coarse-grained, con-
glomeratic; forms steep slope _____________ _ 

30. Sandstone and shale interbedded ; shale is 
brown and micaceous ; sandstone is buff and 
yellow, coarse grained; plant fragments ____ _ 

29. Sandstone, light-gray, buff, and yellow, 
coarse-grained ; a few irregular beds con
taining chert pebbles ; thin lenses of gray 

shale ------------------------------------
28. Sandstone and shale interbedded; sandstone 

is light gray, weathers rust red, medium
to coarse-grained, soft, porous ; shale is gray 
to brown, carbonaceous; plant fraginents 

common ---------------------------------
27. Sandstone, buff and yellow, conglomeratic; 

pebbles of black and gray chert as much as 
lh in. long ; highly crossbedded in part ; upper 
8 ft contains bands of ferruginous sand
stone and a few lenses of gray shale and 
gypsum; forms cliff ______________________ _ 

26. Shale, gray, buff, and brown, gypsiferous 
in part; carbonaceous in upper half ______ _ 

25. Sandstone, white to gray, tlne- to medium-
grained, soft to hard ______________________ _ 

24. Shale, gray to black, fissile; light-gray medium-
grained porous sandstone _________________ _ 

23. Sandstone, light-gray, very coarse grained, 

conglomeratic ----------------------------
22. Shale, black (weathers gray), soft; carbona

ceous at top; contains many layers of selenite 
crystals and beds of yellow-weathering sand-

stone ------------------------------------
21. Quartzite, gray, massive; bed is highly frac-

tured and crops out as a row of blocks rather 
than a ledge _____________________________ _ 

20. Shale and claystone interbedded, gray, green, 
yellow, and white-------------------------

19. Sandstone, light-gray (weathers yellow brown), 
medium- to coarse-grained, calcareous, bard, 

massive ----------------------------------
18. Claystone and siltstone interbedded, green-

gray and tan; weathers gray white and yel-
low tan-----------------------------------

Feet 

7 

16 

3 

53 

12 

10 

6 

5 

5 

39 

14 

16 

6 

10 

15 

2 

19 

3 

23 

5. Section of Fort Uniim Formation at north end of Alkali 
butte anticline, sees. 20, ~8, and !9, T. 1 S., R. 6 E. (Zoe. 7, 
pls. 1, !)-Continued 

Fort Union Formation-Continued 
17. Sandstone and shale, light-gray, green, and 

black; sandstone is medium to coarse 

grained ---------------------------------
16. Shale, green, yellow and gray----------------
15. Siltstone, green and black, sbaly -------------
14. Sandstone, gray-green, fine-grained, calcare-

ous, very clayey, hard ; surface bears 
worm(?) trails and markings ____________ _ 

13. Shale, brown to black ; carbonaceous in part ; 
obscure plant remains---------------------

12. Shale and claystone interbedded, green and 
black (weathers gray), noncalcareous; 1-ft 
ironstone bed near middle ; forms slope ____ _ 

11. Sandstone, gray (weathers brown), tlne- to 
medium-grained; ferruginous at base ______ _ 

10. Shale, green and black ______________________ _ 

9. Siltstone, light-gray; plant fragments _______ _ 

8. Shale, gray-green to black, silty in part; thin 
ironstone beds---------------~------------

Feet 

4 
12 
15 

2 

6 

20 

1 
3 
2 

14 
7. Ironstone, purple to rusty-brown; fossil plants_ 1 
6. Claystone, gray; weathers light gray--------- 7 
5. Sandstone, sbaly sandstone, and sandy shale 

interbedded ; sandstone is gray to white, tlne 
grained, soft; shale is gray, light gray, and 
yellow green------------------------------ 40 

4. Conglomerate; well-rounded pebbles of white, 
black, gray, and green quartzite and chert__ 34 

3. Quartzite, gray ; wea tbers gray brown ; a few 
coarse quartz sand grains; forms ledge_____ 1 

2. Sandstone, siltstone, shale, and conglomerate 
interbedded, gray to black; sandstone is tlne 
to coarse grained, crossbedded in part ; con
glomerate contains pebbles of white chert 
and siltstone as much as * in. long; abun
dant fossil leaves and plants ( colln. 7B, 

table 2) ---------------------------------- 24 
1. Sandstone, light-gray (weathers rusty brown), 

medium- to coarse-grained; basal 1ft is con
glomeratic with subangular pebbles of white 
and black chert and fragments reworked 
from underlying strata ; forms cliff_________ 7 

Total Fort Union Formation __________ 1, 042 
Apparent conformity. 
Lance Formation : 

Sandstone, gray to light-gray, fine-grained; shaly 
in part ; fossil plants, spores, and pollen of Late 
Cretaceous age (conn. 7 A, tables 2, 3) ---------- 10+ 

6. Section of Fort Union Formation near Castle Gardens, sees. 
32 and 33, T. 35 N., R. 90 W., and sec. 5, T. 34 N., R. 90 W. 
(Zoe. 9, pls. 1, ~) 

[Adapted from section measured by K. A. Yenne and John Belshe] 

Wind River Formation : 
Sandstone, white to light-gray (weathers brown), 

very coarse grained ; conglomeratic with pebbles 
and cobbles of chert, siliceous shale, and granite 
as much as 18 in. long________________________ 25+ 
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6. Section of Fort Union Formation near Castle Gardens, sees. 
32 and 33, T. 35 N., R. 90 lV., and sec. 5, T. 34 N., R. 90 W. · 
(loc. 9, pls.1, 2)-Continued 

Angular unconformity. 
Fort Union Formation: 

31. Sandstone, gray and reddish-brown, fine- to 
coarse-grained ; conglomeratic in part_ ____ _ 

30. Shale, gray to gray-green and brown ; carbona-
ceous in part ; thin beds of sandstone ______ _ 

29. Sandstone, light-gray to white, coarse-grained 
to very coarse grained ; conglomeratic in part 
with pebbles as much as 2 in. long _________ _ 

28. Shale, gray and bro\vn ; carbonaceous in part ; 
minor amount of gray and reddish-brown 

sandstone --------------------------------
27. Sandstone, gray, fine-grained _______________ _ 
26. Sandstone, light-gray, fine-grained to very 

coarse grained; conglomeratic in part with 
pebbles of chert and siliceous shale as much 
as % in. long; green glauconite ( ?) grains __ _ 

25. Sandstone, light-gray, coarse-grained; upper 
part shaly with thin beds of . dark-gray and 

Feet 

9 

34 

58 

59 
15 

27 

brown carbonaceous shale_________________ 25 
24. Shale and sandstone interbedded, gray and 

buff ------------------------------------- 20 
23. Poorly exposed outcrops of light-gray coarse-

grained sandstone and yellowish-tan con
glomerate with pebbles of chert, siliceous 
shale, and quartz as much as 3 in. long______ 154 

22. Siltstone, gray and brown ; carbonaceous in 
part; contains plant fragments_____________ 14 

21. Sandstone, white to light-gray ; a few lenses of 
reddish-brown ferruginous conglomeratic 
sandstone ; 6 ft of gray and brown carbona-
ceous shale in middle_____________________ 43 

20. Shale and sandstone interbedded ; shale is dark 
gray, in part carbonaceous and coaly; sand
stone is light gray, fine to very coarse 

grained ---------------------------------- 47 
19. Shale, dark-gray and brown, carbonaceous ; 

abundant plant fragments of Paleocene age__ 9 
18. Sandstone, gray (weathers yellowish tan), fine-

grained ---------------------------------- 6 
17. Shale, brown and black, carbonaceous, coaly__ 4 
16. Sandstone, gray and buff; weathers into alter

nating yellowish-tan and reddish-brown beds; 
fine-grained, in part . very coarse grained, 
conglomeratic, ar,kosic_____________________ 42 

15. Sandstone, gray (weathers yellowish tan), 
coarse-grained, conglomeratic; contains peb
bles of granite, siliceous shale, and chert as 
much as 2 in. long_________________________ 12 

14. Shale, brown, carbonaceous; coaly partings___ 15 
13. Sandstone, white, light-gray, and buff, fine-

to coarse-grained ; conglomeratic in part, 
crossbedded in part ; irregular lenses of 
brown carbonaceous shale; glauconite ( ?) 

grains ----------------------------------- 100 
12. Covered ; probably underlain by sandstone____ 8 
11. Sandstone, light-gray, fine-grained; lenses of 

ferruginous conglomeratic sandstone_______ 11 

6. Section of Fort Union Formation near Castle Gardens, sees. 
32 and 33, T. 35 N., R. 90 W., and sec. 5, T. 34 N., R. 90 W. 
(loc. 9, pls.1, 2)-Continued 

Fort Union Formation-Continued 
10. Sandstone, light-gray (weathers white and 

brown), coarse-grained; arkosic with abun
dant white and pink feldspar grains; a few 
thin carbonaceous shale beds with plant re-
mains of Paleocene age __________________ _ 

9. Covered; probably underlain by sandstone ___ _ 
8. Sandstone, gray and brown, conglomeratic, 

crossbedded ; pebbles of chert as much as 1 
in. long; glauconite ( ?) grains; oil stained in 

part -------------------------------------
7. Shale, dark-gray and brown; carbonaceous in 

part -------------------------------------
6. Sandstone, gray, medium- to coarse-grained, 

conglomeratic, crossbedded ; pebbles of chert, 
siliceous shale, and quartz ; upper 7 ft is 
brown and oil stained ____________________ _ 

Feet 

15 
44 

16 

9 

33 
5. Shale, gray to black; carbonaceous in part____ 21 
4. Sandstone, gray, fine-grained; in part carbona-

ceous and shalY--------------------------- 31 
3. Siltstone, gray ; thin beds of black carbona-

ceous shale------------------------------- 44 
2. Sandstone, gray (weathers buff to reddish 

brown), fine-grained______________________ 5 
1. Siltstone, gray, shaly; thin bed of gray fine

grained sandstone, weathering reddish 
brown ; spore and pollen (conn. 9B, tables 
2, 3)_____________________________________ 110 

Total Fort Union Formation ___________ 1, 040 

Conformable ·contact. 
Lance Formation: 

Sandstone, light-gray, fine-grained_______________ 7 

7. Section. of Indian Meadows Formation, sec . .'3, T. 5 N., R. 5 W. 
(fig. ~1) 

[Measured by J. F. Murphy] 

'Vind River Formation: 
Sandstone and siltstone, gray, white, and light-red; 

sandstone is coarse grained to conglomeratic, thick 
bedded, arkosic, lenticular; fossil mammals 150 ft 
above base (colin. I, table 2). 

Conformable contact. Three miles west, the Wind River 
Formation rests directly on Cretaceous rocks with 
no intervening. Indian· Meadows. 

Indian Meadows Formation: 
10. Sandstone, light-greenish-gray, tan, rust-brown, 

and red, very coarse grained to conglomeratic, 
arkosic, soft; thin carbonaceous shale with 
fossil shells 4 ft above base ; fossil mammals 

Feet 

15 and 60 ft aoove base (conn. H, table 2) ____ 120 
9. Claystone, red, lavender, and white, nodular; 

lenticular beds of conglomeratic sandstone; 2-ft 
bed of limestone algal balls 16 ft above base___ 38 

8. Claystone and sandstone, red, ,-\•hite, and light
gray; sandstone is coarse grained to conglom
eratic and highly lenticular------------------ 65 

.( 
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7. Section of Indian Meadows Formation, sec. 3, T. 5 N., R. 5 W. 
(fig. U)-Continued'· 

Indian Mendows Formation-Continued Feet 
7. Sandstone, light-tan to buff, coarse-grained to 

conglomeratic, thin- to medium-bedded, len-

ticular ------------------------------------- 27 
(i. Claystone and sandstone, bricl{-red, purple, gray, 

and white; sandstone is conglomeratic, lentic
ular and thin bedded; contains fossil mammals 
in a locality about 1% miles to the northwest 
(colin. I-I, table 2) -------------------------- 85 

5. Siltstone, light-greenish-gray to brick-red, calcar-
eous; sandy in part------------------------- 20 

4. Siltstone, brick-red mottled with gray__________ 25 
3. Sandstone and conglomerate, white to gray; red 

in part------------------------------------- 40 
2. Shale, light-gray, tan, and rust-brown ; sandy in 

part --------------------------------------- 14 
1. Conglomerate, tan to rust-brown ; contains boul-

ders of Precambrian and Paleozoic rocks as 
much as 1% ft long________________________ 11 

Total Indian Meadows Formation ________ 445 
Erosional unconformity. Indian Meadows Formation 

rests directly on Cody Shale, several thousand feet of 
younger Cretaceous rocks having been removed by pre
Indian Meadows erosion. 

Cody Shale (Upper Cretaceous) : 
Shale, blacl{---------------------------------------- 50+ 

8. Partial sect-ion of Lysite Member of Wind River Formation, 
sec. 29, T. 39 N., R. 90 W. (loc. 59, pl. 1) 

[Measured by H. A. Tourtelot] 
Top of exposures. 
Wind River Formation. 

J..~ysite Member: Feet 
12. Sandstone, yellowish-gray to yellowish-tan, 

fine-grained to very fine grained, clayey,· 

soft ------------------------------------ 40 
11. Sandstone, yellowish-tan, greenish-gray, and 

red, very fine grained, clayey, soft________ 16 
10. Claystone, brick-red, sandy---------------- 5 

9. Sandstone and sandy claystone, yellowish-
gray to greenish-gray, soft_______________ 30 

8. Claystone, brick-red, sandy________________ 5 
7. Sandstone, yellowish-tan to gl·eenish-gray 

(red in part), fine-grained to very fine 
grained, clayey, soft_____________________ 28 

6. Claystone, grayish-violet to greenish-gray, 

sandy ---------------------------------- 6 
5. Sandstone, yellowish-gray to yellowish-tan, 

fine-grained, clayey, soft_________________ 10 
4. Claystone, brick-red, sandy---------------- 4 
3. Sandstone, yellowish- to brownish-gray, fine

grained, clayey; hru·d coarse-grained sand-
stone and chert conglomerate near base___ 40 

2. Sandstone, gray, fine-grained, clayey, soft___ 10 
1. Sandstone, brownish- to yellowish-gray, very 

fine grained, clayey ; many thin beds of 
carbonaceous shale______________________ 60 

Total Lysite Member measured______ 254 
Bnse of exposures. 

9. Partial section of Lost Cabin Member of Wind River Forma
tion, sec. 22, T. 38 N., R. 89 W. ( loc. 69, pl. 1) 

[Measured by H. A. Tourtelot] 
Top of exposures. 
Wind River Formation. 

Lost Cabin Member : Feet 

6. Sandstone, yellowish-brown to light-olive
brown, medium- to coarse-grained, clayey ; 
conglomeratic in part_____________________ 20 

5. Sandstone and claystone, green, greenish-gray, 
and reddish-purple ; fish and turtle bones 
abundant in middle----------------------- 27 

4. Sandstone, greenish-gray to olive-brown; con
glomeratic at base; channels into underlying 

strata ---------------------------------- 7 
3. Sandstone and claystone, gray, violet, and 

orange-red; conglomeratic at base; channels 
into underlying strata____________________ 59 

2. Claystone, violet-red to reddish-purple and 
brownish-red, waxy ; nbunclant fossil ver
tebrates ( colln. S, table 2) ; excellent 
marker bed------------------------------ 10 

1. Sandstone, silver-gray to greenish-gray, me
dium-grained to very fine grained, clayey ; 
hard calcareous sandstone lenses__________ 50 

Total Lost Cabin Member measured___ 173 
Base of exposures. 

10. Partial section of-Lost Cabin Member of Wind River Forma
tion, sec. 25, T. 39 N., R. 89 W. (Zoo. 6"1, pZ.1) 

[Measured by H: A. Tourtelot] 
Top of exposures. 
Wind River Formation. 

Lost Cabin Member : Feet 

11. Sandstone, yellowish- and light olive-green ; 
mottled dark red in part; fine- to medium-
grained, clayey, soft_____________________ 14 

10. Claystone, grayish- and violet-blue, sandy, 
waxy, soft; correlates with unit 2 of sec-

tion 9---------------------------------- 7 
9. Conglomerate and sandstone, grayish-green; 

fragments of Precambrian igneous and 
and metamorphic rocks and of Cambrian 
sandstone as much as 2 ft long ; basal con-
contact is irregular______________________ 26 

8. Claystone, reddish-purple, sandy, soft______ 5 
7. Sandstone, greenish-gray, medium-grained, 

clayey ; interbedded with conglomerate 
and purplish-red fine-grained soft clayey 
sandstone ; channels into underlying 
strata----------------------------------- 5 

6. Claystone, reddish-purple, very sandy, soft__ 32 
5. Sandstone, greenish-gray at base and pur

plish-red at top; medium- to coarse-
grained; conglomeratic in part___________ 3 

4. Claystone, reddish-purple, sandy,_ soft_______ 5 
3. Sandstone,· greenish-gray and purplish-red, 

coarse-grained; conglomeratic in part; 
basal contact is irregular _______________ _ 

2. Claystone, reddish-purple, sandY-----------
10 
30 
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10. Partial section of Lost Cabin Member of Wind River Forma
tion, sec. 25, T. 39 N., R. 89 W~ (Zoe. 61, pl. 1)-Continued 

Wind River Formation-Continued 
Lost Cabin Member-Continued Feet 

1. Sandstone, greenish-gray, medium- to 
coarse-grained, clayey ; irregular masses 
of conglomerate and purplish-red fine-
grained clayey sandstone________________ 30 

Total Lost Cabin Member measured____ 167 
Base of exposures. 

11 .. Partial section of lower part of Wind River Formation, sec. 
21, T. 33 N., R. 90 W. (Zoe. 63, pl.1) 

[Measured by H. D. Zeller, P. E. Solster, and J.P. McDowell] 

Wind River Formation: 
Lower fine-grained facies : Feet 

7. Claystone, pale-olive, greenish-gray, and red-

dish-brown ------------------------------ 19 
6. Siltstone, light-gray, sandy ; minor amount of 

of clay and coarse-grained sandstone______ 43 
5. Claystone, light-olive-gray, limonitic_________ 3 
4. Sandstone, light-gray (in part red), fine-

grained to very fine grained, silty, massive__ 30 
3. Sandstone, light-gray, fine-grained to very fine 

grained ; upper 1 ft brownish-gray to brown-
ish-black ; ferruginous-------------------- 6 

2. Siltstone, dark-brown, carbonaceous ; abun-
dant fossil leaves------------------------- 2 

1. Sandstone, gray, fine-grained to very fine 
grained; oil-stained______________________ 10 

Total Wind River Formation measured__ 113 

12. Partial section of upper part of Wind River Formation, sec. 
82, T. 33 N., R. 90 W. (Zoe. 6~, pl. 1) 

[Measured by P. E. Solster, R. L. Koogle, and J.P. McDowell] 

Wind River Formation: 
Upper coarse-grained facies:· Feet 

12. Sandstone, light-gray to grayish-yellow, very 
coarse grained to granular, arkosic; con
glomeratic in part with pebbles and cobbles 
of light-gray granite_____________________ 22 

11. Shale, brownish-gray to black, carbonaceous ; 
coaly in part___________________________ 4 

10. Sandstone, olive-brown to grayish-yellow, 
fine-grained to very coarse grained, 

arkosic -------------------------------- 10 
9. Siltstone, olive-brown to light-gray ; clayey 

in part----------------------------·----- 27 
8. Sandstone, dusky-yellow, fine-grained; silty 

in part; abundant biotite grains__________ 3 
7. Sandstone, yellow-gray, coarse-grained to 

very coarse grained, arkosic_____________ 12 
6. Sandstone, gray, very fine-grained to fine-

grained; limonitic in part_______________ 6 
5. Sandstone, light-yellow to light-gray, me

dium- to coarse-grained, arkosic; lenses of' 
siltstone and large concretions of hard cal-
careous sandstone______________________ 16 

12. Partial section of upper part of Wind River Formation, sec. 
32, T. 33 N., R. 90 W. (Zoe. 6~, pl. 1)-Continued 

Wind River Formation-Continued 
Upper coarse-grained facies-Continued Feet 

4. Conglomerate; cobbles and boulders of 
granite, quartzite, and chert______________ 18 

3. Siltstone, light greenish-gray ; clayey in part_ 3 
2. Sandstone, yellow-gray, very coarse grained, 

arkosic; silty in part____________________ 7 
1. Siltstone, dusky-yellow to light-gray and 

olive-gray; clayey in part---------------- 11 

Total Wind River Formation measured__ 139 

13. Generalized section of lower Eocene and Paleocene rocks, 
Continental Oil Co., Moneta Hills 11-1, sec. 11, T. 31 N., 
R. 91 W. (Zoe. 21, pl.l) 

[Sample study by W. R. Keefer] 

Lower Eocene rocks, undivided: 
13. Sandstone, white to light-gray, fine- to 

coarse-grained, arkosic ; coarse grains 
are chert, quartz, and feldspar; a few 
thin beds of gray to light-greenish-gray 
claystone and siltstone _____________ _ 

12. Claystone and siltstone, gray to greenish
gray ; carbonaceous in part ; a few thin 
·beds of fine-grained sandstone; abun-
dant ostracodes and other shell frag-
ments at 740 ft ____________________ _ 

11. Sandstone, white to gray, coarse-grained; 
abundant angular grains of quartz and 

Depth 
(feet) 

0-560 

560-850 

feldspar ________________ _.__________ 850-890 

10. Claystone, shale, and siltstone, gray, 
dark-gray, and black; numerous thin 
beds of white to grayish-green fin~ 
to coarse-grained sandstone__________ 890-1, 360 

9. Shale and claystone, gray to pale-green, 
red ; tan mottled in part ; lower 20 ft 
mostly medium- to coarse-grained 
sandstone ------------------------- 1, 360-1, 640 

8. Claystone, shale, and siltstone, highly 
varicolored gray, olive-green, red, pur
ple, and tan ; scattered carbonaceous 

layers ----------------------------- 1,640-1,970 
7. Sandstone, white to light-gray, fine-

grained ---------------------------- 1,970-2,000 
6. Claystone, siltstone, and shale, vari-

colored gray, olive-green, and red; car
bonaceous in part ; a few thin beds of 
fine- to medium-grained sandstone____ 2, 000-2,800 

5. Shale, claystone, and siltstone, gray to 
dark-gray and black (red in part), 
highly carbonaceous; a few thin beds 
of white to gray fine-grained sand
stone; abundant ostracodes and other 
shell fragments at 2,520 and 3,170 fL_ 2, 300-8, 690 

4. Shale, claystone, and siltstone, dark
gray to black ; highly carbonaceous ; 
numerous 5- to 20-ft beds of white to 
gray fine- to medium-grained sand-

stone ------------------------------ 8,690-4,790 
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13. Generalized section of lower Eocene and Paleocene rocks, 
Continental Oil Co., Moneta Hills 11-1, sec. 11, T. 81 N., 
R. 91 W. (loo. 27', pl.l)-Continued 

Depth 
Lower Eocene rocks, undivided-Continued (feet) 

3. Sandstone, white, fine~ to coarse
grained ; sporadic green mineral 
grains; some dark-gray to black shale 
and claystone ; ostracodes at 4,900 

feet ------------------------------- 4,790-4,940 

Total lower Eocene rocks________ 4, 940 
Gradational contact. 
Fort Union Formation: 

Shotgun Member : 
2. Shale and claystone, dark~gray to 

black; slightly to moderately mi~ 
caceous, carbonaceous in part ; 
some white fin~ to medium-grained 
sandstone with abundant white 
mica and green mineral grains ____ 4, 940-5, 400 

Waltman Shale Member: 
1. Shale, black, silty, micaceous _______ 5, 400-5, 945+ 

Bottom of well. 
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